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ABSTRACT Valid measures of how people view risks due to combinations of hazards
are needed. 320 adult smokers responded to four vignettes in which hypothetical men
were described as having high or low levels of (1) smoking and (2) either (a) blood
cholesterol or (b) family history of CHD (coronary heart disease). Ratings of the risk of
a heart attack were made using one of three different rating scales: (a) nine-point, (b)
101-point, and (c) unbounded. The nine-point scale yielded a strong sub-additive
interaction, the 101-point scale yielded a weak sub-additive interaction, and the
unbounded scale yielded a weak synergistic interaction. Although respondents
preferred the nine-point scale, evidence from this and other studies suggest that
scales with nine points or fewer should not be used to assess perceptions of risks due to
multiple hazards.
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myocardial infarction

Introduction

There is increasing epidemiological evidence that some hazards together
yield a greater risk to health than the sum of the exposures operating singly,
i.e., the hazards combine synergistically. The Multiple Risk Factor
Intervention Trial (MR-FIT) provides a clear illustration of the importance
of considering how hazards combine (Neaton and Wentworth, 1992). Over
300,000 white middle aged men were followed for 12 years, and the number
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of coronary heart disease (CHD) deaths recorded. Compared to non-
smokers with normal levels of blood cholesterol and diastolic blood
pressure, smokers with normal cholesterol and blood pressure had a risk
of CHD death 2.5 times higher, and non-smokers with high cholesterol and
blood pressure had a risk 4.5 times higher. However, smokers with high
blood pressure and cholesterol had a risk of CHD death over nine times
higher than non-smokers with normal levels of blood pressure and
cholesterol. Thus, smoking led to three times as many CHD deaths (i.e. 9–
4.554.5) in men with elevated blood cholesterol and diastolic blood
pressure, as it did in the same number of men with normal cholesterol and
blood pressure (i.e. 2.5–151.5): smoking is a much more risky behaviour in
men with higher levels of blood pressure and cholesterol (Rose, 1992).

Other examples of synergistic relationships include smoking and radon
gas combining to increase risk of lung cancer (Reif & Heeren, 1999), and
smoking and drinking alcohol combining to increase risk of oesophageal
cancer (Zambon et al., 2000).

Such findings highlight the need for effective communication of how
common hazards such as blood cholesterol and smoking combine
synergistically, to allow the general public to make informed choices about
actions to protect themselves. Judgments of the success of such commu-
nications require valid assessment of how people perceive multiple hazards
as combining. The current paper sets out first to review the literature on
methods of assessing perceptions of risk derived from multiple sources, and
second to compare the effectiveness of different rating scales in measuring
such perceptions.

Several studies, employing similar designs, have attempted to assess
perceptions of risk deriving from multiple sources (see Table 1). In each of
the studies in Table 1, respondents were provided with a series of vignettes
describing hypothetical individuals who differed in terms of their level of
exposure to the relevant hazards. Respondents were required to rate the risk
of specified illness events for each vignette. The majority of the studies then
used analysis of variance (ANOVA) to examine the extent to which
perceptions of risk were related to the main effects and interactions of the
manipulated hazards. Consistent with definitions of interaction used in the
epidemiological literature (e.g. Greenland & Rothman, 1998), an interaction
yielding higher perception of risk than would be expected from main effects
alone is defined as a synergistic model. An absence of interaction, i.e. main
effects only, is defined as an additive model. An interaction yielding lower
perception of risk than would be expected from main effects alone is defined
as a sub-additive model.

Many of the earlier studies investigating perceptions of risks due to
combinations of hazards suggested that people generally view combinations
as acting sub-additively (French et al., 2000, 2002a; Hampson et al., 1998,
2000 [Study One]; Hermand et al., 1995, 1997, 2000). However, in all these
studies, there was at least some epidemiological evidence that the hazards
being considered combined synergistically, leading the authors of all these
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Table 1. Summary of previous studies investigating synergistic risk effects, organized by research group

Independent
variables

Main outcome
variable Sample

Experimental
design

Outcome variable
assessed?

Any interactions
present?

Eiser
et al
(1995)

1. Smoking Cancer
(relative
risk)

420 holiday-
makers in
South-West
England

WITHIN-
subjects
26262

Open-ended scale,
anchored at 0 ‘‘no
risk’’, where 100
indicates ‘‘average risk
of a 35 year-old man’’

3-way synergistic,
and smoking-radon

synergistic
interactions
present

2. Radon
3. Occupation

(involving
radiation)

French
et al
(2000)

1. Smoking Heart attack
(relative
risk)

210 London
undergraduates

BETWEEN-
subjects
262

Rating scale, from 1
‘‘much less likely’’ to
7 ‘‘much more likely’’
(than average risk)

2-way subadditive
interaction present

2. Family
history of
heart disease

28 English
first-time heart
attack patients

French
et al
(2002a)

1. Smoking Heart attack
(relative
risk)

107 South
London
adults, aged
40–60 years.

BETWEEN-
subjects
26262

As above 2-way subadditive
interaction present
between smoking
and family history

2. Family
history of
heart disease

3. Stress
French

et al
(2002b)

1. Smoking Circulatory
disease
(relative or
absolute
risk)

241 London
undergraduates

WITHIN-
subjects
262 (plus
3 levels of
a between-
subjects
factor:
measurement
scale
employed)

As Eiser et al. (1995),
where 100 indicates
‘‘average risk of a
25 year old woman’’

Additive
combination:
no interaction
detected

2. Oral
contraceptive
pill

Respondents write
a number between 0
‘‘absolutely impossible’’
and 100 ‘‘absolutely
definite’’

2-way subadditive
interaction present

Mark on line, anchored
at 0 ‘‘absolutely
impossible’’ and 100
‘‘absolutely definite’’

Additive
combination:
no interaction
present
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Table 1. (Continued.)

Independent
variables

Main outcome
variable Sample

Experimental
design

Outcome variable
assessed?

Any interactions
present?

