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ABSTRACT

Three general areas where problems occur in Lhe attempt to
communicate risk assessment information to decisionmakers are examined and
discussed, These areas include the language used, the use of uncertainty
and probability concepts and the complex nature of risk agsessments.
Possible resolutions discussed relating to these problems include the use
of positive words, more clarity and education.
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1. THTRODUCTION

One of the major problems faced daily by scientists in attempting to
communicate environmental risks to risk managers is the use of the
language. Almost all risk managers lack scientifie training or
background. There are many important secientific guestions that must be
addressed in making decisions concerning environmental contaminants. In
order to assess the situation, the decision maker needs to understand all
the available information. However, there appears te be a gap between
those presenting the information concerning environmental contaminants and
their resulting risks and those who need to understand the importance of
those risks. Some of these gaps are the result of miscommunication and
these aspects are discussed and analyzed here.

There are many factors that militate against effective communication.
The three that are examined here are: language or the lack of clarity and
understanding or the way we speak about risks due to environmental
contaminants, the use of concepts such as probability and uncertainty,
and the lack of background understanding of the complex quantitative
nature of risk analysis.

Our use of language is done often with little thought about how the
receiver (listener) decodes and interprets what is heard. We can,
unknowingly, make the situation worse or distort information by our choice
of words. A simple example of this is in describing the glass half full
or half empty.

%The thoughts and ideas discussed here are those of the the authors
and are net necessarily those of the U.S. Envirenmental Protection Ageney.



There are generally two ways to view reallty-- sither 1t is exactly
black or white or it is grey. Many risk mapagers live 1n a grey world but
they perceive it as a precise plack or white werld. To zshem the number is
either 2.756 or 2.757. Doing something is erther safe or it isn't. an
environmantal contaminant is either harmful or net. Eut reality is a
range of safe, harmful or risky. The effect of an environmental
oonkaminant may vary with concentration, characteristics such as zex, and
physical facktors such as weather, gealagy and chemiatry. It is in the
compunleation of this probabilistic character of reality that we
scientists often fail.

An important characteristic of our probahflistic world 1s its uncer-
tainky. What do we kmow for sure? Yet we sxpect defipite answers to the
gquestion of whether it is safe, acceprable or whether to regulatel The
information and data nesded to try and amswer these questions is not exact
and preeise. IE 13 an inkerent result of the measurement and estimation
process that each guantity has some upcertalnty or errer. #ll too often
this uncertainty i3 not communicated with the data, especially when
communlcated serially through several layers of management.

The diacussion that follows is far frem an extensive survey of
problems encountered in trying to communicate risk assessment information
to those who make decisions concerning the regulation of enwironmental
contaminants. The situation is presented from the viekpoint of the
environmental sclentist. What follows are musings, rambling thoughts and
some suggestiong for improving this communication link.

2. DOES OUR CHOIZE OF WORDS MLKE THE SITUATION WORSE?

A1l too often we choose words to expresas the resclts of risk
aggessment that have negative connoctations, The word risk itself connotes
a feeling of danger, inseecurity and precariousness. For example, we LFe
2uch bhad sounding words as goxic, hazard, chronie, carclnogen {see a
suggested list 1o Table 13.

Usltg words that are highly mathemakbical and technical weuld seem a
puor idea in a saclety that 1s characterized by being non-mathematical and
even Lo some degree 3uspicious and afraid of matters mathemat.cal {after
all ikt takes a modern major general in the Pirates of Penzance to be able
to understand matters mathematical). Words such as extrapolate, estlimate,
guesstimate and statistical are far from reassurlng. In fact;, they
connote the :dea that we really don't know what 1s golng on. And for
those Wwith some mathematical background, the ldea of extrapelating a ecurve
into the unknown is somewhere between dubious and a shocking procedure.

Also used in descrioing 3 risk assesament are & lexicon of words
meant to reassure bub that conver definitive negative feslings. Cansider
wards sueh as: minimal risk, virtually safe dose, maximum talerated dese,
de minimis (non curat lex or the law does nor concern tkself with
trifles). Ta many this is like being partly pregnant. Their respense to
such phraseology is to ask :f it is safe or net. At thls print the person
trying to convey rlsk asgessment Information needs Lo realize that little
reassurance or information is being communigated by such phrases.

