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Abstract Tackling climate change is a global challenge and the Intergovernmental Panel on
Climate Change (IPCC) is the organisation charged with communicating the risks, dangers and
mechanisms underlying climate change to both policy makers and the general public. The IPCC
has traditionally used words (e.g., ‘likely’) in place of numbers (“70 % chance’) to communicate
risk and uncertainty information. The IPCC assessment reports have been published in six
languages, but the consistency of the interpretation of these words cross-culturally has yet to be
investigated. In two studies, we find considerable variation in the interpretation of the IPCC’s
probability expressions between the Chinese and British public. Whilst British interpretations
differ somewhat from the IPCC’s prescriptions, Chinese interpretations differ to a much greater
degree and show more variation. These results add weight to continuing calls for the IPCC to
make greater use of numbers in its forecasts.

2013/2014 sees the release of the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change (IPCC). The IPCC assessment reports have played a central role in
bringing climate change science to the attention of policy makers, global media and the
general public. Through the publication of probabilistic statements about climate risks and
impacts, the IPCC has had a powerful influence on the concept of climate change in public
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and media discourses (Hulme 2010). It is essential, therefore, to understand how the
information that the IPCC conveys is understood by members of the public.

The IPCC has previously prescribed that risk and uncertainty information should be
communicated with words (e.g., ‘it is unlikely that...”) rather than numbers (‘there is a 20—
30 % chance that...”), with the intended numerical ranges of these words outlined at the start of
the reports (see Table 1; IPCC 2007). Research has shown that there is a high degree of
variability in how these verbal probability expressions (VPEs) are interpreted (Beyth-Marom
1982; Brun and Teigen 1988; Budescu et al. 2009, 2012; Budescu and Wallsten 1985; Wallsten
et al. 1993). Furthermore, the interpretations of these expressions have been shown to be
affected by characteristics of the events described, such as the event’s base rate (how likely it
is to occur in general-Fischer and Jungermann 1996; Wallsten et al. 1993; Weber and Hilton
1990) and its severity. Expressions referring to very negative outcomes, for example, are
interpreted as denoting a higher probability than expressions referring to more neutral outcomes
(Harris and Corner 2011; Weber and Hilton 1990). It has, furthermore, been shown that English
speaking participants’ interpretations of these verbal probability expressions are often not in
line with the [PCC’s intended probabilities (Budescu et al. 2009, 2012).

Tackling climate change is, however, a global problem. Consequently, the IPCC reports
have been published in six languages.! This results in an additional difficulty for the
communication of risk and uncertainty information with VPEs, suggesting yet another
source of variance and thus inconsistency in the understanding of risks described with
VPEs. The VPEs outlined in Table 1 must be translated such that the same meaning is
conveyed across languages and cultures. Little research has been undertaken on the cross-
cultural interpretation and, indeed, translation of VPEs. Evidence from accounting suggests
that differences will arise for both translational and cultural reasons (Davidson and Chrisman
1993, 1994; Doupnik and Richter 2003, 2004). As the world’s key emerging economic and
political power, and given the potential for human behavior to mitigate climate change risks,
what Chinese citizens think about climate change is of considerable importance (Geall
2011). Moreover, previous research has shown Chinese participants to have a less consistent,
and less precise lexicon for describing numeric probabilities (Lau and Ranyard 1999). We
therefore focussed our cross-cultural investigation of the interpretations of the VPEs used by
the IPCC on China.

The IPCC provides guidance as to the numerical ranges implied by its VPEs at the outset
of'its reports. Budescu et al. (2009, 2012) have shown that the typical guidance—provided in
isolation from the use of the VPEs—does not result in high levels of consistency between
participants’ interpretations and the IPCC’s prescriptions. [IPCC reports are many pages long
and it is a strain on participants’ cognitive resources to have to keep track of the numerical
equivalents of the VPEs used if they do not fit with participants’ natural interpretations. The
closer the IPCC usage can be to the natural interpretations of participants, the more natural
and effective the communication will be.

