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Background. Exposure to noise in everyday urban life is considered to be an environmental stressor. A

specific outcome of the reaction from environmental stress is a fast pace of life that also includes a faster

pedestrian walking speed. There is a limited amount of experimental evidence that people tend to walk

faster in an environment with dense traffic and traffic noise. On the other hand, listening to nature

relaxation sounds may decrease actual walking speed. The present study examined an effect of listening

to annoying acoustical stimuli (traffic noise) compared to relaxation sounds (forest birdsong) on walking

speed in a real outdoor urban environment.

Methods. The participants (N=83) walked along an urban route of 1.8 km. The first part of the route was

a street with driving cars, the second part was a dense oak alley that led out of the noisy street with

traffic. There were three conditions in the experiment. The participants listened either to traffic noise or

to forest birdsong; they walked without listening to any acoustical stimuli in the control condition. Their

walking speed was measured for certain parts of the route. After completing their walk, participants were

asked to describe their experience during the walk.

Results. A mixed ANOVA indicated a significant between-subjects main effect of the condition (F 2,160 =

14.80, p <.001, η2 = 0.16), significant within-subjects main effect of the section walked (F 2,320 = 103.28,

p <.001, η2 = 0.39), and significant interaction between the section walked and direction of the walk (F

2,320 = 11.76, p <.001, η2 = 0.09). A post hoc test showed that participants listening to traffic noise

walked significantly faster on the route than participants listening to forest birdsong sounds and

participants in the control condition. Participants who listened to forest birdsong walked slightly faster

than those under control condition; however, this difference was not significant. Analysis of the walk

experience showed that participants who listened to forest birdsong during the walk liked the route more

than those who listened to traffic sounds.

Conclusion. The study demonstrated that exposure to traffic noise led to an immediate increase in

walking speed. It was also shown that exposure to noise may influence perception of an environment.

The same environment may be more liked in the absence of noise or in the presence of relaxation

sounds. The study also documented the positive effect of listening to various kinds of relaxation sounds

while walking in an outdoor environment with traffic noise.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.3475v1 | CC BY 4.0 Open Access | rec: 19 Dec 2017, publ: 19 Dec 2017



1

2

3

4 Effects of traffic noise and relaxation sounds on pedestrian 

5 walking speed

6

7 Marek Franěk1, Lukáš Režný1, Jiří Cabal1

8 1 Faculty of Informatics and Management, University of Hradec Králové, Hradec Králové, Czech   Republic

9
10 Corresponding Author: 

11
12 Marek Franěk1

13 Rokitanského 62, Hradec Králové, 500 03, Czech Republic

14
15 Email address: marek.franek@uhk.cz

16

17

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.3475v1 | CC BY 4.0 Open Access | rec: 19 Dec 2017, publ: 19 Dec 2017

mailto:marek.franek@uhk.cz


18 Abstract

19 Background. Exposure to noise in everyday urban life is considered to be an environmental 
20 stressor. A specific outcome of the reaction from environmental stress is a fast pace of life that 
21 also includes a faster pedestrian walking speed. There is a limited amount of experimental 
22 evidence that people tend to walk faster in an environment with dense traffic and traffic noise. 
23 On the other hand, listening to nature relaxation sounds may decrease actual walking speed. The 
24 present study examined an effect of listening to annoying acoustical stimuli (traffic noise) 
25 compared to relaxation sounds (forest birdsong) on walking speed in a real outdoor urban 
26 environment.
27 Methods. The participants (N=83) walked along an urban route of 1.8 km. The first part of the 
28 route was a street with driving cars, the second part was a dense oak alley that led out of the 
29 noisy street with traffic. There were three conditions in the experiment. The participants listened 
30 either to traffic noise or to forest birdsong; they walked without listening to any acoustical 
31 stimuli in the control condition. Their walking speed was measured for certain parts of the route. 
32 After completing their walk, participants were asked to describe their experience during the 
33 walk.
34 Results. A mixed ANOVA indicated a significant between-subjects main effect of the condition 
35 (F 2,160 = 14.80, p <.001, η2 = 0.16), significant within-subjects main effect of the section walked 
36 (F 2,320 = 103.28, p <.001, η2 = 0.39), and significant interaction between the section walked and 
37 direction of the walk (F 2,320 = 11.76, p <.001, η2 = 0.09). A post hoc test showed that 
38 participants listening to traffic noise walked significantly faster on the route than participants 
39 listening to forest birdsong sounds and participants in the control condition. Participants who 
40 listened to forest birdsong walked slightly faster than those under control condition; however, 
41 this difference was not significant. Analysis of the walk experience showed that participants who 
42 listened to forest birdsong during the walk liked the route more than those who listened to traffic 
43 sounds.
44 Conclusion. The study demonstrated that exposure to traffic noise led to an immediate increase 
45 in walking speed. It was also shown that exposure to noise may influence perception of an 
46 environment. The same environment may be more liked in the absence of noise or in the 
47 presence of relaxation sounds. The study also documented the positive effect of listening to 
48 various kinds of relaxation sounds while walking in an outdoor environment with traffic noise. 
49