4 mzjor misunderstanding for the decisionmaker is the uge of
statistical terminology in non-statistical analyses. Statisties reguire
measyred data polnts upon wWhich aceepted mathematiczl analyses are
performed. These procedures then preduce variances of the measured data,
95% eonfidence levels based on the data, and error termz. Those invelved



Table 1

List of Words Used in Deseribing a Risk Assessmont
That Convey Peositive or Good and Megatiwe ar 3ad Cannotations

Bad Conngtation, Bad Souncirg cr Hegatlye Words

absolutely interpretation
facukbe Judgement

always vaW sulk

anxisty lifetime exposure
average maximum Toleraten dose
below regulatory concern mimizal risk
carcinogen never

causality nucleariz.g. HHRE to MR)
controversy per1lous

chancy po18anous

chrenic precar Lous

cost probability
danger provocation
deeision radiation

di minimis regulations
dispute risky

estimatlon (over- cr under-} seientific
arsiuatian statistip=l
extrapolate statistics

fear technical
guesstimate toxic

hazardous) uncertaLnty
insecure unsafe

virtually safe dase

Good Tonnotiticng, Good Sounging Wordse, Posttlve Meaning or Conngkaticon

aceceptable prevenkior
admissible reliable
ag3Jarance reapensiale
benefit safety
choice Fecurity
confidence {as 1h 95% confidence level) stable
comman sSenae strenglh
dependable threshold
falth tolerable
free %rLtn
freedom trusc
health upforeed
intaet valuntary
no effect wWilling
predictabla zero risk

in rigk analyges nave horr-wed the terminology and applied it te
hypakhetical data sets derived from some arbitrarily chosen watnematically
chosen model. This mistakenly gives the decisicnmaker tke false
confidence that he 13 dealing with actual statistical data from which the
true number can oe determined.

A common mistake is bo express rigk assegsments with absoluteé words.



Using words like always and never (e.g., the toxic material 1n the town
dump will never reach your well), ultimately leads to suUSplelDn 45 mOsT
people feel that almost anything iz possible. The decisionmaker 15 at one
extreme thinking Lhat all healtk e¢ffects are due to some pollutant in bis
alr or drinking water. Expressing & risk assessment at the other extrome
by saying it isn't passible does little to allay fears.

Oftan the very words that have a nsgative character are used too
Preely, Constant use of words like anxiety, fear, cancer, controversy,
radiatien and hazard should be held to a minimum. The preper use of these
words should not be avolded or minimized, the point 13 ta tell the whale
truth and nothing but the trath.

Soclety 15 full or misrepresentations, mybths and lies. Ideas such as
cancer 1& always fatal, the nuclear reactor or town dump will not plloke
the river and dioxin always does bad bthings to numans, feed what may be am
already high ievel of fear, zmiisky and guilt., Once an official has made
the mistake af propagating a lie, he is stuck with these emstiens and will
likely continue to convey them {see Reference | for a recent discussion of
the phenomena of lylag).

Sometimes we use language to seduce us to accept the unchinkable. 1n
the area of nuclear devices we use words like accldent, owerxlll and arms
control to mask a hignly deadly force. In [1sk assessment amilarly we
have language such as cases averted, excess cases and population risk that
are used which aften mask the real meaning.

Toa often the questicn of whether a situation is safe arises too late
for an egreation process to be possible, Statements That the level of
risk {3 low (even of the ordecr of 10-6 per lifetlme} are not reassuring.
The truth must be made clesar asz soon as it 13 known ar any trust will
be destroyed. This trust will likely te best bailt at the local level
since ultimately the lopal cammunity will likely oe the one to deal with
rigy management.

In order to minimize fsar, anxlety and misunderstanding, langiage
should be uzed that prevides a more balanced picture. It might be
tempting tp m:suse words ta dep=ive, but the reaponsible afficial seeks to
convay the trutk. The cbjective is to avold words with an unnegessary
negative connatation. Examples of words wikbh 4 poalkive coonetatlon are
given 1n table 1. Instead of technical jargon such z5 estimate, why not
ay tkia 15 our knowledge or understanding. It sounds detter Lo say that
'we determined that' lnstead of 'we estimate that' or ‘we conclude that.®

The abowe diseussion i1s admittedly shors and far from comprehensive.
However, if those deing and comminicating risk assessment information
would think some about the words used to express the resulbtz, a mare
balanced picture can be cenveyed and some trus: carn be bullt,

3. COMMUNICATINC THE PROBABILISTIC ASPECT OF RLSK ASSESSMENT

Wa llve im a provabilistic world where wery Liktle, if anything, is
totally cectain. Where you are, what you do, when you do it are all
things that 1t may nobt be poszible to describe wWlLh exact precision. Wy
then 1s Lt zo difficult to comprehend what a probabiliby of cone in a
million rigk 1s like? Wnab is the response to the guestion, "Well, is it
safe. and LF s¢ how 3afe?" To get some 1dea of the dumension of thia
situation first congider the rale of probability 1n our day-to-day



exsstance. Later in thiz sectlon possible reaponses to this guestion will
he discussed.

some of our informatioh on non-fatal probabilities are hamaled in a
qualitative way. Whether our cold will get better or worse will determine
whather we go to work today, What is the likelihood that the ¢ar will
start, the boss will be late? We take risks basea on our judgement of the
provabllities of these and other avents. Table 2 is a short compilatien
of dally probabilistic choices most of us make and take for granted.