! The IPCC translates its reports into the six official languages of the United Nations (English, Chinese,
Arabic, French, Spanish, Russian). There have, however, been a number of additional, unofficial, translations
of the IPCC reports (see http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml#6)
2 In the present studies, we did not provide participants with the numerical ranges specified by the IPCC, as
we were interested in participants’ natural interpretations. Moreover, in such short studies, experimental
pragmatics might ensure consistency with IPCC prescriptions, but in the context of reading hundreds of pages
of technical reports, a closer fit with natural interpretations is likely to be highly beneficial. The lack of
consistency between the IPCC’s guidelines and participants’ interpretations when provided with the informa-
tion in the IPCC’s typical format (Budescu et al. 2009, 2012) demonstrates this.
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Table 1 English and Chinese likelihood scale of the Intergovernmental Panel on Climate Change

English VPE Chinese VPE Chinese in Pinyin Likelihood of the occurrence/outcome
Virtually certain JUF-HfsE Jihi queding >99 % probability

Very likely AT Hén kénéng >90 % probability

Likely R Kénéng >66 % probability

About as likely as not VRS fE Huoxu kénéng 33 to 66 % probability

Unlikely NN Bu kénéng <33 % probability

Very unlikely AT fiE Hén bu kénéng <10 % probability

Exceptionally unlikely JLFAHTE Jiha bu kénéng <1 % probability

1 Study 1

Study 1 investigated the interpretations of the VPEs used by the IPCC across the UK and
China in a homogenous sample of first-year undergraduate psychology students.

1.1 Method

Only participants who answered all questions were retained for analysis. 110 UK-based and
84 Chinese-based students from UCL and Shandong Normal University respectively were
presented with the VPEs prescribed for the communication of risk and uncertainty informa-
tion by the IPCC (Table 1) individually, with order of presentation randomised across
participants. Chinese participants received the materials in Chinese, with the VPEs being
taken from the IPCC’s (2007) Chinese assessment report. Chinese participants were
presented with one additional VPE because the literal translation of the IPCC’s term for
‘unlikely’ is ‘impossible’ (http://mandarintools.com/worddict.html), which is simply an
error in the Chinese assessment report. Thus, both this term and a more appropriate
translation (4 Kn]gE—‘unlikely’) were included in the eight VPEs presented to Chinese
participants. Before receiving the VPEs, participants were simply told that they would be
presented with seven (eight for the Chinese participants) probability words and their task
was to provide a number that they thought best represented the probability implied by the
word. Subsequently, for each VPE participants were asked to indicate their best numerical
estimate (0 [absolutely impossible]-100 [absolutely certain]) of the probability implied if an
expert described a future event with the presented VPE. By asking for a single ‘best’
probability estimate (as in Budescu et al. 2012), we are ascertaining what participants
conceive of as the most natural interpretation of these expressions. We assume that this is
one that they will be best able to make use of in informing subsequent decisions (and if this
falls outside the range prescribed by the IPCC, people will likely find reasoning with these
VPEs difficult). Participants subsequently provided their gender and age.

The UK-based participants completed the study as part of a lab demonstration, whilst the
Chinese-based participants were recruited outside class hours.

1.2 Results and discussion
Sample homogeneity 17.3 % of the UK sample were male, against 17.9 % of the Chinese
sample, x*(1) = 0.01, p=.92. The age range in the UK sample was 17 to 22 years (N=110),

whilst the age range in the Chinese sample was 17 to 21 years (N=84, after excluding a
70 year old to maintain homogeneity across the samples, and 3 participants who did not
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report their age). A r-test suggested that the Chinese sample was slightly older on average
(Chinese mean = 19.36, SD=0.93; UK mean = 18.73, SD=0.90), #192) = 4.78, p<.001.
However, given the similar range and the same median (19 years), we do not see this
difference as problematic in the interpretation of the results. Based on these analyses, and the
fact that all participants were first year psychology undergraduate students, our samples can
be considered highly comparable.

