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Abstract. Introduction: Verbal probabilities such as “likely” or “probable” are
commonly used to describe situations of uncertainty or risk and are easy and natural
to most people. Numerous studies are devoted to the translation of verbal probability
expressions to numerical probabilities. Methods: The present work aims to
summarize existing research on the numerical interpretation of verbal probabilities.
This was accomplished by means of a systematic literature review and meta-analysis
conducted alongside the MOOSE-guidelines for meta-analysis of observational
studies in epidemiology. Studies were included, if they provided empirical
assignments of verbal probabilities to numerical values. Results: The literature
search identified 181 publications and finally led to 21 included articles and the
procession of 35 verbal probability expressions. Sample size of the studies ranged
from 11 to 683 participants and covered a period of half'a century from 1967 to 2018.
In half of the studies, verbal probabilities were delivered in a neutral context
followed by a medical context. Mean values of the verbal probabilities range from
7.24% for the term “impossible” up to 94.79% for the term “definite”. Discussion:
According to the results, there is a common ‘across-study’ consensus of 35
probability expressions for describing different degrees of probability, whose
numerical interpretation follows a linear course. However, heterogeneity of studies
was considerably high and should be considered as a limiting factor.

Keywords. Verbal probabilities, Meta-analysis, Numerical representation,
Systematic review

1. Introduction

Within the last decades, the use and interpretation of verbal probability expressions
(VPE) has been intensively investigated from different perspectives such as the field of
economics, politics or the health sector [1-5]. VPE are commonly used to describe
situations of uncertainty or risk and according to [6] are easy and natural to most people.
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Brun and Teigen (1988) observed that physicians preferred communicating probabilities
verbally whereas their patients rather preferred receiving health-related information
numerically [2]. A problem in the transfer of verbal into numerical probabilities is the
considerable between-subject variability in the use and interpretations of VPE [1,7]. For
example, wide between-subject variations were found for the expression “likely”, which
was assigned probability estimates ranging from p =.5 to p = .95 [8].

Concurrently, individuals show an internal consistence in the use and interpretation
of VPE [9,10]. Dhami and Wallsten (2005) linked those findings and argued, that
individuals have a stable lexicon of VPE, which however may differ considerably among
individuals [7]. Still, interpersonal consensus regarding the probabilistic meaning of an
expression may be derived by examining the rank order of the expression within each
lexicon. The authors suggest that expressions or phrases, which are ranked equally, are
likely to have similar meanings even though the exact wording differs among individuals.
These results are supported in [11], where the authors observed the rank order of a set of
23 VPE to be relatively stable in a British, Hellenic and Malaysian sample. However, the
numerical values that were assigned to each VPE turned out to differ considerably
between nationalities.

A central concern in the interpretational variability of VPE thus is the danger of
communicative misunderstandings [12]. According to [2] most individuals are unaware
of both the ambiguity of VPE as well as the variability of VPE interpretations in the
general population. Hence, various examinations have focused on providing a translation
aid from verbal to numerical probabilities or vice versa [8,9,10,13,14,15].

The current work addresses this translational issue and aims at systematically
reviewing and summarizing the existing literature about numerical interpretations of
VPE in order to provide an overview of previous research results. In addition to the
identification and description of studies involving the numerical interpretation of verbal
probabilities, numerical interpretations of frequently examined VPE will be summarized
statistically in order to generate a bundled numerical interpretation of each identified
VPE.

2. Methods

This systematic review and meta-analysis was conducted alongside the guidelines for
meta-analysis of observational studies in epidemiology (MOOSE) [16]. The following
electronic databases were searched from their inception to 2020 independently by two
authors: Psychological and Behavioral Science Collection (PBSC), PubMed,
PsycArticles and CINAHL. The literature search was constructed around the search term
‘verbal probabilities’ and adapted for each database as necessary. Furthermore, reference
lists of identified original articles and reviews were searched manually for further
relevant articles.

Articles were included, if they studied empirical assignments of verbal probabilities
to numerical values (from 0% to 100% or O to 1). Articles including numerical
interpretation of verbal probabilities using another numerical format (e.g. five-point
Likert scales or membership functions) were not included. Expressions such as ‘rare’,
‘commonly’ or ‘often’ referring to frequencies rather than probabilities and were not
considered in the current work. Furthermore, only studies published in German, English,
or Spanish were considered. Book chapters and unpublished studies were excluded.