We are exposed to probabilistic infermation daily. The weatherman
telis us that there is a 30% possibility of rain tomorrow of olr Dogs
tells 13 cthat the chances of ouwr proposal velng aceeépted are one in
tour, The stock market invelves the uze of probabilities bazed om assets,
sales, past performance, size, ete. What are the odds that it will go up
or down tomorrow? Our lnsurahce premiums are based on the odds of us
dying g1veh our age, sex and general health. These estimates are all
haged on experience. For example, physieians are used to telling us that
the odds of the hermia getting worse may be 50% now and higher 1in the

Table 2

Commen Datly Probabilistie Choices

Category Probability
Weatherman 0% .... BO%

{forecast probabilities}

Buz or traln being late

5 minutex 0%

10 minutes L

20 minutes 5%

30 minutes 1%
Airplane

Takeoff or arrival being late 50%

Medical probahilitles
Inheritable tralts 25%
[coler blindness,
Huntipgton's Charea,

diabetes)
Heart trouble 401
Breast cancer 20%
Lung cancer
Smoker {3 packz a day} 60%
Hon-smoker I
Alarm cloek failure 1/365
Car failing to start 1/365
Gambling
Boker 1/52
Roulecte 1438
Dice 1/6

Lotteries {winning jackpot} 1x 100



future, or the chance that the hernia will strangulate are 5% over a
lifetime, &n EKG stress test comes complete with a consent form that
estimates the risk of episodes or transient lightheadedness, fainting,
chest discomfort, leg cramps of 2 to 3 per 10,000. The chance of a pack a
day cigarette smoker getting lung cancer is about 10%.

Even if we know that the odds are against us people generally
continue to act as if that was not true. Anyone who has thought about
gambling such as the roulette wheel, dice and card games know that the
house always wins in the long run.

In making decisions on the guality of life versus death, pulling the
plug, or expensive heroic measures, we have to make judgments that involve
qualitative measures. The odds of having a child with birth defects
inerease with the age of the parent. The parents of a child born with
birth defects must decide how far they should go in giving medical
attention? Should their response be based on medical, ethical ar
finaneial information, or on all? How much infermation in the form of
quantitative values do we need for everyday decisions? {for driving,
medical treatment, eating, sleeping, working, etc.}

hnother problem the health scientist encounters in trying to
communicate with decisionmakers Ls establishing what an adverse effect is
and at what level it occurs. All decisionmakers easily grasp that
carcinogenicity and death are adverse effects. It is hard to cenvince
decisionmakers that decreases in nerve conduction veloeity, or in increase
throughout the generai population in both diastelic and systelic blood
pressure are adverse, There are two classes of toxicologieal endpoints.
The first is the traditional measured endpoint from an experimental group
or cohort. The second is these changes produced in the general
population,

Changes noted in the general population are major health effects.
Most decisionmakers cannot perceive this, Examples of this are the 20
years it has taken to convince people of the causal association beftween
lung cancer and cigarette smoking, A second example is the slight but
statistically significant inerease in blood pressure as a result of lead
exposure. If the blood pressure of people increases with small increases
in blood lead levels, then many tens of thousands of deaths, strokes and
myocardial infarctions could be avoided by controlling lead exposure.

Subtle traditional toxic endpoints produced in the human population
such as enzyme changes, increased red blood cell fragility, or decreased
{mmune system functicn are hard to determine exactly when they go from
statistically significant changes to adverse effeets.

We use a limited number of heuristic principles to analyze seemingly
complex daily problems. However, the probability or sample size appear to
views on probability are dependent on their life experiences and not on
reason or logie. '

Since the use of probability is a learned skill for the public, the
decision maker or anyone, more attention needs to be placed on how to
educate in this area. We need to expand peoples' numerical abilities
beyond cne in a thousand or perhaps inte the region of one in a million,
This latter level is of the order of the lifetime background risk of
fatality due to natural occurrences such as lighting, tornadoes, cyclones,
earthquakes, and bee stings.

If risk assessment/risk management is to have gny usefulness to the
decision maker, the meaning of 107°/lifetime or 107°/lifstime must be



communicated in a way to be useful next to the sceial, psychological
(perceptlonal), political and economic consequences of a potential
environmental contaminant.

