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A study was undertaken to test for anchoring effects when numerical probabilities were elicited 
for carcinogen hazard designations. Subjects were asked to assign probabilities to both probable 
and possible. The sequence was randomly varied so that half of the subjects evaluated probable 
first and half evaluatedpossible first. While there was no consensus on the numerical probabilistic 
meanings assigned to these verbal expressions, in general, probable was assigned a higher prob- 
ability than possible and there were specific values that were assigned frequently, indicating some 
consistency in interpretation. There appeared to be a fairly constant scaling factor between the 
probabilities assigned to the designations. Anchoring was manifested in two ways: a smaller 
difference between the designations when they were evaluated in sequence than when they were 
evaluated in isolation, and assignment of readily accessible “benchmark” values such as 50% and 
75%. 

1. INTRODUCTION 

KEY WORDS: Hazard identification; carcinogen classification; verbal probability expression; probable human 
carcinogen; possible human carcinogen. 

When research and regulatory agencies evaluate 
chemicals for human carcinogenic potential, these chem- 
icals are classified based on the degree to which the 
evidence is judged to be conclusive. The classifications 
are designated by terms such as known, probable, and 
possible, which denote levels of This 
process is referred to as hazard identification and is one 
of four steps in the carcinogen risk assessment process. 
Since hazard designations are more accessible and less 
technical than either carcinogenic potency or exposure 
data, they play an important role in risk communication. 
A preliminary survey was conducted to elicit probabilis- 
tic meanings and to test for anchoring effects when re- 

spondents are asked to assess both probable and possible 
as designations of carcinogen hazard. 

2. PRIOR LITERATURE AND HYPOTHESES 

Teigenc4) has identified five dimensions that are 
critical to the way statements of uncertainty are inter- 
preted. The first of these dimensions is the probability 
level. In the context of communicating carcinogen haz- 
ard, the probability level may reflect either the likelihood 
that cancer would result from exposure or the mechan- 
istic plausibility that cancer could, under the right con- 
ditions, be induced by the chemical. The second of 
Teigen’s dimensions is the seriousness of the outcome. 
Thai the outcome is cancer rather than something less 
dreaded can in a ‘Ontext effect On the interprets- 
tion of carcinogen hazard designations. The effect of 
context is demonstrated by Kraus et ~ l . ( ~ )  in their study 
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of intuitive toxicology in which they show that the pub- 
lic’s concern about exposure to toxic and carcinogenic 
substances is insensitive to dose. Teigen’s third dimen- 
sion is whether the source of the uncertainty is incom- 
plete knowledge or stochastic variability. In classifying 
animal carcinogens for human carcinogenicity, uncer- 
tainty results from incomplete knowledge of how animal 
and other data can be extrapolated to humans when hu- 
man data are lacking. However, there are also elements 
of stochastic variability in carcinogenesis. The fourth 
dimension Teigen describes is the degree of noncom- 
mitment. Probable and possible can be used by com- 
municators to convey vagueness and lack of consensus 
on other dimensions such as probability level and degree 
of uncertainty. The final of Teigen’s dimensions is whether 
the term draws attention to a positive possibility or to 
the lack of complete certainty. To illustrate this distinc- 
tion, terms such as it is not quite certain or it is some- 
what doubtful (that a particular chemical is a human 
carcinogen) would draw attention to the lack of complete 
certainty. Conversely, terms such as possible and prob- 
able draw attention to the positive possibility and thus 
impart a specific tone to the communication of uncer- 
tainty. 

Probable and possible are used by the U.S. Envi- 
ronmental Protection Agency (EPA) and the Interna- 
tional Agency for Research on Cancer (IARC) to 
distinguish agents based on qualities of the evidence per- 
tinent to human carcinogenicity. Approximately 80% of 
the agents for which there are sufficient data relevant to 
carcinogenicity are labeled probable or possible; there- 
fore, these two designations are key to the communi- 
cation of carcinogen hazard. However, in this application, 
numerical probabilistic meanings are not specified. A 
classification ofprobable is supported by what is judged 
by agency scientists to be more conclusive evidence for 
human carcinogenic potential than that resulting in apos- 
sible classification. Thus, probable is used to represent 
greater hazard than p~ssible.(*~~) A numerical interpre- 
tation of a designation does not translate to an individual 
risk of cancer given exposure or to a population fre- 
quency of cancer but rather to a subjective uncertainty 
about whether or not the compound could cause cancer 
in humans. From decision theory, if a perfectly cali- 
brated judge were to assign to each of a group of chem- 
icals an identical subjective numerical probability of its 
being a human carcinogen, the fraction of that group of 
chemicals that actually proved to be carcinogenic would 
equal the probability assigned. In other words, the per- 
fectly calibrated judge would be right the percentage of 
time that equalled his subjective probability assign- 
ment.@) Subjective uncertainty resulting from incom- 

plete knowledge is one of Teigen’s five dimensions of 
uncertainty. As with other the study de- 
scribed in this paper is concerned with eliciting proba- 
bility levels, but as Teigen points out, the interpretation 
of the terms is influenced by other important dimensions 
of uncertainty. 

