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The Scientist / Technol ogist D stinction
(or, who gets to play with toys?)

I nt r oducti on

It is currently fashionable in sone circles to deny there is any
di fference between scientists and technol ogists. (For instance, in
the area of “postnodern science studies”; anobngst pragmatists,
and indeed in the public at large (see Laidler 1998 for this later
point.) However, | feel that this distinction is both

epi stenol ogically and ethically necessary. In the follow ng paper

| shall do three things in order to support the previous thesis.
First | shall discuss the cognitive ainms of both classes of

di sciplines to distinguish them Second, I will show how these
cognitive ainms lead to different ethical considerations of each
class. Third, | apply the previous categorizations for sone

difficult fields of activity, in specific that of conputer
scientist and of pharmaceutical chem st. This will suggest (as
remar ked by Bunge [1983, 1985]) that one ought to avoid the
scientist/technol ogi st dichotony by placing an “applied scientist”
category in between the two'. Each of the previous three sections
will contain two parts, nanely a substantive part and a response
to those who would criticize it on various grounds.

Three warni ngs of note, before |I begin, however. One is that
transl ati ons of references in non-English | anguage works are ny

own unl ess otherwi se stated, and second, | presuppose both basic
famliarity with philosophy, science and technol ogy thensel ves.
Third, | intend the focus to be the present day s science and

t echnol ogy, approximately. An appendix clairifies a point of
i deosyncratic vocabul ary of m ne.

Section la - Cognitive A ns
In order to get at the cognitive ainms of both scientists and
technol ogists it is necessary to do two things: (a) exam ne what

scientists say about the cognitive ains of science and its

' Note that Mtcham (1994) contains a m scharacterization of Bunge's current
views (fully available to himin his Treatise) in an otherw se interesting and
cl ever book. Mtchamclains that Bunge regards technol ogy as applied science.
(Hi s conference paper of that title [referenced in Mtcham s book] was not
chosen by himand nmisrepresents his views contained in it. Bunge 1998)




relation to ethics (b) to exam ne sone of the nethods used in both
sci ence and technol ogy, because that will suggest one possible

pl ace where the ethics “fit in”. First a note, however. |
recogni ze that the sane person can at different points in her
career wear one “hat” rather than the other, or even in the course
of one project or other wear two hats. This is often the case in
conputer science, as we shall see in section three.

(a)

I nvestigation of science’s cognitive aine with an eye to ethics

| take it that basic scientists try to discover the way the world
is. This can be the natural world, as in the case of physicists,
chem sts, geologists, biologists, etc. It can be the social world,
as in the case of sociologists, historians, culturol ogists,

economni sts, politologists® and so on. There are al so scientists who
study m xed systens, such as psychol ogi sts®, anthropol ogi sts,
(scientific) linguists*, etc. This view point is supported by both
t ext books and scientific journals, as well as by scientists

t hensel ves. An exanple follows. The followng is froman interview
with S. Gould in Biology (Canpbell 1993) (enphasis added):

“[...] The main point is that life is 3.5 billion years old and we got here yesterday
speaking. Why should a process that’s been going on that long in ignorance of us
contain moral messages for our lives? It can’t. Science as an enterprise that
deals with the factual state of the world, and you don’t derive ethical
beliefs from factual statements. The most science can do is supply
information that may be relevant to ethical decisions, but it is never going
to tell you what the proper behaviour is. It just can't.”

Gould’'s remark is explicit concerning what has been called the
> Note that | amusing this instead of the nore usual term “politica

scientists” because many political scientists are closer to being politica
technol ogi sts or political philosophers.

® Also note that many psychol ogi sts on this “nodel of the division of

intell ectual I|abour” are both scientists and technol ogi sts, and as we shal
see later, applied scientists as well.

* Some |inguists study |anguages in thenselves, and thus do not count as
scientists on this categorization because they abstract fromthe world.

Mat henati cians are simlar. Further, sone linguists are much in what mnight be
called the classical philology tradition, which is here regarded as a branch
of the humanities with phil osophy, religious studies (except as it overl aps
into sociology, etc.), languages and literature.



ought/is distinction.

This view can be conpressed into the follow ng: because the world
need not be the way it ought to be (for some humanly deci ded
“ought”) finding out about it cannot tell us this.

(b)

Sci ence & Technology’'s respective nethods

Technol ogi sts on the other hand are those who attenpt to devel op
desi gns based on scientific results to nodify the world or prevent
nodification in it. These include engineers, (science-oriented)
managers, medi cal researchers (those that devel op treatnents at
any rate), those who design psychot herapi es, etc. Many disciplines
that are currently uninforned by results of science nmay possibly
becone technol ogi es, for exanmple: law, (normative) international
rel ati ons, normative econom cs, action theory etc.

Maki ng use of Bunge’s (1983) characterization of a scientific
research field, we can sketch a brief account of what m ght be
call ed a netanethod. Bunge’s characterization involves
representing a scientific research field as an ordered ten-tuple,
a vector of the formR =<C S,D,GF,B,P,P,K A M. He explains each
conponent as follows (1983, pg. 202-203):