4, UNCERTAINTY

The most straightforward kind of uncertainty is that mvelving the
measurement of the facts themselves. Any measurement contalps random ang
systematic errors. In measuring the length of the table, the yardstick
may be worn s¢ that it is less than one yard. This is an example of a
bias or sysfematic error. The smallest measure on the yardstick 1s a
limit to the smallest length differemee that can be measured. If several
people use the same yardstick to measure the length of the same table,
there will be a range of values related te the smalles measure oOn the
yardstick, This latter range is representative of random error or
ungertainty.

another contribution to help the understanding of uncertainty 1s to
polnt out where We use this concept in our everyday lives For example,
if the speed l1imit 1s 55 mph, do all the cars go that fast as an upper
1imit? We are all aware of a range of speeds around that value due o
differences in what our speedometers read, lack of care to maintain the
speed or a deliberate pushing of the limit. In any case, most people are
aware of an uncertainty of a few mph. Anotheér example of use af
uncertainty 1S when to show up for an appointment or at a dipner party.
In some cireles 1t is comman knowledge to show up 15 minutes or 30 minutes
after the appointed hour for a dinner party. In any case we all have &
range of times we find acceptaple for peing 'late’.

There are many kinds of uncertainty besides the quantitative error
related to the measurement and estimation. There can be uncertainty about
what people think about the facts and the future consequences of present
decisions (3). Other kinds of uncertainties include questions like 'have
we included all events and outcomes' and '1s the description mutually
exclusive?' {(4). If a model is used, there is uncertainty about how well
1t represents reality.

&ny measurement of environmental parameters likewise will contain
some uncertainty. In addition, extrapolations of these measurements of
specific values to general predictions ilncreases the uncertainties., For
example, using the measurements in 1,000 drinking water supplies to
estimate the concentrations in all 60,000 public drinking water supplies
will involve uncertainty. These kinds of unecertalnties are inherent 1n
the measurement system itself and are an inescapable part of veality.
However the magnitude of these uncertainties can be estimated.

Communicating the 1nherent measurement and estimating quantitative
uncertaingies is often a difficult ang frustrating task. all too often,
the caveats deseribing the uncertalnty in a standard of level are lost 1n
the use of the number and the number itself is guoted without these
caveats. & partial selution to this problem 1S ta express all background
information as ranges, reflective of the uncertainty, aud only gLve a
single number as the final standard.

One general misunderstanding of the idea of uncertainty 1%
represented by those who want to get more data to reduce the
uncertainty. In some cases this 1s unnecessary. If a lifetime risk
estimate were, for example, 1n the range of 0.00001 and 0.01 extra health
effects, most people would agree that this is a quite small value and may
nat require a regulation in spite of the uncertainty of three orders of
magnitude or a factor of 1,000.



Besldes trying te educate decisionmakers about the value of knowlng
the uncertainty quantitatively, the way in which numerical estimates are
guoted should be considered. In most high school mathematics courses we
all learn about signifieant figurss. With the advent of the hand-held
calculator, we can caleniase a nurber to many significant figures. But 1f
the estimation 15 a range af 0.001 bo 100, 1t makes little senze to quote
a single value of 1.233671 as we too often do.

The development of a health-related regulation or standard is a legal
and political, as well as scientifie, endeavor that reguires specific
language and 1n most casea a specific number. Enforcement and the legal
process demand 4 speeills oumerigal walue against which to test the
situation. But the reality of existing data involves a wide range of
uncertainty in any measured or estimated value. Thus there 1s a conflict
between reality and the legal process.

The objective of determining quantitatively the uncertainty in risk
assessment information 1s to characterize reality. Not knowing how far
off an ¢stimate can be may be just as bad as not knoWing the number at
all. &n estimate of cost somewhere 1m the range of $1 to $10,000,000 is
very different than ame 1n the range of $100 to $500. The latter case
involves more certainty and is likely to be more useful.

5. CAN DIFFERENT RISKS BE COMPLREDL?

SAS a way of gettipg an understamding of what a risk 10‘q/lifet1me,

10" 2/11fetime ang 1072 /lifetime, 1t could be compared to other risks.
However, all risks do nobt bave the same characteristics and certain
complexitlies make interpretation diffieult. Comparing the risks of
ingesting or inhaling an eovirsnmetital contaminant to that of hang
gliding, rock clumbloe oc Lhéect Bltes ralges the 13sue of whicn 15
voluntary or invecluntary. Other complexities that make comparison of
risks difficult inmclude: paturzlsmanmade, luxury/necessity, old/new,
catastrophic/ordinary §5). Beczuse of these complexities it iz seldom
possible to get a gosd understanaing of a given risk level by comparing it
to other risks of the zame frequency. Thus, the understanding of a given
risk must be done on a case-by-case baslis.

4ssessing the risk due =0 an environmental contaminant is only part
of the larger picture the decislormaker is faced with. In communlecating
risk information we must realizme Lhat 1t 1s only part of the total
picture. Even in the risk -malysls 1bgelf, 1t 13 a danger to think too
narrowly, For exampls, usuzlly jJust the individual risk rate 1s not
enough 1nformation. Alsc nesded are the population risk values, the
background risk rate and the risk rate from other contaminants.

