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FOREWORD 

The articles contained in this 
issue were selected to provide a cross" 
section of scholarship and creativity. 
Although scholarly in nature, they have 
been written to appeal to a diverse 
readership. Faculty from three of the 
Institute's schools (Arts and Sciences, 
Business and Public Management and 
Information Systems and Engineering 
Technology) and a librarian have 
contributed to this issue. Both informa
tional (factually based) and critical 
(theoretically based) articles are 
presented. As with other scholarly 
publications, opinions and contentions 
expressed by authors are not necessarily 
those of the SUNY Institute of Tech
nology at Utica/Rome or the State 
University of New York. 

Members of the college community 
are encouraged to submit articles for 
future issues and may obtain writing 
and style guidelines from the editor. 
Individual and collaborative articles are 
acceptable and desired. We invite you 
to share this issue with your friends, 
colleagues and associates. Moreover, 
we would enjoy hearing your comments 
and suggestions for improving subse" 
quent issues. These remarks should be 
addressed to: 

Monica Joyce Hamill, Ph.D. 
Editor 
Research & Creative Expression 
Office of Graduate Studies and 

Research 
SUNY Institute of Technology at 

Utica/Rome 
Marcy Campus, P.O. Box 3050 
Utica, New York 13504-3050 
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ABSTRACTS 

"Thoroughly Postmodern 
Milling: The Postmodern 
Challenge to Technology 

Education" 

David Hakken, Ph.D. 

The diverse forms of 
postmodemism are among the most 
frequently invoked contemporary 
ideas. Presuming that a postmodcm 
challenge to technology education is 
immanent, this article aims to outline 
the challenge to be met. The experi
ence of social scientists like the author 
working on cross-disciplinary technol
ogy projects and the critique of 
standard design practice in computer 
science are examined first. Primary 
attention is then devoted to the 
postmodemism developing in the 
philosophy and history of science. The 
implications of postmodem thought for 
development of a Master's of Science 
in Advanced-Technology at the SUNY 
Institute of Technology are considered 
in conclusion. 
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"Alice Miller and Hitler's 
Childhood"' 

Ralph Slayton, Ph.D. 

The idea that the course of history is 
shaped in large part by the way we raise 
our children is reflected in two plays 
about the childhood of Adolf Hitler. 
Both were influenced by the work of 
Swiss psychoanalytic theorist, Alice 
Miller, especially her book, For Your 
Own GOO<J. Miller's central thesis is 
that many parents unconsciously put 
their own narcissistic needs ahead of the 
needs of their children and that these 
children have a tendency to respond 
positively to these needs and thereby to 
develop false selves and later in life to 
idealize their parents. 

"Modeling and Drawing 
Botanical Trees" 

Marc Berger, Ph.D. 

This paper describes an attribute 
grammar model of botanical trees that 
supports dynamic modifications to the 
growth of these trees. This technique is 
an enhancement of L - systems and 
context-free grammars that have been 
used successfully to describe low orders 
of plant life but that are inadequate for 
modeling botanical trees that are 
sensitive to environmental conditions. 
This formal mathematical model 
incorporates a set of parameters that 
supports both the construction and 
modification of varying species of one 
category of these regularly defined 
trees. 

"The Case for Course
Integrated Bibliographic 

Instruction as an Exercise 
in Critical Thinking" 

Jackie Coughlan 

This article argues that incorporating 
course-integrated bibliographic 
instruction into the curriculum allows 
students to become actively engaged in 
their learning through their participa
tion in the evaluation of the issues and 
sources involved in the field. It may 

:also be seen as an invitation for 
:dialogue with faculty regarding critical 
thinking and the issues raised in this 
paper. 

"Is There a Laser 
in Your Future?" 

Patrick M. Kelly, Ph.D. 

The fundamental operational 
principles of lasers as well as their basic 
output characteristics are covered. 
Current and future applications are 
discussed. Additional sources of 
information are suggested. 



"Accounting Education 
and the C.P.A. Exam" 

Dr. Jesse W. Miller, Jr., 
C.P.A. 

The requirements for the C.P.A. 
exam structure most accounting 
curriculums, yet most accounting 
graduates do not work in public 
accounting. Employers of management 
and fund accountants usually must train 
new accountants on the job because of 
the sparseness of their background in 
these areas. 

There have been suggestions to 
lengthen the minimum training of 
accountants from four to five years of 
college in order to prepare them more 
adequately for careers in public 
accounting. In a period of scarce 
resources for higher education, it may 
be more equitable to structure the four 
year accounting program for a more 
generalized and less public accounting
oriented goal. Public accounting firms 
as well as other employers of account
ing graduates would be expected to 
provide job-specific training to new 
accountants. 

"Optical Computing: 
Prospects and Limitations" 

Salahuddin Qazi, Ph.D. 

Optical computing in the simplest 
sense uses photons (light) instead of 
electrons and replaces wire with light 
beams to transmit and compute 
information in three dimensions. Light 
beams do not interact with one another, 
allowing multiple signals to travel the 
same channels in parallel and thus 
making up to a million times more 
information to be carried on the same 
channel with the speed of light. 

Despite the theoretical advantages, 
fully optical commercial computers 
may be years away from realization, as 
optical processors require more energy 
and more efficient heat transfer than 

electronic computers. The object of 
this paper is to review the prospects and 
limitations in the realization of digital 
optical computers. 

"The Meaning of the Con
cept of Drug Dependence" 

Alphonse J. Sa/lett 

This paper examines two approaches 
to understanding the motivation for 
high-dose, high-frequency use of drugs -
the classical conception of drug 
addiction and the World Health 
Organization's (WHO) conception of 
drug dependence. Critical analysis 
demonstrates that the classical approach, 
which asserts that addiction is the result 
of the pharmacological action of a drug, 
has limited applicability to the range of 
drugs used by the general population, 
overemphasizes addiction as a set of 
determinate physical processes, ignores 
important events that precede physical 
addiction and underemphasizes the role 
of the user's pursuit of drug euphoria. 
In contrast, the WHO conception of 
drug dependence overcomes the 
limitations of the classical model by 
defining two types of drug dependence -
psychic dependence and physical 
dependence. The former asserts that 
the driving force behind high-dose, 
high-frequency use of drugs is the 
user's pursuit of drug euphoria. The 
concept of psychic dependence com
bined with the concept of physical 
dependence provides an approach to 
drug dependence that has universal 
applicability to the world of drugs, 
identifies important events preceding 
physical addiction and offers an 
approach to drug dependence consistent 
with the experiences of drug users. 
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CONTRIBUTION a 
Thoroughly 
Post modern 
Milling: The 
Post modern 
Challenge to 
Technology 
Education 
David Hakken, Ph.D.* 

"P od · , · th ostm em1sm IS among e 
most frequently invoked notions of the 
late twentieth century. As the term 
implies, postmodemisms tend to share a 
sense of opposition to and a reaching 
beyond that which is held to be 
"modem." The diversity of views self
identified as "postmodem" is so great 
that it would be inappropriate to go 
much further than this in constructing a 
descriptive definition. The term 
"postmodem" was perhaps first used 
widely in relation to architecture; 
Donovan Hall here at the SUNY 
Institute of Technology has been 
referred to as "post-modernism's 
revenge on the State University." 

While certainly encountering 
resistance, and despite their diversity, 
postmodem perspectives have gained 
substantial ground in field after field. 
As a distinct intellectual trend, 
postmodemisms' incursions have been 
felt most strongly in the arts and 
humanities. Here, their texts have 
become central to academic discourse: 
"I strongly suspect," writes Professor 

*Dr. David Hallen is the 1991 recipient of the 
Institute's Goodell Research Award. This article 
is the text of the lecture Dr. Hallen delivered on 

April II, 1991, when he received the award. 
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Robert Alter of the University of 
California at Berkeley, "that many 
young people now earning undergradu
ate degrees in English or French at our 
most prestigious institutions have read 
two or three pages of Lacan, Derrida, 
Foucault, and Kristiva for every page of 
George Elliot or Stendahl" (Cheney 
1991 : 9). 

Postmodemism has also had a large 
influence in the social sciences. Taking 
the form of a "literary tum," a 
postmodem view is now dominant in 
my discipline of anthropology. Bruno 
Latour has recently staked out a claim 
that our understanding of science in 
general should be based on ideas that 
many would recognize as postmodem. 
For example, Latour argues that the 
social study of science, a field to which 
he himself has been a leading contribu
tor, has demolished the presumption that 
science is a special kind of knowledge 
(1991). Stephen Woolgar (1991) argues 
that, while postmodemism may not yet 
have mounted a direct assault on 
technology, a challenge is immanent. 

My purpose in this essay is to argue 
that technology should begin now to 
prepare for the impending postmodem 
challenge. I believe this to be true even 
though I find many forms of 
postmodemism, including that dominant 
in my discipline, to be fatuous. My case 

for Laking postmodemism seriously in 
technology education could be made on 
"practical" grounds, such as the 
influence of postmodem ideas on 
funders, etc. It could also be presented 
somewhat opportunistically, as in terms 
of, for example, the pedagogical ground 
that serious attention to the postmodem 
challenge would open for us in the 
classroom. 

I choose instead to present a 
basically positive view of 
postmodemism's ideas. Despite my 
concern about some of its forms, I 
believe that there is a reading of the 
postmodem challenge to technology 
that it is best to Lake as correct in its 
fundamentals. The postmodem chal
lenge reveals the conceptual founda
tions of the pedagogy we practice in 
normal teaching to be particularly 
vulnerable. Consequently, technology 
education in particular must Lake the 
postmodem challenge seriously. We 
should begin now to discuss what we 
will do in response, lest we be unable to 
defend ourselves. Before being able to 
respond, however, we must understand 
that which confronts us. 

I have come to this view primarily 
out of my own scholarly work, so I will 
proceed by first discussing some of the 
difficulties encountered by social 
science colleagues active in interdisci-



plinary research. Next, I will connect 
by this experience with a critique of 
technology practice that comes from 
within the technical community. My 
purpose is to trace these difficulties 
and critiques to a conflict in underlying 
conceptual perspectives. After separat
ing out the elements of the postmodem 
perspective that deserve attention from 
some of the more specious notions 
presented under postmodemism's 
banner, I outline in some detail a 
postmodemism that is most relevant to 
technology, that of scientist and 
philosopher Stephen Toulmin. I 
conclude my remarks with an illustra
tion-an approach to the development 
of a Master's of Science program in 
advanced technology-of how I think 
we at SUNY Institute of Technology 
might begin to respond to the challenge 
I will have outlined. 

Why We Need to Open a Dialogue 
with Postmodernism: Difficulties in 
Cross-Disciplinary Technology 
Projects 

The Committee on Computerization 
as a Cultural Process is a recently
established entity within the American 
Anthropological Association. As acting 
chairperson of this group, I have had 
several conversations with anthropolo
gists and other social scientists 
involved in cross-disciplinary technol
ogy research projects. These social 
scientists typically take on two types of 
roles. One is administrative/coordinat
ing, an almost traditional role for 
applied social scientists in develop
ment projects, where there is a need for 
coordinating the actively of different 
groups and "brokering" communica
tion among them. A second role is 
advocacy, coordinating the participa
tion in the project of knowledgeable 
consumers of technology. Increasingly, 
the active participation of such groups 
is a condition of project funding; a 
community review panel, for example, 
has just been recognized to oversee 
implementation of the Alaska oil spill 
settlement. 

Frequently, discussion of such 
projects with my social science 
colleagues is preoccupied with the 

difficulties encountered. Disgruntled 
talk is to be expected in any "in" group, 
and the particular circumstances of each 
case-errors in public relations, the 
limits of individuals' abilities in various 
areas, the projects' general complexity 
and typical under-budgeting-stand in 
the way of simplistic generalization. I 
nonetheless believe something impor
tant can be learned if we develop a good 
account of what tends to go wrong in 
such projects. 

One way to account for the difficul
ties experienced in cross-disciplinary 
technology research is to attribute them 
to the limitations of narrow profession
alism. For example, a typical area of 
difficulty is responsibility for the 
writing of project reports involving 
technical matters. From the profession
alism perspective, the problem is 
comparable to a trade union dispute 
over job demarcation, complicated of 
course by the colonizing of knowledge 
consequent to the history of academic 
professionalization. A complementary 
explanation traces the problem to 
failures of cross-disciplinary communi
cation, perhaps a consequence of words 
being used differently on the two sides 
of the canyon separating the arts and 
sciences from the technologies. 

While there is some truth in both of 
these explanations, I don't find them 
sufficient I believe the difficulties of 
cross-disciplinary research in technol
ogy must instead be traced to a funda
mental lack of fit amorig the ways in 
which the various participants conceive 
of the projects. Academic technologists 
tend to conceptualize projects in 
traditionally technical terms. For 
example, they conceive of consumer 
panelists as sources of inspiration rather 
than as full participants. Panel mem
bers' job is the development of a "wish 
list" for what the system should do. The 
technical staff then respond by telling 
the consumers what is possible and what 
isn't. Panel members sometimes share 
this view, expressing a lack of interest 
in the "technical details," despite the 
fact that they themselves may be avid 
and experienced users with considerable 
practical knowledge of the relevant 
technologies. Other panelists and "non-

technical" professionals involved in the 
project, in contrast, view themselves as 
full participants in the research and 
wish to be considered so. 

Viewed from this perspective, 
problems of cross-disciplinary technol
ogy research have a great deal to do 
with what C.P. Snow referred to as the 
"two cultures" problem. I have done 
considerable research on the cultural 
dimensions of information systems, 
having received two grants from the 
National Science Foundation for this 
purpose. I have also published exten
sively on how to apply this knowledge 
to system development (Hakken 1989, 
1990,1991a,l99lb). However, my 
attempts to argue for more culturally
centered approaches with my techno
logical colleagues don't general! y get 
very far. I encounter two linked 
responses. One trivializes my argument: 
"Oh, we already do that, by setting up 
user groups," etc. The other exaggerates 
it, identifying a thinly veiled political 
agenda, a sociological (read socialist) 
attack on the power structure, military 
domination of R&D spending, etc. 
Most of the time, I feel like my 
colleagues just don't see my point, that 
we're talking about different things, not 
just using words differently. 

I submit that my anthropological 
colleagues' problems with cross
disciplinary technology research and 
my personal failures to communicate 
are best understood as rooted in 
incompatible design philosophies. 
Involving non-technologists as full 
participants or integrating a broader 
cultural perspective may be conceptu
ally incompatible with current system 
design practice. The fundamental 
insight of postmodcmism relevant to 
this situation is, I believe, to identify 
within contemporary design practice a 
systematic tendency to misconceive 
itself. Indeed, this misconception is so 
basic that it renders whole aspects of 
the technology process inaccessible to 
the kind of self-critical examination that 
is supposed to be integral to the 
scientific method. The only solution, 
the initial moment of the postmodem 
project, is a thorough critique. 