“...] where at any given moment: (i) the research community C has the same general
characteristics as those of any other research field; (ii) the host society S of C has the
same general characteristics of any other research field; (iii) the domain D of R is
composed exclusively of (certified or putatively) real entities (rather than, say, freely
floating ideas) past, present or future; (iv) the general outlook or philosophical
background G of R includes (a) an ontology of changing things (rather than, say, one
of ghostly or unchanging entities); (b) a realistic epistemology (instead of, say, an
idealistic or conventionalist one), and (c) the ethos of the free search for truth, depth
and system (rather than, say, the ethos of fatith or of the bound quest for utility, profit,
power or consensus); (v) the formal background F of R is a colllection of up to date
logical and matheamtical theories (rather than being empty or formed by obselete
formal theories); (vi) the specific background B of R is a collection of up to date and
reasonably well confirmed (yet corrigible) data, hypotheses and theories, and of
reasonably effective research methods, obtained in otheer research fields relevant to
R; (vii) the problematics P of R consists exclusively of cognitive problems
concerning the nature (in particular the laws) of the members of D, as well as



problems concerning other components of R; (viii) the fund of knowledge K of R is a
collection of up to date and testable (though not final) theories, hypotheses, and data
comptible with those in B, and obtained by members of C at previous times; (ix)
the aims A of the members of C invluding discovering or using the laws of the D’s,
systematizing (into theories) hypotheses about D’s, and refining methods in M; (x)
the methodics M of R consist exclusively of scrutable (checkable, analyzable,
criticizable) and justifiable (explainable) procedures, in the first place the scientific
method; (xi) there is atleast one other contiguous scientific research field with the
general characteristics noted with reference to research fields in general; (xii) the
membership of everyone of the last eight components of R changes, however
slowly at times, as a result of scientific research in the same field as well as in related
fields of scientific enquiry.”

Fromthis we can extract the foll ow ng basic characterization of a
nmet anet hod, known as the scientific nethod. (It is a nmetanethod
because it is a description (a method) to fill in wth specific
met hods.) The first inmportant characteristic concerns background
know edge. No scientific hypothesis can be tested in isolation.
The second is that what is being tested is both adequacy with the
worl d and adequacy wth what was previously known. Each scientific
i nvestigation has to balance these two criteria differently,
however in each case the two conponents are not enpty. Science

t hus makes use of both a coherentist and an a correspondanti st

epi stenol ogy. This is inportant for our purposes. Let us | ook at
why.

Testing of scientific results and technol ogical products is

di fferent because of the difference in cognitive ains of the two
discipline famlies. Since a technology ainms to change the world
or prevent change (in one respect or other), the above nethod
cannot be exclusively used. In spite of this difference,
neverthel ess technol ogi sts cannot (effectively by definition)
ignore the scientific ways of finding out about the world. This
suggests that technol ogi sts may nmake use of the general scientific
(et a) net hod (di scussed above), but in addition nust use tests for
efficiency, desirability, of the designs proposed. Technol ogi cal

i nvestigation does not directly justify the science in which it is
based, as very often inportant concerns such as safety factors
mask theoretical calculation by orders of magntitude. On this
consi deration, the loss of concern for truth anongst technol ogists



is made up by the inportance of other factors.

These |l ead quickly into ethical considerations. One way to | ook at
this is as the technol ogi cal nethod (which is even nore open ended
than the scientific nmethod) as scientific nethod plus a general
theory of action. There are thus two ways in which technol ogy

| eads to ethics. One is in howit proposes action (including

i naction) and one way, parasitic on the first way, in which

t echnol ogi cal proposals may “enbody” values in sone sense. W
shal | neet these in section two, below, but first |I should deal

wi th possible objections to the account of cognitive differences
expl ai ned above.

Section 1b - Response to Critics

For those who deny the scientist/technologist distinction and
think | am begging the question, | have the follow ng remarks.
First, because the denier has to pick out all individuals in both
cl asses as | have construed them and show that | am overl ooki ng
sonething, | nove that the ball is nowin her court. Second, as I
hope to show bel ow, sonme of the traditional ways in which the
division is denied do not hold up, thus further shifting the
burden of proof.

Thus | would like to put aside the issue of question begging, and
nove on to sone nore substantial objections. First would be from
what M tcham (1994) has called humani stic phil osophies of

technol ogy. The nost radical of these would be a herneneutic
attack on the scientist/technol ogist distinction, an approach

ow ng nmuch to the work of Hei degger

To a strict herneneuticist, all or that humans do is produce
texts. Thus, Heidegger’'s (1953) remark: “ImWrt, in der Sprache,
werden und sind erst die Dinge” (Only in the word, in | anguage,
becone and are things.) If that were true, then there would be no
di f ference between science and technol ogy; both woul d produce
texts as primary or sole output. Since this is not the case, for
at the very least a technol ogi st often produces a bl ueprint or

ot her plan, and a scientist produces a docunent that refers to
sonet hing and not sonmething with nmerely literary properties, this
version of herneneutics is false. A fortiori, any stronger version



of hermeneutics (e.g. ontological herneneutics, the thesis in
whi ch everything that exists is a text) is also fal se.

A slightly nore sophisticated objection would conme froma

phi |l osophi cal pragmatist. Dewey (1960 [1929]) defended a direct
connection between science and praxis and hence technol ogy, rather
than a division along the lines | have outlined above. He clains
that all science is technological in a broad sense because it

i nvol ves action, particularly in experinmentation.

Dewey’ s denial of the broad distinction has three roots. In ny
view, all three theses are false, and thus it bears investigating
these as sonme nmay be tenpted by one or nore of these.

First is the banal point that scientific research involves action
it thus should involve action that is responsible and focused

t owards securing human val ues such as security, and so on. The
cognitive aimof science on this viewpoint would be instrunmental.
If taken in a weak way, Dewey’'s first thesis is nmerely that
scientists should have values of a certain sort. This will be
treated in the next section; the gist is that one has to

di stingui sh two kinds of values and that science presupposes one
kind and is not involved in the other. A stronger reading of the
thesis, nanely that scientists should pursue pure research that
will lead to applications that can be sold (or are noral) or nore
general ly, be used socially, rather than proceed in an

di si nterested manner, would cripple science. There are not many

| aws® of scientific research known but one appears to be that
perhaps 1 in 10,000 or 100,000 scientific discoveries makes it
into sonmething socially useful, and further that which will nake
it is not generally knowable at the tine of discovery. If this
pattern is a law (and not nerely a trend) purely “utilitarian”
consi derations would thus cripple scientific research.