Alse, the declsiommaker, in an effort to get the 'big picture’, can
be overwhelmed wikh detail . There Ls little problem today in getting
detailed informabtioo and lats of tb.  The problem 15 te iimif that going
to the decisionmaker to whakt 1s pertinent. The risk assessor must
organize and display data ard information in a coneise way that is
understandable by the decisicnmaker.

6. ARE THERE LIMITS OR BOUNCS G# RUMERICAL COMPREHENSION?
Can we understand the prabaoility as small as ! in 100, 1 in 1000, 1

in 10,000, ... ete? Is there & point in this sequence beyond which we
cannot comprehend? The odds of winning lotteries or piveaways are often



1isted and can be even lasx than thoze listed above, Yet many people take
the chance, is this a galeulated rlsk? Do we really understand the risk
of 1 1n 10,0007

There is a limit to numerical experience that is culturally based.
in gome primative soeleties the counking sequence is 1,2,3, infinity.
That 13, a number larger than 3 158 nfinite -- 3ll numbers larger than 3
are 1nfinite or beyond comprehension. By analogy, can we understand and
make decisions based on risks of 1 in 10, 1 in 100 and 1 in 1,000, but
beyond that all risks are callsd small or negligible? The limits to our
understanding of numerical estimstes are similarly culturally limited.

Many of us resizt eatimabting timew, dlstances or apything
guantitative, It iy a well known precedure to an attormey. When asked
how often a witness went to Lthe pavk this year, the response might ba that
he doesn't know. The attorney them says is it 1,2,10, 100, more than
1007 Finally the witness responds, say not more than 100. The attorney
then tries to narrow the estimate. We all have this kind of information,
put saldom think quantltacively, or need to,

We usually respend negacively bo guantitative questions. For
example, can you name 20 oirds? Your £irst response is likely, no. But
think for a minute and wvou will soon name more than 20 birds easily. why
the reaistance? Likely it is part of cur education. We somehow come out
of 2chool with a negartive view of mmthematies and a dislike for word
problems (which many of the estlmation problems in environmental
regulation are). It 1s this fear of mathematics that leads to our
resistance to quantitate or estimate,

The limits to our abilitles be handle numerical or quantitative
estimates is thus limited oy our culture and experignce. The only way to
alter this situatfon 1s thraugh aducatlon.

7. DISCUSSION AND CONCLUSTON

The three general arsas disoussed are shown fn Table 3, with some
possible solutions. The thoughts and ideas cover a range from the
specific to the general.

In the area of eommunicating infermation comcerning the risk due to
the environmental conkaminanks, pechaps thoe easiest adjustment is to use
positive language. For example, use words such as 'range of certainty’,
‘benefit', and 'preaictable’, instead of 'uncertainty', 'risk' and
‘probability'.

However, these ipdeas and concepks must be ineluded in any
prescntation, diseussien ar analysls. Whether the true risk is calied
'range of certalnty’. Tunsertainty' or ‘error', Lt 1s reality and to
ignore this leaves the dgoimighmaker With a gkewed and simplistic
perspective about what is really known.

To transmit the complate picture of scientific and technical
knowledge about an enviroraental contaminant requires some education in
the area of guantitatlve anaiysls, Whether it 1s liked or not, the
decision maker needs the guantitaktive tool called probability and
statistics. However these concepts are exciting and interesting when
properly presented. As pointed out earlier, we use these coheepts in our
every day life from weathar to medizing, What 1s needed is teo put a clear



Table 3

Gengral Problems in Cammunicating Risk hssessment Iaformation
te Regulatory Decisionmakers and Some Possible Selutions.

Commupicate Eroblem Potential Solution

language use words with positive connotation

compler pature of risk more clarlty and reality in

asseassment information geientific and technical
information presentsd {e.g., use
uneertainty)}

lack of understanding of education

CONDRPLE JUCH 4% unoer- -+ aghools

tainty and probabilty -~ mews media

-~ uge everyday examples

pictare of these ideas about reality Ipto the amalyals of the risk
resulting from environmental contaminants.

Thus, it 1s the task of the scientist (bechnleal person) £0 introduce
and explain Lo the decision maker concepts in toxieology, chemiatry,
meterology, geclogy and physics, some grasp of Creek prefixes, orders of
magnitude apd the reality of measurement, Thesa must bg done in as
positive a manner as is possible because the non-technical decision maker
must weigh these considerations when making publie policy decisions.
Remlnding the decision maker of reality is one of the tasks we scientists
meet to perform regularly. Using positive ideas such as range of
uncertainty and relating that bto real world situations ta heip guantify
the ranmge is the step in the education process moat often negleckted.
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COMMINICATING INFORMATION TO RISK MANAGERS:

THE INTERACTIVE PHasE'
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ABSTRACT