Included studies were analyzed regarding the year of publication, country, method of
capturing the probability interpretation, numerical format, and the thematic context of
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the verbal probability assessment. Furthermore, the total amount of VPE examined in the
studies and identified mean values, standard deviations as well as sample size for each
study were extracted.

To review expressions that are used with a certain consensus, only VPE that were
interpreted in at least four investigations were further processed. A meta-analysis for
each VPE using the random effects model was calculated by R package ‘meta’ [17]. In
cases of missing standard deviations, they were calculated by the average standard
deviation of the remaining studies within the corresponding VPE. Missing sample sizes
were substituted using the median of reported sample sizes of the remaining studies.

3. Results

The database search revealed 163 articles. Reviewing reference lists of identified
articles led to the consideration of 18 further articles. After removal of duplicates, 87
articles were excluded by screening title and abstracts. Full texts of the remaining 49
records were reviewed and assessed for eligibility. Further articles had to be excluded as
the respective full-text was not available, published in a different language, had a
different numerical format, or did not present detailed results for meta-analysis. The
selection process is illustrated in figure 1.
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Fig 1. Flow chart of the literature selection process. n = here: number of articles; VPE = verbal probability
expressions.

Table 1 provides an overview of the 21 included studies. Sample size of the studies
ranged from 11 to 683 participants (Mean: 111.75 Median: 70) and covered a period of
half a century from 1967 to 2018. Origin of the studies was mixed with n=10 studies
from the USA followed by the UK (n=3) and Norway (n=2). Most of the studies (n=11)
used a population of students or medical staff (n=4). Only one study asked a sample of
patients. The VPE in half of the studies (n=10) were delivered in a neutral context
followed by a medical context (n=7).
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Table 1. Overview of the included studies.

First Author Year Origin N Sample Context
Bergenstrom [18] 2003 UK/USA 87 Medical students Medical
Brun [2] 1988 Norway 16 Psychology students Neutral
Budescu [9] 1985 USA 32 Psychology students Neutral
Chee [11] 2006 Malaysia 32 Mixed (mainly students) Neutral
Cohn [4] 2009 Mexico/USA 263 Mixed (mainly students) Medical
Damrosch [19] 1983 USA 70 Female nurses Medical
Hamm [13] 1991 USA 140 Psychology students Neutral
Hobby [20] 2000 UK 11 Physicians Medical
Honda [21] 2006 Japan 137 Students Gambling
Honda [21] 2006 Japan 67 Students Gambling
Juhanchich [22] 2013 USA 84 Workers Neutral
Kong [12] 1986 USA n/a Medical staff Medical
Lichtenstein [15] 1967 USA 188 Employees Neutral
Ostermann [23] 2018 Germany 683 Mixed (mainly students) Neutral
Reagan [8] 1989 USA 115 Psychology students Neutral
Shying [24] 2013  HK, MYS, SGP 55 Auditors Neutral
Sutherland [25] 1991 Canada 100 Cancer patients Medical
Tavana [26] 1997 USA 30 Financial experts Banking
Teigen [27] 2001 Norway 20 Psychology students Job offer
Teixera [5] 2009 Portugal 35 Auditors Neutral
Villejoubert [28] 2009 UK 70 Medical staff Medical

Fig 2. Forest plot of the meta-analysis of the expression “unlikely” from (MRAW: Raw Mean).

