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Abstract 
 

Communication of natural hazards and their consequences are among the more relevant 
ethical issues faced by scientists. In the last years social studies evidenced that risk 
communication is strongly influenced by risk perception of citizens. A theory of risk perception that 
offers an integrative approach to understanding and explaining risk perception is still missing. To 
explain risk perception is necessary to consider several perspectives: social, psychological, 
cultural, and their interactions. In our opinion the method of semantic differential is one of the most 
suitable to understand all its aspects. The questionnaire on seismic risk perception has been 
constructed by this method. The questionnaire consists of an informative part and seven sections 
respectively dedicated to: hazard; vulnerability (home and workplace); exposure; institutions and 
community; earthquake phenomenon; risk information and their sources; comparison between 
seismic risk and other natural hazards. The questionnaire allows to obtain the perception score for 
each factor: Hazard, Exposure, Vulnerability, Institutions and Community, Earthquake 
phenomenon. On January 2013 started the first survey in Italy, preliminary data are discussed. By 
improving our knowledge about the seismic risk perception would allow us to plan in advance 
activities for seismic risk mitigation and more effectively strategies for risk communication.  
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Studies of risk perception examine the judgments that people make when they are asked to 
characterize and evaluate hazardous activities and technologies. Risk perception is a cognitive 
process involved in several daily activities that orients people’s behaviours on the impact of 
uncertain events This process is both individual than collective and selects and interprets signals 
related to direct observations or information received from others. Some researches highlighted 
that in many cases there is a difference between subjective risk perception and objective 
evaluation (Slovic 2000). 
There are two main approaches to studying risk perception, the realistic approach and the 
constructivist approach. The realistic approach considers perception of risk very close to the 
probability that an actual event occurs; in this meaning, it would be sufficient to have more 
information in order to have a better perception of risk. The constructivist approach thinks the risk 
is not "objective", but subjective and socially constructed. To understand risk perception it is 
necessary to consider a number of social, psychological and cultural ambits, as well as interaction 
among them (Wachinger & Renn 2010). In our opinion, in agreement with the constructivist 
approach, seismic risk perception does not depend on the actual value of the seismic risk but there 
are others factors influencing it.  
In the specific case of seismic risk, the role of people perception is very important, especially in the 
absence of clear communication strategies. The clarity of the language used by mass media, 
scientists and decision-markers in communicating seismic risk to people is essential for a proper 
knowledge and awareness. 
 In order to better understand the seismic risk perception in Italy and to provide information 
useful to raise awareness on seismic risk, we launched a research project supported by the Italian 
Civil Protection Department. (DPC). 
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THE SEISMIC RISK PERCEPTION QUESTIONNAIRE 
 
Theoretical frame 
 Due to the complexity of risk perception, for building a seismic risk perception questionnaire 
we needed an agile and flexible method, able to investigate complex variables and to return 
measurable values (Sjöberg 2000 a, b). 
 

 
 
Figure 1 – Four context levels of risk perception (Renn 2008) 
 
We opted for the semantic differential method (Osgood et al. 1957), which is conceptually similar to 
the semantic images1 indicated as a very promising approach for risk perception studies 
(Wachinger & Renn 2010). Furthermore this method has already been used in similar research on 
risk perception (Plapp & Werner 2006).  
 The method used in our questionnaire can be framed as psychometric and cultural theory 
of risk approach, with in addition some components to obtain a better overview on possible 
influences on risk perception: causes attributed to disasters, images of and associations on nature 
and environment (Szalay & Deese 1978), several personal and demographic characteristics, and 
experience from past events.  
 
 

                                                 
1
 Research on risk perception has identified a range of perception patterns that relate to key characteristics of the risk 

itself or the context in which the risk is taken. These patterns are called semantic risk images. The semantic images allow 
individuals to classify various risks on the basis of a few salient characteristics. Reducing complexity by creating classes 
of similar phenomena is certainly a major strategy for coping with information overload and uncertainty (for further details 
see Renn 2008). 
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The Questionnaire 
 
 The questionnaire on seismic risk perception (SRP-Q) has been constructed by the method 
of the semantic differential. To compare opposite adjectives or terms has been used a Likert scale 
to seven point (Likert 1932). Assigned to each factor is a number of contrasting terms (e.g. 
unexpected-expected) to which it is possible to assign a value. 
 