Research & Creative Expression 5 



The Critique of "Everyday" Techno
logical Practice 

Lucy Suchman's, Plans and 
Situated Action (1987) nicely states one 
reason why design needs to be re
thought. Suchman traces many practical 
difficulties in system development to a 
basic flaw in cognitive science, its 
misrepresentation of "normal" human 
action. Cognitive science presumes that 
humans typically live by setting goals, 
developing plans to achieve the gqals 
and then executing the plans. Suchman 
argues that, in fact, we don't·normally 
proceed this way. Rather, the "plan" 
conception is an idealized characteriza
tion of certain activities (e.g., the 
theorizing of cognitive scientists) in 
Western society. Most people, both 
East and West, move through life from 
situation to situation, constructing 
understandings of situations as they 
enter them and then acting out of these 
situationally-constructed understand
ings. Human action is "situated," not 
planned. Our actions have much more 
to do with how we interpret situations 
at the moment than with the prior 
articulation of abstract, "rational" 
intentions. 

As a college professor, of course, I 
am often in the position of encouraging 
my students to plan, but I make a big 
mistake if I assume that this is what 
they regularly do. Similarly, to the 
extent that computer interface programs 
presume planning as normal, they are 
likely to fail. Software environments 
like those developed by the Computer
Supported Cooperative Work network 
aim to incorporate a situational rather 
than a planning model of human 
information activity. 

Swedish computer scientist Pelle 
Ehn 's Work-Oriented Design of 
Computer Artifacts (1988) outlines a 
critique of standard information system 
development theory that parallels 
Suchman's critique of design practice. 
In Ehn's reading, standard system 
development is one-sided and based on 
a similarly distorted model of human 
action. Ehn would have us replace an 
overly rationalistic approach, one that 
takes as its method the development of 
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linked sets of logical propositions, with 
a practice-based approach, one that 
takes into account the social character 
the way reality is constructed. In place 
of rationalism, Ehn would have us think 
of design in the manner of philosopher 
Ludwig Wittgenstein, as a form of 
"word play:" 

The Language-games played in 
design-by-doing can be viewed both 
from the point of view of the users 
and of the designers. This kind of 
design becomes a language-game in 
which the users learn about possi
bilities and constraints of new 
computer artifacts that may become 
part of their ordinary language
games. The designers become the 
teachers that [sic] teach the users 
how to participate in the particular 
language-game of design. In order to 
set up these kind [sic] of language 
games, the designers have to learn 
from the users (p. 118). 

Ehn' s argument is too complex to be 
encapsulated in a short paper, but I 
hope this short excerpt suggests some 
flavor of an alternative perspective in 
which technologizing might be more 
oriented to people. For example, the 
way to deal with the "human error" 
problem is not to "integrate" the user 
into "tlie system." Rather, the user and 
the "system" are one to begin with; in 
the philosopher's language, they are 
ontologically unitary. The misconcep
tion that the solution is one of "integra
tion" is based on a philosophical 
dualism traceable to the French 
philosopher Rene Descartes, about 
which more below. Finding ways to 
avoid Cartesian dualisms is a major part 
of the postmodern project. 

Varieties of Postmodernism 

Before discussing this postmodern 
project in more detail, however, we 
must select a particular postmodern 
thread to follow from the dazzling array 
available. Of the many kinds of 
postmodernism, it seems reasonable to 

distinguish between two major variet
ies, one more literary/artistic and the 
other more philosophical/scientific. The 
"modernity" referenced in literary 
postmodernisms, involving specific 

developments in the arts around the 
tum of the twentieth century, is 
narrower than that of the philosophical 
ones. Alex Callinicos' s Against 
Postmodemism (1989) points out how 
postmodern manifestos of the literary 
variety (e.g., that of Francois Lyotard 
[1984]) often share more with modern
ist arts than they differ from them. Such 
ambiguities lead scholars like Latour to 
reject the "postmodern" label as 
hopelessly compromised, favoring 
other labels like "non-modern." 

There are also differences among the 
philosophical postmodernists as well as 
clear connections between their 
writings and those of the literary 
postmodernists. Still, I, at least, find it 
easier to identify the modern referent of 
philosophical postmodernism and 
therefore to follow the arguments. I also 
think it possible to identify a particular 
strain of postmodern philosophy with 
relevance to technology education. A 
good starting point is Thomas Kuhn's 
The Structure of Scientific Revolutions 
(1962). Kuhn's program, as the title 
implies, is to examine periods of major 
change in scientific thought, in order to 
see if there are discernible patterns. 

Histories of science before Kuhn 
tend to be internalist, dominated by 
images of more or less continual, if not 
accelerating, progress. Kuhn's view 
from the outside discerns a very 
different pattern, one of long periods of 
"normal," everyday science punctuated 
by periodic scientific "revolutions". In 
normal science, the activities of 
scientists are ordered around a shared 
conception of what is to be studied and 
how to study it; this is what Kuhn calls 
a "paradigm." Revolutionary periods 
eventually tend to result in the substitu
tion of a new paradigm, but for Kuhn 
what is remarkable is that the revolu
tionary periods themselves have no 
dominant paradigm. In revolutionary 
periods, conflicting paradigms compete 
so fiercely that science literally seems 
to be falling apart. 

Kuhn stresses that new paradigms 
are indeed revolutionary, displacing the 
preceding normal science more than 
building upon it. The importance of 



Kuhn's work for postmodemism lies in 
the shift in focus that it accomplished, 
from intemalist views of the history of 
science, which foreground the rational
ity of scientific progress, to 
constructivist views, which refocus on 
the concepts structuring thought. These 
latter give prominence to the social 
processes by which some ideas become 
dominant or "hegemonic" while others 
are held only by a few. (This interpre
tation of what is important has to be 
kept separate from extensions of Kuhn 
that find in each slight shift in empha
sis a "new paradigm." Such extensions 
are particularly characteristic of social 
science appropriations of Kuhn.) 

The Kuhnian shift in perspective 
created the space for Latour and his 
colleagues to examine objectively the 
process by which shifts from one 
paradigm to another take place. The 
ensuing historical and sociological 
work utilizes a variety of new tech
niques and perspectives, such as the · 
examination of scientific controversies 
and investigation of the scientific and 
technological options not incorporated 
into everyday practice. Like the 

1 
scholarship on the history of technol
ogy that I was privileged to study last 
summer at Case Western Reserve 
University, this scholarship can be 
summarized in one thesis: that science 
is, like every other human enterprise, 
constructed socially. 

' 
A Particularly Compelling 

I 

Postmodernism: Toulmin's 
Cosmopolis 

The exposition of the postmodem 
perspective with most relevance to 
technology education is Stephen 
Toulmin's Cosmopolis: The Hidden 
Agenda of Modernity (1990). Trained, 
I believe, in theoretical physics, 
Toulmin has over the course of a long 
career become increasingly interested 
in the philosophical underpinnings of 
science. In his new book, Toulmin 
critiques the modernist conception of 
scientific activity constructed espe
cially by Descartes, Newton and 
Leibnitz during the influential seven
teenth century period. I shall present 
my reading ofToulmin's case by first · 

outlining the characteristics of the 
modernist approach, then identifying the 
main criticisms of this approach and 
concluding with Toulmin's alternative, 
postmodem conception of science and 
technology. 

Toulmin argues that the modernist 
conception of science was based on two 
related constructs or "myths," modem 
rationality and rational modernity. 
These constructs can be broken down 
into a number of linked presumptions, 
of which perhaps the most important 
are: 1) that the objective of science is a 
quest for certain knowledge; 2) that for 
such a quest to make sense, certain 
knowledge, in the form of"invincible 
truths" stateable as formal, universal 
laws, must exist; 3 ) that the best way to 
find such invincible truths is to adopt a 
theory-centered style in scientific 
argument, for which Euclidean geom
etry was taken as the primary model of 
method and physics the primary model 
of practice; 4) that although there 
remains an empirical, investigative or 
"cryptanalytical" side to science, the 
emphasis on certainty means that 
priority is given to "foundationalist," 
abstract argumentation; 5) that 
foundationalist thinking normally 
decontextualizes; that is, it emphasizes 
as the crucial analytic moment the 
separation of any particular process 
from as much of its context as possible; 
consequently, the written is given 
priority over the oral, the universal over 
the particular, the general over the local 
and the timeless over the timely; 6) 
while nature follows universal causal 
laws, there is one distinct creature, the 
human being, who possesses a unique 
gift of rational self-consciousness; 
indeed, this transcendent separation of 
humans from nature explains why 
humans are capable of discovering the 
universal laws of nature; and 7) that, 
fortunately, there is a transcendent 
correspondence between natural law and 
human rationality. 

Toulmin devotes a great deal of time 
to this last correspondence presumption; 
in a sense, it is the core of his 
postmodemism. He uses the Greek term 
"cosmopolis" to encapsulate the 
correspondence . To the Greeks, 

especially Platonists, cosmopolis was 
the idea that human life in the polis is 
inclined to follow rules very similar to 
those manifest in nature. The purpose 
of studying either social life or nature 
was to discover these underlying 
tendencies so that practices that 
contradict them could be eliminated. 
The method of study was to abstract 
from the particular to identify the 
general. For the seventeenth century 
cosmopolists, the result of similar 
presumptions was an ideal of a rational 
science with a unified scientific method 
and an exact language or terminology. 

I imagine that, with perhaps the 
exception of the Greek term, this 
description of science sounds familiar 
to you. Its goals are more or less the 
ones that I absorbed in school science 
classes, and its methodologies are the 
ones that my children are being taught 
at Utica Senior Academy today. What 
is perhaps less familiar to technologists 
is the critique of this construction of 
science, to which I now tum. Toulmin's 
argument can be summarized in terms 
of the following propositions: 1) that 
the modernist commitment to a 
methodology of proof based on 
Euclidean geometry is itself a meta
physicalleap of faith or "idolization," 
one whose utility has been undermined 
by a number of events, including the 
development of viable non-Euclidean 
geometries like that used by Einstein; 
2) similarly, that the modernist notion 
of physics as the model of 
foundationalist thinking is equally 
metaphysical and increasingly unten
able; contemporary sub-atomic physics, 
for example, carries mutability far 
beyond both Heisenberg and Einstein; 
3) that the modernist conception of . 
science provides no effective mecha
nisms to address some important 
problems, such as the nature of human 
feelings and emotions as well as the 
issue of interests, whether pertaining to 
humans, other animal or plant life 
forms or non-living· entities; 4) that the 
modernist conception provides no 
mechanism for problem identification 
outside of its own formalist problem
atic; consequently, problems studied 
either presume the validity of the 
modernist mentality or are largely 
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unthinkable, let alone rankable in terms 
of importance; 5) that the basic axioms 
inferred from the modernist conception. 
of science by the first generation have 
by now all been abandoned; e.g., Kant's 
identification of a "natural" foundation 
for ethics and Wittgenstein's relativistic 
linguistic critique of empiricist scien~ 
tific terminology; and 6) that the 
"hegemony" of modernist conceptions· 
of science is better explained in terms 
of an historical process of conflicting 
interests rather than that the truth of its 
propositions was demonstrated prior to 
its adoption. 

In regard to this last point, the 
historicity of modem scientism, 
Toulmin makes the following argu
ment. The first part of the seventeenth 
century was a time of social chaos 
consequent to religious conflict and the 
apparently unending Thirty Years' War. 
The humanistic toleration of the 
Renaissance, manifest in the work of 
scholars like Erasmus and Montaigne 
and writers like Rabelais and 
Shakespeare, appeared to be over
whelmed·by the increasingly shrill 
conflict of the Reformation and 
Counter- Reformation. Scholars like 
Descartes embarked on an attempt to 
discover truths that would transcend 
these controversies by abstracting from 
them. The resultant modernist system 
willed order as an alternative to chaos. 
More importantly, through the pre
sumption of cosmopolis, a correspon
dence between natural law and social 
order, the new science provided a very 
important ideological justification for 
the emerging social hierarchies based 
on the notion of the nation state. These 
new political structures replaced a 
social formation based on individual 
ties of loyalty between lord and vassal 
with class hierarchies, the top of which 
were occupied by a national monarch 
who ruled by divine right. Toulmin 
argues that the coyness of Descartes 
regarding belief should not be read as a 
rejection of the presumption of divinity; 
rather, the cosmopolis is as much a 
theodicy as were the more overt 
arguments put forth by Leibnitz. In 
Toulmin's phrase, cosmopolis was the 
"hidden agenda" of modernity. 

8 Research & Creative Expression 

In Toulmin's reading, the view of 
· scientific activity promulgated by 
Descartes and the other seventeenth 
century inventors of the modem world 
view is a false abstraction. Responding 
to their chaotic social environment, 
these thinkers wished for a transcenden
tal truth. Their conception of science 
appears to be technical but is in fact 
theological, its roots hidden in a 
presumed correspondence between the 
natural and the social worlds. The 
ordered cospolis that is to reflect this . 
built-in correspondence is teleological 
not ontol<;>gical; it is to be accomplished 
by an emergent human reason, a 
mediator between the logical order 
revealed in nature and the Satanic 
disorder of human emotion. This 
human reason is presumed to corre
spond to divine reason: the "music of 
the spheres" is literally divine. 

Although Toulmin regards aspects 
of Descartes' philosophy as actually 
duplicitous, his critique is not primarily 
an ethical one. Rather, he argues that 
the rapid domination of science by the 
modernist program is to be explained in 
social and historical terms, not praised 
or condemned. In particular, the 
patronage that modernist scientists 
received from the emerging royal 
families and societies is best understood 
by a principle of social selection. That 
is, the modernist conception of science 
did something very important ideologi
cally for the emerging dominant powers 
in society, the natural order of a 
hierarchy of dominance justifying a 
similar social order in the nation state 
dominated by a monarch. In Latour's 
terms, science is a social activity, like 
any other. 

The problems of Modernist Science 
and Technology: Some Examples 

To prepare for a Deans' coffee on 
artificial intelligence, my colleagues 
and I were asked to read recent articles 
in Scientific American by John Searle 
(1990) and Patricia and Paul 
Churchland (1990). Reading this 
material in the context of my difficul
ties on the technology project described 
above, and while also reading 
Suchman, Ehn and Toulmin, I realized 

something about artificial intelligence 
(AI). While I have generally been able 
to follow the work of those doing AI, I 
have often had. difficulty with the- idea 
of AI, or what makes AI computing 
different from other computing. I 
submit that it is extremely difficult to 
explain what the term actually means in 
the terms of the modernist project. 
Indeed, on the face of it, artificial 
intelligence is a contradiction in terms, 
if not an oxymoron, like we used to 
describe military intelligence before the 
Gulf War. As Searle argues, whatever 
intelligence is, it is human, whereas the 
artificial is by modernist definition 
unnatural, and therefore inhuman. 
Conversely, if one were to define 
intelligence in terms of rationality 
rather than causality, the tools of causal 
argument would be inapplicable. 
Toulmin might well conclude that the 
problems of thinking about what AI is 
derive directly from the dualisms of 
seventeenth century thought. 

When I put such arguments to my 
technological colleagues, a profound 
ambiguity about human activity runs 
through many of their responses. 
Sometimes, they presume that human 
activity is anti-rational (i.e., emotional), 
by definition unpredictable and 
therefore incapable of being taken into 
account in system design, except in 
some "para-normal" fashion. On other 
occasions, they wish to treat human 
activity as part of the natural world, a 
Newtonian mechanical process, and 
therefore highly systematizable (e.g., as 
a "human factor"). I suggest that most 
of the time, however, their conception 
of human is caught trying to straddle 
the Cartesian divide, enmeshed in the 
contradictions of the "rational media
tor" of the Cartesian abstract "cogito." 
Unlike Descartes, however, my 
colleagues cannot resolve the contradic
tions by viewing rational activity as 
essentially moral and therefore expli
cable in terms of doctrine. Human 
activity, including design activity, once 
no longer conceived as corresponding 
to divine intelligence, is essentially 
unknowable in modernist terms. 