50 Subjects Psychiatry and Psychology, Public Health
51 Keywords Noise exposure, Walking speed, Stress, Relaxation, Urban nature
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54 Introduction

55

56 Negative health consequences of noise exposure have been studied frequently (e.g., Evans, 
57 Bullinger, & Hygge, 1998; Passchier-Vermeer & Passchier, 2000; Stansfeld, Haines, & Brown, 
58 2000; Haines et al., 2001; Babisch, 2006). Exposure to noise in everyday urban life is considered 
59 an environmental stressor (Evans, 1984). One specific reaction to environmental stress is a fast 
60 pace of life, as defined several decades ago by Werner, Altman, and Oxley (1985, p. 14) to be 
61 the “relative rapidity or density of experiences, meanings, perceptions and activities”. A fast pace 
62 of life also includes a faster pedestrian walking speed that may be a response to stimulatory 
63 overload and various urban stressors, including crowding and traffic noise (e.g., Bornstein & 
64 Bornstein, 1976). Some studies showed that people walk faster in large cities when compared to 
65 smaller towns (Levine & Norenzayan, 1999). More detailed analysis showed that people tend to 
66 walk faster in urban streets with dense traffic and traffic noise (Franěk, 2013) when compared to 
67 calmer streets. This suggests that the fast pedestrian walking pace may be a spontaneous reaction 
68 to traffic noise. The present study examined an effect on walking speed of listening to annoying 
69 acoustical stimuli (traffic noise) compared to relaxation sounds (forest birdsong) in a real 
70 outdoor environment. 
71

72 Investigations of pedestrian walking speed documented the phenomenon of a fast pedestrian 
73 speed in main downtown areas, as well as the negative health consequences of the fast pace of 
74 life in large cities. A pioneering study by Bornstein and Bornstein (1976) reported high positive 
75 correlations between the walking speed of pedestrians and the size of the city. This finding 
76 repeatedly was supported in subsequent studies (Lowin et al., 1971; Walmsley & Lewis, 1989). 
77 There is also evidence that the faster pace of life in large cities is associated with a greater 
78 likelihood of heart attacks (e.g., Levine & Bartlett, 1984; Levine & Norenzayan, 1999). Levine, 
79 Lynch, and Lucia (1989) interpreted movement speed and the speed of other daily activities as 
80 being parallel to Type A behavior patterns (a potential risk factor for heart disease) and even 
81 suggested using the term “Type A city”. More recently, Wiseman (2007) compared the walking 
82 speeds of inhabitants of 32 capital cities. Surprisingly, the walking speed in large cities increased 
83 by approximately 10% when compared with previous data found by Levine and Norenzayan 
84 (1999) in the early 1990s. Thus, a fast pace of life, including fast walking speed, in today’s cities 
85 could represent a potential risk factor that may negatively affect the wellbeing and health of their 
86 dwellers. 
87