 1 2 3 4 5 6 7  
expected        unexpected 

 
Table 1 – Representation of a Likert Scale at seven point by method of Semantic differential 
 
The test consists of an informative part and seven sections respectively dedicated to:  

 Hazard.  
 Vulnerability (home and workplace). 
 Exposure. 
 Institutions and Community. 
 Earthquake phenomenon. 
 Risk information and their sources. 
 Comparison between seismic risk and other natural hazards. 

 
 Informative data include: region; province; town of residence; home zip code; work zip 
code; age; gender; place of birth; nationality; marital status; presence of children; number of 
children and their age; household composition; presence of disabled persons with reduced mobility 
in the household; level of education; employment. 
 The last two sections, seismic risk information and its sources and comparison between 
seismic risk and other natural hazards do not follow semantic differential method. The section 
seismic risk information and its sources is investigated by closed-ended questions at multiple-
choice. The comparison between earthquake and others natural hazards is investigated by asking 
to evaluate the earthquake risk with respect to the other natural hazards. 
 
 
 
SRP-Q factors 
 
 The questionnaire allows to obtain the perception score for five factors: Hazard, Exposure , 
Vulnerability, Institutions and Community, Earthquake phenomenon. The first three factors (hazard, 
exposure, vulnerability) can be compared with the respective factors that in seismology define the 
seismic risk (Reiter 1990; Mc Guire 2004). 
Each factor is investigated by a question associated to a given number of scales. For example the 
Hazard perception score derived by 10 Lickert scales (expected-unexpected; weak-strong; small-
big; distant-near; foreseeable-unforeseeable; short-long; moderate-violent; slow-fast; innocuous-
dangerous; far away-nearby) linked to the question “If you try to imagine an earthquake in the area 
where you live, how would you describe it?”. The others factors can be derived as indicated in the 
Table 2. 



4 

 
 

FACTOR N. OF 
SCALES  

QUESTION 

Hazard  10  If you try to imagine an earthquake in the area where you 
live, how would you describe it?  

Vulnerability  12  In case of an earthquake, how do you imagine your 
home/workplace?  

Exposure  7  Compared to an earthquake, how would you describe the 
area where you live? 

Institutions and 
community 

7  Compared to an earthquake, how would you describe the 
institutions and the people around you?  

Earthquake 
phenomenon  

15  You see the earthquake as an event ...  

 
Table 2 – Number of scales for each risk factor with the relative questions. 
 
 For each factor, it is possible to construct a single indicator calculated from the average of 
individual item. This indicator has allowed us to verify the capability of the scales to measure each 
factor considered. This type of analysis was carried out with an empirical procedure by calculating 
the value of Cronbach's2 alpha and comparing it with a series of reference values obtained 
empirically on the basis of previous experiences3. For the Hazard perception factor, it is found that 
the single scales that compose this indicator collect consents quite similar, but there are slight 
differences which may give rise to doubt whether or not it reasonable to consider a single indicator. 
So it is desired to check the reliability of a single indicator, calculated from the item of the battery. 
In this case, the calculated value with the alpha Cronbach of 0.86 is considered “good” for the 
construction of a single indicator calculated as the average of the individual items. The same 
procedure was repeated for all the factors of the questionnaire obtaining good values of 
Cronbach's alpha. 
 The "Institutions and Community" factor allows to obtain a score referred to the perception 
of institutions (civil protection organisations, municipalities, provinces, etc.), to the resilience and 
the sense of community: social cohesion, sense of fatalism or pragmatism, preparation, aptitude to 
assistance. 
At last, the "Earthquake phenomenon" factor consists of 15 Lickert scales aimed to explore various 
dimensions related to earthquakes: past experiences, emotions, human responsibilities; scientific 
knowledge, beliefs.  
 