Information display and presentation 13 one of the most serious
probiems standing in the way of more extensive and effective use of risk
analyzis. Most risk analyses as presented do not c¢lear minimal display
requirements; viz. that the user adeguately understands what the analysis
can tell him that 13 useful for his purposes, and “his is why risk
ana.¥ys5i3 so often fails as a practical aid to decision makers.
Intformation communication has two phases: "has:ic," whera the essential
infeormation Is presented in a preplanned set report; and "interactive,”
wnere the user calls up additional Information as his interest dictates.
Thie paper discusses methoda for performing the i1nteractive phase,
espacially through iInteractive computers, using novel concepts, such as
—acro modelicg, user override, and plural analysis. The communlcatiobn
methodalogy 18 exercised in the context cof twe cages: a PRA adapted to an
NRC reguiatory decislion an whether te reguire a costly backfit at an
aperating reactor; and a computer aid for making lab safety declsion,
rased on a complex risk analysis modal and oata base.

KE¥ WORDS: Risk management, information communication, interactive
computerz, deécision aids

_NTRODUCTION

An iggue of conslderable ikportance to risk analysts and other
dec1sion 3cientiats iz how to get acrosz, economically and effecbively,
the fruits of their researen efforts to dec_sion makers in government and
glsewhere. Commucicating risk mapagement information to a decision maker,
such a3 a regulator, usually has two distinet phases

The first i1s the "basic phase," wherein the communicator sets forth a
minimum set of Information that he is satisfied the user will want Lo
know, and which he can prepare anead of time, This wscally takes the Corm
of a basic report, whien 1s Tyoically a written document or a formal
or.efang. ke have addressed elsewnere methods for enhancing this phasze

1Pr-eparatmn of this paper was supported by the National Secience
Fourdation, Decisicn and Mimagement Science Program, under Grant No,
SES84-20732,



which has, 1n afy case, attracted most research attention to date (Brown &
Ulvila, 1985).

The second 18 the "interactive phase," whieh conveys aptional
information in response bo usér needs or interests that amerge after the
basre phase. In many cases, “his is the more important part of the
comrmplcation process and may aceount far the buli of The Lime the user
devates te informing himaelf about the problem zt hand. The basic Set
report may simply play the role of lawnching a dlalogue betueen yser and
researcher, wkaich carries the main burden of communieoabior,

The purpcse of this paper is to yeview some approaches Lo énhancing
Ek1s latzer interactive phase. The obpject 1s for the uzer, with a modest
axpenditure of effart, te emd up understanding what a given body of
research information {such as a rask analysils study) has to say that 1z
useful far his purposes (=.g., to wake or defend a regulatory decision}.
The work we will discuss Lg part of a larger research program on
communlecatlng With decisiopn makers, supported largely by tne National
Seience Foundation and by the Nuclear Regulakbory Commissicn. The current
findings are summarlized 1n Brown {1985&), whnich Includes references to
more detailed project reports,

The objectives of the interactive phass of communicabicn are nat
essent1ally distinet from those of the basic phase. However, there are
some distinetive thrusts. The prime function of the basic phase 13 ta
present fingings of the research which are aof direct interest to the user
{e.g., the probable implications of adepting one actien or another}; as
well as thelr most obviously relevant debermlirants {sueh as baseline rizk,
for a risk management declsion). In the 1pteractive pnase, howWever, one
may wish to focus primarily on other facets; Pmakirg the olask box
gransparent” (1.e., understanding the argument which drives the main
firdings}: pooling the findings with alternacive perspectives the user may
have access te an the same issue {ineiuding his personal Judgmertl; and
integrating the issues addrassed with other considerations e g,
political), which he will need to take wnte agcount cefore he nakes a
decision.

2. A CASE ILLUSTRALTIED APFROACH
2.1 Context

We nave been developing some techniaues, compuber-orisnted (n the
meIn, to kelp 1 the interactive phase and have begun te give them
operational implementaticn, in the form of two software prototypes
developed [or live risk managemcnt problems. The {irst of these 1s
1ntended to support a cne-ofT regulatary decision for NRC, the other is g
support repetitive lan safety decisiang at a local level for EPA. Far
conereteness, we wiil discuss cur ideas in the context of these two
cases. Nelther of them, 1t should be pointed cutb, has yel been used to
make real decisions, though bazin have been partially field tested and have
poce1ved favorable responses from users and the research compunity. The
technology i1s certainly still immatoure,

The first case relates to a declsion by the Nuelear degulatory
Commission, speeifieally the Commiszloners acting on the agw.ea of Q€fice
Diregtors, on whether to require a certain “venting” backfit at particular
operating reactors (Brown & Ulvila, 1983).

The researct informaclon LO be cammunicated, at lLeast in part, deals
primarily with the current level of “baseling" risk at the plant,



reduction in the risk to be attributed to the proposed backPit, and the
cost of installing the bhackfit. The issues hawe, in the past, been the
subject af majar probabilistic risk assessment and velateq studies, whoze
re_evant implinabions the decision makers wWish wa learn.

