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Railway induced vibration is an important source of annoyance among residents living in the vicin-

ity of railways. Annoyance increases with vibration magnitude. However, these correlations

between the degree of annoyance and vibration exposure are weak. This suggests that railway

vibration induced annoyance is governed by more than just vibration level and therefore other fac-

tors may provide information to understand the wide variation in annoyance reactions. Factors com-

ing into play when considering an exposure-response relationship between level of railway

vibration and annoyance are presented. The factors investigated were: attitudinal, situational and

demographic factors. This was achieved using data from field studies comprised of face-to-face

interviews and internal vibration measurements (N¼ 755). It was found that annoyance scores were

strongly influenced by two attitudinal factors: Concern of property damage and expectations about

future levels of vibration. Type of residential area and age of the respondent were found to have an

important effect on annoyance whereas visibility of the railway and time spent at home showed a

significant but small influence. These results indicate that future railway vibration policies and reg-

ulations focusing on community impact need to consider additional factors for an optimal assess-

ment of railway effects on residential environments. VC 2014 Acoustical Society of America.

[http://dx.doi.org/10.1121/1.4836495]
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I. INTRODUCTION

Noise annoyance research has shown that a higher noise

exposure is responsible for an increase in annoyance

(Schultz, 1978; Miedema and Vos, 1998; Miedema and

Oudshoorn, 2001). However, the correlations between the

acoustic parameters and individual annoyance were found to

be weak, and therefore, further investigations were made to

examine the influence of non-acoustic factors on annoyance

judgments. Furthermore, it has been found that there are

large differences in the reported annoyance response

between studies for the same noise exposure level, which

may partly be explained by non-acoustical differences

(Fidell et al., 2011; Schomer et al., 2012). Several attitudi-

nal, situational, and demographic factors as co-determinants

of noise annoyance have been investigated by several

authors, and it is relevant to review these before considering

comparable responses to vibration annoyance.

Past investigations have shown that attitudinal variables

such as self-reported noise sensitivity and fear due to the

source have a large influence on people’s overall noise annoy-

ance reactions. Self-reported noise sensitivity has been shown

to be one of the most important non-acoustical factors that

influence noise exposure-response relationships (Fields, 1993;

Miedema and Vos, 1999; Guski, 1999; Job, 1999). Noise sen-

sitivity is related to psychological attitudes such as nervous-

ness and introversion (Moch-Sibony, 1980), and studies

indicate that this relationship probably also has a genetic

component (Heinonen-Guzejev, 2008). Miedema and Vos

(1999) quantified the size of the impact that noise has on

annoyance to be equal to that of being exposed to an addi-

tional 11 dB change in the noise exposure. Overall fear of the

source is another attitudinal factor that was found to have a

large impact on noise annoyance from transportation sources

(Fields and Walker, 1982; Job, 1988; Fields, 1993; Miedema

and Vos, 1999). People who experienced fear related to the

noise source were likely to report higher annoyance than peo-

ple who did not experience such fear. Miedema and Vos

(1999) estimated that fear of the noise source had an impact

on annoyance equivalent to a 19 dB increase in the noise ex-

posure. However, for railway traffic, the effect of fear was

found to be very low. This may have been due to low variance

among responses because fewer people tend to fear railway

transportation. People’s expectations about sound levels and

its relationship to the overall noise annoyance were not inves-

tigated in detail. Some noise annoyance studies suggest that

annoyance may increase if the residents expect noise from the

transportation source to increase (Hatfield and Job, 1998:

Guski, 1999; Guski, 2001). However, there have previously

been no conclusive data on this topic.

The perception of the neighborhood and the global envi-

ronment were also shown to have a link with the annoyance

induced by the noise source. Annoyance increases if the

characteristics of the neighborhood are perceived and

believed to be negative (Fields and Walker, 1982; Job 1988;

Vallet, 1996). Other aspects related to the presence of the

noise source (smells, dust, dirt, light) also influence the

annoyance response (Nelson, 1987; Vallet, 1996; Klæboe

et al., 1998).
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Many situational variables were found to increase the

likelihood of reporting noise annoyance. For an exposure of

equal noise level, noise annoyance was shown to be greater

in towns than in rural surroundings (Cohen, 1978; Bradley

and Jonah, 1979; Vallet, 1996). Lercher and Kofler (1996)

showed high annoyance in rural areas compared to urban

areas and argued that this may be due to people’s expecta-

tions on background noise levels. Moreover, the background

noise levels of the surroundings were found to influence the

response (Klæboe et al., 2006). On the other hand, Fields

(1998) concluded that reactions to an environmental noise

source are affected very little by the ambient noise. Another

important situational variable was the visibility of the noise

source. Reported visibility was shown to increase annoyance

responses (Bangjun et al., 2003). Moreover, both objective

and subjective visibility have been found to influence

strongly noise annoyance from wind turbines (Pedersen and

Larsman, 2008). Time spent at home has been suggested to

be of influence to noise annoyance (Nivison and Endresen,

1993; Paunovic et al., 2009). The greater the time spent at

home the greater the degree of exposure and therefore the

greater the annoyance.

Though results differ slightly, in general, socio-

demographic factors have been shown to have little influence

on annoyance (Fields, 1993; Miedema and Vos, 1999).