A priori, it was expected from common usage that 
if point probability estimates were elicited for the des- 
ignations, possible would be assigned a probability lower 
thanprobable, probable would be assigned a probability 
greater than 50%, and possible would be assigned a 
probability less than or equal to 50%. However, possi- 
ble, by reflecting an event with something greater than 
a 0% chance of occurrence could be used to describe 
any event that has a probability of occurrence greater 
than 0% and less than 100%. This results in a more 
nebulous probabilistic connotation for possible than for 
probable. These relationships are confirmed by various 
studies. For example, Mosteller and Y o ~ t z ( ~ )  report mean 
and median probability assignments between 62% and 
80% for probable in 10 different studies and between 
27% and 55% for possible in 9 studies (Table I). In 
Mosteller and Youtz’ study of science writers, possible 
has a larger range of probabilities assigned than most of 
the other expressions evaluated. However, the authors 
observe that possible seems to have distinct meanings 
for different groups and propose that the range of its 
probability assignments is not due to a general conno- 
tation of vagueness but instead, to a general diversity of 
interpretations. In a study of expressions of frequency, 
Pepper and Prytulak(12) showed that the numerical inter- 
pretation of a frequency expression is strongly influ- 
enced by the general frequency of the events it describes. 
That is, probable when it describes a high probability 
outcome from a relatively rare event could be expected 
to be assigned a lower numerical probability than prob- 
able when it describes a high probability outcome from 
a relatively common event. Thus, the context in which 
verbal probability phrases are used can affect numerical 
interpretations of the phrases.(13J4) Based on the average 
values reported in Graham’s(”) study, where he exam- 
ined seven descriptors of carcinogenic hazard and in the 
studies cited by Mosteller and Youtz, probable consis- 
tently communicated more certainty thanpossible. There 
does not appear to be a difference in magnitude between 
the probabilities assigned in Graham’s study using the 
context of carcinogenicity and the other studies that used 
either no context or a context other than carcinogenicity. 

In studies eliciting numerical meanings for verbal 
expressions, the words are often presented in arrays and 
the assessment of any given word can be influenced by 
the values ascribed to the words surrounding it. An an- 
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Table 1. Mean and Median Probabilities Assigned to Possible and Probable in this Study, Graham's 
Study'"), and Multiple Studies Reported by Mosteller and Youtz@) 

Studies listed by author 
Sample 

size Possible Probable 

S.E. Spedden and P.B. Ryan, probable-first (1991) 
S.E. Spedden and P.B. Ryan, possible-first (1991) 
J.D. Graham (1989) 
J.D. Graham, scored alone (1989) 
E.M. Johnson (1973) 
A. Kong, G.O. Barnett, F. Mosteller, and C. Youtz, uniform scale" 

A. Kong, G.O. Barnett, F. Mosteller, and C. Youtz, free choiceb 

R.T. Reagan, F. Mosteller, and C. Youtz (1989) 
F. Mosteller and C. Youtz (1990) 
S. Lichtenstein and J.R. Newman (1967) 
J.M. Levine and D. Eldredge (1970) 
D.V. Budescu and T.S. Wallsten (1985) 
G.D. Bryant and G.R. Norman (1980) 
V.F. Reyna (1981) 

(1986) 

(1986) 

38 43 
38 43 

202 41 
100 58 
28 51 

170 27 

144 - 
115 4@ 
230 33 
186 37 
20 55 
32 38 
32 43 
41 55' 

60 
70 
67 

62 

65 

64 
7w 
70 
71 
71 
72 
77 
8(Y 

In the uniform scale format, choices for answers were integer increments from 0-10 out of 10 (e.g., 2 of 

In the free choice format, any number between 0 and 100 was an acceptable answer. 
Median. 

10). 

Table 11. Questions Used to Elicit Probability Assignments for 
Probable and Possible 

Please answer question 1 before opening the flap and reading question 
2. 