A second, equally false root, of Dewey' s pragmatismlies in an
operationalist philosophy of science. Because operationalism
“reduces” properties to how they are neasured, one does not really

°* 1 use “law after Bunge (1979) to nean objective regularity in nature or
soci ety. Lawp neans our reconstruction of these patterns (as in, e.g.,

Newt on’ s Laws).



di scover properties about the world at all, and science (through
experimentation) becones, in Dewey s words, a neans of control
technol ogy. Now is not the tine to rehearse the problens with
operationalism (for which, see Bunge 1998). However, it bears
noting that Dewey’s operationalismdoes not extend to phenonenal
properties. Since adopting an operationalist stance to the
qualities (supposedly) discovered by physics allows one (according
to Dewey, and Eddi ngton, the physicist he draws upon) to take an
anti-realist stance towards themin order to “sozein ta

phai nonmena”, if one were to do the sanme (as one would have to in a
Deweyi an psychol ogy) towards phenonenal properties one woul d have
to presumably take an anti-realist stance to themas well. This is
clearly undesirable under Dewey’ s view, but seens to point to an

i nconsi stency, or at least a break in the sciences that one cannot
easily account for.

The final, and in nmy view, nost pernicious, origin of Dewey’s
views in this area concerns subjectivist msinterpretations of
both special relativity and quantum nechani cs. Dewey cl ai ns that
in order that both these intellectual revolutions were able to
take place, what he calls the old conception of science where the
observer (scientist) had no influence on what was di scovered nust
have been jettisoned. Hence, all scientific investigation was al so
a matter of control/technol ogy because all investigation nust
proceed under this “influence nodel.” Unfortunately, this is
outrageously false. (See Stenger 1995; Bunge, ed. 1967 for the
guant um nechani cs case. The latter even includes several disproofs
of this mstaken view.) As for the case of special relativity, it
is inportant to note that Dewey makes use of a popul arization, and
makes the sane error Latour (1988) was to nmake nuch later. This

m st ake invol ves thinking that the humans involved diadictally in
Ei nstein’s popul ari zation are actually part of the genuine
apparatus of the theory.

Thus we have dealt with Deweyian objections to the cognitive aim
of science. | have dealt wth Dewey’s account in sone detail as
his m stakes are very comon, so dealing with themin this detai
allows a whole famly of possible objections to ny account at
once.



| briefly nmentioned Latour in passing in the previous passage.
Since Latour is one representative of a greater novenent which (in
ny view) totally distorts the cognitive ains of science and
technol ogy, and is very influential, I wll spend some tine

di scussing what | will |abel “postnodernist” accounts of science®.

The post noderni st vi ewpoi nt can be construed as one denyi ng that
the world plays little or not role in what becones scientific
know edge. This is supported by various argunents of varying
plausibility. Sone (e.g. Feyerabend 1975) suggest that this cones
out of a consideration of scientific nmethod. He suggests that
because all nethods have Iimtations and weaknesses and such
“anyt hing goes’. Thus since science isn’'t anything “special” at
all, it is thus not distinct fromtechnol ogy. The bl atant non-
sequi tur in Feyerabend' s argunment has been pointed out repeatedly
(e.g. Haack 1998), and yet is very comon in postnodern

di scussions of scientific method.

| suggest that this is one of the main origins of “postnodern”
accounts of science, which can be summed up in the slogan “nothing
but-ism” This slogan indicates that those who hold this account
of science latch onto one feature (often one feature of a snal
nunber of specific scientific investigation) and claimthat it
applies as an “ommi expl anati on”. One exanple: Evel yn Fox-Keller
makes such a nove in her recent (1995) book. Therein she

i nvesti gates Schrddi nger’s popul ari zation of biology, Wat is

Li fe? She suggests personal notivations for Schrddinger’s
investigations into |life and the second | aw of thernodynam cs,
claimng his concern was not nerely scientific curiousity, but a
deep personal quest of dealing with stability (she brings in the
soci al circunmstances surroundi ng the situation Schrédi nger was in
- exile fromNazi CGermany, etc.). Nowhere does she deal with the

® These views are varied in many different respects and | unping many thinkers
under the sane | abel may be regareded as unfair. However, the general features
of the thinkers | will be referring to are sufficiently close in scope that ny
general coments will apply to all. After all, the criticismapplies to those
who adopt the viewpoints criticized - the |abel we attribute to those who hold
such viewpoints is not terribly inmportant. For nore detailed criticismalong
the lines | am making see, e.g., Goss and Levitt 1994, Koertege (ed.) 1998,
Sokal and Bricnont 1998.



possi bl e evi dence agai nst her interpretation. This latter issue is
very pertinent to a study of the scientist/technol ogi st

di stinction because the feature of this investigation concerns
interests. Schrodinger is given a technologicist-like (in the
account above) goal for basic science - stability. Thus, it could
be claimed, if Fox-Keller is right, that notivations are comon to
scientists and technol ogists - they both want control of

sonet hi ng, and hence the supposed demarcation is a delusion. This
point is explicitly made in other “femnist critiques” of science,
not ably those of Sandra Harding (1986)".

But the above is a notoriously bad argunent. Cognitive ains are
cognitive ainms, regardless of notivation for them So even if Fox-
Kel |l er and Harding are correct about “unexam ned notivations”
behind any or all scientific research, it sinply does not follow
that the stated ains are “untrue” or msleading. This can al so be
put as “look at what the scientists or technol ogists do, rather

t han what they say.”