They have received a basic report [presented in Brown & Ulyila, 1985,
as a "sample decision support paper™) wnose central finding is captured (n
Figure 1, The rest of the vasie report 1§ eszentlally a clarificsbicn and
a summary of the rationale mehind this finding. The primary message 18
that the proppsed venting backfit has a madestly posltive net bemefit, 1f
risk reduction is valued at $1,000 per man-rem averted, but there 15 major
Jneertalnty apout this assessment, due mainly to uncertzinty in the risk
reduetion side.

2,2 The Macra Model

At the core of our approach is the "macro model,™ which is a
deceptively simple idea, developed some ben years sgo in the conbext of
evaluating nucisar safeguards {Brown & Feuevwerger, 1978). It consists
sasentilally of empressing a target variable of real interest to the user
{in this case the net dollar benefit of requiring a venting backfit} as a
function of a small number of its high-lewel determinants. These ars few
enough im rwmber, typically mo more than a score, bhat the user can work
comfortably with them, at a leval of aggregaktion that he can readily
relabte to. (Figure 1, in fact, shews an extreme form of macrs modél in
that net oenefit iz expreszed as a o term funcltion--bthe difference
between beneflt and cost.)

Usually a leser lgvel of aggregation 1s more useful. In this ca3ze,
for example, backfit net benefit was eipressed as a function of: Paseline
core melt probabllity per year; remaining plant life; baseline risks,
given core melt (onsite mar-rems, offsite and onsite property damage);
industry and NRC costy; wmpact on each of tha above due to backfit; and
the dollar equivalent of a man-rem averted. {This macro model will be an
approximation, but it could be turned into an identity by using residual
varianles, such as “any obther costs” or "any other penefits."} Such a
macro model can be used both as an organizing prineiple for desigping and
analyzing total research sffert, or far exploring the implications of a
guven research effort, as in the interactive communicaticn phase.

The macro madel is ugually not obtained ss a summary distillatzon
from an existing ans Tinely grained "miere” model, however, since the
latter is typieally not designed to produfe exactly the targst variable
pest suited to the user. Typically, “feeder" models (or analyses) are
neeged Lo grganize avallable research material 1ntd the inpats rveguired
for the macro model; ar "hridging" wodels (or analysea) te adapt vhe
cutput of alreagy axisting mogdels (sucn as PRAs) inte 1bput for the macro
model, This need for adaptation way certainly true of the case atudy in
questian. For example, available PRAS addresgea only the prosabllity of a
core melt that was Lnterpally initiated. Externally iniciated events
{zuch as station klackout) needod tv be addressed from some other Source,
1n order to come up with an overall probability of core melt {one of the
MBETD LOPULS).

Pilgure 2 shows the main macrc model display developed for the backfit
decislon, as displayed on an interactive PC scrgen. The complete
compuberized ald i3 described in Ulvila and Thempson (1985).

For 2gch of the input variables cited above, there is an assessment
consisting of a medlan estimate and a %0% uncertainty range about where an
“jdeal"™ egtimate might lie. (The meaning of this concent 1s discussed Iin
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Cost-Benefit of Venting: Expectation and hzeessment Uncertairnty (20% Range)

Brown {1985a)). The scrser alsc draplays implication of these asasssments
for the target assess®ent, exzpressed as a mean and 90% range (on the
arguable grounds tkat, whila che median 15 more readily assessed, the mean
15 a more userit] performance measure). 3ocme incermediate calculations of
peotential interest are also displayed, such as mean Lopits, benefits and
aostz. The user of the macro medel can set {or change) any of tha 1npuk,
ard havwe immediately diaplayed impact on output and intermediata
assessmanta.

Altheugh struckuraily simple. the development of this sereen requires
non-trivial attention to formulation and display from the point of view of
user friendliness and to the computatioral algaritlms af uncertainty
propagaticn. Because the format of chese assessments was selected for
eage of jodgmenctal assessment and verificatien by the user., chey reguired
some br:dging with PRA material.
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Figure 2

Macro Model Screen for Backfit Decision



7.3 Plural Analysis

This simple macro modecl device can be used to perform several
Jistinguishable functions in the interactive communication phase. In
parcicular, it can be uzed to make transparent the "nlagl box" of the
underlying PR& and other research, by showing how the target assessment is
related to key determnloants.