French
et al
(2004a)

1. Smoking ‘‘Heart
problems’’
(relative or
absolute
risk)

249 UK adults
who smoked
and/or had
diabetes

WITHIN-
subjects
262 (plus
3 levels of
a between-
subjects
factor:
measurement
scale
employed)

Rating scale, from 1
‘‘not at all likely’’ to
9 ‘‘almost certainly’’

Stronger sub-additive
interaction
(g250.32)

2. Family
history of
heart disease

Respondents write a
number between 0
‘‘absolutely impossible’’
and 100 ‘‘absolutely
definite’’

Weaker sub-additive
interaction
(g250.11)

As Eiser et al. (1995),
where 100 indicates
‘‘average risk of a
45 year old man’’

Additive
combination: no
interaction
detected

Hampson
et al
(1998)

1. Smoking Health
(absolute
risk)

50 Oregon
community
volunteers

WITHIN-
subjects 163
(no non-
exposure
condition)

Rating scale, from 1
‘‘not likely’’ to 7
‘‘likely’’ (to have
health consequences)

Subadditive effects:
smoking alone
rated as more risky
than smoking plus
radon

2. Radon

Hampson
et al
(2000)

1. Smoking Health
(absolute
risk)

650 Oregon
intervention
participants
– 3 months
post-
intervention

WITHIN-
subjects 163
(no non-
exposure
condition)

Rating scale, from 1
‘‘not at all likely’’ to
9 ‘‘almost certainly’’
(will seriously
damage health)

Subadditive effects:
smoking alone
rated as more
risky than smoking
plus radon

2. Radon
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Table 1. (Continued.)

Independent
variables

Main outcome
variable Sample

Experimental
design

Outcome variable
assessed?

Any interactions
present?

Health
(relative
risk)

589 Oregon
intervention
participants
– 12 months
post-
intervention

(Oregon)

WITHIN-
subjects (no
non-exposure
condition)

Rating scale, from
1 ‘‘many times less
risky’’ to 7 ‘‘many
times more risky’’
(than smoking)

Either additive or
synergistic effects:
smoking plus
radon rated as
more risky than
smoking alone

Hampson
et al
(2003)

Examined three
relationships:

Health
(relative
or absolute
risk)

604 Oregon
home owners

WITHIN-
subjects 163
((no non-
exposure
condition)
plus 2 levels
of a within-
subjects
factor:
measurement
scale
employed)

Rating scale, from 1
‘‘not at all likely’’ to
9 ‘‘almost certainly’’
(will seriously
damage health)

Results identical
for both scales:
smoking alone
rated as more risky
than

smoking+radon
or smoking+driving
(sub-additive);
smoking+drinking
rated as more risky
than smoking alone
(either additive or
synergistic)

1. Smoking Rating scale, from 1
‘‘many times less
risky’’ to 7 ‘‘many
times more risky’’
(than drinking at least
8 alcoholic drinks
per day)

2. Radon, AND
1. Smoking
2. Driving AND
1. Driving
2. Alcohol

Hermand
et al
(1995)

1. Smoking Health
(absolute
risk)

40 French
adult
volunteers

WITHIN-
subjects 464

20 cm line, anchored
at ‘‘no risks’’ and
‘‘very high risks’’

2-way subadditive
interaction present2. Alcohol

Hermand
et al
(1997)

1. Smoking Cancer
(absolute
risk)

64 French
adult
volunteers

WITHIN-
subjects 363

As above 2-way subadditive
interaction present2. Alcohol
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Table 1. (Continued.)

Independent
variables

Main outcome
variable Sample

Experimental
design

Outcome variable
assessed?

Any interactions
present?

Hermand
et al
(2000)

1. Smoking Cancer
(absolute
risk)

24 French
alcoholics;
24 non-
alcoholics

WITHIN-
subjects 363

As above 2-way subadditive
interaction present2. Alcohol

Bonnin-
Scaon
et al
(2002)

1. Smoking Oesophageal
cancer
(‘‘arbitrary’’
relative
risk)

65 French adult
volunteers

(18–74 years)

WITHIN-
subjects
565 (plus
2 levels of
a within-
subjects
factor: pre-
and post-
synergistic
risk
assessment
training)

Respondents write
a number on an

‘‘arbitrary’’ unlabelled
scale of 0 to 100

Pre-training:
sub-additive
interaction present

2. Alcohol 35 French adult
volunteers
(22–50 years)

Post-training
synergistic
interaction present
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studies to question the validity of the assessments made. Three specific
arguments have been made against the validity of the assessment methods
employed, related to ceiling effects, coherence of results and the observed
relationship between scales employed and patterns of interactions obtained
(see French et al., 2002b).

First, in these earlier studies (French et al., 2000, 2002a; Hampson et al.,
1998, 2000 [Study One]; Hermand et al., 1995, 1997, 2000), high levels of
one hazard resulted in extremely high estimates of risk, leading to ceiling
effects. For example, high levels of smoking alone resulted in mean risk
ratings of over 16 out of 20, in three separate studies of the combined
influence of smoking and alcohol (Hermand et al., 1995, 1997, 2000).
Second, the responses obtained often do not appear coherent. For example,
ratings of the risk attached to the combination of smoking and radon have
been found to be lower than ratings of the risk attached to smoking alone
(Hampson et al., 1998, 2000 [Study One], 2003).

The third argument against the validity of the assessments made is
that there appears to be a strong association between the scales on which
assessments of risk are made, and the pattern of risk perceptions obtained
(French et al., 2002b). Table 1 shows that almost every study employing
seven- or nine-point scales or requiring a mark on a 20 cm line yielded
sub-additive interactions. On the only occasions when a rating scale
with relatively few points has been cited as supporting anything other
than a sub-additive model, the authors proposed that higher mean ratings
for the combination of smoking and radon than for smoking alone
provided evidence for synergistic risk perceptions (Hampson et al.,
2000 [Study Two], 2003 [Method Two]). This operational definition
of ‘‘synergy’’ is not consistent with that usually employed in the
epidemiology literature.

Studies employing rating scales that range from 0 to 100 have found a
mixture of sub-additive models (Bonnin-Scaon et al., 2002; French et al.,
2002a [Method Two]), additive models (French et al., 2002a [Method
Three]), and synergistic models (Bonnin-Scaon et al., 2002). It should be
noted, however, that the synergistic model was only obtained after
respondents had been given intensive feedback on their risk ratings of
vignettes in sessions lasting between 60 and 90 minutes. Two studies have
used the unbounded approach developed by Eiser et al. (1995), where
respondents were informed that 0 indicates ‘‘no risk’’, and 100 ‘‘average
risk’’. Respondents’ risk ratings can be any number from 0 upwards, where
200 indicates twice average risk, 300 indicates three times average risk, etc.
These studies found additive models (French et al., 2002b [Method One])
and synergistic models (Eiser et al., 1995).