88 Although some authors suggested (e.g., Bornstein & Bornstein, 1976) that traffic noise may be 
89 one factor that influences walking speed, this proposition has not been tested adequately. In our 
90 previous studies, we examined the effects of visual and acoustical environmental features of 
91 surrounding environments on walking speed (Franěk, 2013; Franěk & Režný, 2014; Franěk, van 
92 Noorden & Režný, 2014). It was observed that participants tended to walk significantly faster in 
93 sections without greenery and with more traffic, higher perceived noise, and more people than in 
94 sections with greenery and with less traffic, perceived noise, and fewer people. However, the 
95 effect of traffic noise was based only on the subjective estimation of acoustical characteristics of 
96 particular locations. Recently, Maculewicz, Erkut, and Serafin (2016) experimentally examined 
97 how sound characteristics for specific environments affect walking pace. The participants 
98 listened to sounds of a seashore, busy street, restaurant, and busy offices and simultaneously 
99 walked at their own preferred pace on an aerobic stepper. Their results indicated that sounds of 
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100 the seashore and restaurant provoked a significantly slower pace than sounds of streets and 
101 offices. The study documented not only the effect of traffic noise on walking pace but also 
102 showed that listening to nature sounds may result in a decrease in walking speed. 
103

104 Although traffic noise may cause perceived stress, there are opposite studies that show a 
105 restorative effect from urban nature. Some research demonstrates that living in areas with large 
106 amounts of urban greenery or only exposing individuals to a natural environment either in a 
107 visual or acoustic form results in decreased stress. It is known that residents of neighborhoods 
108 with a greater percentage of greenery have lower chronic stress (e.g., Hartig et al., 2011; Nilsson 
109 & Berglund, 2006; Ward Thompson et al., 2012). Stress recovery, measured through a variety of 
110 physiologic measures, was more rapid in the group that viewed natural scenes compared to the 
111 group that viewed urban scenes (e.g., Ulrich et al., 1991). A large number of studies have 
112 documented that viewing surrogate nature (photographs, slides, paintings, window views, videos, 
113 and virtual computer-generated nature scenes) results in decreased stress, increased positive 
114 emotions and decreased negative emotions (e.g., Ulrich et al., 1991; Hartig et al., 1999; Ulrich et 
115 al., 2003; de Kort et al., 2006; Valtchanov et al., 2010; Brown et al., 2013; Valtchanov et al., 
116 2010; Jiang et al., 2014; Felnhofer et al., 2015). In accordance with these findings, our recent 
117 study showed that the presentation of photographs of nature scenes prior to an outdoor walk 
118 decreased walking speed when contrasted to priming with photographs of shopping malls and a 
119 control condition without any priming (Franěk & Režný, 2017). 
120

121 Although a large amount of studies examined the positive effect of viewing nature scenes, the 
122 effect of natural sound has been experimentally explored less substantially. It was confirmed that 
123 natural sounds tend to be evaluated as pleasant and support recovery, while technological sounds 
124 tend to be experienced as disturbing (e.g., Cerwén, Pedersen & Pálsdóttir, 2016). The exposure 
125 of natural sounds led to greater mood recovery after presentation to annoying stimuli in contrast 
126 to human-caused sounds (Alvarsson, Wiens & Nilsson, 2010; Annerstedt et al., 2013; 
127 Saadatmand et al., 2013; Benfield et al., 2014). 
128

129 A further question is the interaction between the effects of greenery and environmental sounds. 
130 The results of several studies suggested that visions of nature from a window or easy access to 
131 nearby green areas may reduce the negative impact of traffic noises, which makes the sound be 
132 perceived as less annoying (e.g., Van Renterghem & Botteldooren, 2016; Gidlöf-Gunnarsson & 
133 Öhrström, 2017). Interestingly, Lee and Jeon (2014) showed that the noise from high speed train 
134 was estimated as less annoying if the sound was presented with a picture containing a higher 
135 percentage of natural features. Viollon, Lavandier, and Drake (2002) reported that birdsong and 
136 traffic noise were judged significantly more negatively where they were presented together with 
137 more urban visual scenes.
138

139 Moreover, congruency between a specific environment and sound also may play a role because 
140 people expect appearance of specific sounds in each environment, congruent with the physical 
141 features of the environment (e.g., Bruce & Davies, 2014). Brambilla and Maffei (2006) 
142 demonstrated that the level of annoyance is lower and acceptability is higher when the sound is 
143 more congruent with the listener’s expectation. Jahncke, Eriksson, and Naula (2015) examined 
144 the combined effect of diverse acoustical stimuli (nature sounds, quiet broadband noise and 
145 office noise) and visual settings (office and urban nature environment) on perceived restoration. 
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146 They found that a picture of nature was more sensitive to the influence of auditory stimuli than 
147 an office picture. 
148