                                                 
2
 It is an indicator of reliability that is based on the relationship between the variability of the single variables (which we 

assume are in total L) and the variability of their sum (Cronbach 1951). The value of Cronbach's alpha varies between 0 
and 1 and takes values much closer to 0 all the more the variables measure independent characters and values much 
closer to 1 as the variables measure the same phenomenon. Empirically, are considered: values> 0.90: excellent, values 
between 0.90 and 0.80: good, values between 0.80 and 0.70: discrete values between 0.60 and 0.70: sufficient, values 
<0.60 insufficient. 
3
 We could also use the procedure of Multidimensional Scaling (MDS), which is a statistical procedure for data reduction 

(Kruskal et al. 2006). But the purpose of this work is just to understand how reliable is a comprehensive indicator that is 
obtained by simple indicators and we are not geared up to learn about the structure of the data to determine the optimal 
size of the batteries being examined. Hence the decision to perform an empirical analysis of reliability rather than MDS. 
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Others Factors 
 

By the questionnaire it is also possible to derive indicators related to different theories and 
approach for risk perception studies. The main ones are: the psychometric paradigm (Slovic 1987, 
1992, 1993, 2000; Slovic et al. 1982); the Cultural Theory of risk (Douglas 1992; Thompson et al. 
1990); the classic indicators of the semantic differential method (Osgood et al. 1975) (Table 3). 
 

  Seismic Risk Factors 

  Hazard Exposure Vulnerability 

P
e

rc
e

p
ti

o
n

 F
a

c
to

rs
 Heuristics of 

information processing 

 Unexpected-
expected 

 Far in time-closer in 
time 

 Poor-rich 
 Modern-ancient 
 Non industrialized-

industrialized 

 Safe-unsafe 
 According to the 

law-non 
according to the 
law 

 Prepared-
unprepared 

Cognitive-affective 
factors 
 
Social, politics 
institutional 
 
Cultural background 

 Perceived personal 
risk 

 Familiarity with 
death because of 
the earthquake 

 Experience of an 
earthquake 

 Perceived degree of 
scientific knowledge 

 Risk knowledge 
(old-new risk) 

 Increased risk in the 
future 

 Possibility to 
influence the risk 

 Perceived 
frequency of 
occurrence 

 Predictability of 
the risk 

 
 Evaluative Potency Activity 
 Semantic Differential Factors 

 
Table 3 – The risk perception factors considered in the questionnaire and their possible relationships with the 
factors of the semantic differential method. 
 
 
 The researches conducted by Osgood and his collaborators (Osgood et al. 1975) on 
various "objects", to assess the opinions of a large samples of people from various cultures, 
showed that the Semantic Differential method is able to highlight "latent cognitive structures" that 
are attributed to three specifically factors: 

 The “Evaluative” factor, that indicates the positive/negative nature of the element evaluated, 
measured through the use of pairs of adjectives such as good-bad, beautiful-ugly, pleasant-
unpleasant; 

 The “Potency” factor, that indicates the strength/weakness of the element evaluated, 
measured through pairs of adjectives such as strong-weak, big-small, heavy-light; 

 The “Activity” factor, that indicates the active/passive nature of the element evaluated, 
measured through pairs of adjectives such as active-passive, fast-slow. 

 
The factor analysis conducted on data collected in different studies on semantic differential 
attributes to the “Evaluative” factor the higher proportion of variance. For this reason it is 
considered to be the factor which spells out more precisely the concept of attitude in social 
psychology (Osgood et al. 1975). 
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DATA 
 
The survey on seismic risk perception in Italy 
 
 The seismic risk perception survey began on 22 January 2013 and it is still underway. 
Compilation availability and accessibility has been spread through the social network, the web 
pages of regional, provincial, and municipal websites and on local online newspapers. The 
diffusion of the questionnaire was deliberately conducted through general interest locations, 
avoiding the specialised or official sites of the sector (DPC, Istituto Nazionale di Geofisica e 
Vulcanologia - INGV, Osservatorio Geofisico Sperimentale - OGS, universities, etc.) in order to limit 
the bias of educated/oriented samples.  
The survey includes all the Italian regions; on 25 July 2013, 5,585 tests had been compiled, 
subdivided in Administrative units (Region) and seismic zones4 as shown in Table 4. Veneto region 
(Northern Italy) represents over 1/3 of the sample, as a local newspaper in the Verona area 
advertised the initiative. 
 