However, it emn also perform more ambitinus tasks having to do with
integrating the material being communicated with alternative perspectives
on the same issues, which we raefer to as "plural analysis" (Brown &
Lindley, 1082, 1985). For erample, it can enable the user to spiice in
his own judgment {or any other informatiom ke mmy have] by cverriding the
input assesstents he wishes ta take jsgue with (or to test the sensitivity
af the output to), It can also be used to nelp the user popl information
repregented by the macro model with alternative mode.s and assessments of
the same target variable, using the pooling techniques of plural
analysis. In partigular, it provides a quantified measure of confidencs
in rindings, in the form of a 90% uneertainty range, which can be made 0
reflect the user's persenal confidence im the main areas of analysis
{through input 90% ranges}. This cam be used in weighting alternative
assezsments fincluding this one) For pooling purposes. ’

2.4 Multi-Level User Override

The second case study, dealing with a communication aid Tfar zafety
depisions, takes the "user override” idea a significant stage further.
The underlyihg research maberisl bo be communicated in this case was a
very large "micro model,” consizting of an cutensive techrizal data base,
integrated with a complex risk apalysis moge] and maltiattribute utility
model. In pringiple, ikt will take any chemical substance subjoected to a
laboratoby aperation and caleulate the relative value of adoptlng ame
safety measure or another. The problem with this, as with any general-
purpose decision aid designed in advance of any particular decision
situation, i=m that wken a decisicn situation actually arises, the deciziam
aié never egactly fits. It needs to be adapted to the special
cirgumstaness. In particular, the substance-Operatiaon-safety measure
combination may not have besn mnticipated; and the assessments
imcorperated in the large ™micro” model may not be based on the mostT
relevaht informabion that may then be currently avallable.

To attempt to address this preblem and introduce the necessary
flexibiliky, we developed an elaborate user interface wnich allowes the
user to Inspect and ovarride variables at ady of a large number of levels
within the micro mgdel. The mair user override features aof the zid are
snown inm Figure 3 (for a detailed deseription, see Mendez, et al.,
198%a,b3. ‘The boies whose titles are underlined are inputs; those in
papitals are outputs; and those Wnich are both capitalizen and underlined
can be beth inputs and outputs. These are the user override variables.

For example, if the subatanes being analyzed is nat on the stored
l1st, A close analogy can be selected (firat column of boxes], and it=
chemical preoperties displayed (in the second column). These can then be
adjusted, in the override mcdez, for any judged differences and carriad
through in the model's remaining caleulations. Alternatively, at an
intermediate level, the user might observe that the calculated probability
of upset does not jibe with his experience ab this facility, and he mey
pverride it. Yet again, the relevant cost of using a fume hood as a
=afety measure bay be higher than the standard cost stored in the data
base, because all available hoods are already belng used, and So the
opportunity cost of a nocf is abnarmally high. The user may even Wish to
override stored value judgments; for example, he may not wish Ta use §1
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A User Override Madel to Evaluate Lab Safety Measures

million as the value of a humar .1fe or give the health eof laboratory
workers only 1/10 of the welght af the health of the general publie (hoth
af which were default paramebers).

In a sense, this user override aid is a generalization of the macro
model. It can be thought of as a macro model which can be specified at
varying levels of depth, and any of the uses to which the macro model can
be put, this override aan 2¢ put to also. For example, it can be used to
merge plural analyaes, [nolucing spllcing Ln the uger's independent
judgment, at any point in the madel Where input can be supplied.

3. CONCLUSION

3.1 Design of an IlnParmzblon Managerent System

Figure 4 recapitulates the various elements discussed above for a
man-model i1nformatlon management system, for the interactive communication
phase. It shows how the primary data base, which may be cne or more
extensive studies andfer mogels is successively transformed and reduced
Lhto a form where 1t direokbly answers the user 's question, More
important, 1t s=hows how the user's Judgment {and other data he has access
to) can be introduced akt varying points 1n the transformation in a dynamic
interactive fashion; suon that at the end of the interactive phase the
user has extraected from {ard incorpaorated into) the research material
being communicatea, wnat be needs ta make a balanced and informed
degigion,

3.2 Institutional Issues of Interactive Communication

We have talked as 1f cur information communication tools were to be
used directly by the deciaion maker/user to selectively dlg out and absorb
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An Information Management System

what he needs freom the researsh material to be communicated. In fact, we
believe that a quite separable role needs te be played, that of the
Heommunicator,™ who mediates between cthe user and researcher.

For the foreseeable future, we see the user needing to interact
diractly with the comMunicabor, wno anawer s iser's guestions uging
wWnatever data and tcol3s ha has available, = . ..ng, but certeinly naot
limited to, the camputer-oriented alds we nave been discussing. Indeed, a
sufficiently skilled and well-informed communicator would not need any
aids at ail to be effective, but could draw directly on his own
knowledge. Howewvar, we have not yert ssen his likes, and he would need
guite unusual taient, tralning and keowledge, Nor have we seen a user
with sufficient training and leisure to access the data direectly or
chrough computer-aided tools, withour the mealation of as competent a
communicator as he can find.
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