149 The present study continues our previous investigations of pedestrian walking pace in a real 
150 outdoor urban environment (Franěk, 2013, Franěk & Režný, 2014, Franěk, van Noorden & 
151 Režný, 2014, Franěk & Režný, 2017). To systematically examine the effects of different 
152 environmental sounds on walking speed, we asked participants to listen either to traffic noise or 
153 to relaxation nature sounds while walking on an outdoor route. As previously demonstrated, 
154 certain features of the physical environment can also influence walking speed, namely, the 
155 presence or absence of urban greenery. People tend to walk slower in an environment with 
156 higher perceived natural characteristics (Franěk & Režný, 2014). It is yet to be determined 
157 whether particular environmental sounds (traffic noise vs. forest birdsong) may have the same 
158 effect on walking speed in different environmental settings, specifically on streets with traffic 
159 noise and a small amount of greenery or on a route with greenery without any noise. 
160

161 The aim of the present study is to investigate the effect on walking speed of listening to diverse 
162 environmental sounds while walking in a real outdoor environment. It is supposed that listening 
163 to traffic noise increases walking speed, while listening to nature sounds decreases walking 
164 speed. Furthermore, the interaction between the effect of environmental features and sound will 
165 be examined.
166

167 Materials & Methods

168

169 Participants 

170

171 Eighty-three undergraduates participated in the study. The students were young adults aged from 
172 19 to 25 years (M age = 21.36 yr., SD = 1.48), with 48 men and 35 women. They were recruited 
173 from a range of fields of study (informatics, financial management, and tourism) at the 
174 University of Hradec Králové. They were compensated by partial course credit. Ethical approval 
175 for the experiment was obtained from the Department of Management at the University of 
176 Hradec Králové. The participants provided written informed consent in which they declared that 
177 they were voluntarily participating in the experiment and that they were informed about the 
178 experimental procedure.
179

180 Design

181

182 A between-subjects design was employed. Participants walked under three conditions: forest 
183 birdsong, traffic noise, and a control condition without hearing any sounds. The type of sound 
184 (forest birdsong, traffic noise, or no sound) and type of environment (seven sections of the route) 
185 were selected as the independent variables; walking speed was selected as the dependent 
186 variable.
187

188 Stimulus material

189

190 There were two conditions with diverse sounds; the participants did not listen to any sound under 
191 the control condition. A track with relaxation sounds or a track with traffic noise were selected as 
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192 the acoustical stimuli. The soundtrack from the video “Forest Birdsong - Relaxing Nature 
193 Sounds - Birds Chirping”, available on YouTube 
194 (https://www.youtube.com/watch?v=Qm846KdZN_c), was selected as the relaxation sound. The 
195 track consists of the sound of birds singing (Nightingale, Blackbird, Chaffinch, Cuckoo and 
196 others) and a calm forest river. The soundtrack from the video “Hectic Kolkata (Calcutta) – 
197 India”, available on YouTube (https://www.youtube.com/watch?v=IFc2KhKLiho), was selected 
198 as the traffic noise. The track contains traffic noise and noise from motorized vehicles, engine 
199 sounds, intense automobile horns, and human voices. The second track had to be modified 
200 because of its short length (9 minutes and 40 seconds), which did not correspond with the length 
201 of the participants’ walk. The track was modified using the software Audacity to have the length 
202 of 38 minutes by repeating it four times in succession. Participants listened to the tracks, which 
203 were played on Nokia Lumia 520 with operating system Windows Phone 8.1, using Nokia Music 
204 application, version 3.10.822.0. 
205

206 The sounds were listened to through lightweight Genius HS-M200C headphones. Sounds were 
207 adjusted to a comfortable level. For safety reasons, headphones did not entirely masked sounds 
208 from the outside. Participants walked without headphones in the control condition.
209

210 The participants were randomly assigned to a specific condition. There were 17 males and 14 
211 females in the forest birdsong condition. In the traffic noise condition, there were 14 males and 
212 12 females, and in the control condition, there were 17 males and 9 females.
213

