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Abstract

Previous studies have shown that people’s decisions are af-
fected by context in various ways, even when they are provided
with the same or analogous information. In the present study,
we analyzed decisions based on verbally expressed probabilis-
tic phrases (verbal probabilities) and examined how contextual
factors affected such decisions. In particular, we focused on the
difference in contexts that produced different probabilistic be-
liefs with regards to uncertain events. We hypothesized that
such contextual effects could be explained in terms of a Deci-
sion by Sampling (DbS) account (Stewart et al., 2006). In order
to examine our hypothesis, we proposed a modified version of
DbS, Decision by Belief Sampling (DbBS), and conducted be-
havioral experiment about decision making. In this experiment,
we set different contexts that we expected to produce different
probabilistic beliefs regarding uncertain events for decision-
makers and examined how such differences affected decision
making. Results showed that decisions were significantly af-
fected by the variation in contexts, and DbBS well explained
such effects.

Keywords: verbal probabilities; Decision by Sampling (DbS);
directionality of verbal probabilities; contextual effects in de-
cision making

Introduction

In research on decision making, many researchers have
shown that people are affected by various contextual effects.
For example, people tend to exhibit different risk attitudes
depending on the gain or loss domains of the situation in
which they make their decision (Kahneman & Tversky, 1979),
or make different decisions with regards to logically equiva-
lent but differently described problems (Tversky & Kahne-
man, 1982). In the present study, we shall discuss the effect
of context on decisions based on probabilistic information. In
particular, we shall focus on decisions based on verbally con-
veyed probabilistic information.

Probabilistic information can be conveyed in two
main ways: the numerical way or the verbal way. Probabili-
ties are usually represented by numbers such as “50%.”
However, in daily life, people often use verbal expressions
such as “it is likely” or “it is uncertain.” We call these kinds
of expressions verbal probabilities. Verbal probabilities are
known to be categorized into positive or negative expressions

in terms of directionality (Teigen & Brun, 1999). The direc-
tionality refers to a communicative function that focuses lis-
teners’ attention toward the occurrence or non-occurrence of
an uncertain event. For example, when conveying a low prob-
ability, a person may say, “There is a small hope,” or, “It is
unlikely.” Although these two expressions convey a similar
degree of probability (i.e. a low probability), their nuances
are quite different. The former positive expression causes lis-
teners to focus on event occurrence. In contrast, the latter
negative expression causes listeners to focus on event non-
occurrence. Previous studies showed that this directionality
affects decisions. Teigen and Brun (1999) and Honda,
Matsuka, and Ueda (2017) showed that even when positive
expressions (e.g., there is some possibility) and negative ex-
pressions (e.g., it is quite uncertain) were interpreted as con-
veying similar probabilistic information about the effective-
ness of a treatment (e.g., the two expressions were interpreted
as conveying around “30%”), participants were still more
likely to recommend the treatment to a friend if they had been
presented with a positive expression than if they had been
presented with a negative expression. Thus, the directionality
generated a “framing” effect (Teigen & Brun, 2003).

How does the framing effect caused by the direc-
tionality occur? Previous findings (e.g., Honda et al., 2017;
Honda & Yamagishi, 2017) indicated that listeners’ infer-
ences about speaker’s probabilistic belief were related to the
effect of directionality. When presented with a positive ex-
pression such as “There is some possibility,” listeners tended
to infer that the speaker had a low probabilistic belief for the
effectiveness of a treatment. For example, listeners tended to
infer that the speaker believed that the probability of effec-
tiveness of the treatment was low (e.g., around 10%). In con-
trast, when presented with a negative expression such as, “It
is quite uncertain,” people tended to infer that the speaker had
a high probabilistic belief such as “90%.” This listeners’ in-
ference can become the reference region, and the reference
region affects decision making. For example, when the two
expressions, “There is some possibility,” and, “It is quite un-
certain,” are interpreted as conveying a similar probability
(30%), the meaning of the 30% may differ depending on the
reference region: In referring to the low reference regions
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Figure 1. Summaries of the DbBS. (A) Probabilistic belief regarding an uncertain event (probability density function of
beta distribution). (B) Subjective target value (cumulative distribution function of beta distribution).