As a social scientist, I am committed 
to a view that human activity in most of 



its forms (e.g., intelligent activity) is 
explicable, although not in the impov
erished terms of a scientistic Cartesian 
methodology. While Suchman's, Ehn's 
and Toulmin's perspectives force us to 
question whether information "sys
tems" as presently constituted are all that 
systemic, they also suggest alternative 
ways to conceptualize the system develop
ment process. Development, as human 
activity, is situated. While it is useful 
during moments of the design process to 
abstract from the real activity and pretend 
that it is systemic, rational and planned, we 
must never lose sight of the fact that such 
abstractions are distortions. Our design/ 
development tasks are never completed 
until we move from abstraction back into 
the concrete of situated action. 

The Characteristics of Postmodem 
Science and Technology 

Toulmin discusses the characteristics of 
postmodem scientific practice, something 
that he believes already exists. It is based 
on the following presumptions: 1) that 
there is no "queen" science; instead. there 
is a multiplicity of equal, co-existing 
sciences, each with its own set of charac
teristic problems; 2) similarly, there is no 
ideal scientific methodology, only 
ontologically co-equal scientific practices 
whose "scienticity" can only be measured 
in relation to their specific problems; 3) 
that the characteristic moment in 
postmodem science is a contextualizing 
rather than abstracting one-Toulmin 
typically uses ecology and ethnography as 
examples; and 4) that priority is given to 
the practical/applied rather than to the 
theoretical problem. 

For Toulmin, postmodem science is 
multicultural in its problem selection, 
multidisciplinary in its methodology and 
stresses adaptability rather than rigor. Its 
test of success is its utility in conceptualiz
ing the future--being "futurible"--rather 
than retrodicting the past. Its goal, he 
argues, is a "non-systemic" rationality. 

Implications for Technology Education 

It should be evident that Toulmin 's 
primary emphasis is on science rather than 
on technology. He makes a few observa
tions regarding technology, which are 

rather ne~ve in t.One. He argues, for 
example; that in the ~tmodem view 
technology ~ not inevitably beneficial. 
Instead, the value· of each proposed 
technology must be demonstrated prior to its 
development He also argues in general 
tenns that the postrnodem mandate is to 
humanize rather than scientize technology. 
His only comment with regard to teChnol
ogy education is to remind his readers of a 
proposal to reorganize aca:lemic programs 
at MIT around particularproblenls rather 
than disciplines: noclear power, environ
mental degradation, renewable energy and 
soon. 

It is nonetheless possible to spell out 
some potential implications of a poslrnodem 
approach to technology education in some 
greater detail. One of the benefits of the 
historical and social study of science is the 
clear demonstration of how difficult it is in 
practice to distinguish systematically 
between science and technology. In other 
words, one of the most artificially formalist 
moves in modernist science is to act as if it 
is possible to separate the "pure" moments 
of scientific discovery from the "practical" 
moments in which scientific knowledge is 
embodied in a technological artifact 
Science and technology, rather than being 
related hiernrchically, are in fact so tightly 
linked that they can often be treated as the 
same thing. If this is so, then everything that 
Toulmin says about postmodem scientific 
practice applies equally to technology. 

In fact, to the extent that one can 
distinguish technology from science----that 
is, a moment when knowledge is self
consciously embodied from that in which it 
is self-consciously developed-the former 
in the postmodern world has greater, rather 
than less, importance . The moment of 
application, especially the "futurible," takes 
precedence over the abstract In a similar 
vein, postmodem science is characteristi
cally contextualizing rather than 
decontextualizing. As Stephen Goldman 
and Steven Cutcliffe at Lehigh have argued, 
engineering is, in one sense, one of the most 
contextualizing practices one can imagine: 

... [E]ngineering is a discipline in its 
own right, with its own character, 
distinct from that of the physical sciences 
on the one hand and the social sciences 
and humanities on the other ... [I]t has its 
own methodologies, its own logos. .. 

[E]ngineers, as opposed to scientists, · 
must factor directly and deliberately in!D 
their definitions of what their problems 
are and of what will constitute solutions 
to these problems, constraints derived 
from social, political, legal, economic, · 
and aesthetic considerations ... What is 
unique to engineering is the conscious 
delimitation of the tenns of problems 
and of their solutions for reasons that are 
not to be found either in technical 
manuals or in nature. "Engineering, 
therefore, has always OCei1 doubly 
rooted in society. Society gives to 
engineering its problems, and at the 
same time, sets the parameters of their 
solution .. " (1982: 302) 

Thus, the engineer is constantly taking as 
the problem to be solved a "real world" 
situation. From the perspective of 
postrnodemism, the problem with engineer
ing is that it treats the "real world" situation 
formalistically, enquiring neither into how 
it got that way, or how it might change. 
Consequently, even a slight difference in 
context tends to compel a radical rethinking 
of each engineering solution . 

A Concluding Example: A Postmodern 
Approach tO a Master's Degree Program 
in Advanced Technology at the SUNY 
Institute of Technology 

In this essay, I have tried to present 
some of the reasons, based on my writing 
and research experience, why I feel that the 
postrnodem challenge must be taken 
seriously by those of us in technology 
education. I would like to conclude by 
spelling out the implications of the 
approach I have been advocating in terms 
of a teaching example. The example I have 
in mind is the proposal to develop a Master 
of Science in Advanced Technology 
(MSA 1) degree program here at the 
Institute of Technology. We have been 
given permission by SUNY Central to 
develop a full proposal for this program, 
provided that we can articulate a coherent 
philosophical rationale for it 

What core principles would guide an 
MSAT program that was responding self
consciously to the IX>slrnodem challenge? 
The following elements must surely re 
included: 1) the core must have coher
ence-that is, there must be an articulated 
sense of what advanced technology is, what 
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body of knowledge as well as which skills 
need to be possessed in order to handle 
advanced technology and what strategy is 
to be adopted by the degree program to 
communicate this knowledge; 2) that 
discussion of these issues-what advanced 
technology is, etc.-must also be included 
in the core; 3) that discussion of the 
postmodem challenge to science and 
technology is a very good way to enter 
consideration of more genernl issues in the 
philosophy of technology and science; and 
4) that the convergence often cited as the 
most typical charocteristic of advanced 
technology is perhaps better understood in 
postmodem terms rather than in tenns of 
existing disciplines. 

To expand for a moment on these 
points: if one accepts the need for a clear 
conception of advanced technology in order 
to.do the MSAT, there are three basic 
conceptual alternatives open. One is to 
think of advanced technology as a specific 
new discipline in its own right; as distinct, 
say, as telecommunications is from 
computer science, or business from 
economics. This is not a view that has been 
articulated by any of the faculty involved in 
discussing the MSA T, I think for good 
reason. Whatever advanced technology is, 
it must include some elements of many 
existing technologies-cross- or even trans
disciplinary, rather than a separate field in 
its own right 

A second way to think of the core of 
advanced technology is in terms of some 
general elements common to all of the 
advanced technology fields. It has been 
suggested that "systems theory" might 
express these general elements. In some 
ways, I find this idea attractive; some of the 
most interesting general systems theorists 
have made an effort to include social 
activities within the purview of their 
theorizing. However, within social science, 
most forms of systems thinking, such as the 
"grand" theory of Talcott Parsons and his 
colleagues, were discredited long before the 
arrival of self-identified postmodernists. 
Parson's "systems theory" was both too 

abstract to be of much value in regard to 
particular questions and built into it was a 
number of ideological elements biased 
toward the maintenance of existing 
structures of dominance. Toulmin' s 
postmodem perspective suggests additional 
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reasons for suspicion about founding the 
MSAT on a systems perspective. Much of 
what JXlSSe8 for systems theory is yet 
another version of the modernists' 
fonnalistic search for a unified science; as a 
consequence, it is vulnerable to many of the 
criticisms outlined above. 

There is a third, postmodem alternative 
for conceptualizing the core of advanced 
technology. In the postmodem view, 
science is a collection of specific practices 
organized around particular problems. 
Advanced technology, on this reading, can 
be conceived of similarly, as a convergence 
among a variety of technological practices. 
The student entering the MSAT program 
does so out of a need to be able to move 
more easily from one practice to another; 
the MSA T makes sense because the 
convergences make such movement more 
possible. What students need from the 
program core, as much if not more than 
further work in their own specialty, is 
sensitivity to the history of the problems of 
the various practices and "lit:erncy" with 
regard to their current preoccupations. 
These will facilitate their working with 
practitioners from a variety of these fields. 

I may be wrong in projecting the MSAT 
at SUNY Institute of Technology as the 
first postmodem technology degree 
program, but I believe the idea is worth 
considering. More genernlly, my aim has 
been to raise my colleagues' awareness of 
the broader intellectual world beyond our 
specialties n 
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CONTRIBUTION II 
Alice Miller 
and Hitler~ 
Childhood 
Ralph Slayton, Ph.D. 

About five years ago, the work of 
Alice Miller, the Polish-born Swiss 
psychoanalyst and author of The Drama 
of the Gifted Child, For Your Own 
QQOO, Thou Shalt Not be Aware and 
other works, provided much of the 
inspiration and many of the ideas for 
two extraordinary plays by Young 
Klara (Unga Klara), the children's 
theatre of The City Theatre of 
Stockholm. The plays were the two 
parts of Hitler's Childhood (Hillers 
Bamdom) by Niklas Radstrom, Part I, a 
play for adults and Part II, a play for 
children. 

Miller is probably more accessible 
than several other eminent psychoana
lysts who have put forth similar theses 
and out of whose work Miller's has 
developed. She has described the 
closeness of her work to that of D. W. 
Minnicott in his notion of the fal se self, 
to that of Margaret Kahler in her 
analysis of a "feeling of self' around 
which a sense of identity will become 
established, and to Heinz Kohut, 
especially in his concept of narcissistic 
cathexis and his stress on the child 's 
needs for a parent's acceptance and 
admiration as a basis for developing a 
cohesive self. 

Miller's central thesis is very close 
to that of Kohut, and it is that many 
parents have an unconscious tendency 
to put their own needs for mirroring and 
echoing, that is to say, they put their 
own narcissistic needs, ahead of the 
needs of their children and those 
children have an inclination to respond 
positively to these needs in their parents 

and thereby to develop false selves and 
then to idealize their parents for the rest 
of their lives. Miller has elaborated on 
this central thesis in her several works 
in ways that are both somewhat 
different from Kohut and that can 
perhaps be more easily understood by 
most of us. 

In The Drama of the Gifted Child, 
Miller describes the mechanisms that 
contribute to the loss of the self in what 
will later become narcissistic disorders. 
She describes how an unhealthy 
narcissism leaves the child cut off from 
his or her true self and consequently cut 
off from his or her own genuine 
emotions as well as cut off from other 
persons, of feeling unfulfilled by one's 
activities. The child shifts between 
stages of grandiosity, in which he or 
she experiences a fragile sense of 
superiority; the child also experiences 
devitalization, in which one feels a 
compelling sense of inner emptiness 
and depression. 

Miller believes that adults with 
narcissistic disorders did not receive 
enough selfless, spontaneous and truly 
empathic nurturing as children. Instead 
of being loved for his or her own sake 
and as he or she revealed himself to be, 
the child was treated as an extension or 
possession of the parents . The parent, 
fundamentally narcissistic, needed to 

elicit from the child the empathic 
attention that the child should in fact 
have been receiving. For children in 
this predicament, it is not only love that 
is conditional, but the recognition of 
their very existence seems to be offered 
only when the unconscious needs of the 
parent are met. 

As a result of such parenting, Miller 
contends, many children develop an 
external personality closely adapted to 
the needs and expectations of others. In 
later life, the individual will try to 

identify with, and to believe in, the 
authenticity of this external self that is 
an aspect of the self that acts and to 
which others react. But fundamentally 
the child feels it to be a "false" self, for 
he or she feels cut off from a vaguely 
recognized "true self' to which the 
inner needs and emotions have re
treated. 

In Miller's second book, For Your 
Own Good, she describes in lengthy 
excerpts the "black pedagogy" on 
which German children who grew up in 
the Nazi Era were raised and which can 
easily be found in a much milder 
variation--but one nonetheless based on 
the same authoritarian principles--in 
much child-rearing today. As she has 
said: " ... not only in psychoanalysis but 
in the whole society I find the tendency 
to imply that the child is guilty and not 
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the victim, which is what I think he 
really is. This denies what happens to a 
child and makes the patient and the child 
responsible for what has been done to 
him. My role is to shed light on some
thing that is everywhere, though 
everywhere it is denied." 

Miller asks "what takes place in a 
child who is humiliated and demeaned 
by his parents on the one hand and on 
the other commanded to respect and 
love those who treat him in this fashion 
and under no circumstances to give 
expression to that suffering?" 

In Miller's third book, Thou Shalt 
Not Be Aware. she argues that psycho
analysis itself has tended to exacerbate 
the patient's idealization of his child
hood, largely through acceptance and 
propagation of mistaken assumptions 
about the nature of the child. She argues 
that Freud's "seduction theory," which 
he later discarded or devalued in favor 
of the notion of "infantile sexuality," 
was closer to the truth and that his 
revision only served to cover up the guilt 
of the father and the innocence of the 
child and to lend the western world a 
mtionale for invoking paternalistic and 
authoritarian denials of the rights and 
feelings of the child. 

We can find the principle contentions 
of each of the three books in the two 
plays, but clearest are examples of the 
arguments set forth in the second book, 
For Your Own Good, especially in 
Miller's treatment of the childhood of 
Adolf Hitler and in her discussion of the 
"poisonous pedagogy" that provided a 
guide to child-rearing for his parents and 
their own. To quote one excerpt used by 
Miller may give an indication of the 
attitude that prevailed: 

It is quite natural for the child's soul 
to want to have a will of its own, and 
things that are not done correctly in 
the first two years will be difficult to 
rectify. One of the advantages of 
these early years is that then force 
and compulsion can be used. Over 
the years children forget everything 
that happened to them in early 
childhood. If their wills can be 
broken at this time, they will never 
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remember afterwards that they had a 
will, and for this very reason the 
severity that is required will not have 
any serious consequences. 

Miller summarizes the basic tenets of 
the "poisonous pedagogy" as follows: 

I. Adults are the masters (not the 
servants!) of the dependent child. 

2. They determine in godlike fashion 
what is right and what is wrong. 

3. The child is held responsible for their 
anger. 

4. The parents must always be shielded. 
5. The child's life-affmning feelings 

pose a threat to the autocratic adult 
6. The child's will must be 'broken' as 

soon as possible. 
7. All this must happen at a very early 

age, so the child 'won't notice' and 
will therefore not be able to expose the 
adults. 

In her preface to the American edition 
of For Your Own Good, Miller says that 
she had been haunted since the end of 
World War II by the question: "What 
could create a Hitler, a creature who 
could conceive a plan to murder millions 
of human beings, and how was it possible 
that millions of others acclaimed and 
assisted him?" 