Recently, age has been found to have a significant influence

in these relationships with the largest proportion of respond-

ents expressing high annoyance is in the middle age ranges

(Van Gerven et al., 2009). Home ownership was evident as a

possible factor although conclusions could not be drawn.

According to Miedema and Vos (1999), the annoyance felt

is greater for the owner of a home exposed to noise than for

a renter, although this effect seems to be quite small.

After noise, vibration is one of the most widely experi-

enced problems associated with railways (Fields, 1979) in

residential areas. Annoyance due to railway vibration may

arise during the pass-by of a train, when mechanical vibra-

tions generated at the wheel-rail contact are transferred from

the track to the soil and into the foundations of the dwelling,

exciting floors, and walls (Stiebel, 2011). Similar to noise

annoyance, the percentage of people annoyed by transporta-

tion vibration increases with vibration magnitude (€Ohrstr€om

and Skånberg, 1996; Klæboe and Fyhri, 1999; Zapfe et al.,
2009; Woodcock et al., 2011). Not only the vibration magni-

tude has shown an effect on people’s responses to environ-

mental vibration but also the frequency of occurrence,

duration of the vibration event, and accompanying noise

(Yonekawa, 1977; Obermeyer, 1983; Howarth, 1989). The

correlations found between vibration levels and annoyance

are weak. In field studies, noise exposure has been found to

account for between 4% and 20% of the variance in annoy-

ance on the individual level (Brink and Wunderli, 2010;

Fields, 1993; Job, 1988). The study “Human Response to

Vibration in Residential Environments” by the University of

Salford (Woodcock et al., 2011) showed that the Spearman’s

correlation coefficient between commonly used measures of

vibration and annoyance range between 0.12 and 0.17. If

these values were to be converted to R2 values on the indi-

vidual level, this would equate to 1%–4% explained variance

for railway induced vibration indicating that vibration

annoyance reactions, even more so than noise annoyance,

are governed by other than acoustic or vibrational parame-

ters. For example, Fields (1979) suggested that people are

more likely to react to vibration if they believe that there is

danger from the railway. He found that under some circum-

stances people’s concern was closely related to their annoy-

ance reactions.

However, investigations on factors influencing vibration

exposure-response are almost nonexistent, and therefore,

there is no evidence yet from the literature that annoyance

reactions due to transport vibration in residential environ-

ments are different from those that influence relations

between noise and annoyance.

In this paper, relationships between vibration annoyance

and vibration exposure in residential environments from

mixed railway sources featuring several situational, attitudi-

nal, and demographic factors are assessed using ordinal logit

regression analyses. The results presented in this paper are

intended to help local authorities, architects, urban planners,

consultants, and environmental practitioners to be better able

to control annoyance due to railway vibration. The specific

objectives of the study are discussed in the next section.

II. OBJECTIVES

This paper aims to provide new information about situa-

tional (e.g., type of residential area, visibility of the source

and hours spent at home), demographic (e.g., age, gender)

and attitudinal factors (e.g., self reported sensitivity to vibra-

tion, concern of property damage and expectations) leading

to annoyance due to railway vibration. To improve the envi-

ronment of residents living in the vicinity of railways, addi-

tional non-vibrational factors should be considered when

looking into the relation between exposure and response. A

broader picture of each situation could be studied to predict

individual responses, therefore, the objectives of this paper

are as follows: (1) to gain an understanding of and to explore

the influence of situational, attitudinal, and demographic

characteristics on annoyance response to railway vibration;

(2) to investigate which variables, if any, mediate or moder-

ate the effect of railway vibration on annoyance; (3) to

derive exposure-response relationships for railway vibration

featuring different situational, attitudinal, and demographic

characteristics; and (4) to identify whether there are varia-

bles that are specifically important or more important for

vibration reactions than for noise reactions.

III. METHODS

A. Study design and sample

The data in this paper consist of vibration measurements

and responses from railway and were collected in the UK,

more specifically in the North-West and the Midlands areas

during 2009 and 2010 as part of the study “Human Response

to Vibration in Residential Environments” by the University

of Salford (Waddington et al., 2014).

The study sites were chosen to provide an overall repre-

sentative and robust sample size, as well as to maximize the
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range of exposures to vibration and maximize the potential

number of respondents. This was achieved by selecting sites

that are within a range of distances from the railway track,

that are exposed to different kinds of railway traffic, and that

contain different kinds of properties. The sites were identi-

fied according to their population density and distance from

the vibration source. Properties within a distance of 100 m

from the railway were targeted to ensure a relatively high

and perceptible vibration level for the respondents.

Face to face questionnaires were used with associated

high-quality vibration data being obtained internally within

respondent’s properties. A total of 931 questionnaires were

collected, estimates of vibration exposure being available for

755 of these. Therefore, 755 case studies were available for

the analyses presented in this paper.

B. Vibration exposure

The measurement of vibration was carried out using

Guralp CMG-5TD force-feedback strong-motion accelerom-

eters and the measurement protocol employed in the field

consisted of a long term vibration monitoring at an external

position (generally a garage or a shed) along with time

synchronized short-term internal snapshot measurements.