214 Walking route

215

216 The walking route was a circuit in the central area of Hradec Králové. This city is located in the 
217 northeastern part of the Czech Republic and has approximately 100,000 inhabitants. The first 
218 part of the route was a street with driving cars; the second part was a dense oak alley that led out 
219 of the noisy street with traffic. To compare walking speed in different locations on the route, we 
220 chose seven sections to measure walking speed (see Table 1). The sections were selected to 
221 provide a direct route and avoid crossing an intersection or similar obstacles. The participants 
222 first went from the university building to the starting point of the route, which was located 
223 approximately 300 meters from the building. When they reached the end of section 7, they 
224 returned back and went along the same route in the opposite direction. The circuit from the 
225 starting point to the final point was 1.8 km. 
226
227 Measurement of walking speed

228

229 The participants walked with a small video camera (i.e., a Sony Bloggie MHS-PM5K) on a belt 
230 around their waist (size 19 x 108 x 55 mm, weight 110 g). The environment, the participant’s 
231 feet, and the participant’s arms were captured through a fish eye lens. Each section of the route 
232 had its beginning and end clearly indicated by a line drawn with intense color on the sidewalk. 
233 An evaluator marked two frames of the video recording to create the beginning and end of the 
234 annotation for each particular track section. Each frame corresponded to a time when a 
235 participant entered or left the section. The evaluation procedure consisted of annotating the video 
236 recordings in the software Elan (see https://tla.mpi.nl/tools/tla-tools/elan/). Annotations included 
237 the name of the track section and were time aligned to the video recordings. Every annotation 
238 represented the entire section of the track, so that the extent of time subjects spent there could be 
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239 determined. This enabled us to calculate the average speed reached by the participants in all 
240 sections. The video recordings were processed by a team of research assistants. 
241

242 Evaluation of walk experience

243

244 The participants rated their experience during their walk and their enjoyment of the environment 
245 using the following five items: (1) I was fine during the walk, (2) It was a pleasant time, (3) I 
246 liked the route I went through, (4) While walking, I often observed the surroundings, and (5) The 
247 sounds I listened to from my headphones bothered me. They were required to rate agreement or 
248 disagreement with these items using a 7-point Likert-type scale with anchors 1 = absolutely 
249 disagree and 7 = absolutely agree.
250

251 Procedure

252

253 The participants individually walked around the route. They were sent successively to the route 
254 in periods of five minutes. Participants were instructed to walk through the route with their 
255 normal walking speed. We used the description “normal” to discourage participants from 
256 walking as fast as possible to pass the route in the shortest possible time or, on the other hand, to 
257 move too slowly, such as walking for restorative purposes. Further, they were asked to not stop 
258 their walk and not call or speak with other people. The route was marked by noticeable orange 
259 arrows painted on the surface of a sidewalk to make orientation easier. Participants were asked to 
260 complete a questionnaire describing their evaluation of the walk experience after the walk. 
261 Participants were not informed about the goal of the study.  
262

263 The study was conducted in 2017 on three workdays at the beginning of May. The grass along 
264 the route was already green, and the trees were light green with sparse foliage. The time schedule 
265 was balanced by gender and the conditions across day and time.
266

267 Data analysis

268

269 The walking speed was calculated for specific sections of the route. A mixed analysis of variance 
270 (ANOVA) was conducted to analyze the effects of acoustic conditions (birdsong, traffic noise, or 
271 control condition), the route’s environmental properties (the section of the route), and the 
272 direction of the walk (from section 1 to section 7 or from section 7 to section 1) on the walking 
273 speeds in the specific sections. Because some sections on the walking route had similar 
274 environmental features and because participants walked in them at roughly same walking speed, 
275 we joined similar sections into three groups (i.e., sections 1+2 = group 1, sections 3+4 = group 2, 
276 sections 5+6+7 =group 3) to give the analyses more power to detect a significant interaction. The 
277 score for each group was the mean across included sections. Differences between reported 
278 evaluations of the walk experience under particular conditions were compared by using a one-
279 way ANOVA or t-test for independent samples. Statistical analyses were conducted using the 
280 Statistica 12 software (Stat Soft, Inc.). 