Miller chapters on Hitler as an 
explication of her theory were centml to 
the development of the two plays. The 
theatre workers undertook to portray in 
the theatre what Miller had achieved in 
writing about Adolf Hitler in these 
terms-to regard him as a human being 
through·an attempt to identify with him 
from the perspective of the child himself 
and not to judge him through adult eyes. 
The result is that we come away from the 
plays feeling the most profound sympa
thy for the innocent child Adolf Hitler 
once was. 

The workings of Miller's theses and 
especially the essential conditions of the 
poisonous pedagogy -the repression of 
the child's spontaneity and creativity, the 
putting of the parents' needs ahead of 
those of the child, the exercising of a 
harsh discipline, the denial of the 
expression of emotion that would be an 
appropriate response to the treatment the 

child has received and the subsequent 
idealization of the parents-are made 
painfully vivid in both plays. 

Both plays begin with the actors 
asking the audience what they know 
about Adolf Hitler, what associations his 
name brings to mind, what he looked 
like, what gestures were chamcteristic of 
him and what place he had in history. 

In Part I, we are introduced to the 
family-Alois, the father, Klara, the 
mother, Johanna, the mother's hunch
backed, schizophrenic sister, and Adolf s 
brothers and sisters who died in infancy. 

In Part II, we are introduced to "the 
dead children's orchestra." Only the 
instruments of the little band remain 
because someone who hated children 
ordered its members to be killed. The 
actors present the stories of the owners of 
the instruments. They are authentic 
stories that had been told by children in 
the Theresienstadt concentration camp. 

In Part I, we meet Adolf Hitler as a 
newborn baby, and the play then treats 
his childhood chronologically and briefly 
as he grows into the mass murderer he 
became. Part II presents Hitler's life in 
reverse until we can finally discern the 
contours of a child who has just been 
born, a child born neither good nor evil 
but a human being with needs that will 
either be fulfilled or frustrated. 

In Part I, we are immediately made 
aware of the urgent nature of the most 
petty of the parents' problems and their 
lack of concern for the needs of the child. 
Father's missing button on his uniform is 
of far greater concern than is the baby's 
crying. When the baby cries, his parents 
do not hear him describe his needs: "I'm 
hungry. I'm lonely." But we in the 
audience hear. Alois, the father, kicks the 
baby's crib and calls him wicked. Klara, 
the mother, does not contradict him. The 
baby stops crying. He will never cry 
again. 

We are made aware of the child's 
enormous capacity for creativity and for 
poetry when he utters his "just-born" 
monologue, a stream of brilliant observa
tion and fantasizing on everything in his 



very narrow environment Later, we see 
him cutting out pieces of paper with a 
pair of scissors and arranging them in a 
pattern that has a logic for him alone. 
Klara enters, frantically cleaning the 
house and muttering to herself about the 
dead children: we must not let them feel 
abandoned in their little graves. Unthink
ingly, she also sweeps away the child's 
creation. 

"Where do babies come from?" Adolf 
asks his father, and gets his face slapped 
in response. "Children are not here to ask 
impertinent questions but to learn their 
duty," Alois tells him and leaves for 
work. The child is not satisfied, so he 
asks his mother the same question. Klara 
is extremely reluctant to say anything at 
all, but finally she pre~nts some half
truths on the subject She especially 
stresses how painful it is to give birth to a 
child. Adolf asks how one can tell if the 
baby is a boy or a girl. Klara is overcome 
by revulsion and will not respond. 

Adolfs creative endeavors persist into 
his childhood. One day, Alois returns from 
work to find that Adolf has drawn a house. 
Rather than praising or at least recognizing 
the integrity of the child's efforts, Alois 
shows the boy the "correct" way to draw a 
house. At another point, the young 
schoolboy tells his father that his teacher 
liked a drawing he had. made. Pretending 
sympathy, Alois lulls the boy into admitting 
that he would like to become an artist Alois 
is enraged. "An artist! One of those Jew 
peddlers who walk the streets selling 
postcards .... I'll show you a true artist" He 
takes down the whip. "This is the artist's 
brush," he screams and proceeds to beat his 
son. Adolf will become·a civil servant like 
his father, whether he likes it or not 

Throughout both plays, Adolf is 
subjected to cruel physical abuse and 
humiliation. But much more terrible than 
the ~gs is that Adolf is Persuaded by 
both pll"el1ts that it is done for his.own 
good, that he is a Wicked child and that the 
wickedness must be beaten out of him. He 
is taught to thank his father for teaching 
him a lesson. "Aren't you glad that I help 
you to recognize your lies and your 
shame?" Alois asks. "Yes, father. Thank 
you," Adolf answers. 

When the boy is a little older, he begins 
to torment Johanna as he has been 
tormented, and we realize that there is little 
hope left for the boy. The results of his 
systematic humiliation and the quashing of 
any possibility of expressing his pain are 

· becoming all too clear. 

Throughout the plays, we have seen in 
Klara the same kind of self -deception that 
Adolf will one day bring to the idealization 
of his own childhood. She tells us how nice 
it is to have all these beautiful things in her 
home, when all that we see is not lovely at 
all, but dishevelled and worn. 

Early in his childhood, Adolf hides one 
day under the tablecloth and embarlcs on a 
joyous fantasy of words, finding a consola
tion in his own creativity. Out of these 
words and with the inspiration of the 
tablecloth, he conjures the other significant 
figures in his lif~e Jew, who will 
become increasingly important as the only 
one in whom the child can find comfort and 
an appreciation for himself as he really is. 

The Jew is the child in Adolf. He is the 
sensitive, receptive and creative self. The 
two never have eye conta::t until their fmal 
scene together, when Adolf is able to 
exteriorize his child-self-when his child
self has become a totally repres&d aspect 
of his personality. 

Late in Part I, the actor playing the Jew 
addresses the audience out of character. He 
shows us a book. It is Mein Kampf. He 
reads a passage from the Vienna chapter: 
"It is impossible to say when I first heard 
the word 'Jew' .... " Every time the actor 
utters the word "Jew," Adolf substitutes the 
word "child" It's supposed to be "child!" 
he tells us. The Jew is then trnnsformed into 
the disembodied voice that we met when 
Adolf was a very young boy. In his fantasy, 
Adolf now further trnnsforms the Jew into 
an annoying fly that he captures between 
his hands and drowns in a bucket of water. 
We see that Adolf, having killed the child 
within, can' truly be a man in his father's 
image. In a terrifying, soliloquy, he pours 
forth his hatred of the Jew. 

Now, as the grown-up Hiller, he tells the 
audience about his childhood, idealizing it, 
denying the truth of it that we have just 
witnessed. As he speaks of his mother: 

Klara crosses the stage with angel's wings 
on her shoulders, and the father appears 
wearing the mask of a schiiferhund, for the 
bark of a hunting dog has been his signature 
throughout the play. Adolf has totally 
idealized his parents and his childhood 
There is nothing left for him but madness. 

If these plays were not about millions 
and millions of other children, there would 
have been no reason for Alice Miller to 
have written most of what she wrote, nor 
would there have been any point in young 
Klara's producing them. Alice Miller, 
herself, reminded us in For Your Own 
QQQd that Adolf Hitler's childhood was not 
at all extraordinary then, and that it is by no 
means extraordinary today: "Tilis is exact! y 
what parents expect of their children in 
most cases." n 
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CONTRIBUTION II 
Modeling 
and Drawing 
Botanical 
Trees 
Marc Berger, Ph.D. 

1. Introduction 

Graphics drawing algorithms often 
employ methods that are based on 
irregularities and fuzziness to draw 
stochastically defined objects 
(Fournier, et al., 1982; Reeves, 1983). 
The most common of these methods 
generate fractal surfaces and particle 
systems that have appeared in movies 
as well as in works of art. While these 
methods appear to work well for 
certain types of objects, they are not as 
well suited for drawing classes of 
deterministically defined structured 
objects such as botanical trees. This is 
because botanical trees grow according 
to a set of well-defined rules with only 
random irregularity involved. They 
can therefore be modelled by a set of 
rules that describe their geometric 
forms. If these rules can be formalized 
into some mathematical model, it may 
be possible not only to grow, but also 
to dynamically modify such forms. A 
typical dynamic modification would be 
a branch removal. Other factors the 
model could include are those to draw 
variations of trees of the same species. 
For example, a tree that is growing on 
a steep side of a hill may have different 
shape than one growing on a level 
surface. 

Bracketed L-systems were devised 
by A. Lindenmayer (Lindenmayer, 
1986) to describe certain low orders of 
plant life such as red algae. OL-
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systems are a particular form of context
free grammars that replace characters by 
strings. For p > 0, pL-systems are 
context-sensitive grammars having the 
strategy that a rule may apply according 
to preceding and succeeding characters. 
A.R. Smith (1984) incorporated L
systems into computer graphics. These 
"graftals" generated plants of great 
complexity using simple rules. While L
systems readily model monopodia! and 
dichotomous branching patterns, Aono 
and Kunii (1984) found them to be 
inadequate for modelling the more 
detailed botanical trees. They supple
mented the L-system model with 
additional parametric control of branch
ing patterns. Based on that work, it can 
be concluded that context-free gram
mars would also be inadequate for this 
task. 

It is relatively easy to build a system 
to implement the regular rules of 
botanical tree growth patterns and use 
them to draw trees. This was done by 
Aono and Kunii (1984), who used 
parametric control of branching pat
terns. However, a formal mathematical 
model would be far superior to such ad 
hoc systems, because it would allow for 
dynamic modifications to trees that 
would take into account the problem of 
how modifications to one part of a tree 
affect other parts of the tree. The most 
simple example of this is cutting a 

branch from the tree. A formal model 
would cause the entire branch to be 
removed from the tree, and possibly 
even affect surrounding branches. 

In this paper, an attribute grammar 
model of botanical trees is described 
that can incorporate the environment 
into the growth and later modifications 
of the plant. This grammar is used to 
model one of the categories of botanical 
trees, and has a number of parameters 
that allow the growth and modification 
of a wide range of tree varieties. 
Several examples of trees drawn with 
the model are shown in Figures 1-7 at 
the end of this article. 

2. Attribute Grammars 

A context-free grammar (cfg) is a 
generative device that has been widely 
used to describe the syntax of program
ming languages. CFG's are used in 
manuals to describe programming 
language syntax to people, and also as 
formal input to syntax analyzer 
generating systems. 

One of the most attractive features of 
a cfg is that a hierarchical structure can 
be naturally associated with the 
generative process. A cfg can generate 
a sentence of a language and also 
describe its hierarchical structure. This 



is why they are so widely used to build 
syntax analysis algorithms for translat
ing systems. The hierarchical structure 
of sentences is needed in the translation 
process. This same feature would seem 
to be useful for modelling well-defined 
geometric entities such as botanical 
trees. Unfortunately, cfgs are not 
sufficiently powerful to model trees in 
three dimensions. In fact, they cannot 
even model accurately the regularity of 
branch size and shape that is inherent in 
botanical trees. 

Attribute grammars (ag) are based 
on cfgs. The central concept of an ag is 
that additional information is attached 
to the nodes of the hierarchical descrip
tion of sentences. The parse tree, as it 
is called, is "decorated" with these 
information items, called attributes. 
Attributes are usually used to store the 
type and environment information 
associated with a node. For example, if 
a node of a parse tree represents an 
expression, one of its attributes is the 
declaration environment of the expres
sion, which contains the types of all of 
the currently visible variables. This 
information is used to check the type 
compatibility of the operands in the 
expression and also for the code 
generation phase of translation, which 
must have access to it to produce the 
correct code. 

It appears that ags are a natural way 
to model botanical trees, because the 
attributes can be used to emulate the 
flow of information through the tree. 
At any branch base in a tree model, 
attributes can be used to supply the 
necessary information about branch 
diameter, length and other characteris
tics. 

Definition 1: An attribute grammar is a 
cfg with the following additions: 

a) Associated with each grammar 
symbol X is a set of attribute values, 
A(X). The set A(X) consists of two 
disjoint sets, S(X) and I(X), called 
synthesized and inherited attributes, 
respectively. 

b) Associated with each grammatical 
rule is a set of semantic functions and a 

possibly empty set of predicate func
tions over the attributes. For rule 
Xo~Xl .. .Xn .. the synthesized attributes 
of Xo are computed with a semantic 
function of the form S(Xo) = 
f(A(X1), ... ,A(Xn)). Inherited attributes 
of Xj. 1 <= j <= n, are computed with a 
semantic function of the form: 
I(Xj) = f(A(Xo)). Predicate functions 
have the form of a Boolean expression 
on the attribute set A(Xo), ... ,A(Xn). 

A parse tree of an attribute grammar 
is the parse tree of its underlying cfg, 
with a set of attribute values attached to 
each node. A parse tree is called fully 
attributed if a value is associated with 
each of its attribute instances; that is, 
every element of A(X) for each X node 
in the parse tree has a value. 

Synthesized attributes are used to 
pass information up the tree, while 
inherited attributes pass information 
down the tree. Initially, there are only 
the intrinsic attributes of the leaf node. 
The semantic functions can be used to 
build the fully attributed tree. 

3. Botanical Trees 

The structures of botanical trees 
exhibit a surprising degree of regular
ity, suggesting that a model with a 
collection of parameters for different 
species is possible. There are just two 
branching patterns in trees: dichoto
mous and monopoidal. Dichotomous 
branching means that a parent branch 
splits into two new branches, neither of 
which is aligned in the same direction 
as the parent. Monopoidal branching 
means that all branches are single 
branches from the parent stem, where 
the parent stem continues in the same 
direction as before the branch. 

In plant morphology, the term 
phyllotaxis refers to the arrangement of 
branches on a stem. It turns out that 
this arrangement is relatively fixed for a 
particular species of trees. The angle 
between two branches a and b on the 
trunk, or main stem, where b is the first 
branch above a on the trunk, as seen 
from a top view, is some fraction of 360 
degrees. This fraction, called the 

divergence ratio, is always a fraction in 
the Fibonacci sequence: 1/2, 1/3, 2/5, 
3,8, 5/13, ... For example, rose and 
chrysanthemum branches that sprout 
one after the other are 2/5 of 360, or 
144 degrees apart on the parent stem. 
In the case of a willow, the fraction is 
5/13. (Jean, 1978) 

Another parameter in trees with the 
monopodia! branching patterns is the 
branching angle, which is the angle 
between the parent stem and the new 
branch. When the parent stem is the 
vertical trunk, the branching angle is 
seen from a side view. This parameter 
is far less regular than phyllotaxis. The 
average branching angle varies by tree 
species, but is in a specific small range 
for a given species. Furthermore, the 
angle tends to become smaller at the top 
of the tree than at the bottom. 

The last variable set we will consider 
for our basic model is the contraction 
ratio set. The main stem contracts in 
diameter after each branch, as do the 
other branches. The main stem 
typically contracts at a slower rate than 
the branches. Contraction ratios are not 
fixed, although the average ratios do 
typify particular species. Branch 
lengths also contract as the diameter 
becomes smaller. 

4. The Basic Model 

The following is our basic attribute 
grammar model of botanical trees, 
which models trees with monopoidal 
branching. 

The context-free portion of the 
model is very simple, with only three 
non-terminals: T, Sand B, for trunk, 
stem and branch. 