Vibration was measured in the floor, in the room in which

the respondent stated they could feel the highest magnitude

of vibration. By determining the velocity ratio between the

control and the internal measurements, an estimation of 24-h

internal vibration exposure was obtained.

For each respondent, the frequency-weighted root-

mean-square acceleration values (using the Wk weighting

curve, which applies to vertical vibration and demonstrates

maximum sensitivity to vertical acceleration in the fre-

quency range 4–12.5 Hz) in accordance with International

Organization for Standardization (1997) were calculated

over all railway vibration events identified in a 24 h period.

In terms of characteristics of the vibration data collected

in the survey, the range of exposures measured in rms Wk for

24 h goes from 0.0001 m/s2 to 0.0374 m/s2, the mean being

0.0041 m/s2. The weighted vertical peak levels measured in

the study go from 0.0008 m/s2 to 0.31 m/s2, 0.036 m/s2 being

the mean; thus the vibration data used for the analysis

includes a wide range of vibration exposures, most of which

are easily perceptible regarding to International Organization

for Standardization (1997).

C. Questionnaire

To measure the “response” component, a social survey

questionnaire was used to collect data from the respondents

(Condie et al., 2009). The questionnaire was introduced as a

survey of neighborhood satisfaction and is divided into dif-

ferent sections.

Within the vibration questions, respondents self-assessed

their degree of overall annoyance using a five-point semantic

scale, as recommended by the standard International

Organization for Standardization (2003a) and through the fol-

lowing question: “Thinking about the last 12 months or so,

when indoors at home, how bothered, annoyed, or disturbed

have you been by feeling vibration or hearing or seeing things

rattle, vibrate, or shake caused by the railway, including pas-

senger trains, freight trains, track maintenance or any other ac-

tivity form the railway, would you say not at all, slightly,

moderately, very, or extremely?”

The respondents who stated they could not feel vibration

were recoded to the lowest category of the five-point seman-

tic annoyance scale. The annoyance response categories

were converted to a scale ranging from 0 to 100 and centered

to the midpoints of these categories by the procedure

described in Miedema and Oudshoorn (2001). This conver-

sion is based on the assumption that a scale with a fixed

number of categories, irrespective of wording nuances and

the specific labeling of the response categories, will never-

theless divide the range from 0 to 100 in equally spaced

intervals. This conversion was made in order to compare and

unify any analyses on the questionnaire as it was very large

and other items of the questionnaire used different scales.

Exposure-response relationships are generally analyzed for

the percentage of highly annoyed people (%HA), which in

accordance to the ICBEN recommendations (Fields et al.,
2001) are the “very” or “extremely” categories in the five-

point semantic scale.

Several factors that could potentially influence the

response to vibration were addressed by the social survey

questionnaire. The questionnaire collected specific questions

on demographics, attitudes, and situations. The variables

included in the analysis presented in this paper were asked

and measured as indicated below.

Sensitivity to vibration: this was measured on a five-

point semantic scale ranging from “not at all” to “extremely”

and through the following question: “How sensitive would

you say you are personally to vibration in general? Would

you say you are not at all sensitive, slightly sensitive, moder-

ately sensitive, very sensitive, or extremely sensitive?”

Concern of property damage: this was measured on a

five-point semantic scale ranging from “not at all” to

“extremely” and through the following question: “We would

like to know if you are concerned that the vibration may

damage this home or your possessions inside it in any way.

Are you not at all concerned, slightly concerned, moderately

concerned, very concerned, or extremely concerned?”

Respondents’ expectation: this was assessed using a

three-point categorical scale (better, same, worse) and

through the following question “In the future, do you think

the level of vibration you experience while indoors at home

will get worse, get better or remain the same?” The

responses were dichotomized into individuals who reported

expecting worse levels versus those expecting levels to get

better or remain the same.

Type of residential area: this was assessed using a cate-

gorical scale (Centre of a large city, suburbs/outskirts of a

large city, large town or small city, small town, village,

countryside) and through the following question: “In which

of the following is the property situated?” The responses

were dichotomized into individuals residing in a small town,

village, or countryside versus those living in a city, suburbs

of a large city, or a large town.

Visibility of the railway: this was assessed by a Yes/No

question formulated in the following way: “From any room
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in this home, can you see a railway track or any type of pass-

ing train.”

Time spent at home: the residents were asked to specify

during which 3 h time interval they were likely to be at home

in a set of Yes/No questions of the type: “During a typical

weekday, that is, Monday to Friday, what times are you usu-

ally at home? Are you at home between…”

Ownership: this was assessed using a categorical scale

and through the following question: “Do you or your family:

Own outright or with a mortgage, part-rent and part-own

with a mortgage, rent from a private landlord/letting agency,

or rent from a housing association or council?” The

responses were dichotomized into individuals who owned

the property versus those who rented the property.

Age and gender: age was recorded with open questions

as follows: “Do you mind me asking how old you are?” The

gender of the respondent was recorded by the interviewer.