Stronger evidence for an association between the rating scales used and
the resulting pattern of risk perceptions was obtained in a recent study which
directly compared three different methods of assessing how people view the
risks attached to combinations of hazards (French et al., 2004a). In this
study, all respondents rated the risks of four hypothetical individuals, who
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differed in terms of their levels of smoking and family history of coronary
heart disease (CHD), but using three different methods of rating risks (see
Table 1). The methods were a nine-point rating scale, anchored at ‘‘not at all
likely’’ and ‘‘almost certain’’, a 101-point probability rating scale, anchored
at ‘‘absolutely impossible’’ and ‘‘absolutely definite’’, and an unbounded
scale (Eiser et al., 1995).

The responses on the nine-point rating scales indicated that a strong sub-
additive model was present, where the increase in ratings of risk from neither
hazard to one hazard was much larger than the increase in ratings of risk
from one hazard to both hazards. The responses on the 101-point rating
scale also indicated a sub-additive model, but the size of the interaction was
much smaller. By contrast, the responses on the unbounded rating scale
indicated an additive model, whereby the impact of the smoking or family
history manipulations on ratings of risk was completely independent of the
levels of the other hazard.

Taken as a whole, these results strongly suggest that the use of seven- or
nine-point scales will yield results consistent with sub-additive models of risk
perception, irrespective of how respondents actually view the combinations
of hazards: the results yielded by these scales are artefacts of the method.
There are, however, still a number of unanswered questions concerning the
value of the nine-, 101-point and unbounded scales as tools for assessing
perceptions of the risks attached to multiple hazards, which the present
research aims to address.

It is still not at all clear which of the 101-point or unbounded scales
yields the most valid representation of respondents’ beliefs. Both scales yield
a variety of models of risk perception, with the 101-point scale possibly
producing more sub-additive models and the unbounded scale, more
synergistic models. More data are needed on the relative performance of
these two scales. More data are also needed on the differential sensitivity of
the 101-point and unbounded scales to information about synergistic
relationships, on their sensitivity to order effects, and on how acceptable
these scales are to respondents.

It is unclear the extent to which the differences in patterns of interactions
obtained according to rating scale employed in the French et al. (2004a)
study would be obtained if the vignettes were presented in a different order.
For example, it is possible that the ceiling effects observed with the nine-
point scale were due to respondents giving moderately high ratings for the
lower risk vignettes, then subsequently having little scope for giving much
higher ratings for the other vignettes.

Other risk research has directly compared a number of different scales
for assessing perceptions of risk, in terms of acceptability to respondents.
Respondents preferred a seven-point scale with all options labelled to a
probabilistic 101-point scale (Diefenbach et al., 1993). Despite this,
correlations between self-rated risk factors and ratings of risk were not
significantly different, according to whether risk ratings were made with a
seven- or 101-point scale (Weinstein and Diefenbach, 1997). There are no
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data of which we are aware that evaluate the acceptability of the unbounded
scale of Eiser et al. (1995). However, the unbounded scale can be considered
as an instance of a magnitude estimation approach, where respondents are
told an exemplar is equivalent to a particular score, and asked to indicate
what scores should be assigned to the observation of interest, in relation to
the exemplar. The nine- and 101-point scales can be considered as instances
of category rating approaches, where respondents are asked to choose
which of one option amongst many best describes the observation being
rated. It is generally found that people prefer category rating approaches
to magnitude estimation approaches, such as the unbounded scale (see
Birnbaum, 1982).

The present study therefore replicates the French et al. (2004a) study,
where the three different rating scales are compared, with three extensions,
to evaluate sensitivity and acceptability of scales, and to look for evidence of
order effects:

1. Respondents receive information about either a synergistic relationship,
i.e. smoking and blood cholesterol, and respond to vignettes containing
these two hazards, or about an additive relationship, i.e. smoking and
family history of CHD, and respond to vignettes concerning these
hazards.

2. The respondents receive vignettes either beginning with the lowest-risk
vignette (as per French et al., 2004a), or beginning with the highest-risk
vignette.

3. All respondents are asked to evaluate the rating scales they used, in terms
of various aspects of acceptability and ease of use.

Methods

Participants

336 adults were recruited by a commercial survey organisation from a
number of locations around England. To be eligible for inclusion,
participants were required to be over 18 years of age, and be a current
regular or occasional smoker, or an ex-smoker: these criteria were
employed to obtain a sample for whom the vignettes would have more
relevance. Sixteen respondents were excluded (see Analysis section below),
yielding a final sample of 320 adults for analysis. The mean age of this
final sample was 40.5 years, ranging from 18 to 79 years. The different
versions of the questionnaire were systematically pre-sorted into a single
pile before being passed on to the survey organisation, with different
versions evenly distributed throughout the pile. To check on the success
of this method of allocation, significance tests were conducted on the
distribution of demographic characteristics in the different study condi-
tions. Groups defined by type of rating scale or by order of completing
vignettes did not significantly differ in terms of age, gender, education,
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smoking status, diagnosis of high blood cholesterol, or diagnosis of
angina or heart attack (see Table 2). Groups defined by type of rating
scale completed did differ, however, according to family history of angina
or heart attack (x2518.39, df56, N5318, p50.005), with respondents
who responded using the nine-point scale being less likely to have any
relatives who had been diagnosed with angina or a heart attack (see
Table 2).

Table 2. Sample characteristics (age, gender, education, diabetic and smoking status), of the
three study groups, showing means (standard deviations) or frequencies for each groupa

OVERALL 9-point 101-point unbounded

WHOLE SAMPLE 320 108 106 106

Age (mean years) 40.5
(15.6)

39.3
(15.8)

41.7
(15.7)

40.7
(15.3)

Gender

Women 163 55 55 53
Men 157 53 51 53

Education
No qualifications 107 (33.4%) 30 35 42
Qualifications, at age 16 level 105 (32.8%) 33 37 35
Qualifications post-age 16 level 103 (32.2%) 41 34 28

High blood cholesterol?
High cholesterol diagnosed 45 (14.2%) 13 18 14
High cholesterol not diagnosed 247 (77.7%) 88 82 77
Unsure if high cholesterol diagnosed 26 (8.2%) 7 6 13

History of angina or heart attack?
Angina or heart attack diagnosed 25 (7.9%) 9 6 10
Angina or heart attack not diagnosed 283 (89.0%) 97 96 90
Unsure if angina/heart attack diagnosed 10 (3.1%) 2 4 4

Family history of angina/ heart attack?