T~ S 
S~SB 

S~b 

B~BB 

B~b 

This grammar generates strings of 
lowercase b's, but the parse tree of its 
sentences are binary trees that have the 
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general shape of botanical trees with 
monopodial branching. All notes 
labelled S are on the main stem of the 
tree, and nodes labelled B are on 
branches off the main stem. The leaf 
nodes, labelled b, represent sleaves on 
a botanical tree (see to Figure 1). 

A number of attributes is needed to 
store information about a botanical tree 
modelled with this grammar. Attribute 
information flows up through the tree 
much like the DNA in a real tree, 
carrying the information about the 
structure and characteristics of the 
species to all of the extremities. These 
attributes are therefore inherited. In 
addition, synthetic attributes that model 
environmental changes, such as wind, 
sunlight, lightning and rain, empower 
these trees to be modified after they are 
generated. 

The complete ag for this model can 
be found in Berger (1987). It uses two 
functions in the attribution rules for 
new side branches, extend and rotate. 
Extend "grows" a branch in the same 
direction as its predecessor. Rotate 
"grows" a branch either to the left or 
right of the main branch, according to 
the l_r_flag, at the branch angle from· 
that branch. 

The following images illustrate a 
variety of trees drawn with this system 
using the attribute grammar above. 
Figures 2-3 show the effect of varying 
the initial phyllotaxis, which is the 
direction from the trunk of the first 
branch. Changing this parameter 
essentially moves the viewer around 
the tree. The tree itself is unchanged. 
Figures 4-5 show the effect of varying 
the branch angle parameter. Observe 
the dramatic change in the tree due to 
these variations, with the smallest 
angle producing a tree with closely 
grouped branches. Figures 6-7 show 
the effect of varying the branch 
diameter contraction ratio. This 
parameter to some extent determines 
the size of the tree. Notice that using a 
larger value can allow the appearance 
of foliage. 
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S. Conclusion 

Attribute grammars are proposed as a 
formal model for the graphical display 
of regular objects. These grammars 
have the advantage over other formal 
models of having been studied exten
sively as models of language structure. 
As a result, optimal algorithms have 
been developed to evaluate and re
evaluate attribute values. These 
attribute values in models of regular 
objects can be used to store graphical 
display information such as position, 
shading and texture. To demonstrate the 
naturalness of the model, botanical trees 
are modelled with a simple attribute 
grammar. In addition to being a formal 
and adequate model for such objects, 
attribute grammars enable dynamic 
changes to the models without complete 
reconstruction n 

APPENDIX 
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T 

Figure 1 
A sample parse tree 
generated by the tree ag. 

r

l. Figure 2 

Initial phyllotaxis = 0.0 

Figure 3 
Phyllotaxis = 2.7 

Figure 4 . 
Branch angle = 0.5 

Figure 5 
Branch angle = 1.2 



Figure 6 
Branch length contraction ratio= 0.75 
Branch diameter contraction ratio = 0.9 

Figure 7 
Branch diameter contraction ratio = 0.93 
Branch length contraction ratio = 0. 77 
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CONTRIBUTION • 
The Case for 
Course
Integrated 
Bibliographic 
Instruction as 
an Exercise 
in Critical 
Thinking 
Jackie Coughlan 

With the "information explosion" 
at hand librarians have concluded that it 
is not enough to teach students how to 
locate information; they must also be 
taught to evaluate critically the infor
mation they encounter. Although 
computer searching and ready access to 
on-line resources from libraries and 
other databases have seemingly tamed 
and made manageable an otherwise 
cumbersome research process, the 
inherently political nature of informa
tion makes it all the more important for 
students to be able to assess the validity 
and the reliability of their sources. 

How can we offset the uncritical 
consumption of information and help 
students to develop their critical 
thinking skills? One vehicle is course
integrated bibliographic instruction. 
Bibliographic Instruction (BI) involves 
teaching students the process of 
research, familiarizing them with the 
structure of information within and 
among disciplines and sensitizing them 
to the various theoretical debates and 
biases inherent in academic sources and 
scholarly writing. Each of these 
elements is a crucial dimension of the 
exercise of critical thought. 
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In recent years, BI has become an 
increasingly important part of the 
undergraduate curriculum. On some 
campuses, free-standing credit-bearing 
courses in BI are offered. On others, 
students are introduced to BI through 
course-integrated library research 
projects. 

Why should faculty be concerned 
about library research skills? Some 
might argue, for example, that incorpo
rating broader research and library 
skills is outside the scope of their 
teaching responsibilities and would take 
time away from teaching content, 
where time is already at a premium. But 
since we cannot possibly teach all the 
content necessary to solve every 
problem a student will encounter after 
leaving school, it is imperative that we 
teach them how to think so they can 
find solutions for themselves. And 
besides the benefits to students who 
learn how to think critically in the 
context of library research in their 
discipline, faculty will find that the 
dozens of student papers they must read 
in a semester will be vastly more 
interesting, well-informed and bal
anced. 

Yet another argument in favor of 
integrating BI into the curriculum 
(though the author prefers the notion of 

integrating BI into the course syllabus) 
is derived from the parallels between 
the organization of the library and the 
organization of knowledge into 
academic disciplines. 

Len Clark (in Rader 1976, p. 34) 
makes the case that since "the library is 
organized information and the general 
organization reflects, in the various 
fields, the distinctive ways of organiza
tion which have come to characterize 
the disciplines historically, it seems ... to 
follow that studying the structure of 
library organization is itself an educa
tion in the disciplines, and an irreplace
able one at that." To view a discipline 
historically allows the issues to emerge. 

Faculty who are involved in their 
own research on a daily basis may 
come to take for granted the fundamen
tal principles and essential steps in 
academic investigation. For them it is 
important to unpack their taken-for
granted assumptions and make the 
process and their expectations explicit 
for students. One way this can be 
effectively accomplished is through the 
design of specific course-integrated 
bibliographic projects. BI librarians are 
available to assist in the development of 
assignments that are both relevant to 
the course and evaluate either a specific 
disciplinary source or the information 
found in the source. 



When teaching about the research 
process, the author attempts to commu
nicate some larger concepts about the 
structure of the informational appara
tus. For the purposes of discussion we 
might represent the stages of the 
research process .with the acronym 
CIRCLE: 

• Clarify the question 
• Identify the source for finding 

information 
• Recast the question into the 

vocabulary used in the source 
• Conduct the search 
• Locate the materials 
• Evaluate materials for relevance 

and appropriateness 

Although each of these points can 
be discussed in depth, comment will be 
limited here to the third point. Stu
dents frequently overlook the impor
tance of posing the question in the 
terminology of the specific source. In 
order to permit access to information, 
there must be some kind of standard
ization in the ways materials are 
classified or organized. Whether 
students are using Medical Subject 
Headings, Library of Congress subject 
headings, ERIC descriptors or any 
other system, they must grasp the 
importance of the concept of a con
trolled vocabulary before they can 
make use of specialized thesauri or on
line descriptors and identifiers. 

Since all knowledge in libraries is 
organized around the written word, two 
of the most basic skills used in library 
research are brainstorming for syn
onyms and related terms, and locating 
the controlled vocabulary sources, if 
applicable, for a given topic. One of 
the greatest challenges for students is 
to define the research question, and 
then to match their personal vocabular
ies with the language of the source they 
are using, because headings vary from 
source to source and they may even 
vary within one source over a period of 
time. 

As students become more sophisti
cated researchers, they may realize that 
thinking critically about an issue 
transcends the boundaries of any one 

specific discipline; however, a disciplin
ary approach still provides a workable 
framework for undergraduates. 

Naturally, while we cannot reason
ably expect to master all academic 
disciplines that bear on a topic (indeed, 
it is not clear what all of the disciplines 
would be), it is important to recognize 
the artificiality of departmental bound
aries. Problems that students encounter 
outside the university are unlikely to be 
defined in disciplinary terms. Emergent 
fields provide cases in point. Research 
in genetic engineering, neural network
ing and artificial intelligence, for 
example, raise issues in perhaps a dozen 
or more disciplines. 

When we teach students to evaluate 
information, the notion that no compila
tion of information, whether print or 
electronic, is value-free is an extremely 
important one. Furthermore, Fink 
(1989) asserts that although disciplines 
are central to ways of knowing, they are 
artificial and political and the structure 
is suspect because political forces 
impose priorities. For example, in 
academic publishing, the sciences are 
more highly and consistently subsidized 
by the government, and overspecializa
tion and fragmentation are typically 
spawned in an environment of intellec
tual competition and the struggle for 
research support. 

Having students become familiar 
with various library sources and 
processes is a necessary, but not a 
sufficient, condition for the evaluation 
of those sources. There must also be a 
systematic and open-minded search for 
truth, and it must be of personal 
importance to the student Sometimes, 
as McCormick has remarked, research 
"does not seem to be related to the 
individual searcher or to real life ... [We] 
have ignored the reasons for searching
to learn, to make informed decisions, to 
evaluate applications of knowledge, to 
find truth." (McCormick, p. 339) 

Suggestions for library-based 
projects that might get students involved 
include: compiling annotated bibliogra
phies, keeping research journals, 
assigning exams written by students 

with answers and justification of the 
items they include, student design and 
discussion of teaching units, surveys, 
questionnaires or experiments and 
student planning of an off-campus 
study itinerary. Much has been written 
recently about bibliographic instruction 
as a vehicle for critical thinking and 
faculty interested in this field of inquiry 
might consult some of the references 
listed below Q 
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CONTRIBUTION • 
Is There a 
Laser in Your 
Future? 
Patrick M. Kelly, Ph.D. 

For some people, the word LASER 
conjures up a mysterious device from 
the world of science fiction: a device 
that is capable of instantaneously 
cutting through the most impregnable 
of materials as well as being used as a 
"death-ray" capable of killing thou
sands in a flash! However, back in the 
real world, the laser is a much less 
ominous device and it has some truly 
remarkable characteristics that make it 
ideally suited for a number of applica
tions that have important impacts on 
our daily lives. But before we consider 
these applications, a short primer on 
laser operation would seem appropriate. 

population inversion. Obviously, this 
process results in amplification since 
there is now twice the amount of light 
(two identical photons). These photons 
can then proceed to produce two new 
identical photons, and so on. An 
avalanche of light soon results. When 
coupled with a set of highly reflective 
mirrors (Figure 3), this amplification 
process is prolonged and the result is a 
light beam of very high intensity, which 
is one of the more obvious characteris
tics of laser radiation. The other 
properties can be more subtle, but are 
of equal importance. They include 
monochromaticity, coherence, direc
tionality and sometimes polarization. 
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Monochromaticity is a word derived 
from two Greek words; monos meaning 
one and chroma meaning color. The 
term is a matter of degree and refers to 
the purity of the radiation or a measure 
of how identical (in wavelength, 
frequency and energy) the stimulated 
photons are to one another. Lasers are 
sources of radiation that are very close 
to being perfectly monochromatic 
when compared to other light sources. 
Coherence is concerned with the wave 
nature of light and is a measure of how 
well the individual light waves are in 
synchrony in both time and space. 
Again, lasers, although not perfectly 
coherent, are very close to the ideal. 

EXCITED 
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PHOTON 
EMISSION 

,.---'l.-- EXCITED 
STATE 1 

ENERGY 
DISSIPATION 

The word LASER is an acronym 
that stands for Light Amplification by 
Stimulated Emission of Radiation. The 
key words are stimulated emission, for 
without this phenomenon, a heliun
neon laser would just be an expensive 
neon sign. The possibility of stimulated 
emission was predicted by Albert 
Einstein in 1917, and can only occur 
under conditions of population inver
sion, an unnatural condition attained 
through a process called pumping, 
where the population of excited state 
particles (excited state 2 in Figure I) 
exceeds that of the next lower energy 
state (excited state 1). In this environ
ment, the excited state entity can be 
induced to lose energy in the form of a 
packet of light called a photon. This 
stimulated emission can occur when a 
photon passes near and interacts with 
the excited state particle (Figure 2). The 
probability for such an emission is 
directly proportional to the extent of 

Figure 1 - Energy States in a 4-Level Lasing Scheme 
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Figure 2 - Stimulated Emission Process 
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Figure 3 - Optical Feedback Resonator. 

Directionality is a measure of the 
change in beam dimension as a function 
of distance from the source of the 
radiation. This property is one that is 
easily recognized by most observers 
since the beam from a laser changes 
little in size even after traveling over a 
great distance. The last property of laser 
radiation is that it is sometimes polar
ized. Polarization is not an inherent 
property of the laser. It is usually the 
result of the optical elements used in 
the laser system. These elements cause 
the light waves to have a constant or 
periodic orientation rather than one that 
is random. This is similar to the effect 
that Polaroid sun glasses have on light 
that passes through them. 

The number of lasers that exist today 
is quite remarkable. A listing of these 
systems can be found in a recent review. '1' 

The applications of these lasers may be 
even more impressive. Most people do 
not realize the extent to which lasers 
may and already do affect their lives. In 
fact, many people do not even realize 
that they already own one. It came 
inside their compact disc (CD) player 
and, because of it, the quality of the 

music to which they listen has been 
greatly enhanced. The laser properties 
of intensity and directionality made 
these improvements possible. Another 
home product in which a laser may be 
incorporated is the computer printer. 
Laser-based printers produce high 
quality documents, are rapid, quiet to 
operate and are becoming economically 
competitive with other types of printers. 
Again, the laser makes this product 
possible because of its high intensity 
and its ability to be turned off and on in 
rapid succession (modulation). 

One of the areas of greatest impact 
by lasers is communication. Without 
lasers, fiber optic communication 
would not be possible. A pin dropped at 
one end of a telephone conversation 
would not be heard! Tiny diode 
semiconductor lasers convert electrical 
signals carrying voice or data informa
tion into a stream of photons that is 
transmitted down a glass fiber to a 
destination where the photons are 
converted back to electrical signals. 
Because of the immunity of photons 
from electrical interferences, the 
transmitted information arrives with a 

minimum of noise. In addition, because 
many thousands of conversations (this 
number may grow to a trillion with 
technology improvements) can be 
carried on a single fiber, waiting for an 
open line will be a thing of the past and 
document transmission will be almost 
instantaneous with fax machines. 

Lasers affect the quality and prices 
of many consumer products. For 
example, the fit of many components 
used in the manufacture of automobiles 
has been greatly improved by the use of 
laser machining for production at close 
tolerances. In addition, the quality of 
welds on many metallic components 
has been made more reproducible as 
well as more reliable. The cost of many 
products has been reduced because 
components can now be made more 
cheaply with less waste with a com
puter-driven laser system. Even the 
buying of consumer products has been 
made easier and faster with the laser 
check-out systems that are now found 
in many supermarkets and department 
stores. These systems enable businesses 
to operate more efficiently through 
automated inventory and ordering 
systems. 