D. Statistical analyses

The social survey data were archived and analyzed with

SPSS v. 17 (SPSS Inc., Chicago). To examine the relation-

ships between annoyance scores and vibration exposure fea-

turing modifying factors, ordinal logit models (Klæboe

et al., 2003) were used to generate parameter estimates for

the annoyance thresholds (not at all, slightly, moderately,

very, and extremely). Equation (1) was used to obtain the

estimated exposure-response relationships from the esti-

mated parameters. The equation indicates the probability of

obtaining vibration annoyance response higher or equal to j

PðY � jjXi ¼ xiÞ ¼ 1� ððeŝ j�b̂
0
xiÞ=ð1þ eŝ j�b̂

0
xiÞÞ

j 2 1; :::; J � 1½ �; (1)

where ŝj indicates the jth estimated threshold, and b̂ is a

vector of the estimated parameters for the exposure value

and modifying factors. There are J annoyance categories.

Xi is a vector of exposures and modifying factors for an

individual i.
Figure 1 shows the threshold concept for the ordinal

response with five categories. It describes the logistic proba-

bility distribution of people being annoyed to a degree j. The

graph is plotted using the regression and cut-point values

estimated from the data collected.

Results are presented considering only two independent

variables entered as additive effects: Exposure and one fac-

tor. There was no significant correlation between the two ex-

planatory variables except for the case of concern of

property damage and exposure which showed a small posi-

tive significant correlation of 0.127***. As a result, the influ-

ence of concern of property damage was further investigated

using mediation analysis. Collinearity was tested by running

a linear regression analysis using a collinearity diagnostic

Variance Inflation Factor (VIF) and tolerance (Field, 2009).

The values observed were smaller than 1 for the VIF and

greater than 1 for the tolerance except for concern of prop-

erty damage and exposure (VIF¼ 1.01; Tolerance¼ 0.98).

Variance proportions were also examined and showed inde-

pendency between these variables. For all the models, the

first variable entered was exposure and then the factor to be

tested.

Mediation and moderation effects were tested through

an analytical procedure as described in Baron and Kenny

(1986). Only concern of property damage showed a media-

ting effect; therefore, all the other factors are presented as

main effects. Concern of property damage is also treated as a

dependent variable and represented against exposure in the

results section.

IV. RESULTS

A. Sensitivity to vibration

The social survey questionnaire asked respondents to

quantify on a five-point semantic scale the extent to which

they felt they were sensitive to vibration (categories were

transformed into a scale ranging from 0 to 100). Self-

reported sensitivity to vibration was included in the ordinal

logistic analysis as an independent variable along with the

vibration exposure. However, the inclusion of sensitivity as

additional independent variable in the model only featuring

exposure did not show a significant improvement of the

model fit.

B. Concern of property damage

The social survey questionnaire asked respondents to

quantify on a five-point semantic scale the extent to which

they felt concerned that vibration due to railway activity was

causing damage to their property (categories were trans-

formed into a scale ranging from 0 to 100). Association

between concern of property damage and vibration exposure

was found; thus, causal pathways between vibration expo-

sure, annoyance, and concern of property damage were

explored. Table I shows the results from the ordinal logit

model parameter estimation between concern of property

damage and vibration exposure.

FIG. 1. (Color online) Threshold concept for ordinal logistic regression with

five annoyance categories and a given vibration level. The graph shows the

probability distribution of the fitted ordinal logit regression with the esti-

mated cut-points (s). The probability of being annoyed to degree j is given

by the areas between the J-1 cut points for a given vibration level.
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The relationship for concern of damage to property and

vibration exposure is presented in Fig. 2. It can be seen that

as vibration exposure increases, the proportion of respond-

ents expressing concern of damage to their property was

found to increase.

Figure 3 shows the proportion of people reporting high

annoyance for a given level of self-reported concern of prop-

erty damage. Here, as part of the exploration of possible

causal pathways, the concern of property damage is viewed

as independent variable predicting annoyance. This figure

suggests that concern of property damage has a large impact

on self-reported annoyance, showing that people concerned

were more annoyed than people without such feeling. The

high association encountered between annoyance and con-

cern could mean that these two variables are in part meas-

uring the same reaction.

Because of the effect of exposure on concern showed in

Fig. 2 and the effect of concern on high annoyance showed

in Fig. 3, we can see that there is an association between ex-

posure, concern of property damage, and annoyance. That

may mean concern of property damage mediates the rela-

tionship. A causal model where the effect of vibration expo-

sure on annoyance from railway vibration is mediated by

concern of property damage was tested to provide an under-

standing of the working mechanism between concern of

property damage, vibration exposure, and self-reported

annoyance. Figure 4 shows a representation of the mediation

effects of the concern of damage attitude on vibration expo-

sure and annoyance. The numbers in Fig. 4 represent the cor-

relation coefficients. After adding concern of property

damage, the effect of vibration exposure appears to be

smaller (0.115 without concern; 0.042 with concern). Thus,

concern of property damage partially mediates the effect of

vibration exposure on self-reported vibration annoyance.

The Sobel test (Sobel, 1986) was used to determine whether

there was significant partial mediation. The Sobel test

p-value was less than 0.05 and therefore indicates that con-

cern of property damage is a statistically significant mediator

of the effect of vibration exposure on self -reported vibration

annoyance. However, it is not a complete mediation, sug-

gesting that even if concern of property damage was one

meditational pathway, it is certainly not the only one.

C. Expectation

Expectation was included in the ordinal logit analysis as

an independent variable along with the vibration exposure.