1. We are going to ask you questions about chemicals that may or 
may not cause cancer. We will be asking you to use a scale that 
goes from 6100%. On this scale, a chemical that definitely causes 
cancer in humans would be rated 100%. A chemical that definitely 
does not cause cancer in humans would be rated 0. Suppose you 
hear that scientists have classified a particular chemical as a pos- 
sible (probable) human carcinogen. On this scale, how would you 
rate this chemical? 
Answer: 

2. Suppose you hear that scientists have classified a particular chem- 
ical as a probable (possible) human carcinogen. How would you 
rate this chemical? 
Answer: 

choring effect(1s.*6) occurs when numerical responses are 
influenced by the value chosen as the starting point for 
formulating an assessment. Anchoring can occur when 
subjects are asked to assign values to two or more quan- 
tities and the magnitude of adjustment they make after 
assigning the first value to assigning succeeding values 
is insufficient. The starting value is typically an acces- 

sible number such as a known quantity, a best guess, or 
an estimate of the median of a distribution. In the study 
described in this paper, anchoring can occur in two ways: 
(1) subjects can anchor the probability they assign to the 
second designation on the probability they assign to the 
first; or (2) they can anchor one or both probability as- 
signments on readily accessible values. Anchoring can 
result in a smaller difference between the assignments 
than if the designations are evaluated independently or 
can be manifested by consistent assignments at fre- 
quently used values. 

The study described in this paper was designed to 
test for an anchoring effect when only two phrases are 
evaluated, thus, the sequential presentations, (1) prob- 
able then possible and (2)  possible then probable are 
pertinent. However, since the respondents were not al- 
lowed to change their first answers after reading the sec- 
ond question, the study can also be used to examine the 
meanings ascribed to each word in isolation. 

3. SURVEY ADMINISTRATION 

In this investigation, the survey questions (Table 11) 
were administered to two classes of graduate-level health 
management students. Half of the respondents were asked 
to assign a probability to possible first and half to prob- 
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able first.3 The questions were typed on pieces of paper 
that were folded and stapled so that the second question 
was not read before the first was answered. For each of 
the two sequences, there were 38 usable point-estimate 
responses, resulting in a total of 76 usable responses. 

4. RESULTS AND DISCUSSION 

4.1. Comparison of Numerical Probabilistic 
Meanings for Probable and Possible 

Most of the respondents assigned point probabilities 
to the designations. Since the examples given were point 
estimates (Table 11), the question wording may have dis- 
couraged an interval answer. Alternatively, since sub- 
jective probability assignments already incorporate 
vagueness and uncertainty,(”) a range estimate may be 
redundant. This study limited analysis to point estimate 
responses to provide comparability with other studies, 
ease in calculating mean values, and clarity in detecting 
anchoring effects. 

Almost all of the respondents followed the basic 
assumptions and assigned probable a probability higher 
than possible, possible a value of 50% or lower, and 
probable a value greater than 50%. However, some of 
the respondents violated these assumptions. In 11 of the 
76 usable point estimate responses, probable was as- 
signed a score that was the same as or lower than the 
score that was assigned to possible. Some respondents 
may have had difficulty differentiating probable and 
possible because only two expressions instead of several 
were used, both expressions commonly represent more 
central than extreme likelihoods, and they were pre- 
sented sequentially instead of simultaneously. Some in- 
vestigators note that on a probability scale, the relative 
positions of probabilistic phrases can vary among indi- 
viduals(”) while others(11J8) report that, in general, the 
relative ranks are fairly constant and unaffected by con- 
text. The specific expressions evaluated and the format 
in which they are presented could determine which of 
these effects is observed. 

The mean probabilities assigned to possible and 
probable (Table 111) are comparable to values cited by 
Mosteller and Youtz (Table I) and to values observed 
by Graham.(”) Thus, the summary measures seem to be 
fairly constant from study to study. The ranges of prob- 
abilities assigned to possible and probable overlap. Thus, 

Thcse questions were designed with the help of  Dr. Nancy Neil, a 
cognitive psychologist and decision scientist. 

Table 111. Measures of Central Tendency for Probabilities Assigned 
to Probable and Possible used to Describe Carcinogenic Hazard 

Possible-first Probable- first 
Possible Probable Possible Probable 

Sample size 38 38 38 38 
Median 50 15 50 62.5 
Mode 50 75 50 75 
Mean 43 I0 43 60 
SD 22.4 17.9 26.7 26.0 

even though most subjects ordered the designations as 
expected and assigned them different scores, there may 
be no numerical interpretations that unambiguously dif- 
ferentiate them. 