Main analyses Our first finding confirmed that the [IPCC Chinese translation of ‘unlikely’
was incorrect. The modal interpretation (51 % of participants) of this phrase as indicating a
probability of zero indicates that this phrase has been mis-translated by the IPCC. Using our
own translation of ‘unlikely’ in subsequent analyses, Fig. 1 compares the median estimates
(with interquartile ranges [IQRs]) of the different VPEs in the UK and China.® Inspection of
Fig. 1 suggests that there are systematic differences in numerical interpretations of the
IPCC’s VPEs between the UK and China. The interpretations of the VPEs are regressive
(i.e., closer to the midpoints of the scale than intended by the IPCC) in both the UK and
China, but they are notably more so in China than in the UK (interpretations of the VPEs
excluding ‘as likely as not’ were closer to 50 % in China than in the UK (mean percentage
points from 50 % of 19.59 and 31.96 respectively), F(1, 192) = 34.74, p<.001). Although
this main effect was qualified by an interaction with VPE, F(4.30,825.62) = 7.79, p<.001
(where homogeneity of variance assumptions are violated, Greenhouse-Geisser corrections
are applied), the direction of the effect was consistent across all VPEs. A 7x2 (VPE x
location) ANOVA* on participants’ numerical interpretations yielded main effects of VPE,
F(3.08, 590.96) = 316.49, p<.001, MSE=428.23, etap2:.62, location, F(1, 192) = 11.65,
p=.001, MSE=451.89, etap2=.06, and a significant VPE x location interaction, F(3.08,
590.96) = 20.10, p<.001, MSE=428.23, etap2:.10. This interaction confirms the suggestion
in Fig. 2, that Chinese participants (by nature of their interpretations being more regressive
than the UK participants) did not differentiate between the VPEs as much as the UK
participants did.> There was also greater variance in the Chinese participants’ understanding
of these expressions. A #-test comparing the IQRs of interpretations by Chinese and UK
participants across the seven probability expressions confirmed (with marginal significance)
that IQRs were greater amongst Chinese participants (Chinese mean = 25.89; UK mean = 13.46),
#(6) =241, p=.053.

As Table 1 shows, the IPCC has strict prescriptions for how the VPEs should be used and
interpreted. However, these are not the interpretations that come naturally to most native
speakers of Chinese or English, with the Chinese interpretations of the higher
VPEs—‘virtually certain’ (median = 86.5 %), ‘very likely’ (median = 70 %) and ‘likely’
(median = 50 %)—far below their intended probabilities. Only two UK participants (zero
Chinese participants) provided interpretations that were in line with the prescriptions of the
IPCC for all seven probability expressions (if the strict inequalities in Table 1 are replaced by
non-strict inequalities [e.g., <90 %], four UK participants [zero Chinese] provided interpre-
tations that matched the IPCC prescriptions). Figure 2 plots the percentage of participants
whose interpretations agreed with the prescriptions of the IPCC for each VPE individually

3 Although participants’ responses are on an interval scale, we chose to present medians and IQRs to maintain
consistency with related research (e.g., Budescu et al. 2009). Given the interval nature of our data, however,
we use parametric analyses in our inferential statistics.

4 Data were analysed with ANOVAs, despite the homogeneity of variance assumption being violated. Using
Box’s conservative procedure (Box 1954; Howell 1997) to adjust the critical F-value where appropriate, does
not change the significance levels of any results.

5 All these results also hold if age is included as a covariate in the analysis, as is the case in Section 2.
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Fig. 1 Medians and IQRs of numerical interpretations of the VPEs in the UK and China in Study 1. Dashed
horizontal lines represent the boundaries for the expressions as shown in Table 1

(employing non-strict interpretations of the inequalities). As can be seen, there was greater
correspondence between the IPCC’s prescriptions and the interpretations of the UK partic-
ipants for all VPEs, with this difference being significant (p<.05, by a chi-square test) for all
but ‘very likely’ (p=.08), ‘very unlikely’ (p=.78), and ‘exceptionally unlikely’ (p=.23). It is
also clear, however, that correspondence between the IPCC’s prescriptions and people’s
intuitive interpretations of these VPEs was poor even amongst the UK participants (c.f.
Budescu et al. 2009), with three of the VPEs being interpreted in line with the IPCC’s
interpretations by less than 50 % of participants in both cultures.