The inclusion of this variable resulted in a significant

(p< 0.001) improvement relative to the exposure only

model.

Table II shows the results from the ordinal logit model

parameter estimation. These results are used to calculate the

estimated exposure-response relationship when expectation

is set to worse and better/same. Figure 5 shows the

exposure-response relationship for people expecting

the vibration levels to get worse and for people expecting the

vibration levels to remain the same or get better. The curves

indicate the percentage of respondents expected to be highly

annoyed (%HA) by a given vibration exposure from the rail-

way. Figure 5 indicates that at the same exposure level of

0.01 m/s2, four times this proportion were found to be highly

annoyed for people believing levels of vibration will get

TABLE I. Results of the estimation of ordinal logit model for the degree of

concern of property damage from railway vibration as a function of vibra-

tion exposure.

Estimates

95% CI

Parameter Estimates Estimates SE Lower Upper

Threshold (ŝ)

Slightly Concerned �0.475 0.557 �1.566 0.616

Concerned 0.343 0.563 �0.760 1.446

Highly Concerned 1.869** 0.615 0.663 3.075

Location (b̂)

Log10 rms Wk 0.908*** 0.222 0.473 1.342

*p< 0.1; **p< 0.01; ***p< 0.001; N¼ 755.

FIG. 2. Exposure-response curves showing the proportion of people report-

ing being highly concerned, concerned and slightly concerned for property

damage due to railway vibration, for a given vibration exposure. The gray

bands indicate the 95% CI.

FIG. 3. Relationship showing the percentage of people highly annoyed

(%HA) for a given level of self-reported concern of property damage (0 not

at all to 100 extremely). The gray bands indicate the 95% CI.
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worse, whereas 7% of people believing levels of vibration

will remain the same or get better were found to be highly

annoyed. These findings suggest that people’s expectations

regarding changes in the vibration levels strongly influence

their annoyance response and that expectations residents

have with regard to future exposure have a major influence

on top of the vibration exposure levels.

D. Type of residential area

Type of residential area was included in the ordinal logit

analysis as an independent variable along with the vibration

exposure. The inclusion of this variable resulted in a signifi-

cant (p< 0.001) improvement compared to the exposure-

only model.

Table III shows the results from the ordinal logit model

parameter estimation. These results are used to calculate the

estimated exposure-response relationship when the location is

fixed to large town/city and small town/village. Figure 6

shows the exposure-response relationship for people living in

a city/large town and a small town/village. The curves indi-

cate the percentage of respondents expected to be highly

annoyed (%HA) by a given vibration exposure from the rail-

way. Figure 6 indicates that with the same vibration exposure

of 0.01 m/s2, more than twice as many people were found to

be highly annoyed by vibration from railway in rural areas

such as small towns or villages than in an urban area.

E. Visibility of the railway

The impact of the visibility of the railway on vibration

annoyance was investigated. Visibility was included in the

ordinal logit analysis as a dichotomous independent variable

along with the vibration exposure. The inclusion of this vari-

able resulted in a significant improvement compared with

the exposure-only model (p< 0.001).

Table IV shows the results from the ordinal logit model

parameter estimation. These results were used to calculate

the estimated exposure-response relationship controlling for

visibility of the railway. More people were found to be

highly annoyed by vibration from railways in residential

environments where the railway is visible than in residential

environments where the railway is not visible. Looking at

the odds ratio, at the same vibration exposure level, more

than 1.6 times as many people were found to be highly

annoyed by vibration from railway if the railway was visible

compared to dwellings where the railway was not visible.

F. Time spent at home

The impact of the hours spent at home on vibration

annoyance was investigated. The inclusion of this variable

resulted in a significant (p< 0.001) improvement over the

exposure-only model. Table V shows the results from the

FIG. 4. A schematic overview of the mediation model between concern of

property damage, vibration annoyance and vibration exposure. The numbers

represent the correlation coefficients *p< 0.1, **p< 0.01, ***p< 0.001 of

the direct and indirect pathways.

FIG. 5. Exposure-response relationship showing the proportion of people

highly annoyed (%HA) for a given vibration exposure and controlling for

expectation.

TABLE II. Results of the estimation of ordinal logit model for the propor-

tion of highly annoyed people (%HA) from railway vibration as a function

of vibration exposure and people’s vibration expectations.

Estimates

95% CI

Parameter Estimates Estimates SE Lower Upper Exp(b)

Threshold (ŝ)

Highly Annoyed 1.629** 0.570 0.511 2.746 -

Location (b̂)

Log10 rms Wk 0.425* 0.221 �0.008 0.857 -

Expectation (vibration

will get worse) 1.475*** 0.186 1.111 1.839 4.371

*p< 0.1; **p< 0.01; ***p< 0.001; N¼ 755.

TABLE III. Results of the estimation of ordinal logit model for the propor-

tion of highly annoyed people (%HA) from railway vibration as a function

of vibration exposure and type of residential area.