Diagnosed (parent, brother or sister) 72 (22.6%) 16 27 29
Diagnosed (other relative) 69 (21.7%) 15 24 30
Not diagnosed in family 146 (46.0%) 65 45 36
Unsure if angina/ heart attack diagnosed 31 (9.7%) 12 10 9

Smoking status

Ex smoker or occasional smoker 110 (34.5%) 44 32 34
Current regular smoker 209 (65.5%) 63 74 72

aThe three groups differ according to the nature of the response scales that were included in
the questionnaire they completed (see methods section).
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Design

There were three between-subjects factors:

(a) whether the information provided concerned the ‘‘synergistic’’ relation-
ship of smoking and blood cholesterol, or the ‘‘additive’’ relationship of
smoking and family history of CHD

(b) the type of rating scale used, i.e. nine-, 101-point or unbounded scales
(c) the order in which respondents completed the vignettes, either starting

with vignettes describing individuals with low levels of both risk factors
or high levels of both risk factors.

In addition to the between-subjects factors, each participant responded
to each of four vignettes, using a 262 within-subjects design. For those
respondents in the ‘‘synergistic’’ conditions, the vignettes described a series
of hypothetical man aged 50 years with no history of serious illness who (1)
has either (a) normal levels or (b) has very high levels of blood cholesterol,
and (2) either (a) does not smoke or (b) smokes heavily. The ‘‘additive’’
vignettes described a man (1) for whom either (a) no one in his family has
ever had any heart trouble or (b) his brother and father both died of heart
attacks, and (2) who either (a) does not smoke or (b) smokes heavily.

Materials

Information presented. All participants responded to a questionnaire, the
front sheet of which provided information that varied depending on
experimental condition. Half the respondents received information about
the synergistic relationship between blood cholesterol and smoking (see
Appendix I), and half received information about the additive relationship
between family history of heart disease and smoking. Both versions of the
front sheet included histograms and accompanying text illustrating either the
synergistic or additive nature of the relationships presented. The main
difference in the text was that respondents in the synergistic experimental
condition had the following in bold: ‘‘it is important to realise that smoking
is much more risky for people who have high blood cholesterol than it is for
people who have normal blood cholesterol’’. Respondents in the additive
experimental condition were instead presented with the following text in
bold: ‘‘it is important to realise that smoking is just as risky for people with
no family history of heart disease as it is for people with a family history of
heart disease’’.

Response scales employed. All respondents were asked to respond to four
vignettes, using one of the following three response scales:

Nine-point scale. For each vignette, respondents were asked how likely it is
that the person will have a heart attack over the next 10 years. The response
scale had nine points, anchored at ‘‘not at all likely’’ and ‘‘almost certain’’,
to indicate level of absolute risk. This item was based on one previously used
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to assess perceptions of combined risk (Hampson et al., 2000; French et al.,
2004a), where ‘‘the use of a nine-step scale and the extreme wording of the
anchors were intended to reduce ceiling effects’’ (Hampson et al., 2000,
p. 248).

101-point scale. Respondents were asked to write a number indicating the
degree of risk next to each vignette, with higher numbers indicating a higher
degree of risk. They were told that a score of ‘‘0’’ indicates that it is
absolutely impossible that the person will have heart problems over the next
10 years, and a score of ‘‘100’’ indicates that it is absolutely definite that
they will have heart problems over the next 10 years. This scale has also been
previously used to assess perceptions of combined risk (French et al., 2002a,
2004a).

Unbounded scale. This unbounded scale provided instructions has been
used in previous studies of perceptions of combined risk (Eiser et al., 1995;
French et al., 2002a, 2004a). Respondents were asked to write a number
indicating degree of risk next to each vignette, with higher numbers
indicating a higher degree of risk. They were told that a score of ‘‘0’’
indicates that it is absolutely impossible that the person will have heart
problems over the next 10 years, and a score of ‘‘100’’ indicates the average
level of risk in the next 10 years for 45-year-old men. They were further told
that a score of ‘‘200’’ indicates twice the average risk of heart problems as
the average 45-year-old man, and a score of ‘‘50’’ means half as likely.

For all three response scales, respondents were asked to indicate their
own risk of having a heart attack. This item was used for transforming
responses on the three different scales to a comparable range of scores (see
below).

In addition to these questions, all respondents responded to the same
further six questions about the information they had been given and the
response scales they had just used. For each question, respondents were
instructed to circle a number between 1 and 7, labelled at each end ‘‘not at
all’’ and ‘‘extremely’’, to indicate their response. The questions were: ‘‘how
easy did you find it to answer the questions on the previous page?’’ (not at all
easy–extremely easy); ‘‘how well do you think these answers reflected what
you really think?’’ (not at all well–extremely well); ‘‘how confusing did you
find the information you were given?’’ (not at all confusing–extremely
confusing); ‘‘how clear did you find the information you were given?’’ (not
at all clear–extremely clear); ‘‘how convincing did you find the information
you were given?’’ (not at all convincing–extremely convincing); ‘‘how
confident do you feel that you understand the information you were given?’’
(not at all confident–extremely confident).

Analysis

An initial stage of data cleaning identified 16 respondents who were
excluded from further analysis. Six respondents who were allocated the
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101-point scale gave responses outside the allowable range 0–100. Five
respondents gave the same risk ratings for all four hypothetical individuals
described, and five respondents gave higher risk ratings for the lowest risk
individual (exposed to neither hazard) than the highest risk individual
(exposed to both hazards). Overall, of the 16 excluded respondents, four
completed the nine-point scale, eight the 101-point scale, and four the
unbounded scale.