Statistical analyses were based on the following 35 VPE, which had been examined
by at least four included articles: almost certain (n = 7), almost impossible (n = 5), certain
(n = 7), chance (n = 4), definite (n = 4), doubtful (n = 4), good chance (n = 6), highly
improbable (n = 6), highly probable (n = 8), impossible (n = 5), improbable (n = 8), likely
(n = 18), maybe (n = 6), not certain (n = 7), not likely (n = 4), not possible (n = 5), not
probable, (n = 4), perhaps (n = 4), possible (n = 22), possibly (n = 4), probable (n = 19),
quite likely (n = 7), quite probable (n = 4), quite unlikely (n = 9), reasonable assurance
(n=4), reasonably certain (n = 4), reasonably possible (n = 4), remote (n = 4), somewhat
doubtful (n = 4), uncertain (n = 11), unlikely (n = 14), very likely (n = 8), very probable
(n = 10), very unlikely (n = 10), virtually certain (n = 4). Figures 2 to 4 provide forest
plots for the VPE “unlikely”, “uncertain” and “likely”.
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Study Mean MRAW
Budescu and Wallsten (1985) - 20.00 [15.15; 24.85]
Chee (2006) i 25.40 [20.02; 30.78]
Chee (2006) P 30.80 [22.89;38.71]
Chee (2006) L3 22.90 [17.69; 28.11]
Cohn and Cortes (2009) : 15.00 [13.06; 16.94]
Cohn and Cortes (2009) i 11.00 [7.83;14.17]
Damrosch and Soeken (1983) = 16.57 [11.92; 21.22]
Hobby et al. (2000) —=— 12.00 [3.98;20.02]
Honda and Yamagishi (2006) : 10.30 [8.54; 12.06]
Lichtenstein and Newman (1967) 18.00 [16.57; 19.43]
Ostermann et al. (2018) i 31.00 [29.61; 32.39]
Reagan et al. (1989) ? 15.00 [12.52; 17.48]
Sutherland et al. (1991) -—— 29.40 [16.46; 42.34]
Tavana et al. (1997) i 31.42 [27.69; 35.15]
Random effects model < 20.32 [15.74; 24.91] 100.0%
Heterogeneity: 1 = 97%, 1° = 69.8598, p < 0101 | J J !
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Study Mean MRAW 95%-Cl Weight
Brun and Teigen (1988) - 44.00 [36.65;51.35] 6.3%
Budescu and Wallsten (1985) faan 41.00 [36.50; 45.50] 9.7%
Hamm (1991) 40.40 [38.38;42.42] 13.1%
Honda and Yamagishi (2006) 34.00 [31.71;36.29] 12.8%
Honda and Yamagishi (2006) = 42.80 [37.90;47.70] 9.1%
Lichtenstein and Newman (1967) ) 40.00 [37.91;42.09] 13.0%
Ostermann et al. (2018) | 35.20 [33.86; 36.54] 13.8%
Shying (2013) —— 29.11 [19.96; 38.26] 4.8%
Shying (2013) —— 26.12 [15.84,36.40] 4.1%
Shying (2013) —+ 32.20 [24.72;39.68] 6.2%
Villejoubert et al. (2009) e 41.90 [35.43;48.37] 7.2%
Random effects model ¢ | | 37.80 [35.33; 40.26] 100.0%

Heterogeneity: 12 = 82%, 12 = 10.9981, p <0lo1 T T
0 20 40 60 80 100

Fig 3. Forest plot of the meta-analysis of the expression “uncertain” (MRAW: Raw Mean).

Between-study heterogeneity for each was highly significant in 29 out of 35 cases
except for the expressions “remote” (I1>= 0.00; 1= 0.00; p = 0.604), “somewhat doubtful”
(2= 2.60; 1>= 0.68; p = 0.380), “reasonably possible” (1%;= 15.40; 1= 2.52; p = 0.315),
“reasonable assurance” (1%;= 40.70; 1= 3.70; p = 0.168), “reasonably certain” (I%;= 3.30;
= 0.21; p = 0.376) and “virtually certain” (I%;= 64.80; 1= 11.82; p = 0.036).

Study Mean MRAW 95%-Cl Weight
Bergenstrom and Sherr (2003) -'- 74.00 [70.75;77.25] 6.6%
Bergenstrom and Sherr (2003) | 60.00 [56.75; 63.25] 6.6%
Brun and Teigen (1988) e 74.00 [67.63;80.37] 4.5%
Budescu and Wallsten (1985) e 72.00 [66.46;77.54] 5.1%
Chee (2006) —- 68.10 [61.31;74.89] 4.3%
Chee (2006) — 62.60 [55.48;69.72] 4.1%
Chee (2006) —'—— 64.00 [55.01;72.99] 3.2%
Damrosch and Soeken (1983) = 72.07 [67.92;76.22] 6.0%
Hobby et al. (2000) i—=— 84.00 [72.33;9567] 2.3%
Juanchich and Sirota (2013) | 71.20 [67.83;74.57] 6.5%
Kong et al. (1986) - 64.00 [60.31;67.68] 6.3%
Lichtenstein and Newman (1967) ; 71.00 [68.57;73.43] 7.1%
Ostermann et al. (2018) ) 70.90 [69.56;72.24] 7.6%
Reagan et al. (1989) - 70.00 [67.12;72.88] 6.8%
Shying (2013) = 62.44 [55.42;69.46] 4.2%
Shying (2013) = 63.35 [56.69;70.01] 4.4%
Shying (2013) e 62.00 [57.10;66.90] 5.5%
Teixeira and Silva (2009) e 74.00 [66.70;81.30] 4.0%
Villejoubert et al. (2009) - 68.40 [62.87;73.93] 5.1%
Random effects model I I $é : | 68.63 [66.53; 70.73] 100.0%