The mean probability score is not necessarily rep- 
resentative of the probability assigned by most individ- 
uals. For example, the mean probability assigned to 
possible by both groups was 43%, but only three of the 
76 respondents assigned a score in the range from 31- 
49%. Probable was assigned its mean value by only six 
of the 76 respondents. In this study, the mode represents 
a sizeable segment, about one third, of both theprobable 
and possible responses and captures the common inter- 
pretation of the phrase more effectively than the mean. 
However, risk communication efforts based on one of 
the summary central value statistics would not commu- 
nicate accurately to respondents at both extremes who 
might interpret the designations much differently from 
what was intended by the communicator. 

Scatter plots of the data indicate that there may be 
a linear relationship between the value individuals assign 
to possible and the value they assign to probable (Figs. 
1 and 2). The sample correlation coefficient, r, and the 
95% confidence interval on the population correlation 
coefficient, p, are .46 (.17-.64) for the possible-first 
case and .65 (.40-.81) for theprobable-first case. Thus, 
a linear relationship between these two values is a rea- 
sonable conclusion. For each question sequence, the line 
through the points that minimizes the perpendicular dis- 
tance from the point to the line was calculated. These 
least distance lines are more appropriate for comparisons 
of these data than least-squares regression lines because 
it is not necessary to designate one of the variables as 
independent and the other as dependent. The fitted lines 
are shown in Figs. 1 and 2. In addition, the ratioprob- 
ablelpossible was calculated for both the possible-first 
and probable-first groups. The peak of the frequency 
distributions for the ratios is in the range having a mid- 
point of 1.55 (range: 1.2-1.9). The linear fit and the 
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near-constant ratio may indicate that for many people, 
there is a consistent scaling from possible to probable 
or fromprobuble topossible that could reflect an internal 
calibration. If a value were specified for one of the two 
designations, respondents should be able to scale the 
other designation proportionately. Alternatively, sub- 
jects may choose the values they assign more for their 
accessibility than for their numerical relationship to each 
other, they may find it difficult to accept a new definition 

for a probabilistic phrase that to them already has a spe- 
cific numerical meaning, and they may be using readily 
accessible values such as 50% to indicate approxima- 
tions and might be unwilling to change their assignments 
to values that seem more precise (e.g., 46% or 53%). 

4.2. Anchoring and Effects of Sequence 

Based on the averages and ranges of the probabil- 
ities assigned, sequence seems to affect the values as- 
cribed to probable but not to possible. The descriptive 
statistics are summarized in Table 111 and illustrated by 
box plots in Fig. 3. All three measures of central tend- 
ency for possible are the same regardless of whether it 
is evaluated first or followsprobuble. Forprobuble, the 
means and medians differ between the two sequences, 
but the modes are identical. The ranges of probabilities 
assigned to both designations are large. Beyth-Mar~m(~) 
uses the interquartile range (&-G5) to highlight the 
most common numerical assignments and the 80% range 
(Clo-(&,) to highlight the variability in numerical as- 
signments. These measures illustrate greater variability 
in probability assignments when probable is assessed 
first than when it followspossible. In both sequences, 
probable has a narrower interquartile range than possible 
indicating better agreement about numerical assignments 
for probable than for possible. Mosteller and Youtz(*) 
also report thatpossible has a broader range of numerical 
interpretations than probable. The small variability for 
assignments to possible reported by Beyth-Marom(') could 
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be due to an effect of translation since in her study the 
probabilistic phrases were given in Hebrew and have 
been translated. 

An appreciable fraction of the respondents assigned 
a score around 50% to the designation they evaluated 
first. The numerical meanings of possible and probable 
may be sufficiently obscure that when people are con- 
fronted with either in isolation, they start by assigning 
an accessible central value. Others have reported that 
probabilistic phrases can be interpreted as more central 
and less specific than intended by the communicator.(lg) 
Since 50% is the mode probability assignment for pos- 
sible in both sequences, this assignment may reflect a 
common probabilistic interpretation unaffected by an- 
choring. Most of the subjects who scored possible first 
and assigned it a value near 50%, assigned probable a 
value near 75%. This has a stabilizing effect on the dis- 
tribution of probabilities assigned to probable demon- 
strated by a narrow interquartile range and can be attributed 
to anchoring. 