around 10%, people may regard 30% as a “good” probability
since 30% is better than the reference region. In contrast, in
referring to the high reference region around 90%, 30% may
be regarded as a “bad” probability since 30% is worse than
the reference region. That is, directionality implicitly indi-
cates a speaker’s probabilistic belief and a listener will refer
to that belief in making decisions. This argument was based
on the information leakage account of the framing effect
(McKenzie & Nelson, 2003; Sher & McKenzie, 2006, 2008):
Logically equivalent, but different frames “leak’ information
that is relevant to decision making, and people refer to such
information in making decisions.

Honda et al. (2017) proposed the Decision by Belief
Sampling model (hereafter, DbBS) in order to model this de-
cision process. This model was essentially based on the De-
cision by Sampling model (Stewart, 2009; Stewart, Chater, &
Brown, 2006, hereafter, DbS). In DbS, subjective attribute
values are constructed by a series of binary, ordinal compar-
isons to a sample of attribute values that reflect the immediate
decision context and real-world distribution. The subjective

value for a target is calculated as follows:
R—-1
r=—

N—1 ey

where 7 (0 < 7 < 1) denotes the subjective value for a target,
and R denotes the rank of the target within the decision sam-
ple of N items. In this model, if the decision sample differs, »
varies in the relationship between R and the decision sample.
Imagine the subjective value for $40. When decision samples
are $10, $20, $30, $30, and $50, the subjective value is r =
(5-1) / (6-1) = 0.8. In contrast, in decision samples of $20,
$30, $70, $80, and $90, the subjective value is » = (3-1) / (6-
1) = 0.4. That is, even when the target has the same attribute
value, the subjective value varies depending on the decision
samples. Previous studies indicated that by controlling deci-
sion samples, people’s decision tendencies were changed
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(e.g., Alempaki et al., 2019; Noguchi & Stewart, 2018; Wala-
sek & Stewart, 2015, 2019)

DbBS is the model for the decision making context
wherein a person has to make a decision based on probabilis-
tic information (e.g., whether a person recommends the treat-
ment to her/his friend based on probabilistic information,
“There is some possibility that the treatment is effective”).
Figure 1 summarizes DbBS. There are two basic assumptions
in DbBS. First, the decision-maker (DM) refers to her/his
probabilistic belief of an event occurrence and the decision
sample is then constructed according to that belief. Figure 1
(A) shows five examples of probabilistic beliefs. Example 1
represents the belief that an event will occur or not with high
uncertainty and without skewness. Similarly, in Examples 2
and 5, the DM has the belief that the event will occur with
low or high probability with relatively low uncertainty and
positive or negative skewness. Example 4 represents the be-
lief that an event has approximately a 50% chance of occur-
rence with low uncertainty and without skewness. Example 3
represents the belief in which the DM has no idea about the
probability of an event. In DbBS, these beliefs are repre-
sented by probability density function (PDF) of beta distribu-
tion. Second, we assume that a subjective value for a target
probability is constructed from the comparison between the
target probability and the probabilistic belief. The subjective
value of a target has a direct connection to the cumulative
distribution function (CDF) of the beta distribution. This is
because the subjective value of a target is determined by its
relative rank (cumulative frequency) within the sampled
events (Stewart et al., 2006). Figure 1 (B) shows the subjec-
tive values. As is apparent, the subjective values depend on
the probabilistic beliefs, and so the subjective values can dif-
fer even for the same target probability.

Honda et al. (2017) showed that DbBS can well ex-
plain decisions based on verbal probabilities. Specifically,



they showed that participants tended to have low (or high)
probabilistic beliefs when presented with positive (negative)
expressions and that this difference could well explain the
different decisions depending on the presented directionality.