Estimates

95% CI

Parameter Estimates Estimates SE Lower Upper Exp(b)

Threshold (ŝ)

Highly Annoyed 1.264* 0.564 0.158 2.370 -

Location (b̂)

Log10 rms Wk 0.628** 0.217 0.203 1.054 -

Type of residential area

(small town/village/

countryside) 0.915*** 0.159 0.604 1.227 2.497

*p< 0.1; **p< 0.01; ***p< 0.001; N¼ 755.
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ordinal logit model parameter estimation. These results were

used to calculate the estimated exposure-response relation-

ship controlling for hours spent at home. Time spent at home

showed a significant but small influence on reported annoy-

ance. At the same vibration exposure level, people in resi-

dential environments who spend less than 10 h at home

during a week day are more likely to be highly annoyed than

people who spend more than 16 h at home during a week

day. At the same vibration exposure, the odds ratio shows

that 2.2 times more people are expected to be highly

annoyed by vibration from the railway if they spend less

than 10 h at home than if they spend more than 10 h at home.

G. Ownership

Vibration annoyance was found not to be correlated sig-

nificantly with ownership. Concern of property damage,

which is more likely when the property is owned than when

it is rented, did not moderate the relationship between own-

ership and annoyance (i.e., for different levels of concern of

property damage, the relationship between annoyance and

ownership did not change). However, ownership proved to

be related to concern of property damage, which was shown

earlier (cf. Sec. IV B) to be correlated significantly with

annoyance. Table VI shows the results from the ordinal logit

model parameter estimation with ownership and exposure as

predictors of concern of property damage. It is seen that for

a given magnitude of vibration exposure, the proportion of

highly concerned people is 1.622 times higher for owners

than for renters.

H. Age and gender

The effects of age in annoyance reactions due to railway

vibration were investigated to see whether annoyance from

railway vibrations varies as a function of age. Age was

entered in the analyses as a curvilinear effect following pre-

vious investigations on community noise annoyance (Van

Gerven et al., 2009). First, to justify the addition of Age2 in

the ordinal logistic regression model, the quadratic effect

was tested using a hierarchical multiple regression approach.

The inclusion of this non-linear addition to the regression

model was statistically significant, and the final model using

Age2 proved to add incremental predictive capacity to the

linear model.

Table VII shows the results from the ordinal logit model

parameter estimates. These results were used to calculate the

estimated exposure-response relationship curves controlling

for age. Age and the square of age were included as inde-

pendent variables in the vibration exposure-response model.

The inclusion of this variable resulted in a significant

improvement from the exposure-only model fit p< 0.001.

Figure 8 shows the predicted %HA as a function of vibration

exposure level. Curves are presented for three selected ages

20, 45, and 80. It can be seen from Fig. 7 that at a given

vibration exposure level, self-reported annoyance was found

to be highest in people of 45 years old, lowest in people of

80 years old and intermediate in people of 20 years old. That

suggests an inverted U-shaped relationship between age and

annoyance (the annoyance is higher for people in the middle

range). It shows the same pattern encountered in noise

studies.

Gender showed no influence on vibration annoyance

reporting. The inclusion of this variable on the ordinal logit

model did not significantly improve the exposure-only

TABLE IV. Results of the estimation of ordinal logit model for the propor-

tion of highly annoyed people (%HA) from railway vibration as a function

of vibration exposure and visibility of the railway.

Estimates

95% CI

Parameter Estimates Estimates SE Lower Upper Exp(b)

Threshold (ŝ)

Highly Annoyed 0.684 0.540 �0.374 1.741 -

Location (b̂)

Log10 rms Wk 0.634** 0.212 0.217 1.050 -

Visibility (railway no visible) �0.472*** 0.190 �0.845 �0.099 1.603

*p< 0.1; **p< 0.01; ***p< 0.001; N¼ 754.

TABLE V. Results of the estimation of ordinal logit model for the propor-

tion of highly annoyed people (%HA) from railway vibration as a function

of vibration exposure and time spent at home.

Estimates

95% CI

Parameter Estimates Estimates SE Lower Upper Exp(b)

Threshold (ŝ)

Highly Annoyed 0.696* 0.557 �0.395 1.787 -

Location (b̂)

Log10 rms Wk 0.736** 0.215 0.314 1.158 -

Less than 10 hours at home

(more than 16 hours at home) 0.815*** 0.402 0.027 1.603 2.259

Between 10 and 16 hours at

home (more than 16 hours

at home) 0.282* 0.171 �0.052 0.617 1.326

*p< 0.1; **p< 0.01; ***p< 0.001; N¼ 725.

FIG. 6. Exposure-response relationship showing the proportion of people

highly annoyed (%HA) for a given vibration exposure and controlling for

type of location.
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model. These results indicate that men and women react sim-

ilarly in terms of annoyance to vibration from railway in res-

idential environments.

V. DISCUSSION

Exposure-response relationships were shown as a func-

tion of exposure and attitudinal, situational, and demo-

graphic factors using ordinal logit regression. Vibration

annoyance was shown to be dependent on some of these fac-

tors in addition to a measure of vibration exposure. Concern

of property damage and expectations of future vibration lev-

els constituted the most important annoyance parameters.

Investigations into people’s reactions to noise have already

shown the importance of attitudinal factors such as self-

reported sensitivity to noise and fear of the noise source

(Fields, 1993; Miedema and Vos, 1999). Those factors were

shown to have an impact equal to an 11 dB and 19 dB

change in noise exposure, respectively. Therefore, the results

of this paper suggest that while attitudinal factors are of

great importance for both noise and vibration annoyance,

attitudinal factors influencing noise reactions have to be dis-

tinguished from the ones influencing vibration reactions.