A simlar but slightly nore noderate version of this situation can
be seen in the witings of Geryn (1999). Geryn clains that
because the cognitive® boundaries of what counts as science are
changing entail that science has no fixed core. Geryn studies
several episodes in the history of science to marshall his
concl usi on. However, he nerely presents the cases and never
directly supports his thesis. In order to show that science has no
fixed core of cognitive ains (as is the contention of the present
paper) it is not sufficient to show that what counts as science
varies and in an ad hoc way. For instance, because G eryn nakes
heavy use of certain thinkers enphasizing a rationalistic
conponent to the epistenol ogy and ot hers enphasi zing an enpiri ci st
conponent. What would need to be shown is that what counts has
nothing in comon with each other, and further, that these
under st andi ngs of science are nmainstream (and are not [l unatic]

" Harding's stronger clainms, nanely that science and technol ogy are identica

because they both attenpt to “control women” or something along those |ines,
are blatantly fal se and need not be dealt with here. (See Gross and Levitt
1994 for criticism)

® Geryn al so considers other non-cogntive boundaries, but for the present
purposes that is all that is necessary to remark on



fringe anobngst scientists®). For instance, cannot rationalism and
enpiricismbe conplenentary (in the right way), as | have
suggest ed above? G eryn notes that (e.g.) Tyndall remarked that
science was rationalistic to the engineers, to contrast it with
their occupation and that it was enpiricist to the clergy to
conpare science with religion. Geryn hints that this is an
exanpl e of science being “rel abel ed” based on interest. Wll, to
sone extend that is true, but one would have to show that the

ot her aspects that Tyndall did not enphasize to a given audi ence
were regarded as nonexi stent, or not part of science. G eryn does
not do this, and so the strongest reading of his “shifting
boundari es” thesis does not hold water.

Were it argued that ny |abeling sonething “scientific mainstreant

| am beggi ng the question against some sort of contextualism the
response is sinply that | believe those who deny the tree
structure of science | have presented in the previous section have
t he burden of proof now that | have sketched ny positive account.

Anot her objection that m ght be raised against this account
governs inportant inventions that were not developed in |ight of
the science of the day: printing press; steam engine; spinning

j enny; pendul um clock. By saying that science is cognitively prior
to technol ogy, how does one account for these nonunental
inventions? This criticismis inappropriate, in the |ight of what
has al ready been said, but it is bound to occur to someone anyway,
especially if it is conflated with the next objection. The answer
to this one is sinply to pay attention to the tine period under

di scussi on again. As remarked above, this paper concerns itself
with the 20th century and the early 21st. At this point, it
appears that all future great inventions will be science based,
hence the adoption of the definition of technol ogy that excludes

° For instance, he discusses with adnmirable detail the population at large’'s
treatment of phrenology. But this nerely shows that pseudosci ence can
apparently be nore “denocratic” than genuine science. Genuine science is
elitist in so far as scientists ought to pursue their own scientific interests
and not those of the public at large. This is both because one cannot predict
what basic findings are going to prove useful and because restricting basic
research can be seen as culturally inpoverishing in nuch the same way that
restricting genuine art would be.



what Laidler (1998) calls “enpirical inventions”.

A related objection to the previous one concerns “high technol ogy”
used in research. Some point out that (e.g.) particle physics
requi res expensive, advanced technol ogy devi ces. Hence technol ogy
procedes science, for wi thout the advanced devices, there would be
no particle physics. This objection (while common) actually
betrays ignorance of the science involved in these cases.
Instrunents are designed with the principles of the science in
question, and have often little use outside the basic science (or
in some cases applied science - see later) in which they are used.

Section 2a - Ethics

It has been clainmed that one possibility for the distinction

bet ween sci ence and technology lies in science being ethically
neutral. This thesis is anbiguous. Here | distinguish what m ght
be cal |l ed endoet hics and exoet hics. Endoethics is not found in
science, which is to say that the results of science (partially
true systens of propositions about the world) do not have ethica
content. Exoethics is the ethics used by (e.g.) scientists in
order to achieve the aforenentioned cognitive goal, discussed
heavily in the previous two subsections of the paper. These norns
are those that (e.g.) Merton (1973) has identified in the case of
scientists. Another set of norns applies to technol ogi sts, which
we shall see in due course.

Merton’s norns are as follows: intellectual honesty, integreity,
hum lity, disinterestedness, organized skepticism universalism

i mpersonal ity and communi smof intellectual property. Humlity
here shoul d be interpreted somewhat epistenologically - scientists
ought to revise their views of the world based on good evi dence
and so forth. It may strike sone as odd that the Mertonian norms
are ethical norms, rather than say, nmerely practical ones. But
ethical norms they are, for they proscribe actions as being wong
in a given context. One does not have to hold a view inspired by a
“di vine command” conception of ethics to see this. Even an
extrememutilitarian can | ook at the historical record and see
that if Merton’s norns are violated (e.g. the Lysenko scandal in

t he Soviet Union) bad results happen. This latter case is al so an
exanpl e of confusing science and technol ogy.



Science is thus not conpletely norally neutral; nor we do we want
it to be. (Arguably, it would not function as well as it does

wi thout this exonorality. See Way 2000.) Its results are norally
neutral .

But why is science ethically neutral in the endonorality sense? In
short, because it is inpossible to derive any statenents about
action from nonol ogi cal ones without deriving their dual. Let us

take Galileo’'s law of falling bodies as a case study. This can be
. d?s . .
stated in nodern terns as: -?5::9, where g is a constant assum ng

d
the falling body is relatively free of air resistance and the
hei ght fromwhich the object fell is small conpared to the radius

of the earth; s is the distance fallen. To draw any noral
conclusion fromthis cognitive result, we nmust first supplant it
with a noral principle. At |least two broad classes of principles
can apply, one suggesting that (in a given case) falling bodies
are “a good thing”, and another that they are “a bad thing”.
Sinmply: the statenent of Galileo’s | aw does not allow us to
conclude that either (or both, or neither) is of these desirable.
It entails neither. This can be rigorously defended with a theory
of reference and simlar tools, but | shall not do that here, in
the interests of avoiding too many technical details.