Having completed this preliminary data cleaning stage, the vignette data
were analysed using a series of ANOVAs. Responses elicited by the nine-
point scales were transformed by subtracting 1, then multiplying by
(10048), to yield allowable responses in the range 0–100. The mean rating
of the risk of the average man on the nine-point scale was 4.56 (transformed
to 44.5), compared with 42.0 on the 101-point scale, suggesting such a
transformation was reasonable. For the unbounded scale, there was no
upper limit, so a different approach was taken. As respondents rated their
own risk as 40.88 on the 101-point scale, and 79.69 on the unbounded scale,
all scores elicited by the unbounded scale were transformed by multiplying
by (40.88479.69).

Results

A series of ANOVAs on the transformed data found no significant main or
interactive effects on ratings of risk of the manipulation concerning
‘‘synergistic’’ versus ‘‘additive’’ vignettes. Consequently, all subsequent
analyses are collapsed across the blood cholesterol/family history of heart
disease factor.

Effect of rating scales

Mean ratings obtained from the three different rating scales for assessing
how people combine information about the risks attached to smoking and
the other risk factor are presented in Table 3. A series of 2 x 2 repeated
measures ANOVAs performed on these data showed that information about
smoking and the other risk factor had significant and large effects on overall
perceptions of risk, for all three rating scales (see Table 4).

As predicted, when ratings were elicited using the nine-point scale, there
was an interaction (g250.14) indicating sub-additive responses to informa-
tion about smoking and the other risk factor (i.e. cholesterol or family
history). That is, the smoker/non-smoker manipulation had less impact on
overall perceptions of risk in the presence of the other risk factor than in
the absence of the other risk factor. When ratings were elicited using the
101-point scale, there was another sub-additive interaction, although it
was weaker (g250.05). However, when ratings were elicited using the
unbounded scale, a small (g250.04) yet significant synergistic interaction
was found. Here, the smoker/non-smoker manipulation had a larger effect
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on risk perceptions in the presence of the other risk factor than when it was
absent.

The data from all three rating scales were further analyzed using a single
26263 mixed design ANOVA, including the transformed data from the
nine-point and unbounded scales (see Table 4). It again showed significant
and large main effects of information about smoking and the other risk
factor on overall perceptions of risk. The interaction between information
about smoking and the other risk factor was again significant, but this was
further moderated by the nature of the rating scale. Further analyses showed
that, in terms of the interactions yielded by information about smoking and
the other risk factor, the unbounded scale was significantly different from
the nine-point (F520.54, df51,211, p,0.001) and the 101-point (F59.94,
df51,210, p50.002) rating scales, whereas the nine- and 101-point rating
scales did not significantly differ from each other (F51.55, df51,211,
p50.21).

Order effects

A single 2626263 mixed design ANOVA was conducted on the
transformed data (see Table 5) with rating scale and order of responding
to the vignettes included as between-subjects factors (see Table 6). As before,
there were significant and large effects of information about smoking and
the other risk factor on perceptions of risk. There was also a small but
significant absolute difference in ratings of overall risk, according to the
order in which the vignettes were completed, with respondents who rated

Table 3. Ratings of perceived 10-year risk (mean, standard deviation) of having a heart attack
for the 50-year old men described in the four vignettes, according to rating scale used to assess
perceived riska

Family history of CHD/ high
levels of cholesterol

No family history of CHD/
normal levels of cholesterol

9-POINT SCALE

Smoker 8.1 (1.3) 5.9 (1.7)
Non-smoker 5.6 (1.8) 2.6 (1.5)

101-POINT SCALE
Smoker 81.1 (24.4) 56.4 (23.2)
Non-smoker 49.8 (23.5) 19.4 (16.3)

UNBOUNDED SCALE
Smoker 165.1 (86.2) 102.6 (57.8)
Non-smoker 88.7 (53.2) 36.0 (32.4)

aThe three groups differ according to the nature of the response scales that were included in
the questionnaire they completed (see methods section).
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the lowest-risk vignettes first scoring generally lower (M550.15, SD519.61)
than respondents who rated the highest-risk vignettes first (M555.76,
SD520.26). This effect was moderated by a significant smoking by order
interaction: there was little difference in ratings where the vignettes
described someone as smoking, according to whether respondents who
completed the highest risk vignette first (M572.19, SD528.92) or the lowest
risk vignette first (M569.39, SD523.02). However, when the vignettes
described someone as not smoking, there was a larger difference in ratings
according to whether respondents completed the highest risk vignette
first (M539.34, SD519.35) or the lowest risk vignette first (M530.90,
SD516.48).

As in previous analyses, the interaction between smoking and the other
risk factor was significant. This interaction was significantly moderated by
two further factors: the order in which vignettes were completed and the
rating scale employed. There were also stronger sub-additive effects of

Table 4. Results of three 262 repeated measures ANOVAs, showing effects of risk factor
manipulations on overall ratings of 10 year risk of having a heart attack, according to rating
scale, and one 26263 mixed design ANOVA, showing effects of risk factor manipulations
on overall ratings of 10 year risk for having a heart attack, for all rating scales

F value (& df)
Significance level

(probability)
Effect

size (g2)

9-POINT RATING SCALE
Main effect (smoking) 426.35 (1, 106) ,0.001 0.80
Main effect (other risk factor) 421.73 (1, 106) ,0.001 0.80
Interaction (smoking * other risk factor) 17.28 (1, 106) ,0.001 0.14

101-POINT RATING SCALE
Main effect (smoking) 568.36 (1, 105) ,0.001 0.84
Main effect (other risk factor) 417.11 (1, 105) ,0.001 0.80
Interaction (smoking * other risk factor) 5.17 (1, 105) 0.025 0.05

UNBOUNDED RATING SCALE
Main effect (smoking) 232.94 (1, 105) ,0.001 0.69
Main effect (other risk factor) 262.86 (1, 105) ,0.001 0.72
Interaction (smoking * other risk factor) 4.78 (1, 105) 0.044 0.04

COMBINED RATING SCALES
Main effect (smoking) 1051.44 (1, 316) ,0.001 0.77
Main effect (other risk factor) 1048.95 (1, 316) ,0.001 0.77
Main effect (scales) 3.17 (2, 316) 0.043 0.02
Interaction (smoking * other risk factor) 6.63 (1, 316) 0.010 0.02
Interaction (smoking * scales) 0.45 (2, 316) ns 0.00
Interaction (other risk factor * scales) 1.98 (2, 316) ns 0.01
Interaction (smoking * other risk factor *

scales)
10.40 (2, 316) ,0.001 0.06
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smoking and the other risk factor when respondents completed the highest-
risk vignette first, compared with when they completed the lowest-risk
vignette first (see Table 7). The three-way interaction between information
about smoking, the other risk factor, and rating scale employed was as
described in the previous sections. It is important to note that this effect is
not further moderated by the order in which the vignettes were completed:
the differences in ratings obtained between rating scales were unaffected by
the order in which the vignettes were completed.