Furthermore, the impact on vibration annoyance due to these

attitudinal factors was found to be larger than those encoun-

tered for noise annoyance.

Self-reported sensitivity to vibration did not show a

significant improvement of the exposure-only model fit.

One possible explanation is the routing in the questionnaire.

Those who did not feel vibration from any source were

routed away from the sensitivity question and therefore

were assumed to be non-sensitive. Another reason that

could explain the lack of significant improvement is the

wording of the questions. Some of the subjects reported

having difficulties or being confused by the vibration sensi-

tivity question. Whereas sensitivity to noise is perhaps a

fairly understandable term, the meaning of sensitivity to

vibration is perhaps ambiguous. Furthermore, these findings

suggest that vibration sensitivity is not linked to somatic

components (Heinonen-Guzejev, 2008) or to some psycho-

logical attitudes, such as nervousness and introversion, that

have been shown to be associated with self-reported noise

sensitivity (Moch-Sibony, 1980). As a result, self-reported

noise sensitivity could have a greater influence on the vibra-

tion annoyance response than the self-reported vibration

sensitivity.

TABLE VI. Results of the estimation of ordinal logit model for the propor-

tion of highly concerned of property damage (%HC) from railway vibration

as a function of vibration exposure and ownership.

Estimates

95% CI

Parameter Estimates Estimates SE Lower Upper Exp(b)

Threshold (ŝ)

Highly Concerned 0.273 0.569 �0.842 1.388 -

Location (b̂)

Log10 rms Wk 0.901*** 0.224 0.463 1.340 -

Ownership (rent) �0.484* 0.220 �0.916 �0.051 1.622

*p< 0.1; **p< 0.01; ***p< 0.001; N¼ 754.

FIG. 7. Exposure-response relationship showing the proportion of people

reporting high annoyance (%HA) as a function of age and vibration

exposure.

FIG. 8. Exposure-response relationships showing the proportion of people

reporting highly annoyed (%HA) as a function of vibration exposure for

three different ages (20, 45, and 80 yr).

TABLE VII. Results of the estimation of ordinal logit model for the propor-

tion of highly annoyed people (%HA) from railway vibration as a function

of vibration exposure and age.

Estimates

95% CI

Parameter Estimates Estimates SE Lower Upper

Threshold (ŝ)

Highly Annoyed 2.433** 0.804 0.858 4.008

Location (b̂)

Log10 rms Wk 0.698** 0.210 0.277 1.100

(Age/100)2 �9.000*** 2.570 �14.037 �3.962

Age/100 8.582** 2.590 3.504 13.659

*p< 0.1; **p< 0.01; ***p< 0.001; N¼ 755.

J. Acoust. Soc. Am., Vol. 135, No. 1, January 2014 Peris et al.: Annoyance due to railway vibration 201

 Redistribution subject to ASA license or copyright; see http://acousticalsociety.org/content/terms. Download to IP:  146.87.136.26 On: Wed, 07 May 2014 14:49:11



The investigation of concern of property damage

showed that as vibration exposure increases, the proportion

of respondents expressing concern about damage to their

property increases. Moreover, it was found that concern of

property damage partially mediates the effect of vibration

exposure on self-reported vibration annoyance. There was a

statistically significant indirect effect of vibration exposure

on self-reported vibration annoyance through concern of

property damage. These results might suggest that people

highly annoyed by vibrations are also highly concerned.

However, the effect of concern of damage to the property on

annoyance is perhaps overestimated due to the routing in the

questionnaire. People who did not feel vibration from any

source were routed away from the “concern of property

damage” question and therefore were assumed not to be

concerned. Miedema and Vos (1999) found a small influ-

ence of fear due to railway on noise annoyance reactions.

Vibration is one of the problems associated with railways,

and therefore, concern or fear due to railway vibration might

have a greater impact on annoyance than fear due to railway

noise since vibration can be seen as a property damaging

factor.

Ownership appeared to be correlated significantly with

concern of property damage but not with vibration annoy-

ance. These findings might explain the inconclusive results

obtained in past noise studies with regard to the influence of

ownership on noise annoyance (Fields, 1993; Miedema and

Vos, 1999). Ownership may be a factor influencing the

response when the source induces not only noise but also

vibration since concern of property damage is a specific

reaction due to vibration from the source.

People’s expectations of future vibration levels were

found to strongly influence their annoyance response. At the

same vibration level, three times more people are expected

to be highly annoyed by vibration from railways if they think

that vibration levels will get worse than if they think that

they will get better or remain the same.

These results suggest that attitudinal factors such as resi-

dents’ expectations of future exposure, or the belief that rail-

way vibration is damaging their property, have a major

influence on top of the vibration exposure levels. Generally,

reducing physical levels of exposure is costly; however,

these findings provide evidence that knowledge and under-

standing of attitudinal factors can potentially be a way to

reduce or avoid adverse reactions in a more cost-effective

way than reducing only exposure levels. The use of attitudi-

nal factors might be a complement to reducing exposure lev-

els. Measures could be adopted to “positivise” people’s

attitudes toward railway traffic such as engaging with com-

munities to create community acceptance and information

sharing. For example, residents could be informed that very

low vibration levels are not likely to cause damage to their

property, and the railway could be advertised as a modern

and quiet means of transport.