Two cases at the tails of the distribution of scores 
assigned to probable, among those evaluating probable 
first, appear to demonstrate an anchoring effect, since 
the adjustments are fairly small. Of the respondents who 
scored probable first, the five who assigned probable a 
score of 15% or lower, assignedpossible a score of 10% 
or lower. The three who assigned probable a score of 
1 OO%, assigned possible scores of 75-100%. However, 
the assignments could reflect other issues, such as degree 
of confidence in the scientists who determine carcinogen 
classifications, overall beliefs about risk from chemicals, 
and interpretation of how probabilistic expressions are 
used in a regulatory context. Beyth-Marom(’) character- 
izes these effects as: (1) personal evaluations in contrast 
to pure numerical translations; and (2) the influence of 
the desirability of the event on probability assessments. 
These effects could be manifestations of the influence 
of some of Teigen7sc4) other dimensions. For example, 
the source of the uncertainty is incomplete knowledge 
rather than statistical variation, the communicators could 
be using these terms to communicate vagueness or lack 
of consensus, and the terms communicate a positive pos- 
sibility instead of a lack of complete certainty. 

The inclination might be to attribute to anchoring 
the difference in means between when probable is eval- 
uated in isolation and when it is evaluated following 
possible. However, it is significant that the modes, which 
represent a sizeable segment of the respondents, show 
no sequence effect. The difference in means between the 
two sequences can likely be explained by the fact that 
the words were not evaluated simultaneously. More than 
half of the respondents assignedprobable a score lower 

than 70% when they scored it first, but less than one 
fourth scored it lower than 70% when they evaluated 
possible first. As discussed earlier, this effect occurs 
because many respondents assigned the phrase they eval- 
uated in isolation a value near 50%; thus, probable was 
more likely to be assigned a lower value when it was 
evaluated in isolation than when it was evaluated follow- 
ing possible. 

5. CONCLUSIONS 

Likely anchoring effects were detected in this study. 
For example, accessible values were assigned to both 
designations by a large fraction of the respondents, 
probable had a less variable interpretation when it fol- 
lowedpossible than when it occurred first, and respon- 
dents who assigned the first designation they evaluated 
an extreme value tended to assign the second designation 
a value close to the same extreme. An exact universal 
numerical interpretation does not exist for either possible 
or probable. In fact, the range of probabilities assigned 
is large, and even the 80% ranges are not mutually ex- 
clusive and cannot distinguish the two terms. However, 
despite sources of ambiguity in the interpretation of these 
verbal expressions of uncertainty, there are some points 
of consistency. Most of the respondents in this prelim- 
inary survey ascribed to probable a meaning of more 
likely than not (greater than an even chance) and topos- 
sible a meaning of no more than as likely as not (at most 
an even chance) and the interquartile ranges are nearly 
mutually exclusive. The mean probability scores do not 
reflect most individuals’ numerical interpretations of either 
of these terms. However, a substantial fraction of the 
respondents assigned probable a value about 75% and 
possible a value about 50%, which are the modes of the 
distributions. Various factors can modify the numerical 
interpretations. Those people who respond to the effect 
of the hazard (cancer) or to the source of the commu- 
nication (e.g., a government agency) rather than to the 
different levels of uncertainty represented by the desig- 
nations might be expected to ascribe nearly identical 
probabilities to both designations. The proximity of other 
expressions of uncertainty, the sequence in which the 
expressions are presented, and the context in which the 
phrases are used can also influence the probabilistic 
interpretations. 

The agencies’ use of designations for carcinogen 
hazard that can have implicit numerical meanings and 
important nonnumerical dimensions is key to risk com- 
munication. Though some common interpretations for 
probable and possible can be identified, there are ex- 
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ceptions to these interpretations that must be considered. 
When these words are used to describe uncertainty sur- 
rounding the potential for human carcinogenicity, they 
should represent levels of uncertainty compatible with 
their common interpretations and their intended mean- 
ings should be stated. 

Hazard designations are used to describe categories 
that differentiate agents by their likelihood of being car- 
cinogenic to humans. Level and pattern of exposure as 
well as carcinogenic potency are not part of IARC’s 
assessment and are considered separately from hazard 
identification by EPA. Since it is described with words 
that are in common usage, an agent’s hazard classifi- 
cation is more accessible than either its exposure or po- 
tency information and can be applied more readily to 
risk communication. However, assessments that include 
considerations of elements such as exposure level and 
potency characterize the level of risk and should form 
the basis for risk communication. Thus, designations that 
implicitly convey probability of adverse effects should 
be reserved for classifications that are based on assess- 
ments of risk rather than only on assessments of hazards. 
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