Acceptability of different rating scales

There was a clear preference for the nine-point scale over the 101-point and
unbounded scales. Respondents found answering questions using the nine-
point scale (M55.28, SD51.64) to be easier (F511.77, df52,316, p,0.001)
than with the 101-point scale (M54.39, SD51.64) or the unbounded scale
(M54.24, SD51.86). They also indicated that the nine-point scale
(M55.36, SD51.62) better reflected what they really thought (F58.95,
df52,305, p,0.001) than the 101-point scale (M54.47, SD51.55) or the

Table 5. Transformed ratings of perceived 10 year risk (mean, standard deviation) of having a
heart attack for the 50-year old men described in the four vignettes, according to rating scale
used to assess perceived risk, and order in which responses were made to vignettes

LOWEST RISK FIRST
9-POINT SCALE Family history of CHD/high

levels of cholesterol
No family history of

CHD/normal levels of cholesterol
Smoker 87.50 (17.50) 57.25 (20.53)
Non-smoker 51.00 (21.70) 14.00 (13.03)
101-POINT SCALE
Smoker 79.13 (26.23) 51.54 (21.54)
Non-smoker 44.02 (23.22) 13.54 (12.06)
UNBOUNDED SCALE
Smoker 88.20 (34.98) 53.23 (23.65)
Non-smoker 45.32 (25.39) 17.78 (16.54)

HIGHEST RISK FIRST
9-POINT SCALE Family history of CHD/high

levels of cholesterol
No family history of

CHD/normal levels of cholesterol
Smoker 89.25 (14.84) 65.13 (20.96)
Non-smoker 63.16 (22.33) 26.10 (20.63)
101-POINT SCALE
Smoker 83.19 (22.51) 61.52 (23.92)
Non-smoker 55.75 (22.50) 25.42 (17.97)
UNBOUNDED SCALE
Smoker 81.23 (52.00) 52.06 (34.83)
Non-smoker 45.69 (29.30) 19.15 (16.81)
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Table 6. Results of 2626263 mixed design ANOVA, showing effects of risk factor
manipulations on overall ratings of 10 year risk for having a heart attack, for all rating scales
and both orders of responding to vignettes

F value (& df)

Significance
level

(probability)
Effect

size (g2)

Main effect (smoking) 1067.12 (1, 313) ,0.001 0.77
Main effect (other risk factor) 1048.88 (1, 313) ,0.001 0.77
Main effect (scales) 2.93 (2, 313) ns 0.02
Main effect (order) 5.85 (1, 313) 0.016 0.02

Interaction (smoking * scales) 0.51 (2, 313) ns 0.00
Interaction (smoking * order) 6.76 (1, 313) 0.010 0.02
Interaction (other risk factor * scales) 2.10 (2, 313) ns 0.01
Interaction (other risk factor * order) 2.96 (1, 313) ns 0.01

Interaction (scales * order) 2.46 (2, 313) ns 0.02
Interaction (smoking * scales * order) 0.14 (2, 313) ns 0.00
Interaction (other risk factor * scales * order) 0.00 (2, 313) ns 0.00

Interaction (smoking * other risk factor) 6.46 (1, 313) 0.012 0.02
Interaction (smoking * other risk factor *

scales)
10.21 (2, 313) ,0.001 0.06

Interaction (smoking * other risk factor *
order)

4.05 (1, 313) 0.045 0.01

Interaction (smoking * other risk factor *
scales * order)

0.02 (2, 313) ns 0.00

Table 7. Transformed ratings of perceived 10 year risk (mean, standard deviation) of having a
heart attack for the 50-year old men described in the four vignettes, according to order in
which responses were made to vignettes

LOWEST RISK FIRST
Family history of CHD/ high

levels of cholesterol
No family history of CHD/
normal levels of cholesterol

Smoker 84.86 (27.48) 53.93 (21.96)
Non-smoker 46.68 (23.56) 15.12 (14.06)

HIGHEST RISK FIRST
Family history of CHD/ high

levels of cholesterol
No family history of CHD/
normal levels of cholesterol

Smoker 84.68 (33.50) 59.70 (27.51)
Non-smoker 55.07 (25.76) 23.61 (18.75)
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unbounded scale (M54.67, SD51.62). Respondents found the nine-point
scale (M52.62, SD51.72) to be less confusing (F57.93, df52,305,
p,0.001) than the 101-point scale (M53.34, SD51.62) or the unbounded
scale (M53.50, SD51.76). Respondents using the nine-point scale
(M55.00, SD51.91) even rated the information they were given as being
more clear (F57.09, df52,305, p50.001) than did respondents using the
101-point scale (M54.46, SD51.80) or the unbounded scale (M54.05,
SD51.81). There were no significant differences in terms of how convincing
respondents found the information they were given (F51.56, df52,305,
p50.21) or confidence in understanding the information they were given
(F50.96, df52,305, p50.38), according to rating scale used.

There were also no significant differences in any of the acceptability
variables just described, according to whether the information presented
concerned the risks of smoking and cholesterol or smoking and family
history, or whether the lowest risk or highest risk vignettes were presented
first.

Discussion

These data confirm the findings of previous research: that different methods
of assessing perceptions of the risks due to combinations of hazards yield
different patterns of interaction. The nine-point scale yielded a strong sub-
additive interaction, the 101-point scale yielded a weak sub-additive
interaction, and the unbounded scale yielded a weak synergistic interaction.
This pattern of interaction was affected by the order in which respondents
completed vignettes: when the vignettes describing individuals at highest risk
were completed first, the interactions tended more towards sub-additivity
than when the vignettes describing individuals at lowest risk were completed
first. It was not possible to examine whether the three different scales were
differentially sensitive to information about synergistic relationships, as
there was no difference in responses according to whether respondents were
presented with information about either synergistic or additive relationships.
Respondents showed a clear preference for nine-point scales over 101-point
and unbounded scales.