The contextual effect: How does the shift of proba-
bilistic beliefs affect decisions?

DbBS hypothesizes that when a DM has a different probabil-
istic belief about an event (i.e., a different decision sample is
constructed), that DM will exhibit different decisions even
for the same probabilistic information. Thus, by controlling
DMs’ probabilistic beliefs, decisions based on probabilistic
information can vary.

In their study, Honda et al. (2017) only used the
cover story of decision about whether people would recom-
mend treatment of migraine to a friend. This context may
have been rather vague in terms of probability of success of
the treatment, and probabilistic belief about the cover story
was not controlled. In the present study, we controlled DM’s
probabilistic beliefs by decision context and examined its ef-
fect on decision making. Consider the probability of success
with regards to the operation for appendicitis or a serious dis-
ease. People may believe that the probability of success is
high (or low) for appendicitis (or a serious disease). DbBS
predicts that the evaluation for a “50% success rate,” differs:
Since the DM may refer to a decision sample of low proba-
bility, the evaluation of the “50% success rate for the opera-
tion for a serious disease,” may be higher than that for appen-
dicitis (see Examples 2 and 4 in Figure 4). Thus, even in re-
sponse to the same probabilistic information, a DM may rec-
ommend an operation for a serious disease more than they
would for appendicitis.

This hypothesis may be true for decisions based on
verbal probabilities. DbBS predicts that people recommend
operation for serious diseases more than they do for appendi-
citis, even when presented with the same expression such as,
“There is some possibility,” or, “It is unlikely.”

In the following sections, we shall report the behav-
ioral experiment and analyses based on DbBS.

Behavioral experiment

Method

Participants One hundred and twenty Japanese people (ny.-
male = 59, mate = 61; Muge = 45.33, SDuge = 8.26) participated
in this experiment. They were randomly allocated into either
the Appendicitis group or the Serious Disease group.

Tasks, materials, and procedure We conducted three tasks:
a decision task, a numerical translation task for verbal proba-
bilities, and a manipulation check for the probabilistic belief
of operation. The decision task was based on Study 1 con-
ducted by Teigen and Brun (1999) and the behavioral exper-
iment carried out by Honda et al. (2017) with just a minor
revision. The cover story in the Appendicitis group was as
follows: “Your friend X is going to undergo an operation for
appendicitis in hospital A. You relay this to another friend Y,
who is knowledgeable about hospital A. Then, your friend Y
tells you the probability of success in hospital A.” Partici-
pants were presented with a verbal probability and asked to
rate, using a 20 point scale, how much they would recom-
mend their friend X to undergo the operation in hospital A (1;
“I do not want to recommend it at all”’- 20: “I want to recom-
mend it very much.” The cover story in the serious disease
group was basically the same as the story in the Appendicitis
group, but “appendicitis,” was replaced with “the serious dis-
ease of CDJ.”

In the numerical translation task, participants an-
swered what percentage they thought the expressions pre-
sented in the decision task represented. In the manipulation
check for probabilistic belief in the success of the operation,
participants answered the following question by number:
“Generally speaking, in percentage terms, what is the success
rate of the operation for appendicitis (or a serious disease).”

We used 8 positive and 8 negative verbal probabili-
ties (see Table 1). These expressions were based on Honda et
al. (2017). We conducted the three tasks on the Internet. Par-
ticipants responded to the three tasks in the following order:
the decision task, the numerical translation, and then the ma-
nipulation check. In the decision task and the numerical trans-
lation task, each expression was presented individually. The

Table 1. Verbal probabilities used in the experiment.

Verbal probabilities

Positive phrases
Pl Itis almost certain that *
P2 There is a good chance that *
P3  Itis possible that *
P4 Tt is likely that *
PS5  There is a small possibility that *
P6  There is some possibility that *
P7  There is a slight hope that *
P8  There is a tiny hope that *

Negative phrases
NI There are minor concerns that *
N2 Itis quite doubtful that *
N3 It is not certain that *
N4 It is uncertain whether *
N5 Itis quite unlikely that *
N6  There is little hope that *
N7 Itis unlikely that *
N8 It is almost impossible that *

*(the operation will be a success.)
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presentation order of the 16 verbal probabilities was random-
ized for each participant and task.