From the situational variables explored, type of residen-

tial area was found to have an important effect on annoy-

ance, with people being more likely to be highly annoyed if

the property was located in a rural area (small town, village,

or countryside) than if the property was located in an urban

area (city or large town). This result supports noise studies

that found relatively high annoyance judgments in quieter

areas compared to noisy urban areas (Lercher and Kofler,

1996) but disagrees with others that showed that a quieter

neighborhood decreases annoyance (Klæboe et al., 2006).

However, the influence of the degree of urbanization on

vibration annoyance could also have an attitudinal origin

based on people’s expectations. For instance, Lercher and

Kofler (1996) suggest that the differences in noise annoy-

ance between rural and urban areas is due to differences in

attitudes, development schemes, behavior setting as well as

background noise exposure. Noise research has shown

that there is a greater expectation for peace and quiet in

rural areas (International Organization for Standardization,

2003b). Likewise, vibration annoyance could be influ-

enced by the attitudes associated with the type of residential

area.

Other factors that showed little but significant influence

were visibility of the railway and number of hours spent at

home on a week day. Regarding the visibility of the railway,

some visual shielding such as vegetation could be explored

to reduce annoyance. The number of hours spent at home

showed an opposite trend to previous noise studies which

found that the greater the time spent at home, the greater the

annoyance (Nivison and Endersen, 1993; Paunovic et al.,
2009). That could be due to several reasons. One could be

that habituation to vibration is different than habituation to

noise. Another reason could be that people spending fewer

hours at home are working and when they arrive home they

desire more peace and quiet in their residential environment.

Environmental noise tends to decrease during night-time

while railway vibration could be even higher during night

periods in areas where freight routes are operating.

Moreover, night-time annoyance compared to daytime

annoyance due to railway vibration is greater than for envi-

ronmental noise (Peris et al., 2012).

From the demographic factors only age was found to

have an impact on annoyance in the form of an inverted

U-shaped relationship where the annoyance was higher for

middle aged people. This result is in line with previous noise

studies (Van Gerven et al., 2009). People in the middle age

range may be more annoyed because they tend to own the

property or due to higher work load and therefore more

stress. Furthermore, this is also linked with people’s time

spent at home: People in the middle age group which show

highest annoyance also spend less time at home.

Despite the influence of attitudinal, situational and de-

mographic factors found, it has to be kept in mind that in the

real environment we can find interaction effects between

many variables and usually we will not observe the effect of

just one factor purely. A nested model showing the interac-

tion effects between attitudinal, situational and demographic

factors is presented in Peris (2012) as well as a summary ta-

ble showing the strength of the factors affecting vibration

annoyance. Moreover, there may be external variables that

influence vibration annoyance which are not accounted for

in the study design. If these external variables do correlate

with the predictors, then the conclusions drawn from the

model could become unreliable.
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VI. CONCLUSIONS

The range of effects of several attitudinal, situational,

and demographic variables on the human response to vibra-

tion from railways in residential environments were investi-

gated and evaluated.

Of the factors studied it was found that exposure-

response relationships between annoyance scores and vibra-

tion exposure were strongly influenced by two attitudinal

factors. These were concern of property damage and future

expectations of the vibration levels. Concern of property

damage appeared to mediate the relationship between annoy-

ance and vibration exposure and results suggest that people

highly concerned are more likely to report high annoyance

than people who are not concerned at all. Moreover, concern

is more likely when the property is owned than when it is

rented.

Type of residential area was found to have an important

effect on annoyance, with people being more likely to be

highly annoyed if the property is located in a rural area such

as a small town, a village or the countryside than if the prop-

erty is located in an urban area such as a city or a large town.

Other factors that showed a small but significant influence

were visibility of the railway and number of hours spent at

home on a week day. From the demographic factors only

age was found to have an impact on annoyance in the form

of an inverted U-shaped relationship where the annoyance is

higher for people in the middle range.

These findings show evidence that knowledge and

understanding of these attitudinal factors might lead to a

more effective reduction of adverse reactions than could be

achieved by reducing exposure levels. The management of

vibration impacts in this way is likely to be more cost-

effective. Thus, in order to create and maintain railway

capacity, vibration abatement solutions may not be enough

as they will only reduce the environmental impact but not

the total human impact. Action plans may be better accom-

panied by key procedures such as education, communication

and information that can be designed based on the results of

this paper. Further research is needed to test which of those

would be the most effective to engage with communities and

to create greater community tolerance of vibration.

The results also indicate that, as well as for noise, self-

reported vibration annoyance is governed to large extent by

attitudinal factors. However, attitudinal factors influencing

railway vibration annoyance differ slightly from those influ-

encing noise reactions.

These investigations are intended to give researchers,

planners, local authorities, architects and environmental

practitioners a better understanding of people’s reactions to

vibration from railways. The findings may be useful for the

development and implementation of guidance and regula-

tions as well as for making assessments of annoyance caused

by railway vibration.
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