Heterogeneity: 1> = 80%, © = 14.7111, p < 0/01
0 20 40 60 80 100

Fig 4. Forest plot of the meta-analysis of the expression “likely” (MRAW: Raw Mean).

The complete results of the random effects model for all VPEs are provided in Fig.
5, in which the weighted mean with 95% confidence interval is displayed.
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Fig 5. Averaged mean values of 35 verbal probability expressions across the respective studies; error bars
denote the 95% confidence intervals.

Mean values of the VPE interpretations range from 7.24% (SE: 3.58) for the VPE
“impossible” up to 94.79% (SE: 2.26) for the VPE “definite”. The greatest leap can be
found between the expressions “perhaps” (M: 50.05; SE: 3.57) and “reasonably possible”
(M: 62.22; SE: 1.98). Nevertheless, the 35 expressions are apparently linear distributed
across the continuum between 0 and 100%.

4. Discussion

This work aimed at systematically reviewing the existing literature on the interpretation
of verbal probabilities. Studies including a numerical interpretation of VPE were
included and further analyzed. A large number of expressions are compound words,
consisting of a central expression of probability accompanied by a further expression
used to describe the degree of probability more specifically such as barely possible,
entirely possible or faintly possible. This results in innumerable differentiations of
probability expressions compared to the central expression, for example ‘possible’.

The extracted set of 35 VPE can thus be cautiously considered a common ‘across-
study’ lexicon of verbal probability terms, and is evenly distributed within the range
between 7.24% (impossible) up to 94.79% (definite). The present results provide strong
evidence for VPE interpretations behaving in a linear rather than somehow logistic way.

Although this meta-analysis has its strength in synthesizing more than 40 years of
research in numerical estimations of verbal probabilities, it also has several limitations.
Firstly, we only searched for the term “verbal probabilities”. Although this is the most
common term in this field of research, we might have missed literature by using only a
single term. We also decided against a risk of bias assessment, which normally attributes
issues like “random sequence generation”, “allocation concealment”, “blinding” or
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“selective reporting” which is an important issue in RCTs. Our analysis however only
deals with surveys without control groups and blinding and thus we cannot give
information on a risk of bias. Another major limitation is given by the heterogeneity of
studies, indicated by means of I?> and 1, which is considerably high with 29 out of 35
comparisons reaching statistical significance. Including and comparing heterogeneous
studies is one of the main criticisms regarding the method of a meta-analysis casually
known as the ‘apples and oranges problem’ [29]. We however decided to include the
studies in this investigation, as we just aimed at summing up existing numerical
interpretations on VPE. The inclusion criteria set out above served the purpose to identify
studies with comparable research questions and methodology.

A further limitation of the present meta-analysis is the combination of studies from
different research contexts as well as uncontextualized investigations. Since previous
examinations demonstrated the context of VPE to influence their numerical
interpretation [1,2] future research should combine investigations using comparable
contexts or address different contexts in subgroup analyses.

5. Conclusion

Our results systematically reviewed the existing literature on VPE and revealed, that a
considerable amount of studies addresses the numerical interpretation of VPE; however,
using different numerical formats. Considering studies using the format of percentages
or probabilities leads to the identification of a broad variety of different probability
expressions that were apparently linear distributed within the range from 0% to 100%.
According to our results, there is a common ‘across-study’ consensus of 35 VPE for
describing different degrees of probability, whose numerical interpretation follows a
linear course as discussed in [23].
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