Results and discussion

Twelve participants both in the Appendicitis group and the
Serious disease group answered exactly the same numbers for
the 16 verbal probabilities in the numerical translation task.
We removed these participants in the following analyses (i.e.,
in total, we analyzed the data for 96 participants).

In the following analyses, we rescaled the 20-point

scale of decision rating (or 0-100 number of numerical trans-
lation and explicit probabilistic belief) to a 0-1 scale.
Manipulation check First, we analyzed the data concerning
the manipulation check. We found that the probability of suc-
cess for an appendicitis operation was believed to be signifi-
cantly higher than that for a serious disease (Muppendiciis =
0.889, Mserious disease = 0.363, 1[94] = 14.38, p < .0001, d =
2.94). Thus, as we expected, the probability of success for an
appendicitis operation was perceived to be higher than that
for a serious disease.
Analyses with an aggregated level Next, we analyzed the
data with an aggregated level in order to examine the general
trends. Figure 2 shows the relationship between mean numer-
ical translations and decision ratings for the 8 positive and 8
negative expressions in each group. As is apparent, the deci-
sion ratings in the Serious disease group tended to be higher
than those in the Appendicitis group.

For the statistical examination of our hypothesis (i.e.,
even for the same probabilistic information, the participants
in the Serious disease group would recommend the operation
more than those in the Appendicitis group would), we con-
ducted the following analysis. We calculated mean values
(i.e., decision rating and numerical translation) for 8 positive
and 8 negative expressions for each participant. That is, 4 val-
ues (i.e., mean decision ratings and numerical translations for
positive and negative phrases) were calculated for each par-
ticipant. We regarded these values as decision ratings and nu-
merical translations by each participant for positive and neg-
ative expressions. By comparing these values across the 2
groups, we examined the present hypothesis.

We found that decision ratings were significantly
higher in the Serious disease group than they were in the Ap-
pendicitis group for both positive and negative verbal proba-
bilities (Positive phrases, Muppendicitis = 30.91, Mserious disease =
46.24, 1[94] = 3.87, p = .0002, d = 0.790: Negative phrases,
MAppendicitis = 1583, Mserious disease = 2917, 1[94] = 322, p
=.002, d = 0.657), supporting our hypothesis.

Some researchers may point out that decision ratings
could have differed between the two groups because the nu-
merical translations for verbal probabilities differed. It is well
known that numerical translations for verbal probabilities de-
pend on context (e.g., Budescu & Wallsten, 1993; Weber &
Hilton, 1990). From this perspective, the above results may
be explained such that decision ratings in the Serious disease
group were higher than those in the Appendicitis group be-
cause the numerical translations in the Serious disease group
were higher than those in the Appendicitis group. However,
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this was not true. The numerical translations were very simi-
lar between the 2 groups (Positive phrases, Mappendiciris = 0.407,
Merious disease = 0382, Z[94] = 1,02, pP= 312, d=0.21: Nega-
tive phrases, M appendicitis = 0.256, Mserious disease = 0.247, t[94] =
0.399, p=.691, d = 0.08).

Model-based analyses Next, we analyzed the individual data
using DbBS. In using DbBS, we assumed that the subjective
value of probability conveyed by a phrase corresponded to
the CDF in the beta distribution. Therefore, we estimated two
parameters (o and B) of the beta distribution whose CDF best
explained the decision ratings. The two parameters were es-
timated using a grid search in the range of 0.1 and 10, with
increments of 0.1. That is, we estimated the parameter using
10000 sets. We calculated root mean square deviations
(RMSD) between the observed ratings and the model predic-
tions, and regarded the parameter set showing the lowest
RMSD as the best model. We searched for the best parameter
sets for positive and negative phrases, respectively, for each
participant.