Effects of rating scales

While the findings of the present study replicated the overall pattern of
findings of French and colleagues (2004a), there were some differences. In
both studies, the nine-point rating scale yielded strong sub-additive
interactions. In both studies, the 101-point rating scale yielded much
weaker sub-additive interactions. In the French et al. (2004a) study, the
unbounded scale yielded no interactions, whilst in the present study the
unbounded scale yielded a weak synergistic interaction. Thus, in both
studies, not only did the different rating scales yield different patterns of
interaction, but they did so in a predictable direction, with the nine-point
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scale yielding the most sub-additive interactions, and the unbounded scale
yielding interactions of the least sub-additive nature. These findings are
consistent with those obtained in the studies described in Table 1, where
those studies employing seven- or nine-point ratings scales consistently
resulted in sub-additive interactions, whereas those employing 101-point or
unbounded scales obtained a more varied pattern of interactions.

There was one major difference between the results of the present study
and that of French et al. (2004a). In the earlier study, the nine-point scale
produced interactions that were significantly different from those produced
by the other two scales, whereas in the present study, the unbounded scale
produced interactions that were significantly different from those produced
by the other two scales. The results of the present study are thereby more
congruent with the distinction drawn between magnitude estimation and
category rating approaches (see Birnbaum, 1982). In the present study, the
unbounded scale, which can be considered an instance of a magnitude
estimation approach, yielded different results from the nine- and 101-point
rating scales, which can be considered as instances of category rating
approaches. This is what would be expected from previous research in other
areas, where magnitude estimation approaches have been found to yield
more synergistic patterns of interaction, compared to category rating
approaches (Birnbaum, 1982).

Order effects

The present research not only replicated, but also extended, the research of
French et al. (2004a) by considering order effects. In the study of French
et al. (2004a), as in much other research in this area, the vignettes were
presented in the same order to all respondents; specifically all participants
responded first to the vignette describing the scenario where low levels of
both hazards were presented, and responded last to the vignette describing
the scenario where high levels of both hazards were presented. However, the
ceiling effects observed with the nine-point scale may have been due to
respondents giving moderately high ratings for the lower risk vignettes, then
subsequently having little scope for giving much higher ratings for the other
vignettes.

In the present study, ratings were generally higher when respondents
rated the highest-risk vignettes first than when they completed the lowest-
risk vignettes first. This effect was particularly marked when responding to
vignettes describing someone as not smoking, which were generally the
vignettes which overall elicited the lowest ratings of risk. This pattern of
findings can be characterized as follows: if respondents start with higher
ratings, then they tend to stick with higher ratings, particularly when
responding to the lowest risk vignettes. On the other hand, when responding
initially to vignettes which describe hypothetical people who do not smoke,
respondents give initially low ratings, and tend to stick with lower ratings,
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although they appear to overcome this tendency when they encounter
vignettes which describe hypothetical people who smoke.

Order effects such as those identified here are common in much of
psychological assessment, on those occasions when researchers look for
evidence of their existence, rather than treating them as error variance or
‘‘noise’’ (Schwarz and Sudman, 1992). Explanations for their presence can
generally be found in terms of earlier questions exerting a framing effect on
later items (Schuman and Presser, 1981; Schwarz, 1999). The patterns of
responding observed in the present study are consistent with the act of
responding to the earlier items providing a psychological ‘‘anchor’’ for later
responses: responses made later are at least partially comparative to
responses made earlier (Schwarz and Vaughn, 2002; Tversky and
Kahneman, 1974). This kind of anchored pattern of responding to a series
of questions has been observed previously (e.g. French et al., 2002c).

The net effect of this anchored pattern is that when the vignettes
describing individuals at highest risk were completed first, the interactions
tended more towards sub-additivity than when the vignettes describing
individuals at lowest risk were completed first. It is important to note
that the effects of order of completing vignettes did not moderate the
effects of the rating scales discussed above: although order effects were
found, the effects did not different according to the rating scales used.
Overall, the differences in patterns of interactions obtained due to
ordering suggest that the generally sub-additive pattern of results yielded
by the rating scales employed in this area may be even more problematic
than was previously thought: the usual practise of completing vignettes
in the order of lowest first is least likely to elicit sub-additive patterns of
ratings.

Effects of receiving information about ‘‘synergistic’’ or ‘‘additive’’
relationships

A major aim of the present study was to extend the French et al. (2004a)
study, by examining the extent to which the different rating scales are
sensitive to information about the synergistic or additive nature of the
relationships being considered. Unfortunately, this was not possible as there
were no observable differences obtained in ratings according to whether
respondents received information about the synergistic relationship between
smoking and cholesterol, or the additive relationship between smoking and
family history of CHD. This lack of difference is itself an important finding,
given that the ultimate aim of this research is to inform how best to
communicate information about synergistic combinations of hazards.

Two types of explanations for the lack of observable difference in the
effects of the two communications are plausible: the respondents may simply
not have read the information, or they may have given it only minimal
attention. The possibility that the respondents did not read the information
cannot be ruled out, given that the data were collected by the representatives
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of a commercial research organisation, and consequently we had little
control over the extent to which respondents were given time to read the
information to their own satisfaction. It should be noted however, that in
previous research employing the same commercial survey organisation,
manipulations of complex risk information had effects in line with theory
and other research (French et al., 2004b).

More plausibly, the communications may have been processed only
superficially, resulting in them having little lasting impact on respondents’
understandings of the relationships described. In the Bonnin-Scaon et al.
(2002) study, respondents were asked to estimate the risk attributable to
various combinations of smoking and drinking alcohol, and were then
given feedback on the ‘‘correct’’ level of risk for each combination, in
sessions lasting 60–90 minutes. The authors of this study assert that their
approach to functional learning ‘‘should result in a greater degree of
learning and of persistence over time than simpler, more direct methods of
helping people to learn health risks’’ (Bonnin-Scaon et al., 2002, p. 423).
The results of the present study can be taken as supporting this assertion:
our attempt to communicate information about additive and synergistic
relationships using these simpler methods had little discernible effect on
subsequent ratings. Further, on average the respondents gave ratings of
between 4.5 and 5.0 on a 1–7 scale, i.e. towards the ‘‘extremely’’ rather
than the ‘‘not at all’’ end of the scale, when asked about how clear they
found the information and how confident about they feel they have
understood the information. This evidence suggests that on average,
respondents felt they understood the messages they were given, but were
unable to translate this understanding into estimation of additive or
synergistic risk relationships.