Contrapositively, because products of technol ogical research are
pl ans for action, they can be noral or immoral *®*. Howthis is
exactly to be spelled out is subject to sonme debate. One possible
approach would be to use a set of norns, parallel to the Mertonian
ones for scientists. One such normcould be “Your invention shal
assi st sonmeone neet basic needs or legitimte desires”
(paraphrased from Bunge 1996). | nove that this is a good start
for an ethics of technology, but is insufficiently precise to
serve. The first clause of this is understandable, though is

i nsufficient because clearly some nonnoral factors interface with
this ethical one, such as efficiency. However, w thout an account
of “legitimate desires”, the normis woefully underdevel oped.

Y | amusing “noral” and “ethical” interchangeably, with “ethics” being the
study of norality, both descriptive and prescriptive.



(Bunge’s own suggestion, that legitimte desires are those which
do not interfere wwth the ability of others to fulfill their basic
needs suffers fromthe inprecision of “interfere”.

One possibility is that attention should be paid to the biases
enbodi ed in a technol ogi cal proposal (Friedman & Ni ssenbaum 1997).
My adaptation of their schema to technology in general fromtheir
account of one for conputing technol ogies allows us another axis
by whi ch conpare science and technol ogy.

These three kinds of bias are: preexisting, technical, and
energent. Preexisting bias arises fromroots in societal
incitations, practices and attitudes that preexist the technol ogy.
Techni cal biases occur due to limtation of technical tools. For

i nstance, when sonething continuous is discretized for ease of

cal culation or inplenentation. Energent biases are the nost
difficult to discover, as we shall see, as they arise when a
technology is put to a slightly different use than was i ntended.
(Note that this can result fromchanges in the social environment
in which the artifacts designed in |ight of the technol ogy exist.)

If we investigate scientific results for bias we see that it is
sinmply not the kind of things that can result fromscientific
research, by the definition of science we have sketched above. To
equi vocate slightly to make the point: biased science is, in
essence, not science, as it does not attenpt to faithfully
understand the way the world is.

W have seen above that testing of scientific results and

t echnol ogi cal products is different and that this stenms from
different cognitive ains. Let us now see how this difference in
testing leads to differences in the ethics of science (and of
scientists) vs. the ethics of technol ogists and technol ogy.

In our consideration of bias, three kinds were noted, whose nature
transformed into the foll owi ng suggested nornms for technol ogists:

(a) Be aware of preexisting bias, and try and avoid it in design.
(b) Be prepared to rework designs as awareness of bias cones to
l'i ght.



(c) Docunent technical biases as far as possible at |east far
one’s own notes are concerned; that way if a difficulty with
(say) an approximation arises, it can be put in context
nore easily.

(d) Be aware that emergent biases are virtually inevitable, and be
prepared to redesign to overcone them

O course, these responsibilities support and suggest several
ethical rights of the technol ogist.

(e) Some degree of preexisting bias is inevitable in all design,
and technol ogi sts have the right to defense agai nst charges
of preexisting bias

(f) Technol ogi sts have the right to redesgin as awareness of
preexi sting or energent bias cones to |ight

(g) Some technol ogists should periodically oversee the work of
others so that (in particular, but not limted to) technica
bi as can scrutinized

(h) Technol ogi sts have the right to set limts of applicability
of their designs and to “di sown” use beyond a certain
[imt.

But of course biases are not the only ethical issue one ought to
be concerned with in technol ogy. Another possible area is hinted
at in point (h) above. This concerns limts of use. Exanples of

t his abound: “Keep out of reach of children.”; “Not safe for
children under 6.”; “Do not take with drug xyz.”; “Do not draw
nore than 100 mA fromthis port.”; “For external use only.” and so

on. Conpare this with the results of scientific investigation: how
does one set a limt to use of “the hydrogen atom has a single
proton”; “all vertebrates have a notochord at some point during
their devel opment”; “revolutions occur slightly after oppressing
power begins to wane”' . The only possible restriction on these
concei vably could be “do not use themfor evil”. But this is not a
hel pful thing to say for several reasons. One, no result from
(basic) science can lead directly to technol ogi cal applications
(try it with the above statenents!), as already remarked. Second,
“evil” (at | east on many accounts of norality) is contextual -

1 note in passing that this seens to be one of the few genuine | awso of
history. (This conceivably makes possible sone sort of historical technol ogy!)



only on very strictly nonconsequentialist accounts* is it not.
Third, one could just as easily say “use themfor good!'” with as
much justification.

Anot her sort of ethics of technol ogy issue concerns disclosure of
flaws. This is a difficult and troubl esone area. Science, as we
have seen, normally concerns itself with partial truths.

Technol ogy has to nake use of these, and often further
approxi mati ons. For instance, we know that Newtonian nechanics is
not quite correct, and we even have slightly nore accurate

t heori es under certain circunstances. But yet we can devel op
technol ogy (even as sophisticated as plans for nobon rockets) whose
scientific roots are based on it. The question is the noral status
of such approxi mati ons, and ot her known oversights. This is
connected strongly to the issues of technical bias, discussed
above. In particular, how are technol ogi sts responsible for this.
Again, the solution seens to be docunentation of approxinations,
use of “safety factors”, and disclainers telling of inapplicable
use. But what counts as such things to report is often hairy. Does
a conmputer programthat fails to produce a correct answer to a

cal culation one time in one billion runs count as buggy?