Figure 3 shows the models that were the best fit for
each participant. The left (or right) panel shows the strength
of the belief (or the subjective value). Figure 4 shows the
mean of the estimated belief and the subjective value (i.e.,
PDF and CDF of beta distribution). As is shown, the esti-
mated belief and the subjective value differed depending on
the disease type and the presented directionality of verbal
probabilities. Our specific prediction was that these results
would derive from the difference in decision sample: 1) peo-
ple would refer to a higher decision sample of probability for
appendicitis than for a serious disease, and 2) people would
refer to a higher decision sample of probability when pre-
sented with negative phrases than when presented with posi-
tive ones. For this hypothesis, we examined the mean of dis-
tribution of the estimated beliefs. Figure 5 shows the distri-
butions of the mean of the estimated probabilistic beliefs (i.e.,
the mean of the PDF of beta distribution). We conducted 2
(the type of disease) by 2 (the directionality of verbal proba-
bilities) ANOVA on the mean of the estimated probabilistic
beliefs. The significant main effects of type of disease (F[1,

@ Appendicitis ® Serious disease|

Positive Negative
1.00
2075
g °
S 2}
(%]
g 0.50 Q Py
= ®eo o0
g 0 )
g 0.25 o Py
®e S @ e
@
0.00

0.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.00
Mean numerical translation for verbal probabilities

Figure 2. The relationship between numerical translations
and decision ratings. Each number corresponds to that in
Table 1.
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941=127.17,p <.00001, partial > = 0.514, Muppendiciis = 0.718,
Mserious disease = 0.520) and the directionality (1, 94]=31.08,
p < 00001, partlal 772 = 0248, Mpositive = 0564, MNegative =
0.675) were observed, but their interaction was not signifi-
cant (F[1, 94] = 1.97, p = .16, partial #° = 0.020). These re-
sults corroborated our specific prediction.

Taken together, our model-based analyses generally
supported our hypotheses. Decisions varied depending on the
context in which they were made. In particular, people’s
probabilistic beliefs about the success of an operation were
highly related to decisions, and our model-based analyses
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indicated that participants referred to different decision sam-
ples and such difference was well explained in terms of par-
ticipants’ probabilistic beliefs.

General discussion

In the present study, we examined contextual effects on deci-
sions based on verbal probabilities. In particular, we exam-
ined how probabilistic beliefs about uncertain events affected
people’s decisions. The DbBS model hypothesized that DMs
would refer to a different decision sample depending on
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her/his probabilistic belief and such difference critically al-
ters decision outcomes. The results of our experimental study
and model-based analyses corroborated our hypotheses.

We believe that the present findings made the fol-
lowing two contributions to the research about decision mak-
ing. First, we identified contextual factors that had effects on
decisions based on verbal probabilities. Previous studies have
shown that numerical translations of verbal probabilities vary
depending on contexts (e.g., Budescu & Wallsten, 1993; We-
ber & Hilton, 1991). However, relatively few studies have
examined contextual factors that affect decisions. In particu-
lar, few studies have examined how contextual factors change
decisions based on even the same verbal probabilities. We
showed that decisions based on the same verbal probabilities
significantly shifted depending on the difference in context
that produced the difference in probabilistic beliefs (e.g., see
Figure 2), and that the DbBS model clearly predicted such
shifts. Second, and more importantly, the present findings
provided evidence that decision processes based on verbal
probabilities are explained in terms of the DbS processes. We
proposed a modified version of the DbS, which we called the
DbBS, and showed that the effects of directionality and con-
text could be explained by the DbBS. Previous studies have
shown that a wide range of decision phenomena can be ex-
plained by the DbS processes (Alempaki et al., 2019; Nogu-
chi & Stewart, 2018; Stewart et al., 2006; Walasek & Stewart,
2015, 2019). Thus, we provided further evidence of decision-
making processes that are consistent with the account of the
DbS.
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