281

282 Results

283

284 Analysis of walking speed
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285

286 The results revealed an overall faster walking speed under the traffic noise condition (mean = 
287 1.65 m/s, SD = 0.11) and a slower walking speed under the control condition (mean = 1.58 m/s, 
288 SD = 0.13); the slowest walking speed was under forest birdsong sounds (mean = 1.53 m/s, SD = 
289 0.12). The average walking speeds in the particular sections of the route are shown in Figure 1 
290 and Table 2.
291

292 A mixed ANOVA was conducted to access the effects on walking speed of the condition and 
293 direction of the walk on the route. The condition (forest birdsong, traffic noise, control 
294 condition) and direction of the walk (from section 1 to section 7 or from section 7 to section 1) 
295 were chosen as the categorical predictors; the section of the route (group 1 = sections 1+2, group 
296 2 = sections 3+4, group 3 = sections 5+6+7) was chosen as the within-subject (repeat measures) 
297 factors. The speed of walking was used as the dependent variable. The ANOVA indicated a 
298 statistically significant between-subjects main effect of the condition (F 2,160 = 14.80, p <.001, η2 
299 = 0.16), statistically significant within-subjects main effect of the section walked (F 2,320 = 
300 103.28, p <.001, η2 = 0.39), and statistically significant interactions between the section walked 
301 and the direction of the walk (F 2,320 = 11.76, p <.001, η2 = 0.09). However, the interaction 
302 between the section walked and the condition was not significant (F 4,320 = 0.49, p =.741).
303

304 A post hoc Tukey test showed that the participants listening to traffic noise walked significantly 
305 faster on the route than participants listening to forest birdsong sounds and that the participants 
306 listening to traffic noise walked significantly faster than participants in the control condition. 
307 Post hoc analysis also revealed significant differences between walking speed in particular 
308 sections of the route. The participants walked the slowest in the group of sections 5+6+7, faster 
309 in sections 3+4, and the fastest in sections 1+2. The absence of significant interactions between 
310 the condition and the section of the route indicated that the acoustic stimuli heard by the 
311 participants had a similar effect in all sections of the route. The significant interaction between 
312 the direction of the walk and the sections of the route reflects that the participants walked faster 
313 in the group for sections 1+2 and 3+4 in the direction from section 1 to section 7, and then in the 
314 direction from section 7 to section 1. 
315

316 Evaluation of walk experience

317

318 The scores for particular items are in Table 3. It was examined how agreement with the 
319 statement “I was fine during the walk” was related to the type of acoustic stimulus to which 
320 participants listened. One-way ANOVA indicated a statistically significant effect of the type of 
321 condition (F2,80 = 3.986, p < .001, η2 = 0.17). A post hoc Tukey test indicated significant 
322 differences between the conditions of forest birdsong and traffic noise and between traffic noise 
323 and the control condition. The participants listening to forest birdsong sounds were more fine 
324 during the walk than those listening to traffic noise. The participants listening to traffic noise 
325 were less fine during the walk than those under the control condition.
326

327 One-way ANOVA indicated that agreement with the statement “It was a pleasant time” was 
328 statistically significantly influenced by the type of acoustic stimulus (F2,80 = 11.273, p < .001, η2 
329 = 0.22). A post hoc Tukey test indicated significant differences between the conditions of forest 
330 birdsong and traffic noise and between traffic noise and the control condition. The walk was a 
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331 more pleasant experience for participants listening to forest birdsong sounds than for the 
332 participants listening to traffic noise. The walk was a less pleasant experience for the participants 
333 listening to traffic noise the walk than for those under the control condition.
334

335 One-way ANOVA indicated that agreement with the statement “I liked the route I went through” 
336 was statistically significantly influenced by the type of acoustic stimulus (F2,80 = 4.705, p < .05, 
337 η2 = 0.11). A post hoc Tukey test indicated significant differences between the forest birdsong 
338 and traffic noise conditions. Participants listening to forest birdsong liked the route more than 
339 those listening to traffic noise. However, the type of acoustic stimulus did not significantly 
340 influence agreement with the statement “While walking, I often observed the surroundings.” 
341 (F2,80 = 1.295, p = .280).
342

343 T-test for independent samples indicated significant differences between the level of agreement 
344 with the statement “The sounds I listened to from my headphones bother me” in both conditions 
345 with acoustic stimuli. The traffic noise bothered participants more than forest birdsong sounds (t 
346 = 4.077, p < .001, Cohen's d = 1.15)
347

348

349 Discussion 

350

351 The study examined the effects on walking speed of listening to diverse environmental sounds 
352 while walking in a real outdoor environment. As expected, the results showed that listening to 
353 traffic noise significantly increased participants’ walking speed on the urban route. In contrast, 
354 listening to relaxation sounds of forest birdsong made the walking speed slightly slower. 
355