In the area of medical applications, 
the laser has on! y begun to make an 
impact The advantages of using a laser 
rather than a scalpel for making 
incisions or excising a tumor are many. 
There is considerably less bleeding 
because the wound is instantly cauter
ized. Consequently, the need for a 
blood transfusion may be eliminated. 
Sometimes the size of the incision can 
be reduced or eliminated since the laser 
beam in conjunction with a fiber optic 
probe can be easily manipulated in 
small areas. This usually speeds healing 
times and reduces the chances for 
infection. Examples of this type of 
procedure include the breaking up of 
kidney and gall stones so they can pass 
out of the body on their own. In cases 
where malignant tumors are to be 
excised, the laser beam obliterates the 
cancerous cells rather than having the 
possibility of the scalpel spreading 
them to uninfected areas and thus 
increa~ing the possibility of metastasis. 
In the future, some tumors that are now 
considered to be inoperable may no 
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longer be so with photodynamic 
therapy.C2> The J>?tient would be treated 
with a drug that is selectively absorbed 
by the tumor. The tumor area would 
then be irradiated with a laser beam that 
is selectively absorbed by the drug but 
not by healthy tissue. The absorption of 
the radiation would cause ablation of 
the tumor cells or could initiate a 
chemical reaction to produce a chemi
cal agent that eventually causes the 
destruction of only the cancerous cells. 

In the area of image production, the 
laser, because of its coherence proper
ties, has opened up a whole new world; 
the world of three dimensional images 
called holograms. Holograms are 
produced from recordings of the 
interference patterns formed by the 
interaction of two coherent light waves 
after one of them has interacted with 
the object to be imaged. Illumination of 
the recording produces the three 
dimensional holographic image that 
also displays the property of parallax: a 
change in the view of objects relative to 
one another when the observer's 
position is changed. Presently, some 
types of optical elements such as lenses, 
filters and gratings are produced 
holographically. The advantages of 
these elements are that they are 
significantly lighter in weight, cheaper 
to produce and sometimes several 
optical functions can be designed into a 
single holographic device. In the future, 
holography may be used as part of 
home entertainment systems capable of 
producing three dimensional scenes. 
The "holodeck" on the Starship 
Enterprise is not so far-fetched as it 
may sound. In addition, holographic 
devices will almost certainly be used 
for the storage of information in the 
future. The storage density for just such 
a device is theoretically phenomenal. A 
whole library could be stored on a small 
diskette and a laser will be used to 
retrieve the information. 

In conclusion, the laser appears to be 
a device that will affect all of our lives 
in some interesting ways. It is not a 
device to be feared, but one that is to be 
exploited. Watch out, it will surely 
show up in some unexpected places! 
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For additional information on lasers 
and their applications, the reader is 
directed to references 3 through 6 Q 
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CONTRIBUTION II 
Accounting 
Education 
and the 
C.P.A. Exam 

Jesse W. Miller, Jr., C.PA. 

The C.P.A. exam and the educa
tional requirements for certification 
drive most college accounting curricu
lums. These requirements leave little 
room for electives or training in 
accounting topics not required for 
certification. Some senior practitioners 
have proposed extending the 
accountant's minimum college training 
from four to five years. The State of 
Florida has already adopted a 150-hour 
minimum educational requirement for 
licensing. Even a cursory examination 
of "standards overload" and the 
increasing legal liability of auditors 
supports the view that the training of 
future C.P.A.s must be even more 
rigorous and probably take longer than 
in the past. 

As an accounting educator, I feel 
that this justified demand for even 
more stringent training of future 
auditors places me in a dilemma. Only 
a third of undergraduate accounting 
majors will ever work for a public 
accounting firm. Yet the other two out 
of three accounting majors - along with 
parents, taxpayers and others footing 
the bill for accounting education -
expect all of the students surviving my 
courses to be trained adequately for a 
competitive job market. The majority 
of these newly-minted accountants will 
not become independent auditors, but 
will be employed as management or 
fund accountants. 

The dominating concern with C.P.A. 
certification currently guarantees short 
shrift to the above topics. About 40 
percent of the Gross National Product is 
accounted for by the not-for-profit 
sector. Yet fund accounting is taught 
only every other year at my institution . 
It is taught at night, and about half the 
class members are usually practicing 
fund accountants trying to "make-up" 
for training that they missed the first 
time through college. 

Cost accounting is taught at least 
once a year, (it is required for the C.P.A. 
examination), but few students have 
room for an additional course in 
management accounting. A few 
lectures on budgeting are given in cost 
and fund accounting, and the finance 
professors teach capital budgeting 
techniques, but operating and cash 
budgets are fleeting topics for most 
accounting majors. 

Obviously, fund accounts are 
maintained, cost records are compiled 
and budgets are prepared, but my own 
experience indicates that the accoun
tants performing these functions are 
mostly trained on-the-job rather than 
having learned the rudiments of these 
skills in school. 

New York State's Department of 
Audit and Control has formalized this 
on-the-job training. Other New York 
State civil servants arc on probation for 
six months, but accountants hired by 
Audit and Control are on probation for 
two years and are designated "trainees" 
during those two years of learning fund 
accounting. I suspect that cost and 
other private sector management 
accountants also go through a lengthy if 
less formalized period of on-the-job 
training. 

Some schools have instituted two 
"tracks" for accounting majors, one 
track for those intending to be external 
auditors and one for management 
accountants. Unfortunately, this often 
connotes second class status for those 
in the management accounting "track." 
All professions have their myths of 
upward mobility. In the military, the 
myth is that all second lieutenants have 
a chance to be a general, and in 
accounting the myth is that all junior 
accountants have a crack at being a Big 
Eight partner. Until being the control
ler of a major institution has as much 
status within accounting as being a Big 
Eight partner, a separate program for 
management accountants will suggest 
"second string" status for its students. 
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As long as government. industry and 
other institutions are willing to train our 
accounting graduates in budgeting, fund 
accounting, etc., what is wrong with the 
current C.P.A. - oriented accounting 
education? The problem is one of 
equity. Public accounting firms do not 
finance undergraduate accounting 
education; taxpayers, donors and 
students (or their parents) pay the bills. 
I teach at a state institution and am 
painfully aware that taxpayers, at lca<>t, 
are beginning to ask hard questjons · 
about what they get for their higher 
education dollars. I would hate to 
justify a system geared toward one
third of its graduates to a hostile 
·legis~tive committee~ 

In what appears to be a future of · 
tight budgets for' higher education, 
suggestions for a fifth year of under
graduate accounting for C.P.A. candi
dates face stiff obstacles. I suggest that 
we make a virtue out of a dilemma and 
back away from the pretense of turning 
out fully trained auditors, ready to take 
the C.P.A. exam the same May that 
they graduate. Public accounting 
should resign itself that it, like govem
meht and industry, must bear the 
burden of on-the-job training for new 
accountants. 

This could be formalized by reins tat
ing the requirement that candidates be 
permitted to sit for the C.P.A. exam only 
after two years of on-the-job training. 
This would be a clear signal to educators 
and public accountants alike that a B.S. 
in accounting indicates only an interme
diate step, not the termination, of an 
accountant's education. With the current 
trend toward continuing education 
requirements for C.P.A.s, this concept of 
training for the C.P.A. certificate 
extending beyond graduation should not 
appear as a radical innovation. 

We have a model from another 
licensed profession - medicine: Physi
cians may not sit for their specialty board 
examination until a year or more after 
they have completed their specialty's 
residency training. Extensive clinical 
experience is thus ·mandated before one 
can become a "certified" orthopedist, 
psychiatrist. surgeon, etc. 
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I submit that the increasing com
plexity of our own discipline requires a 
similar approach. Like a medical 
school, an accounting school should 
only be expected to train future 
practitioners in a basic array of needed 
skills. With specialized training for 
auditors relegated to the years after 
graduation, accounting schools or 
departments would not feel the pressure 
to pack everything for the C.P.A. into 
four hectic years. Accounting majors 

·could then receive a broader under
graduate education, with more than a 
brief glance at English and mathemat
ics. 

One of the most frequent complaints 
about recent accounting graduates is 
that they cannot write and do not notice 
obvious computational errors. Perhaps 
if we in academia tum out graduates 
who can write, speak and handle 
numbers well, the public accounting 
firms will not object to teaching them 
how to audit! n 
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CONTRIBUTION • 
Optical 
Computing: 
Prospects 
and 
Limitations 
Salahuddin Qazi, Ph.D. 

INTRODUCTION 

R ecent developments in optical 
computing have been the focus of 
national and technical media. Optical 
computing may be defined<1> as 
consisting of all methods for intention
ally manipulating optically represented 
data for useful purposes. It includes not 
only the current attempts to realize 
digital optical computers based on 
logic gates, but also the older field of 
analog optical information processing. 
General purpose digital optical 
computing has become a major 
research topic in recent years. The goal 
is to create an optical computer that 
will be comparable to an electronic 
digital computer, but better in some 
significant way, like in speed and 
processing power. 

The idea of optical computing dates 
back: to the nineteenth century, when 
Ernst Abbe<2> first proposed that a 
coherently illuminated object could be 
regarded as a collection of grating 
contents of the object that can mark
edly modify the character of its image. 
This provided certain theoretical roots 
to the Fourier transform and spatial 
filtering. Over the years<3> at least four 
distinct branches evolved into analog 
optical computing comprised of image 
processing using spatial filtering of 
coherent light, pattern recognition 
using matched filters, signal processing 

using acoustooptic devices and matrix
vector multiplication using discrete 
optical processors. The most important 
factor common to all these applications 
is the availability of coherent light. 
Early experiments were conducted with 
mercury arc lamps and, in the late 
1950's, even sunlight was used. A major 
development of solid state lasers and of 
holography in 1960 gave impetus to 
laser logic and the possibility of 
realizing digital optical computers. The 
early research in optical logic concen
trated on gates based on solid state 
lasers. Two crossed lasers configurated 
to create bistable devices was proposed 
by researchers at IBM in the 1960's. 
This work: was abandoned, however, 
due to the capabilities of then-known 
non-linear materials in dealing with 
physical limitations like high heat 
dissipation and small bistable effects. 

There was a renewed interest in the 
1970's when AT & T Bell Laboratories 
invented room- temperature laser 
diodes. Multiple quantum well materi
als were also developed, making it 
possible to grow materials having much 
stronger non-linear properties at room 
temperature. In 1969 it was proposed by 
Szoke et al that a saturable absorber 
inside a Fabry-Perot optical resonator 
could exhibit two bistable states of 
transmission for the same input inten-

sity. Optical bistabil ity was later 
demonstrated by Gibbs et al in 1976 
using sodium vapors in the interferom
eter; they deduced that the effect was 
caused by non-linear refraction rather 
than saturable absorption .<•> 

In recent years, interest in digital 
optical computing has been heightened 
by two bistable optical devices, namely 
the non-linear Fabry-Perot etalon and 
the quantum-well self-electro-optic
effect (SEED) devices. Advances<s> in 
optical bistability observed in semicon
ductors have been followed with a 
variety of materials covering a wide 
range of wavelengths and temperatures. 
Intrinsic bistability has been demon
strated with GaAs, GaAs-GaAIAs, 
InAs, InSb, ZnS, ZnSe, etc., and both 
resonant and non-resonant devices have 
been developed. The Fabry-Perot etalon 
or resonator is a resonant device in 
which optical hysteresis occurs. SEED 
is a non-resonant device that is capable 
of fast switching and broad frequency 
response and can switch very rapidly 
with a suitably fast responding non
linear material . In these devices, 
feedback is due to absorption, resulting 
in a change of optical path length. With 
intrinsic Fabry-Perot etalon, the 
feedback is provided internally in 
intrinsic non-linear optical material. 
The SEED is based on a multiple 
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quantum-well (MQW) confined stark 
effect p-i-n structure that serves as both 
modulator and photodetector. The 
MQW structure consists of alternating 
ultrathin layers IOOA of GaAs and 
GaAlAs and can take advantage of the 
well-developed semiconductor growth 
technologies, such as molecular beam 
epitaxy (MBE) or metal organic 
chemical vapor deposition (MOCVD) 
techniques. In the world's first digital 
optical processor, demonstrated<6> by 
AT & Ton January 29, 1990, the 
switching is handled by S - SEED 
(symmetrical SEED), optical switches 
with a potential speed of I billion 
operations per second using a switching 
energy of about 1 pico joule. They are 
based on GaAs-AI GaAs technology 
and are fabricated by molecular beam 
epitaxy. Each device is 5Jl square and 
contains two mirrors with controllable 
reflectivity and there are 32 S-SEEDs 
on each of four arrays within the 
processor. Each S-SEED can drive two 
inputs. 

THENEEDFOR 
OPTICAL COMPUTING 

The need for ultra high-speed 
computing and high-speed processing 
of massive data is large and is growing 
rapidly in a number of diverse areas. 
Some of these areas include artificial 
intelligence, ultra high-resolution image 
processing, remote sensing, x-ray 
computed tomography, control of 
communication networks, seismic data 
interpretation, air traffic control, 
molecular, nuclear and physics simula
tions, meterology and synthetic aperture 
radar imaging. Real-time computation 
of these images, for example, would 
require the equivalent of several trillion 
multiplications per second.(7> 

The current electronic computers, 
hOWeVer, are not appropriate(S) tO 
perform high-speed processing because 
of limitations imposed by the Von 
Neumann bottleneck. One approach to 
overcome thjs bottleneck in an elec
tronic comp!Jting system is to use a 
fully parallel architecture system, 
pipeline technique arid special purpose 
hardware due to the advances in recent 
VLSI technology. Implementation of 
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parallel computing using VLSI, is 
difficult, however, because of severe 
requirements placed on communica
tions between the nodes of a parallel 
machine. The inter-chip communica
tions problem in VLSI is caused by the 
number of pins on a chip and the intra
chip communication problem is due to 
the 2-dimensional nature ofVLSI. 
Some VLSI technologies allow 
different number of layers for routing 
connections, but the number of layers 
remains finite in any case.<9> 

Due to the inherent 3-dimensional 
nature and large bandwidth, optical 
computing and data processing offer a 
number of advantages over electronic 
technology. These include the capacity 
of parallel processing for massive data, 
the interconnect capability without 
crosstalk, high fan-in/fan-out, increase 
in speed, high spectral parallelism and 
ease of spatial integration. Due to these 
advantages, optical processing systems 
offer a number of operations that can be 
performed much faster than the 
conventional computers. These opera
tions result in the new algorithms given 
below:<10> 

• The Fourier Transform 
An analog 2-D Fourier transform 
may be performed optically in one 
step while electronic computers take 
O(n log n) steps to calculate a 1-D 
transform by using the FFf algo
rithm. 

• Matrix Multiplication 
One-step optical matrix multiplica
tion has been demonstrated in 
prototype. Serial algorithms for 
electronic computers need at least 
O(N)2

•
376 steps, and the constant 

hidden in the 0 notation is large. 
Systolic architectures require O(N) 
steps. 

• Multiple Products 
Multiple-point multiplications are 
performed simultaneously when a 
light beam passes through a trans
parency or a spatial light modulator. 

• Large Fan-In Sum 
Optics can sum many analog values 
in one operation, while digital 
electronics require O(log n) steps. 

REALIZATION OF THE DIGITAL 
OPTICAL COMPUTER 

In principle it is possible to emulate 
all the parts of an electronic computer 
with optical components. The electronic 
gate could be replaced by the optical 
logic gate while the wires could be 
replaced by the streams of photons. 
Three-dimensional optical interconnec
tion through free space, such as can be 
made with holograms, lenses, grating 
and prisms may therefore be important 
components of optical computers. 
When building<11> an optical computer, 
one has to consider the fact that the 
architecture of electronics has evolved 
from the specific condition in electron
ics. What is optimal for 1-D electronics 
is not necessarily optimal for 3-D 
optics. As a result, the type of optical 
digital computer depends heavily on 
finding the right algorithm and architec
ture that favors optics. 