Region 
Seismic Zones4 

Zone1 Zone2 Zone3 Zone4 Total 
Abruzzo  58 83 50 0 191 
Basilicata 41 50 5 0 96 
Calabria 97 54 0 0 151 
Campania 62 255 24 0 341 
Emilia-Romagna 0 93 361 6 460 
Friuli-Venezia Giulia 2 36 15 0 53 
Lazio 16 215 34 0 265 
Liguria 0 0 57 5 62 
Lombardia 0 9 88 246 343 
Marche 3 103 4 0 110 
Molise 19 22 1 0 42 
Piemonte 0 0 57 92 149 
Puglia 0 47 60 39 146 
Sardegna 0 0 0 23 23 
Sicilia 35 178 2 5 220 
Toscana 0 128 469 10 607 
Trentino-Alto Adige 0 0 17 32 49 
Umbria 1 51 3 0 55 
Valle d'Aosta 0 0 1 4 5 
Veneto 0 75 1906 236 2217 
Total 334 1399 3154 698 5585 
Table 4 - Distribution of the sample by regions and seismic hazard zones of Italy

4
. 

                                                 
4
New criteria for seismic classification in Italy were published in 2003. They are based on recent studies and processing 

regarding seismic hazard of the territory, i.e. the analysis of the likelihood that a territory may be affected, during a given 
time interval - generally 50 years - by an event that exceeds a given intensity or magnitude threshold. The Order of the 
President of the Council of Ministers no. 3274 of 20 March 2003 was published for this purpose on the Official Gazette 
no. 105 of 8 May 2003.The legal measure contains the main principles according to which the Regions, appointed by the 
State to adopt the territorial seismic classification (Legislative Decree no 122 of 1998 and Decree of the President of the 
Republic no. 380 of 2001 - "Testo Unico delle Norme per l’Edilizia”), have filled out a list of municipalities with the related 
seismic zone, with a decreasing  standard of hazard. 
The entire national territory has been classified according to it in: 
Zone 1 - The most dangerous area, where major earthquakes may occur. 
Zone 2 - Municipalities in this area may be affected by quite strong earthquakes. 
Zone 3 - Municipalities in this area may be struck to modest earthquakes. 
Zone 4 - The least dangerous area. 
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Data processing 

 The sample of 
respondents has the 

following 
features.Gender 

Females 36% 
Males 64% 

Age 

Young 15% 
Adults (30-44 years) 40% 
Adults (45-59 years) 35% 
Seniors 10% 

Family 
With children 55% 
Without children 45% 

Instruction level 

Primary or secondary 
school 

8% 

Graduate 46% 
Degree 46% 

 
Table 5 – Characteristics of the sample. 
 

Data are being analysed comparing hazard perception scores with the so-called “hazard by 
science”, i.e. the seismic hazard assessment for a particular territory made by experts (Gruppo di 
Lavoro MPS 2004; Stucchi et al. 2011); we resorted to a simplistic subdivision of Italian 
municipalities in 4 seismic zones, as given by regional laws as they were in 2012 
(http://www.protezionecivile.gov.it/resources/cms/documents/A3_class2012_03prov_.pdf).  

To compare hazard perception with "hazard by science" we have assumed the following 
reference values: 

 scores of perception between 6 and 7 for people living in the seismic zone 1 (the seismic 
hazard zone 1 is considered, in Italy, the most dangerous. See note 4 for details);  

 scores of perception between 5 and 6 for people living in the seismic zone 2;  
 scores of perception between 4 and 5 for people living in the seismic zone 3; 
 scores of perception lower than 4 in for people living the seismic zone 4. 
From these assumptions derive that in seismic zone 1 is not possible to have overestimated 

values, while overestimated values are possible in zones 2, 3 and 4 (see Table 6). 
 

Seismic 
Zone 

Semantic Differential Scores 
(7 points Likert's Scale) 

1-2 2-3 3-4 4-5 5-6 6-7 

Zone 1 
-3 

underestimated of 3 points and over 

-2 
underestimat

ed of 2 
points 

-1 
underestimat
ed of 1 point 

0 
good fitting 

Zone 2 
-3 

underestimated of 3 points 
and over 

-2 
underestimat

ed of 2 
points 

-1 
underestimat
ed of 1 point 

0 
good fitting 

+1 
overestimate
d of 1 point 

Zone 3 
-3 

underestimat
e of 3 points 

-2 
underestimat

ed of 
2 points 

-1 
underestimat
ed of 1 point 

0 
good fitting 

+1 
overestimate
d of 1 point 

+2 
overestimate
d of 2 points 

Zone 4 

-2 
underestimat

ed of 2 
points 

-1 
underestimat
ed of 1 point 

0 
good fitting 

+1 
overestimate
d of 1 point 

+2 
overestimate
d of 2 points 

+3 
overestimate
d of 3 points 

 
Table 6- Interpretation of Hazard Perception scores (HP) respect to “Hazard by Science” (HbS). 

http://www.protezionecivile.gov.it/resources/cms/documents/A3_class2012_03prov_.pdf
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Figure 2 - Frequency distribution of differences in Hazard perception for seismic zone. 