356 Verbal description of participants’ walking experiences revealed negative evaluations of various 
357 aspects of the walk while listening to traffic noise. Listening to traffic noise was annoying; 
358 participants who listened to traffic noise estimated their walk to be less pleasant and they liked 
359 the route less than the participants who listened to relaxation sounds or the participants under the 
360 control condition. This further supports the existence of an association between negative 
361 reactions to traffic noise and faster walking speed.  
362

363 There is much research indicating that exposure to a natural environment in a visual form results 
364 in decreased stress, increased positive emotions, and decreased negative emotions. In our 
365 experiment, listening to natural sounds decreased walking speed, but the difference between the 
366 effect of natural sounds and the control condition was not significant. It seems that exposure to a 
367 natural stimuli in acoustic form may have no such effect similar to the exposure to natural stimuli 
368 in a visual form. In our previous experiment (Franěk & Režný, 2017), participants who were 
369 primed with pictures of trees walked on the route and were compared to a condition in which 
370 they were not primed. Environmental sounds probably do not offer a similar amount of 
371 unambiguous information about the natural environment as visual stimuli do. We used birdsong 
372 as the stimuli in our experiment because it was found that this type of natural sound is most 
373 commonly associated with perceived stress recovery and attention restoration (Ratcliffe 
374 Gatersleben, & Sowden, 2013); it are associated with green spaces, spring, and summer 
375 (Ratcliffe Gatersleben, & Sowden, 2016). The natural environment soundscape is more complex; 
376 it may contain wind blowing and rustling leaves, etc. The problem is that those sounds may not 
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377 be easily separated from some technical sounds. For instance, Haga et al. (2016) showed that 
378 participants perceived an ambiguous sound consisting of pink noise with white noise interspersed 
379 either as a nature sound (waterfall) or as an industrial sound in accordance with instructions 
380 given prior to the experiment.
381

382 In contrast to the traffic noise, participants listening to relaxation sounds liked the route more and 
383 evaluated their walk as more pleasant than those who were under a traffic noise condition and 
384 under the control condition (although statistically non-significantly). In addition to previous 
385 studies that reported that visual natural stimuli may make traffic noise perception less annoying 
386 (Van Renterghem & Botteldooren, 2016; Gidlöf-Gunnarsson & Öhrström, 2017), we observed 
387 that acoustic natural stimuli resulted in a higher level of liking visual properties of the 
388 environment when compared to acoustic stimulation with traffic noise.
389

390 Further, we examined the interactions between the effects of a specific environment and the 
391 sound. Although we did not find statistically significant interaction between section walked and 
392 acoustic condition, we registered a faster speed in sections 1-4, along the street with car traffic 
393 under the condition with forest birdsong. Birdsong may be perceived in this environment as an 
394 incongruent, inappropriate acoustic background. In contrast, we registered slower walking 
395 speeds in section 5-7, situated in a dense alley, where birdsong and a calm atmosphere of a forest 
396 would be more appropriate and congruent with acoustic stimuli. Although it may speak to the 
397 effect of congruency/incongruency between listening sounds and the environment, the same 
398 patterns of walking speed in these sections of the route were found when participants listened to 
399 traffic noise and were under the control condition. Moreover, our previous walking experiments 
400 conducted on the same route (Franěk & Režný, 2014) without listening to any acoustic stimuli 
401 indicated roughly identical patterns of walking speed in particular sections with similar effect 
402 size, specifically the slowest walking speed in sections 5-7, faster walking speed in sections 3-4, 
403 and the fastest walking speed in sections 1-2. Clearly, differences in walking speed between 
404 particular sections of the route probably are caused by the previously registered effects from 
405 environmental features. They were not modulated by interactions between sound and perceived 
406 environment; instead, the type of acoustic stimuli influenced the overall walking speed on the 
407 whole route in a similar way. It seems that mentioned tendencies found in noise annoyance 
408 studies ((Brambilla & Maffei, 2006; an Renterghem & Botteldooren, 2016; Gidlöf-Gunnarsson 
409 & Öhrström, 2017) could influence subjective estimation of an environment, but they are too 
410 small to affect motor behavior. 
411