An experimental sequential optical 
logic system is shown in Figure 1. The 
two main components of the system are 
a spatially parallel array of optically 
implemented logic gates and an optical 
interconnection unit An optical array 
of devices with a non-linear threshold 
characteristic is used to implement 
logic functions, while a computer
generated hologram is used as an 
optical interconnection unit to direct 
some of the signals on the output side 
of the gate array, back to the input side 
of the gate array chip. The hologram is, 
effectively, the wiring pattern intercon
necting gates on the gate array chip.<12

' 

Interconnections 

Outputs 

Figure 1 - Sequential Optical logic System 



A large part of the research concerned 
with the realization of digital optical 
computers has been devoted to making 
optical binary logic gates. Just as in 
electronic digital computers, combinatorial 
binary logic elements are the basic building 
blocks. Similarly, if basic logic gates can 
be implemented in optics, then the 
components of a digital computer are 
available. Optical logic gates require the 
use of non-linear optics. Classical optical 
systems are commonly linear, where 
beams of light do not interoct and thus 
cannot affect each other. As a conse
quence, the system cannot perfonn 
Boolean logic operations. The optical 
implementation of logic gates requiring the 
use of nonlinear optics can be achieved by: 

1. Using a non-linear encoding scheme 
and then using a linear optical system 
for the processing. 

2 Using a real optical non-linearity. 

A large number of possible implemen
tations of binary logic gates has 
emerged and the following point may 
serve as a guideline for the evaluation 
of the different implementations.<13> 

• Switching time. In addition to fast 
switching, the rise and fall times should 
be equal. 

• Power consumption. Faster gates 
require more power. 

• Cascadability. Whether the output from 
one gate can serve a direct input to 
another gate. This point can be further 
illustrated by asking: 

*Whether the logical values are 
represented by different energy levels 
or by different parameters but constant 
energy. Constant energy level makes 
cascading more natural, as gates do not 
have to dissipate energy along the way. 

*Whether the values are stored to their 
standard values at the output from each 
gate; if not, degradation will occur. 

*Whether there is any gain, as gain 
allows fan-out to be more than one. 

*Whether the representation is cyclic, 

because a cyclic representation coupled 
with cascadability may save the need for 
explicit operations. 

• Flexibility to extend the system to 
accommodate multilevel logic. 

• Good operating characteristics, includ
ing stability and high contrast between 
the different logic states, are needed. 

• Is it fully optical or does it rely on 
electronic support? The feSIXX1se time of 
electronic components might be a 
limiting ~tor. 

• Whether it is possible to create large 
arrays of logic elements that will operate 
in parnllel. 

• Reasonable operating conditions, 
meaning that the logic devices should 
not require special low temperatures, 
unavailable light sources, etc. 

Numerous techniques for the implemen
tation of optical logic elements have been 
proposed and many of them have been 
demonstrated. These techniques include 
Laser logic gates, Threshold logic, 
Transphasors, logic by four-wave mixing, 
truth table lookup, logic by theta modulation 
and spatial flltering, shadow casting logic, 
symbolic substitution and liquid aystallight 
valve gates. The most promising and 
advanced proposal is that of threshold logic, 
which can use the commonly available and 
developed bistable devices, namely the non
linear Fabry-Perot etalon and the SEED.<'3•

14> 

Binary logic gates are commonly 
implemented by making use of non-linear 
devices, where the non-linearity consists of 
a threshold located at some input level. If 
the input is below a certain threshold, there 
is no output On the other hand, if it is 
above the threshold, there is a constant 
output level. Optical non-linear devices like 
the Fabry-Perot resonator and SEED 
exhibiting threshold-like charocteristics are 
available in the fonn of optical bistable 
devices. In case of the Fabry-Perot 
resonator, if the input frequency is near 
enough to the resonant frequency, the 
bistable region becomes very narrow or 
even disappears, which makes it behave like 
a threshold device. To use it like a binary 
logic gate, the light entering the resonant 

cavity is the sum of all the inputs to the gate 
and the transmitted (or reflected) light is the 
output 

LIMITATIONS 

Despite the theoretical advantages of 
optical computing, there are difficulties and 
limitations in the realization of optical 
computers. Some of these difficulties are 
due to the nature of light; other limitations 
are due to the type of materials used in the 
making of optical devices, as shown below: 

Light beams do not interact and, 
therefore, it is difficult to cause an interac
tion between light signals. This makes an 
all-optical logic difficult to realize for 
optical computers. 

Unlike electronics, the data in optics are 
represented by a packet of light energy, 
making it difficult to cascade with other 
components in the computer. The problem 
of reconstructing the data at each stage in a 
reasonable manner is a serious hurdle in the 
realization of optical computers. 

Miniaturization: In order to make 
commercial optical computers comparable 
to electronic computers, they must be 
miniaturized to utilize the advantages of 
speed, low power consumption, high 
reliability and reduction in size. There are, 
however, limitations in the reduction of size 
in the optical components due to the 
dependence of the size on the wavele!lgth 
of light The size of an optical element must 
be at least a few wavelengths long to 
confine the light in a certain cross-section 
of a material. It is already obvious that it 
will be impossible to miniaturize optical 
devices to the same degree as is possible in 
electronics. Another difficulty with the 
miniaturization of some optical devices like 
resonators is that it must be a certain 
number of wavelengths long to fimction. 
When the size of the device is reduced, the 
size of the wavelength is not reduced. As a 
result, the reduced size of the device will 
not fit the wavelength, and the device will 
not fimction correctly. Another possible 
reason for not being able to miniaturize a 
device is the lack of proper interaction 
between light and matter in a reduced size. 
To make interaction stronger, a long 
interaction length must be used. <15> 
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Power consumption: Optical circuits, 
like some bistable elements relying on 
optical non-linearities, may require high 
power to obtain non-linear effects. When 
the devices are subjected to only low 
power, their response is linear, and they 
cannot be used for computational purposes. 
This problem is further complicated by the 
fact that increase in power consumption 
reduces the switching time of the device. 
Thus the reduction in size increases the 
requirement for higher power.'16> 

CONCLUSION 

It ha<> been shown that all the basic 
elements of a digital optical computer can 
be implemented by optical devices and that 
most of the optical systems involved have 
been demonstrated in a laboratory environ
ment The world's first digital optical 
processor, which wa<> demonstrated at 
AT&T Bell laboratories, operates at 1 
million cycles per second, less than most 
personal computers, and measures about 
four square feet on a lab table. AT&T 
scientists are optimistic about inCreasing its 
operation to several hundred million cycles 
per second and also reducing its [size. 

Optical computers will have to out
perform the existing electronic computers 
to gain acceptance. Acceplance may be due 
to their speed, or their parallel architecture 
and their immunity to electromagnetic 
interference. They should also be compa
rable to the electronic computers in term of 
size and power consumption, and their 
maintenance must be easy. This study 
shows that optical computers emphasize 
parallelism and connectivity rather than 
speed and low power, which is a funda
mental change in concepts and architecture. 

It is evident that optical computers will 
not replace existing computers in the near 
future, but will have impact in the field of 
supercomputers. The electronic devices are 
approaching their limits and efforts are 
needed to achieve further improvements. 
Interconnection in vLsi is posing a severe 
problem, and this is where optical systems 
can be effectively utilized. Specific optical 
devices are, however, already being used as 
parts of general purpose electronic 
computers like the functions of intercon
nections and mass storage. It might be 
expected that additional developments, 
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especially in optical interconnections, will 
pave the rood toward an all-q>tical 
computer or at least a hybrid electronic 
logic/optical interconnection. 

In any case, the research in this field of 
photonics, of which optical computing is 
one of the most important applications,C17) is 
burgeoning; over 50 institutions working in 
the field are funded by the U.S. military 
alone. According to a marketing research 
firmC1 8>, the market for all types of optical 
computing devices could reach $1 billion 
by the year 200>. In addition to the need 
for further research and development, the 
importance of photonic technology cannot 
be fully realized without a continuous 
supply of people who are well educated in 
the fundamentals of this subject This can 
best be accomplished by introducing new 
degree programs in colleges and universi
ties in this emerging and important 
technology of our information society n 
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The Meaning of 
the Concept of 
Drug 
Dependence 
Alphonse J. Sa/lett* 

Introduction 

Americans spend approximately $250 
billion annually on drugs (psychoactive 
substances that significantly alter thought, 
sensation, action, feeling or mood). 
Purchases of alcoholic beverages account 
for $100 billion of the annual drug trade. 
The illegal drug trade (mainly marijuana, 
cocaine and heroin) is estimated to be $150 
billion annually. The great bulJc of the 
annual drug trade is generated by I 0 
million alcoholics, who account for 50 
percent of annual alcohol consumption, 
and an additional I 0 million consumers of 
the various illicit drugs. This group, 
approximately 20 million Americans, uses 
drugs daily. A majority of these users are 
JX>lydrug users (consume two or more 
drugs regularly). Another group, approxi
mately 20 million Americans, consumes 
highdoses (a dose sufficient to produce 
intoxication) of psychoactive substances 
several times a week. The age group with 
the largest proportion of users is the young 
adult age group (between ages 18 and 25 
(Goode, 1989: 86-92)). The toLal social 
cost of alcohol consumption is estimated to 
be $136 billion annually (U.S. Department 
of Health and Human Services, 1990: 
174). While a reliable estimate is not 
available for the tolal social cost of illicit 
drug use, it is probably in the neighbor
hood of $100 billion annually. 

Understanding what motivates such 
costly, large-scale use of psychoactive 
substances is a recent accomplishment It 

*The author is indebted to Deborah Bauder for 
comments on an earlier version of this paper. 
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took nearly 10,000 years for us to realize 
that alcohol is a physically addictive drug. 
This discovery came about as a result of the 
identification of the physically addictive 
consequences of the chronic usc of opiates 
in the nineteenth century. The model of 
opiate addiction was subsequently applied 
to alcohol. Since the discovery of alcohol 
preceded the discovery of opiates and the 
historical prevalence of alcohol consump
tion greatly exceeded the consumption of 
opiates, one might have predicted that 
alcohol would be the psychoactive sub
stance that inspired the first conception of 
physical addiction. Perhaps the physically 
addictive properties of alcohol were 
protected by a long period of cultural denial. 
However, once discovered, the concept of 
physical addiction was applied to new 
drugs-sedatives and tranquilizers-that were 
developed in the twentieth century and 
produced withdrawal symptoms similar to 
opiates and alcohol. The opiate, or classical 
model, asserts that addiction is a physical 
event cau~ by the pharmacological action 
of a drug. Once addicted, a person is 
compelled to keep using the drug to avoid 
punishing withdrawal symptoms. 

The classical model dominated thinking 
about the consequences of high-<iosc, high
frequency use of psychoactive substances 
from the nineteenth century until the 1950's. 
One reason that it lasted so long may be that 
the range of drugs (alcohol, opiates and 
sedatives) in usc until the 1950's were 

physically addictive substances. However, 
in the ftftics and sixties, significant increases 
in the usc of~ called "soft drugs" 
(marijuana, LSD, amphetamine and 
cocaine) occtuTcd. The term "soft drug" 
meant that a drug was not physically 
addictive. As the use of non-physically 
addictive psychoactive substances gained 
JX>pularity, the classical modellxx:ame 
increasingly strained. The World Health 
Organization (WHO) undertook the task of 
formulating a conception of addiction that 
could be applied to all psychoactive 
substances. The WHO's search for 
universality resulted in the aOOndonment of 
the physical model of drug addiction as weU 
as the term "drug addiction." The new 
terminology, "drug dependence," offered by 
WHO defined two major types of drug 
dependence - physical dependence and 
psychic dependence. The former was 
simply a new term for the classical idea of 
physical addiction. The major innovation of 
the WHO approoch focused on the notion 
of psychic dependence. This idea recog
nized that psychoactive substances produce 
effects that users deftne as pleasurable. 
According to WHO, psychic depcndcncc is 
born out of the pursuit of pleasurable drug 
effects. It is achieved when users perceive a 
redoced sense of weU-being when drug 
effects wear off or upon reduction of dose or 
cessation of usc. Restoring a drug-induced 
sense of well-being is a strong motivation 
for continuous use of one or more 
psychoactive substances. 
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It is becoming increasingly fashionable 
for drug education and prevention special
ists to argue that drugs make people feel 
bad. This drug message has its roots in the 
imagety of the classical model that 
emphasized that addicted users were 
required to continue consuming a drug to 
avoid getting sick. One problem with the 
message that drugs make people feel bad is 
that the model of drug addiction upon 
which it is based is no longer accepted by 
professionals in the field of chemical 
dependency. Another problem is the fact 
that young people who experiment with 
psychoactive drugs rather quickly discover 
that the opposite is true; psychoactive drugs 
can induce intensely pleasurable effects. 
Once youthful experimenters experience 
drug euphoria, they are likely to ignore 
everything else drug educators have to say 
about drug effects. The single most 
important asset of drug education is 
credibility. Hence, the pmpose of this 
paper is to present the details of a credible 
approach to understanding drug depen
dence. More specifically, the claims and 
the limitations of the classical model of 
drug addiction will be identified. Analysis 
then turns to the claims made by the WHO 
conception of drug dependence and the 
identification of the useful insights it offers 
for understanding the driving force behind 
high-dose, high-frequency use of 
psychoactive substances. 

The Classical Model of Drug 
Addiction 

The classical model of drug addiction 
emerged in the nineteenth century. It was 
based on the identification of !Dme of the 
physical consequences of continuous use of 
opium, morphine, codeine and heroin. 
Basically, the classical model defined 
addiction as a set of physical events 
involving tolerance and withdrawal. 
Tolerance refers to the need to take more 
and more of a drug to obtain effects 
(typically euphoria) previously obtained 
from lower doses (Kaplan and Sadock, 
1988: 219). In other words, continuous use 
of a drug results in physical resistance to the 
effects of a drug. As resistance to effects 
develops, a user either has to abstain or 
consume more and more of the drug to 
experience effects. In the case of opiates, 
continuous increases in dose can be 
dangerous because resistance does not 
develop to all effects. Tolerance to pain 
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relief and euphoria does develop, but 
morphine and heroin users do not become 
tolerant to the respiratory depressant effects 
of opiates (Kaplan and SOOcx:k, 1988: 233). 
Hence, when daily heroin and morphine 
users increase their dose to e~ence 
euphoria, eoch increase in dose brings them 
closer to a dose that will indoce respinltory 
collapse. A user in the early stages of 
morphine or heroin tolerance is not 
necessarily addicted to these drugs, but the 
presence of tolerance is an indicator that the 
underlying processes associated with 
physical addiction (cell s&rocture change) 
are underway. However, continuous use 
and steady increases in dose will eventually 
result in genuine physical addiction. 