 
The histogram in Figure 2 shows that, in seismic zone 1, only 14% of the sample has a good 
perception (green column) of the seismic hazard, while 86% of surveyed people underestimate the 
earthquake-related phenomena (39% underestimated by 1 zone/class, 35% underestimated by 2 
zones/classes, 11% underestimated by 3 zones/classes). 
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Figure 3 - Descriptions for seismic zone obtained by hazard perception scales (HP).  

 
Figure 3 shows in detail the description for seismic zones obtained by hazard perception scales 
(HP). The coloured lines represent the trend of scales in each seismic zone (all the samples 
considered). The zones appear well distinct for almost all the terms, and the descriptions well 
represent each seismic zone. Referred to our test interpretation (see Table 6), Zones 1 and 2 
appear to be strongly undervalued with an average score of 5.12 in Zone 1 (whereas it should be 
included in the range from 6 to 7) and of 4.53 in Zone 2 (against 5 to 6 as expected). Hazard 
perception in Zone 3 with an average score of 4.15 is placed on the limit of appropriate range 
between 4 and 5. Only hazard perception in Zone 4 with an average score of 3.49 is a good match 
between hazard by science (HbS) and hazard perception (HP). It’s worth mentioning that the scale 
“predictable-unpredictable” gets inversion in scores (the more hazardous is the zone, the less 
predictable is the earthquakes); it demonstrates that predictability of earthquakes is perceived 
independently from any other cognitive and expertise factors. This result is consistent with the 
outcome of debates recently underway in public opinion with respect to the possibility of predicting 
earthquakes (Jordan 2013; Jordan et al. 2011; Peresan et al. 1999; Scolobig et al. 2014). 
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CONCLUSIONS 
 

 Communication of natural hazards and their consequences are among the most 
relevant ethical issues faced by scientists, decision-makers and politicians (Peppoloni & Di Capua 
2012). In the last years the social studies have evidenced that risk communication is strongly 
influenced by risk perception of citizens. In this meaning risk perception represents a bridge 
between philosophical and ethical principles of the Earth Sciences and the citizens, principal end-
users of the knowledge and scientific research. In our opinion risk perception studies should be 
inspired to the ethical and philosophical principles of “Dasein” (“being there” or “existence”; 
Heidegger 1962). The existence is always a being-in-the-world - i.e., in a concrete and historically 
determinate situation that limits or conditions a choice.  So, it should be a duty for citizens to be 
aware on risks that affected them. Scientists should be capable to evalutate the risk perception of 
population in order to help decision makers in defining strategies for improving the resilience of 
communities. To this aim, we have built scientific tools (questionnaire and a method for data 
analyses) to quantify the seismic risk perception of people.The questionnaire presented in this 
paper has been accepted as permanent observatory of National Statistical System of Italy (ISTAT). 
This will allow us to collect data on seismic risk perception in “continuous” and observe the 
variations in the short, medium and long term. At the same time, following ISTAT indications, we 
will conduct a survey on a representative sample at national level. 

Possible implementations of the test involving a comparison between the perception and 
the "real" data have also been foreseen for the other two risk factors: vulnerability and exposure. 
We think also to implement data analysis according to the semantic differential factors, as 
discussed in the paragraph 2.3. 
 Finally, we consider that analysis of risk perception data is able to produce useful 
indications to design seismic risk reduction activities. The processing of the data collected on the 
seismic risk perception will give us detailed information on the national territory to launch 
campaigns of awareness and improve risk education. In particular it will be possible to formulate 
risk education activities in light of the variables that mainly influence risk perception. This is also in 
view of the fact that seismic risk education activities are more effective when taken into due 
consideration are the local realities to which they refer. 
 
This study has benefited from funding provided by the Italian Presidenza del Consiglio dei Ministri - 
Dipartimento di Protezione Civile (DPC). This paper does not necessarily represent DPC official opinion and 
policies" 
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