Finally, participants’ interpretations of these expressions have been shown to display
violations of the order implied by the IPCC (Table 1) (Budescu et al. 2009). To compare the
correspondence of the Chinese interpretations and the UK interpretations, we calculated the
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Fig. 2 Percentage of participants whose interpretations of the VPE agree with the IPCC prescriptions (with
inequalities interpreted as non-strict inequalities) in Study 1
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proportion of participants who provided a strict ordering that matched that implied in
Table 1. Only 37 % of UK participants provided such interpretations, but this was a much
greater percentage than for Chinese participants, of whom a mere 6 % provided interpreta-
tions whose order matched that implied in Table 1, Y3(1) = 25.83, p<.001.

These results demonstrated considerable differences between how the VPEs used by the
IPCC are interpreted in China as opposed to the UK. Furthermore, Chinese interpretations of
these VPEs were especially variable and unaligned with the prescriptions of the IPCC.

2 Study 2

Study 1 recruited participants from two universities with the aim of maximising the
homogeneity of the two samples. It is conceivable, however, that the differences reported
in Section 1 were not the result of cross-cultural differences, but rather represented other
systematic differences between students from these two university samples. Study 2 was
therefore a replication of Study 1, but used non-university samples.

2.1 Method

80 UK participants and 105 Chinese participants were retained for analysis (although the Chinese
sample included one individual who did not provide a response to the ‘very likely’ term). The
study design was identical to Study 1, with two exceptions and one addition. First, the IPCC’s
erroneous translation of “unlikely’ was not included-rather we included our own translation of
this term, /KA §E (as included in Section 1). Second, because the experiment was not computer-
based, 7 different orders of the presentation booklet (containing the VPEs on separate pages) were
constructed. The addition was that participants were asked for their highest level of educational
attainment on a 5-point scale, ranging from “No GCSE or O levels or CSE” to
“Postgraduate qualification” and their Chinese equivalents, “¥J# L (lower than junior
middle school qualification) to “HF7t k& LA 12 (postgraduate degree or above), as agreed upon
by JX and XD, who both have experience with the Chinese educational system (see
supplementary materials for the full scales used).

UK participants were approached in Hyde Park, London. Chinese participants were
approached in Quancheng Park, Jinan, Shandong Province. All participants provided in-
formed consent and completed the experiment without remuneration.

2.2 Results and discussion

Sample 34 % of the UK sample were male, against 57 % of the Chinese sample, x*(1) = 9.97,
p=.002. The age range in the UK sample was 16 to 70 years (N=80), whilst the age range in the
Chinese sample was 18 to 64 years (N=105). A t-test confirmed that the Chinese sample was
older on average (Chinese mean = 34.67, SD=9.96; UK mean =27.06, SD=9.67), #(183) =5.21,
p<.001. Degree of educational attainment differed significantly between the two samples, x*(4) =
24.82, p<.001. The Chinese sample had a slightly higher level of educational attainment, with
83 % of the sample holding an undergraduate degree (or equivalent) or higher, compared with
54 % of the UK sample.

Main analyses Figure 3 compares the interpretations of the different VPEs in the UK and
China. The interpretations of the VPEs were again regressive in both the UK and China, but
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Fig. 3 Medians and IQRs of numerical interpretations of the VPEs in the UK and China from the non-university
sample in Study 2. Dashed horizontal lines represent the boundaries for the expressions as shown in Table 1

as in Section 1, they were notably more so in China than in the UK, F(1, 182) = 4.94,
p=.028 (mean percentage points from 50 % of 18.77 and 24.07 respectively). Once again an
interaction was observed between VPE and location, F(3.59, 653.90) = 21.70, p<.001. In
contrast with Study 1, however, the pattern of means was not in the same direction for all
VPEs. Figure 3 shows that UK participants’ estimates were closer to the midpoint than were
Chinese participants’ estimates for ‘exceptionally unlikely’ and ‘very unlikely’. A 7x2
(VPE x location) ANOVA on participants’ numerical interpretations yielded main effects
of VPE, F(3.16, 575.38) = 161.87, p<.001, MSE=1014.46, etap2:.47, location, F(1, 182) =
25.61, p<.001, MSE=954.29, etap2=.12, and a significant VPE x location interaction,
F(3.16, 575.38) = 11.01, p<.001, MSE=428.23, etap2:.06. This interaction confirms the
suggestion in Fig. 3, that Chinese participants, as in Section 1, did not differentiate between
the VPEs as much as did the UK participants. The pattern and significance of the latter
results did not change after controlling for age, gender and educational attainment. In the
analysis concerning the degree of deviation from the midpoint, controlling for these factors
led to the main effect of location becoming marginal, F(1, 164) = 2.99, p=.085.° This is
probably a consequence of ‘very unlikely’ receiving more regressive interpretations in the
UK than in China, as confirmed by the fact that the main effect of location is significant if
‘very unlikely’ is excluded from this analysis, F(1, 164) = 11.09, p=.001, etap2:.06.