The events as!Deiated with genuine 
physical addiction to opiate drugs are more 
dramatic than those as!Deiated with 
tolerance. Genuine physical addiction 
involves cell s&rocture change such that a 
reduction of dose or cessation of use results 
in withdrawal symptoms (nausea or 
vomiting, muscle aches and cramps, 
sweating, diarrhea and fever {Kaplan and 
Sadock, 1988: 219; Witters and Venturelli, 
1988: 59}). A common insight about the 
importance of becoming physically 
addicted to morphine or heroin is that users 
initially consume these drugs to obtain 
pleasurable effects, but once they became 
physically addicted, users continue to 
consume opiates to avoid the unpleasant 
consequences of withdrawal. This model 
of physical addiction was subsequently 
applied to alcoho~ sedatives and tranquiliz
ers. Cwrently, there is discussion in the 
liternture about whether the classical model 
is applicable to high-dose, high-frequency 
intravenous injection of amphetamine 
(Goode, 1989: 192-193). High-dose, high
frequency use of marijuana, hallucinogens, 
PCP and cocaine do not }Xoduce the 
withdrawal symptoms descnbed by the 
classical model (American Psychiatric 
Association, 1987: 123-185; Doweiko, 
1990; Goode, 1989; Kaplan and Sadock, 
1988; Witters and Venturelli, 1988). 

Today, there is a great deal of consensus 
that physical addiction is a powerful 
concept However, there are at least five 
major limitations associated with the 
classical concept of physical addiction. 
First, it does not describe the consequences 
of high-dose, high-frequency use of all 
psychoactive substances (Witters and 

V enturelli, 1988: 61 ). For instance, 
marijuana, PCP, hallucinogens and the 
various forms of cocaine (powder, freebase 
and crack) are not physically addictive 
drugs. Second, in the classical model, 
tolerance is an important indicator of 
physical addiction. Hallucinogens build 
tolerance more rapidly than opiates; 
however, there is no withdrawal syndrome 
as!Deiated with reduction of dose or 
cessation of hallucinogen use (Goode, 
1989: 180). Third, cocaine is not consid
ered a physically addictive drug, but 
research on animals has found that cocaine 
is more addictive than heroin. In three sets 
of experiments, laboratory animals 
(monkeys, rats and dogs) could self
administer intravenous doses of cocaine or 
heroin from a catheter inserted in a vein. 
One set of experiments allowed animals to 
choose food or cocaine, but they could not 

have both. Laboratory animals consistently 
chose cocaine over food to the point of 
death from starvation. In a second set of 
experiments, one group of animals was 
allowed to self-minister cocaine by 
pressing a lever and another group of 
animals was allowed to self-administer 
heroin by similar means. Once the two 
groups of animals were conditioned to 
receiving cocaine or heroin on demand, the 
drugs were suddenly withdrawn. Animals 
who were receiving cocaine requested 
cocaine significantly more often than 
animals who were receiving heroin. In a 
third set of experiments, two groups of 
animals were allowed to self-administer 
unlimited amounts of cocaine and heroin. 
The rats self-administering heroin devel
oped a stable pattern of use, maintained 
pretest weight and grooming habits and 
remained in good health. Thirty-six percent 
of the heroin rats died after 30 days. The 
rats self-administering cocaine demon
strated erratic patterns of consumption. 
They alternated between periods of heavy 
use and abstinence, lost 4 7 percent of their 
body weight, ceased grooming behavior 
and their physical health deteriorated. 
Ninety percent of the cocaine rats were 
dead after 30 days (Bozarth and Wise, 
1985). Fourth, the classical model only 
captures the end result of a complex 
process; it has vety little to offer regarding 
the events preceding the development of 
physical addiction. This is particularly 
relevant to alcohol, which has a rather long 
physical addiction fuse (American 



Psychiatric Association, 1987: 130). Fifth, 
the user is portrayed by the classical model 
as a completely passive agent in acquiring 
and maintaining physical addiction to a 
psychoactive substance. 

The WHO Conception of Drug Depen
dence 

In the 1950's, the World Health. 
()rganmltion (WHO) proposed a reformu- · 
lation of the classical model. The term 
"drug addiction" was replaced by "drug 
dependence. II According to WHO, drug 
dependence involves: 

.. .a state of psychic dependence or 
physical dependence, or both, on a drug, 
arising in a person following administra
tion of that drug on a periodic or continued 
basis. The characteristics of such a state 
will vary with the agent involved, and 
these characteristics must always be clear 
by designating the particular type of drug 
dependence in each specific case.... All of 
these drugs have one effect in common: 
they are capable of creating, in certain 
individuals, a particular state of mind that 
is termed ''psychic dependence." In this 
situation, there is a feeling of satisfaction 
and psychic drive that require periodic or 
continuous administration of the drug to 
produce pleasure or to avoid discomfort 
(Goode, 1989: 47). 

This conception of drug dependence 
ended 50 years of conceptualizing 
addiction exclusively in physical terms. It 
asserts two forms of drug dependence -
physical dependence and psychic depen
dence. The former refers to the emergence 
of classical withdrawal symptoms upon 
reduction of dose or cessation of use and 
the latter refers to a perception on the part 
of the user of a reduced sense of well-being 
upon reduction of dose or cessation of ll<>e. 
Depending on the drug involved, a person 
can be psychically and/or physically 
dependent on a psychoactive substance. 

The introduction of the concept of 
psychic dependence added several 
important dimensions to thinking about the 
consequences of high-dose, high-fre
quency use of psychoactive substances. 
The classical model cannot explain high
dose, high-frequency use of psychoactive 
substances that do not induce physical 
addiction (marijuana, LSD, PCP and the 
various forms of cocaine). The notion of 

. psychic dependence retErect this weakness. 
In the case of non-physically ~dieting 
drugs, users consume these substances to 

I 
maintain a sense of well being. Implicit in 
the WHO notion of psychic dependence is 
the insight that persons consume 
psychoactive substances because they 
interpret their effects as pleasurable. For 
instance, when cocaine is smoked (crack), 
the drug rea:hes the brain· in about six 
seconds and stimulates the pleasure center 
of the brain to release a flood of chemicals; 
the user experiences elation, exhilaration, . 
euphoria, increased energy, soaring 
confidence and a·heightened sense of 
sexuality (Doweiko, 1990: 60-63; Goode, 
1989: 201-204). Obtaining intensely 
pleasurable experiences of this ~rt on 
demand is impossible outside of the world 
of psychoactive substances. Once a person 
becomes accustomed to intense drug
induced pleasure, a non-drugged mode of 
being is punishing. The intensely pleasur
able effects of crack cocaine wear off soon 
after the drug is smoked (some users say 
this occurs after the smoke is exhaled from 
the lungs), and users "crash" (anxiety, 
irritability and fatigue {Kaplan and Sadoclc, 
1988: 236} ). In the case of crack cocaine, a 
punishing experience immediately follows 
the intensely pleasurable effects of smoking 
cocaine. A sense of well-being can be 
restored by smoking more crack. Of course, 
readministration temporarily restores an 
intensely pleasurable mode of being 
followed again by crashing. 

The concept of "psychic dependence" 
also fills the gap in the classical model 
between the onset of diug use and the onset 
of physical addiction. In the case of alcohol, 
it takes many years of heavy drinking to 
induce full-blown physical dependence. 
Persons who start drinking in their teens can 
develop withdrawal symptoms in their 
twenties and early thirties (American 
Psychiatric Association, 1987: 130). The 
classical model has very little to say about 
the many years of alcohol consumption 
preceding the emergence of physical 
addiction. On the other hand, the concept of 
psychic dependence, is applicable after the 
first drink. The process of psychic depen
dence originates with a positive interpreta
tion of the acute subjective effects of alcohol 
(effects noticed by the drinker soon after the 
ingestion of alcohol). It develops as 
drinkers regularly consume alcohol to alter 
their experience because they interpret the 

effects of alcohol as pleasurable. While all 
regular drinkers are probably mildly 
psychically dependent on alcohol, full
blown psychic dependence is achieved 
when drinkers reach the point of experienc
ing a reduction of thefr sense of well-being 
when not under the influence of alcohol. 
EventUally, the maintenance of an alcohol- · 
iriduced inode of being will induce physical· 
dependence on alcohol. Reaching this 
point in a dririking career means a dramatic 
escalation in the consequences that ensue 
from a reduction in the amount of alcohol 
consumed or cessation of alcohol consump
tion. The drinker ~ust coniend with 
missing the aCUte subjective effects of 
alcohol as well as rather unpleasant 
physical withdrawal symptoms (coarse 
tremor of hands, tongue and eyelids and 
one or more the following: nausea or 
vomiting, malaise or weakness, elevated 
heart rate, elevated blood pressure and 
sweating, anxiety, depressed mood or 
irritability, transient hallucinations or 
illusions, headache and insomnia). More 
severe forms of mental and physical 
withdrawal symptoms, including life
threatening grand mal seizures, are possible 
(Kaplan and Sadoclc, 1988: 224-225). 
Once drinkers achieve psychic and physical 
dependence on alcohol, both forms of 
dependence greatly add to the motivation to 
continue to consume alcohol to maintain an 
alcohol-induced Sense of well-being and 
avoid the psychic and physical discomfort 
resulting from a reduction of dose or 
cessation of use. 

The contribution psychic dependence 
makes to dce{X!fling the understanding of 
the phenomenon of physical dc{X!fldence 
does not end with the development and 
maintenance of physical dependence on 
alcohol. It overshadows all phases of 
treatment and successful recovery from 
physical de{X:ndence on alcohol. It is 
relatively easy to detoxify individuals 
physically de{X!fldent on alcohol. If the 
resources existed, all I 0 million alcoholics 
in this society could be detoxified in a 
matter of weeks. Indeed, the same could. be 
achieved for individuals physically adqicted 
to opiates, sedatives and rranquilizers .. 
However, eliminating a physically 
addictive drug from. the cellular life of the . 
per1l>n does not result in an enduring drug
free existence. The dilen:una all recovering. 
physically dependent individuals face is 
overcoming psychic dependence on a drug-
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induced mode of~ing. What we do not 
have in the world of treatment for drug 
dependence is an effective cme for the 
psychic component of drug dependence. 

Perhaps the most significant aspect of 
the WHO model is the suggestion that drug 
dependence involves far more than simply 
the phannacological oction of psychm:tive 
substances. At best, the classical model 
portrayed the addicted user as 'a JmSive 
victim of casual physical forces that take 
complete control of the user's resources for 
goal-directed action. Once the user is 
addicted, the only goal-directed activity left 
to him or her is slavish, continuous 
administration of the drug to avoid the 
onset of punishing withdrawal symptoms. 
Indeed. the c~cal model almost denied 
the existence of the person. In contrast, the 
concept of psychic dependence provides an 
alternative to the closed physical system 
offered by the classical model. The WHO 
model implicitly recognizes that 
psychoactive substances are not self
administering, their effects are not auto
matically perceived by users and the effects 
of psychooctive substances are not 
automatically interpreted as pleasurnble by 
all users. Continuous administration, 
recognizing the presence of drug effects 
and interpreting drug effects as pleasurnble 
all require considerable intentional thought 
and overt action from the user. These 
fundamental insights assert that more is 
involved in the phenomenon of drug 
dependence than simply the pharmacologi
cal action of a drug. 

Summary and Conclusions 

The classical model of physical 
addiction dominated thinking about the 
consequences of high-dose, high-frequency 
use of psychoactive substaoces from the 
nineteenth century to the 1950's. It 
conceptualized drug addiction as a physical 
event resuit:iJg from the pharmocological 
action of certain psychoactive substances. 
In the 1950's the WHO radically revised 
the classical model. This revision was an 
effort to repair five Iru\ior weaknesses in the 
classical model: (1) the classical model did 
not apply to all drugs; (2) some drugs 
(hallucinogens) build tolerance but are not 
physically ad9ictive; (3) some non
physically addicting drugs such as cocaine 
appear to be !DOTe addictive than physically 
addictive drugs (opiates); (4) the classical 
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model cannot deal with important events 
that precede physical addiction; and (5) the 
user is portrayed as a )msive agent in 
physical addiction. The introduction of the 
WHO model repaired these limitations. 
The concept of drug d~replaced 
the classical concept of drug addiction. The 
WHO defined two types of drug depen
dence - psychic dependence and physical 
dependence. Physical dependence in the 
WHO terminology retained the same 
meaning physical addiction had in the 
classical model (tolerance and physical 
withdrawal upon reduction of dose or 
cessation of use). The innovation of the 
WHO model has to do with the concept of 
psychic dependence. This idea explored 
new territory. It gave foonal recognition to 
the foct that psychoactive substances can 
induce spectocular effects. It also recog
nized that the user's interpretation of these 
effects has important consequences for 
high-dose, high-frequency use. Psychic 
dependence is achieved when a person 
prefers a drug-induced mode of being over 
a non-drugged mode of being and under
takes the oction necessary to maintain a 
drug-induced mode of being. The 
recognition of a psychic component of drug 
dependence has produced seven useful 
insights: (1) psychic dependence is 
involved in high-dose, high-frequency use 
of non-physically addicting drugs ( espe
cially marijuana. amphetamines and 
cocaine); (2) psychic dependence on some 
of these drugs, particularly cocaine, rivals 
or exceeds the addictive power of opiates, 
sedatives and tranquilizers; (3) psychic 
addiction precedes physical addiction; (4) 
once physical addiction is ochieved, 
psychic addiction reinforces physical 
addiction; (5) once a user is detoxified, the 
single greatest problem of maintaining a 
drug-free mode of being is coping without 
the effects of psychoactive substances; ( 6) 
the concept of psychic dependence 
overcomes the JmSive image of drug users 
portrayed by the classical model by 
conceptualizing the user as an active agent 
in the development, maintenance and 
elimination of drug dependence; and (7) 
depending on the drug involved, a person 
can be psychically and/or physically 
dependent on a psychoactive substance. 
Taken together, these insights support the 
provocative contention that drug depen
dence is something persons do to them
selvesO 

REFERENCES 

1) American Psychiatric Association. 1987 
Diagnostic and Statistical Manual of Mental 
Disorders. (DSM-ill-R). 

2) Doweiko, Harold. 1990 Concepts of 
Chemical Dependency. California: Brooks 
Cole Publishing Company. 

3) Goode, Eric. 1989 Drugs in American 
Society. New York: Alfred A. Knopf. 

4) Kaplan, Harold I. and Benjamin J. Sadock. 
.1988 Synopsis ofPsychiat:Jy. (Fifth Edition). 
Baltimore, MD: Williams and Wilkins. 

5) United States Department of Health and 
Human Services. 1990. Seventh Special 
Report to the U.S. Congress on Alcohol and 
Health. DDHS Pub. No. (ADM) 90-1656. 
Washington, OC: Supt. of Docs., U.S. 
Government Printing Office. 

6) Witters, Weldon and Peter Venturelli. 
1988 Drugs and Society. Boston, MA: 
Jones and Bartlett Publishers. 

About the Author 

' Alphonse J, Sallett is the 
director of the Center for Drug 
Preventionatthe SUNY Institute 
of Technology at Utica/Rome. 
He also serves as the principal 
investigator of a grant from.the 
U.S. Department of Education,' 
Fund for the Improvement of 
Postsecondary Education 
(FIPSE). Professor Sallett has 
had 25 years of teaching and 
research experience in sociologi~ 
cal theory, devian~ behavior, 
ctiminology and the ~iology of 
ctrugs. He is the author of , 
numerous computer-generated 
drug education products that are 
routinely disseminated to 77 
institutions of higher education in 
:the United States.•· .. 

c " ' ~ ~~ ' ) 





;. 

P.O. Box 3050, Utica, NY 13504-3050 