Acceptability of different rating scales

Ratings of a variety of indices of satisfaction provided clear evidence that
respondents preferred using the nine-point scale to both the probabilistic
101-point scale and the unbounded scale, requiring magnitude estimation.
Respondents rated answering questions using the nine-point scale as easier
and better reflecting what they really thought, than did respondents using
either the 101-point or unbounded scales. Those respondents completing the
nine-point scale even rated the information they received as less confusing
and more clear than did respondents using either the 101-point or
unbounded scales. This probably reflects respondents rating both the
epidemiological information about the relationship of hazards to CHD and
the instructions on how to complete the questions.

These results are in line with previous research showing that respondents
preferred a seveb-point scale with all options labelled to a probabilistic 101-
point scale (Diefenbach et al., 1993). However, the current research shows
for the first time that although respondents found nine-point risk rating
scales easier to use than unbounded scales, there were no significant
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differences between respondents using 101-point scales and unbounded
scales in terms of how easy they found them to use or how well they reflected
what they really thought. This might not be anticipated, as the literature on
category rating and magnitude estimation suggest that people generally
dislike magnitude estimation scales such as the unbounded scale (Birnbaum,
1982).

Conclusions and future directions

We have reviewed the literature on how to assess perceptions of risk due to
multiple hazards, and conducted an empirical study on the effects of
different rating scales on the results obtained. Together, these shed light on
how features of the assessment method can lead to sub-additive patterns of
interaction being obtained. Specifically, when rating scales such as the nine-
point scale employed here are used, and respondents are asked to rate
vignettes in the order beginning with the vignettes describing scenarios with
the highest risk, sub-additive patterns of interaction are more likely to be
obtained. Conversely, when unbounded scales are used, and vignettes are
presented in the order from lowest risk to highest risk, then synergistic
patterns of interaction are more likely.

Taken in conjunction with the findings of previous studies in this area,
described in Table 1, especially those of French et al. (2004a), it is difficult to
now believe that rating scales with few options, such as the nine-point rating
scale employed here, yield valid assessments of how people view the risks
attached to multiple hazards. Such scales have reliably elicited sub-additive
patterns of interaction across several studies, even when other scales have
elicited additive or synergistic patterns of interaction, as in the French et al.
(2004a) study and the present study.

Balanced against this, it should be noted that the current study has
shown that respondents prefer nine-point scales over both 101-point and
unbounded scales. This study has not provided any evidence for preferring
101-point scales over unbounded scales, or vice versa. Both types of scales
have yielded different patterns of interaction across several scales, with 101-
point scales tending to yield sub-additive patterns of findings relative to
unbounded scales, which have a relative tendency to yield synergistic
patterns. There were no discernible differences in how favourably
respondents evaluated 101-point or unbounded scales.

One interpretation of these results is that participants may find any
kind of scale that requires them to think quantitatively more difficult to
use than more traditional rating scales such as the nine-point scale. Indeed,
it may be that the very properties that make the nin-point scale easy to use
and preferred by participants also make it invalid for assessing perceptions
of synergistic risk. Specifically, participants may see traditional rating
scales as not requiring quantitative probabilistic thinking but instead
allowing responses to be spread across the full range of the scale without
this implying particular numerical probabilities. It has been suggested that
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risk rating scales may elicit perceptions of certainty about whether a
hazard is relevant, rather than perceptions of the magnitude of that hazard
(Eiser, 1994). By contrast, the 101-point and unbounded scales employed
here may require, respectively, quantitative thinking about absolute and
relative risk. These possibilities should be tested in future research, possibly
using ‘‘think aloud’’ methods to ascertain whether people are using the
rating scales in the way that they are intended to be used (Boeije and
Janssens, 2004).

The examination of order effects in this study has shown that order
effects are unlikely to be responsible for the generally sub-additive results of
studies in this area. Although significant order effects were found, they were
of very small absolute size. Given that these effects exist though, future
research in this area should probably vary or counter-balance the order
in which vignettes are completed, to control for this source of systematic
error.

A major aim of this study was to examine the sensitivity of the 101-
point and unbounded scales to information about hazards that combine
additively or synergistically. This was not possible due to a lack of effect of
the manipulation of this information. The issue of sensitivity of scales to
this type of information is still a central one, however, and should be
considered in future work. Two suggestions arising from the present study
should be considered in such future work. First, the information on
synergistic risk may not have been synergistic enough: more dramatic
examples of synergy might be better reflected in ratings of how hazards
combine than were the small synergistic effects considered in the present
study. Second, the Bonnin-Scaon et al. (2002) study showed that requiring
respondents to actively process information, and giving them feedback,
increased sensitivity to information about synergistic risk relationships.
Future research should employ similar strategies to encourage active use of
information about synergistic risk relationships. When manipulations of
information about synergistic risk are effective, it will be possible to find
out how sensitive different risk scales are to respondent beliefs about these
relationships.
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Appendix I. Smoking and Heart Disease Study

We are trying to find out what is the best way to present information, so
that it is clear and understandable. We would be extremely grateful if you
would carefully read the information below, then complete the attached
questionnaire.

People who smoke have an increased risk of having a heart attack. People
with high levels of blood cholesterol also have an increased risk. When
people have both these ‘‘risk factors’’ (smoking and high blood cholesterol),
their risk is greatly increased. A hypothetical example of how these risk
factors might combine is shown below.*

Assume there are four groups of 100 men all aged 50 years. Each group has a
different combination of ‘‘risk factors’’:

- Normal blood cholesterol and do not smoke.
- High blood cholesterol and do not smoke
- Normal blood cholesterol and smoke
- High blood cholesterol and smoke

The bars in the graph below show how many people are likely to have heart
attacks in each of these four groups over 10 years. So, about 17 of the
100 men with high blood cholesterol who smoke will have a heart attack in
the next 10 years.
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It is important to realise that smoking is much more risky for people who
have high blood cholesterol than it is for people who have normal blood
cholesterol.
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