Figure 3 shows that the variance in participants’ interpretations for the low probability
terms was greater in the UK than in China. Very high interpretations of ‘exceptionally
unlikely’ in English may have resulted from an inappropriate focussing on ‘exceptionally’,
after one participant was overheard thinking aloud that she would use a high number for
‘exceptionally unlikely’ because ‘exceptionally’ sounded like a very positive word(!)

As in Section 1, participants’ interpretations did not match the prescriptions of the IPCC.
Once more, Chinese interpretations of the higher VPEs—virtually certain’ (median = 80 %),
‘very likely’ (median = 70 %) and ‘likely’ (median = 50 %)—were far below their intended

© These analyses were conducted through an ANOVA in which the effects were calculated sequentially, using
Type 1 sum of squares, such that gender and educational attainment were added to the model before location,
with age included as a covariate.
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probabilities. No participants provided interpretations that were strictly in line with the IPCC
prescriptions, although one UK participant (zero Chinese) matched these criteria if the strict
inequalities are replaced by non-strict inequalities. Figure 4 plots the percentage of partic-
ipants whose interpretations agreed with the prescriptions of the IPCC for each VPE
individually. There was greater correspondence between the IPCC’s prescriptions and the
interpretations of the UK participants for all VPEs aside from ‘very unlikely’. This differ-
ence was significant (p<.05, by a chi-square test) for all but ‘as likely as not’ (p=.49),
‘unlikely’ (p=.069), and ‘exceptionally unlikely’ (p=.42). “Very unlikely’ was interpreted in
line with the IPCC’s prescriptions significantly more in China than in the UK.

Finally, only 20 % of UK participants provided interpretations whose ordering matched
that implied by the IPCC (Table 1), but this was a much greater percentage than for Chinese
participants, of whom a mere 9 % provided such interpretations, x*(1) = 4.96, p=.026.

2.3 Combining Studies 1 and 2

Study 1 was conducted with two university samples. Study 2 was conducted with two
samples from outside the university. We carried out a sequential (type 1 sum of squares)
ANOVA, to determine the effect of cultural location (UK vs. China) after controlling for
gender and within-culture location (university or non-university sample), in that order, with
age included as a covariate. The main effect of cultural location remained significant,
F(1, 369) =17.91, p<.001, etap2:.05, as did the interaction between VPE and cultural
location, F(3.31, 852.20) = 13.96, p<.001, etap2:.04. We also tested the degree to which
interpretations deviated from the midpoint in the same way. The main effect of cultural location
remained significant, F(1, 369)=16.87, p<.001, etap2=.04, with interpretations in China being
closer to the midpoint (mean deviation = 16.30), and thus more regressive, than interpretations
in the UK (mean deviation = 26.45). The interaction between VPE and cultural location also
remained significant, F(3.81, 473.59) = 14.29, p<.001, etap2=.04. Thus, across both studies,
the pattern of findings is clear in that differences exist between London, UK and Jinan, China in
how the VPEs used by the IPCC are interpreted. Given that London and Jinan are both sizeable

@UK
= CHINA

Interpretations consistent with the IPCC
prescriptions (%)

Fig. 4 Percentage of participants whose interpretations of the VPE agree with the IPCC prescriptions (with inequalities
interpreted as non-strict inequalities) in Study 2
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cities (populations of over 8 million and 6 million respectively—Wikipedia, August 12th, 2013),
we believe our results represent a general cross-cultural effect between the UK and China,
although further research employing random sampling methods (e.g., random digit telephone
dialling) would increase confidence in this conclusion.