Clearly context is inportant, and then matters becone difficult.
To a user interested in calculating taxes, the notorious Pentium
bug was |ikely to be largely uninportant. But if the extra

preci sion was needed to cal culate a dose of radiation or a
concentration of drug to adm nister, then a tiny bug could very
wel | have proved fatal (cf. Leveson & Turner 1993). This is why |
suggest full disclosure, particularly when technol ogies are
enbedded in one another. Notice that this the defining
characteristic of the latter sort of case. Conputer technol ogies
are enbedded in a nedical technology, and so the interaction is
what is critical. Does this mean open source software is norally
requi red? O open source to those who woul d enbody the software in
a larger artifact than “nerely” a conputing system Does the
construction of a conmputer controled x-ray nmachine require that
the ROV on the notherboard of the conventional conputer involved
have their source available for scrutiny?

> The perennial favourite anbngst philosophers to at |least talk about in this
regard is that of Kant.



The present author does not know at this stage. It is possible
t hat adequate disclainers in a particular context may override the
obligation to docunent. O this nore in the next section.

Anot her proposed solution to dangerous use that cones saliently
out in light of the science/technol ogy distinction. This concerns
what m ght be called self-limting technol ogi es. Dani el son (2000)
has proposed that devices should attenpt to weed out nore
dangerous uses - for exanple, a car with an intelligence test to
prevent children and drunks fromusing it. This clearly has a role
to play in technol ogi es which do not thensel ves enbody (e.g.)
destructive or preexisting bias. But this proposal does not work
as easily with sociotechnol ogi es, nor does it help to us to
determne if there are any technol ogi es which necessarily enbody
wong norals (whatever these may be - of fensive weapons, for

i nst ance) .

It does allow us to nmake another noral distinction between science
and technol ogy, however. Scientific results not only do not enbody
val ues, they are sinply not the sort of thing that can, and the
above proposal is another way of showi ng why. A scientific result
is alaw statenent, or a systemof |aw statenents (i.e. a theory),
and not a rule. The logical formof rules and | aw statenents is
different; it is thus not surprising that they are not the sane.

A final normative dinension we shall analyze in this paper
concerns sinplicity. Oten sinplicity is disvaluable in science;
the world is conplicated and it is thus not surprising that a nore
conpl ex hypothesis is nore correct than a sinple one. On the other
hand, sinplicismin technology is nuch nore ambivalent. A consuner
technology if it is to be successful is nore likely to require
sinplicity than a vertical nmarket technology. On the other hand,
in a vertical market there are often nore directly ethical factors
at work; perhaps the technology is being used for a nore directly
life, environnent or property inpacting use. Sinplicity allows

| ess qualifications needed for a technol ogy’ s use, which neans a
val ue of equality of opportunity is supported. On the other hand,
a sinple technol ogical plan may not be as effective in neeting a
goal. Sinplicity is thus only one virtue.



Section 2b - Response to Criticism

It may be rejoined that sone know edge is inherently dangerous, or
so overwhel m ngly “saturated” with bad outcones. Bill Joy (2000)
has argued this in a recent issue of Wred. He clainms know edge of
robotics, nanotechnol ogy and genetic engi neering are so dangerous
that we should think tw ce before devel oping these. He waffles (as
we shall see) on whether he is regarding this as a critique of
science or of technology as the foll ow ng passages indicate. |

will take it that he is referring to both the basic science

i nvol ved in these cases and the technol ogy. (As we shall see bel ow
in section three, he may be also said to be indicting the “applied
science” as well as the basic science.)

“The only realistic alternative | see is relinquishment: to limit development of the
technologies that are too dangerous, by limiting our pursuit of certain kinds of
knowledge.

Yes, | know, knowledge is good, as is the search for new truths. We have been
seeking knowledge since ancient times. Aristotle opened his Metaphysics with the
simple statement: “All men by nature desire to know.” We have, as a bedrock value
in our society, long agreed on the value of open access to information, and recognize
the problems that arise with attempts to restrict access to and development of
knowledge. In recent times we have come to revere scientific knowledge. “ (Joy
2000, pg. 8, bold added)

and | ater:

“It was Nietzsche who warned us, at the end of the 19th century, not only that God is
dead but that “Faith in science, which after all exists undeniably, cannot owe its origin
0 a calculus of utility; it must have originated in spite of the fact that the disutility and
dangerousness of the ‘will to truth,” of ‘truth at any price’ is proved to it constantly. It is
this further danger that we now fully face - the consequences of our truth seeking. The
truth that science seeks can certainly be considered a dangerous substitute for God
if it is likely to lead to our extinction.* (Joy 2000, pg. 9, bold added)

It istrivially true that a technol ogi st produces new know edge in
ternms of “know edge of how to put sonething together.” But this
does not seemto be Joy's intention. He seens to think that by
sinply trying to know, we are doing sonething wong because trying



to know | eads us to conpare ourselves with God. This sounds
dangerously like the Lucifer sin in traditional Christian

theol ogy. But that is not in itself a terribly persuasive
argunent, especially if one considers at the cultural benefits
that result fromthe ‘wll to know . Wat really is the danger? In
fact, the very thinker Joy quotes in the second quotation,

Ni et zsche, provides us wth an answer - “will to power.” Power
nmust be tenpered with ethics. Know edge (Bacon not w thstandi ng)
by itself is not power.

It is also inportant to realize that the account of (basic)

sci ence above does not commit one to thinking that science is
godl i ke. Science does not discover all truths of relevance to
human life. (It does, however, seemto have the best way known of
checki ng and system zating them)

Joy’s conplaints seemto center around how certain kinds of
know edge, by sinply being nade available will be used for evil.

Well, if they not made avail able, how can they be used for good?
As | noted above, results in basic science can be used for good as
well as evil. (And very often, it nust be noted, for neither, as

their applicability is nonexistent.) One can interpret his remarks
as a plea for noral education and responsibility taking anongst

t echnol ogi sts and societies at large. This I think we should

consi der.

We shall see that a good way to further answer his worries can be
answered by postulating a third category of persons in this
general area, the applied scientist. See below in section three
for this.

Anot her objection conmes fromenvironmentalists and animal rights
activists (of certain kinds). This objection would be phrased as
follows “Scientists pillage the environment and torture aninals to
di scover the way the world works. | think this is the sort of

know edge that should be forbidden. W need not know what cats see
or how nobnkeys react to stress.”* There are several ways in which
this concern can be spelled out, and dependi ng on how, the

¥ | amindebted to Marjorie Caruso, a close friend of nmine, for comments and
suggesti ons al ong these |ines.



response that should be made is different. The first concerns how
animal s and the environment generally are used. Questions of
efficiency of an investigation are relevant to scientific research
- it is inmportant that it not be wasteful.

Second, nore critically, is investigation of (nonhuman) animals
wrong? Sone woul d suggest that it is okay to use human subjects in
experiments because they can consent to the procedures in
qguestion, and hence it is wong to use non-humans because they
cannot give consent. In the cat vision case (see \Witehouse 1999),
a cat cannot say that it does or does not wish to be attached to a
(somewhat invasive) neuronal nonitoring device. A simlar question
can be raised about investigating the environnent generally.
Problens with rejecting this realmof “things to know is deciding
where to draw the line. Mst individuals would have no probl em
with scientists putting paramecia under m croscopes or
investigating petals that fell off flowers. It is when
investigation turns to aninmals or large plants that people have
rai sed objections. But there is no good way to draw lines in

bi ol ogy. There is no “hierarchy” of life that one can appeal to
directly. Even nore curiously, we cannot directly find out about
such matters (as intuitions on these issues is notoriously
fallible) and thus nmust rely somewhat on scientific investigation
to give us information about putative “hands off” areas.

The third nuance of the above question concerns the use of (for
instance) animals in medical or pharmaceutical research, where the
animal’s systens are stand ins for human systens of sone ki nd.
Agai n one has to decide at what point other aninmals are
sufficiently humanlike that subjecting themto disease, etc. is
wong. A possible solution to this is to consider that aninmals
rai sed specifically for |ab purposes would not otherw se have
lived and so (possibly) their life is |ess valuable. This answer
will not be satisfactory to many, as they regard the creation of
(certain) life that will ultimately be destroyed for our ends to
be norally objectionable. The present author cannot adjudicate
this vexing dilemma at this tine, though feels that since humans
are (under nost ethical systens) by definition under
consideration. | default to supporting only ethical consideration
for humans, and so do so in this case.



But this latter case is the nost interesting for our present

di scussi on, because it leads directly into questions of applied
sci ence and technol ogy. See bel ow, but first a brief summary of
what this section has acconpli shed.

As noted above, there are at |east three possible “axises” on

whi ch responsibility for flaws and approxi mations in technol ogy
can be adjudi cated. Each technol ogy, or perhaps famly of

t echnol ogi es (assumng famly is not taken too broadly) should be
evaluated on its own nerits. This does not entail that we cannot
eval uate technology in the Iight of others. It merely rules out
“Ch, Xis too nmuch Iike Y!' Deal with XI'” as being rel evant w thout
argunent .

Anot her possi bl e objection concerns users. | have focused on how
the technology itself is to be designed and what sorts of things

t echnol ogi sts shoul d be aware of when designing. Soneone may
rejoin that technol ogi sts may propose anything they w sh, and

| eave it up to people generally whether they wish to use the plans
pr oposed.

Thi s objection has two readi ngs, a weak and a strong one. On the
weak reading, | amin perfect agreement. This seens to be the
thesis that technol ogists should consult with the public in a
denocratic and responsi bl e manner. (This woul d presuppose sone
degree of what m ght be called “technoliteracy” on the part of the
citizens, however, and, nore inportantly, sonme resistance to the
per suasasi ons of denmagogues and charl atans. This quickly gets us
into issues in the philosophy of education. | recognize there is
thus a strong tie between the philosophy of education and the
social and political philosophy of technology, but I shall not
discuss this further in the interests that the present paper be
manageabl e.) But on the strong reading, that technol ogists be

| eave everything up to the public strikes me as dangerous, because
only technol ogists (note: it need not be the technol ogists
proposing X that get to do all the speaking about X to the public;
here is a reason for an independant technol ogy review board.) may
be as conpetant to grasp the possible inpacts of technology. O
course, as we have seen above, we cannot abandon the popul ous
either, as they should be able to explain their concerns - either



directly, or through advocates of some kind. (This is sounding
very legalistic. Ganted, but note that under the conception of

| aw as a soci ot echnol ogy and soci otechnic, there is an interesting
self-referential |oop involved.)

Section 3a- Cateqorization and Devel opnent of “Applied Science”
As has been remarked in the introducti on, several fields of
activity present thenselves as being particularly problematic.

I shall begin by exam ning “conputer science” as a paradigmatic
case of a problematic field. As we have see above, the cognitive
ains of science include finding maximally true accounts about the
world with the nmeans of experinment, etc.

Note that one cannot sinply appeal to the artifactual status of
the objects of study to assert that conputer scientists are

t echnol ogi sts. This nove cannot be made for it would nake

mat hemat i ci ans technol ogi sts. Mathematical objects are al so*
purely objects of our creation too, but since they are (or rather,
we pretend they are) not concrete they do not fit in our inplicit
definition of technol ogy above. A simlar argunent goes for socia
scientists. Society and its subsystens are largely artifactual,
but that does not nmean their study is hence technological. In
fact, by the definition of science above, this cannot be the case.
In fact, as we have seen, there are even social technologies. It
seens that the applied science/technol ogy and basic

sci ence/ applied sciences distinction | will sketch bel ow are nore
difficult to see in the case of social areas.