3 General discussion

Across two studies, we observed systematic differences between Chinese and UK partici-
pants’ numerical interpretations of the VPEs used by the IPCC. Study 1 recruited psychol-
ogy university students, so as to maintain a homogenous sample, whilst for Study 2
participants were approached in local parks. The results of Study 2 corroborated those of
Study 1: Considerable intra-cultural variability (c.f., Budescu et al. 2009, 2012), and also
systematic effects of culture on the interpretation of these expressions. Specifically, inter-
pretations of the VPEs used by the IPCC were more variable and further from the IPCC’s
prescriptions in China than they were in the UK. In contrast to Budescu et al. (2009, 2012),
the present studies did not embed the VPEs within a climate change context, nor did we
provide participants with a numerical translation table for these VPEs (as is provided in the
IPCC reports). It is possible that had we conducted our study with these inclusions we might
not have observed the same cross-cultural differences. Given, however, that Budescu et al.
also observed considerable inter-individual variance in participants’ interpretations, we
suspect that such a change would not have affected our fundamental conclusions.
Research investigating accountants’ use of VPEs has recognised that interpretational differ-
ences can result from both cultural differences and translation errors (Doupnik and Richter
2003, 2004). We do not distinguish between these two sources of difference. It may be that a
‘better’ translation of the IPCC’s VPEs does exist. Indeed, it is clear from Figs. 1 and 3 that
the Chinese interpretations are particularly problematic at the high end of the probability
scale (median translations of ‘likely’ being equal to those of ‘as likely as not’- a result that is
in line with Lau and Ranyard’s 1999 finding that Keneng [‘likely’ in Table 1] was used by
their Chinese participants to refer to probabilities between 20 % and 95 %). Given, however,
the lower number of Chinese VPEs, relative to English VPEs, generated in Lau and
Ranyard’s study, these issues might not be straightforwardly overcome. The difficulties
and pitfalls associated with translating VPEs into multiple languages are many. Indeed, we
found that the translation of ‘unlikely’ was simply wrong. Such pitfalls are straightforwardly
avoided: the use of numerical ranges obviates any requirement for translation.

That interpretations of VPEs at the high end of the probability scale showed the most
cross-cultural variability is of practical relevance for a number of reasons. Most obviously,
these are the events that are most likely to occur, and underestimating the likelihood of
negative events has been argued to be a more costly error than an overestimate (e.g., Harris
et al. 2009; Weber 1994). Moreover, past research (not investigating cultural differences) has
raised particular concerns over the negative VPEs (e.g., unlikely) used at the low end of the
probability scale by the IPCC. Smithson et al. (2012) have shown that interpretational
inconsistencies within U.S.-based participants are greatest for these expressions, whilst
Teigen et al. (2013) have demonstrated a conflict between different zypes of interpretation
according to either a causal propensity (these events will not happen) or frequentist (these
events will occur rarely) interpretation (see also, Sirota & Juanchich, 2012). With the present
work demonstrating the largest cross-cultural differences at the other end of the probability
scale, it shows that difficulties associated with communicating risks with words are not
limited to one part of the probability spectrum.
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In conclusion, interpretations of VPEs are considerably variable both across and within
individuals. These interpretations do not seem well matched to the intentions of the IPCC. For
intergovernmental communication, numbers are an unambiguous common currency, with no
requirement for potentially ambigous translation. More recently, the IPCC has recommended that,
“where there is sufficient information” (p. 3) a numeric distribution or range of probabilities be
specified, rather than the VPEs in Table 1 (Mastrandrea et al. 2010). What the current work
demonstrates, however, is that the VPEs in Table 1 are not an efficient form of risk communi-
cation. If the terms are supposed to correspond to numerical ranges, why not specify these ranges
in all instances—to as narrow a range as is appropriate (c.f. Budescu et al. 2009)-to guard against
such discrepancies in interpretation as those reported here. Following other researchers, from
studies that have included numerical information (e.g., Budescu et al. 2009, 2012) or, like us,
demonstrated extant issues associated with the interpretation of VPEs (e.g., Harris and Corner
2011; Patt and Dessai 2005), we therefore recommend including numbers in addition to the VPEs
where they are used (see Witteman and Renooij 2003, for potential benefits associated with
including VPEs alongside numeric probabilities) for one simple reason: it will improve the
communication of climate-related risk and uncertainty information.
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