But what of these “trouble cases”? Let us investigate conputer
science (hereafter, CS). Consider the case of a professor of CS
who devel ops a new programm ng | anguage. Are they doing basic
research, trying to find a new way of |ooking at (say)
conputation? O are they proposing a new technol ogy that could

“ | amassumng a non-realist mathematical ontology in order to phrase this

objection. O course, if one happens to be a realist, then clearly mathematics
is not a technol ogy under nbst conceptions of mathematical realism

(El aborating on this point seens useless as | amnot aware of any mathenatica
realist who also insists this view destroys the science/technol ogy

di stinction.)



per haps be used by industry or government to sell, publicly
i npl enent, etc.?

I would argue that the CS professor is noving away from basic
research into an area that is not foreseen to result in plans for
artifacts. The | anguage may be eventual ly involved in doing so,
t hough al nost never in the formas devel oped.

A simlar case occurs in pharmaceutical research. Certain chemsts
wor k in devel opi ng understandi ng of conpounds shown to have sone
phar macol ogi cal effect. They explore chemcally simlar species to
see which ones can be made with simlar effects as the initial
conpound. They al so investigate ways in which different catal ysts
and reaction conditions can aid synthesis of these conpounds and
conditions of scaling. Yet they are not responsible directly for
devel oping a drug fromthese products. Again we have a case of

“m ddl e ground.”

| argue that based on considerations fromthese two above cases we
have reason to enploy a third label in addition to “scientist” and
“technol ogi st”. For lack of a better term | suggest “applied
scientist”, and nove that we | abel what was previously called
“scientist” in turn “basic scientist.”

Section 3b - Ethics and the Applied Scientist

What can we say about the ethics of the applied scientist? If her
cognitive ainms are “between” in sone sense the basic scientist and
t he technol ogi st, the above framework suggests that we place her
et hical responsibilities between the two as well.

Because applied scientists are nuch closer to plans for action

t han basic scientists, they can begin the ethical evaluation of
what is possibly an outcone. This can occur as part of their
duties to the technol ogist generally. “If you take this route, you
will be in danger here.” For instance a recomendati on could go as
follows: “This algorithmworks okay in main nmenory, but is too
inefficient for secondary storage, and so if timng is crucial in

your application, remenber that Q' n3) running time with 1 nmegabyte
bl ocks is going to be very slow indeed.”



Here is another exanple fromthe pharnmaceutical applied sciences.
“This reaction works at scales x through y, but above y inpurity z
becones significant (s parts per mllion) to human consumers, SO
this reaction is unusable at scales thus and so.” The applied
scientist thus has to acconodate both possible noralities - she is
nmust be both aware of action and of the desire to know.

Not e that because one person nmay “wear at different tines
different hats” a focus of ethical evaluations of technol ogists

m ght revol ve when they were acting qua technol ogi st and when t hey
were doing other things. This is very often the case in conputer
science, particularly in database design and file systens work.

Let us | ook at sone cases here in order to draw sonme nora

| essons.

The sane individual may work on research into efficient file
systens and nechani sns of database design as who actually goes
about and devel ops the schenma for a database or information system
proper (cf. Merrett 1984, which discusses both issues).

It is also inportant ethically (and cognitively, to some extent)

t hat one can be m staken about one’s own characterization. This is
particularly inportant in the case of a discipline like robotics
or bi otechnol ogy. As we have seen above, Bill Joy is concerned
with these fields. Remarks here may help to further alleviate his
worries. The applied science of robotics (for instance, that of
the Cog project at MT: see Dennett 1998 (1994)) attenpts to

di scover ways by which (e.g.) vision can be inplenented using
conventional robotics. The Cog team should be aware that these

i nvestigations can nake no technol ogi cal recomendation directly.
The goal of the technol ogical proposal is mssing. O course,
Cog’ s researchers, once “done” with their applied science, my
change hats and enter the technol ogical sphere. Note that at what
poi nt exactly this occurs, as wth the exact point where basic

sci ence becones applied, is sonewhat ill specified. This is
important to the issue of m stakes, as not only can researchers be
m st aken about what they are doing (as sone have clained, e.g.
Hans Moravec is) but technol ogical review conmttees, etc. can be
as well. But there is a clearcut distinction between basic science
and technol ogy, as we have seen. The “mddle ground” is the



hardest to map out, especially ethically, as we have seen

Section 4 - Concl usion

W have seen that in order to better understand the ethics of the
scientist and the technol ogi st we nust investigate the cognitive
ains of both disciplines. The dichotony of the initia
characterization seenmed too crude to clearly answer this, and so
we devel oped the concept of the applied scientist. Each group has
their own relation to cognitive goals and to praxis, and thus
their own ethics. The ethics of the basic scientist is strictly
externalistic - it concerns itself with how the science gets done,
rather than its content. The ethics of the applied scientist is
simlar, but in addition she nust be aware of practical concerns
of her work, which |ead to sonme ethical considerations. Finally,

t he technol ogi st’s proposing plans for action imediately raise
questions of right action, notive and various other norally

rel evant categories.

Appendi x 1 - Technol ogist / Technician

It may be objected that | amusing technol ogist in an unusual
fashion. Granted; the goal of this appendix is to suggest a

di stinction between technol ogi sts and technicians which ought to
be made to understand sone possible objections to the account |
have sketched el sewhere in the paper

Techni ci ans are those who use the result of the technology in
action. Conputer assenblers, auto manufacturers and mechanics, and
even | awers (hopefully) and physicians (when treating patients)
becone technicians on this account. | use the term nol ogy this way
so that perforners of each kind of activity have their own | abel.
This “ontol ogical carving” allows greater freedomin nora

eval uation, as has been noted.
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