412 The study has some limitations. First, the headphones did not entirely mask outdoor sounds due 
413 to safety reasons. Thus, participants also slightly heard noise from outside the experiment under 
414 the nature sounds condition. Although this arrangement may reflect real situations, when people 
415 are walking outdoor and simultaneously listening to music or relaxation sounds from 
416 headphones, it did not entirely change the soundscape of the environment. Second, although 
417 there was car traffic in sections 1, 2, 3, and 4 of our walking route, the street was not a typical 
418 example of a busy urban highway. Thus, it is possible that phenomena associated with the 
419 observed effects of congruency/incongruency between the environment and sound (Brambilla & 
420 Maffei, 2006; Bruce & Davies, 2014) would be less pronounced.
421

422 Conclusions
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423

424 In conclusion, our study convincingly showed that exposure to traffic noise led to immediate 
425 walking speed increases. Of course, a faster walking pace is not an undesirable behavior of urban 
426 pedestrians, if it is, for instance, a part of sport or recreational activity. However, as previously 
427 demonstrated, a fast walking speed in the context of the overall fast pace of life as a response to 
428 stressful environmental stimuli may have negative health consequences. Moreover, it was also 
429 shown that exposure to noise may influence perception of an environment. The same 
430 environment may be more liked in the absence of noise or in the presence of relaxation sounds. 
431 Finally, the study also documented the positive effect of listening to various kinds of relaxation 
432 sounds while walking in an outdoor environment with traffic noise.
433  
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Figure 1. Average walking speeds (m/s) in particular sections of the route. A: The direction of

the walk from the section 1 to the section 7. B: The direction of the walk from the section 7 to

the section 1

A      B
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1

2

3 Table 1. Walking route. The description of particular sections where walking speed was 

4 measured. For additional route details, see https://maps.google.com, location: Hradec Kralove, 

5 Czech Republic, Orlicke nabrezi.
6

7

Section Length 

(m)

Environmental layout Street

1 60 grass, trees, buildings, traffic, Brno Street - Technical High School

2 55 grass, trees, buildings, traffic Brno Street - Business High School

3 100 grass, trees, traffic, Brno Street - Business Center 

4 100 grass, trees, traffic Brno Street - Botanical Garden

5 60 dense oak alley, no traffic Brno Street - Malšovická Street

6 75 dense oak alley, no traffic Flošna - tree alley

7 90 dense oak alley, no traffic Flošna - parking
8

9

10

11 .
12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
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1

2

3

4

5 Table 2. The average walking speeds (m/s) in specific sections of the route for the two 

6 experimental conditions (forest birdsong, traffic noise) and the control condition for both 

7 directions of the walk. Direction 1 is from the section 1 to section 7, and Direction 2 is from 

8 section 7 to section 1.
9

10

Section Forest 

birdsong 

Traffic 

noise

Control  Forest 

birdsong

Traffic 

noise

Control

 Mean SD Mean SD Mean SD  Mean SD Mean SD Mean SD

Direction 1
    

Direction 2
    

1 1.56 0.13 1.68 0.12 1.63 0.15 1.55 0.12 1.66 0.11 1.57 0.11

2 1.56 0.13 1.68 0.12 1.63 0.15 1.55 0.13 1.67 0.11 1.58 0.12

3 1.54 0.12 1.67 0.12 1.60 0.15 1.55 0.13 1.67 0.13 1.58 0.13

4 1.54 0.13 1.67 0.13 1.60 0.15 1.53 0.13 1.67 0.11 1.57 0.13

5 1.52 0.13 1.63 0.12 1.58 0.15 1.51 0.12 1.66 0.12 1.57 0.13

6 1.51 0.12 1.63 0.12 1.55 0.15 1.50 0.12 1.64 0.12 1.56 0.12

7 1.50 0.12 1.61 0.13 1.54 0.15  1.49 0.13 1.63 0.12 1.54 0.13 
11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
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1

2 Table 3. Evaluation of the walk experience. The level of agreement with particular items. The 

3 scale ranged from 1 to 7. 
4

5

Item

Forest birdsong Traffic noise
 

Control
 

 Mean SD Mean SD Mean SD

I was fine during the walk. 6.42 0.62 5.38 1.39 6.12  0.86

It was a pleasant time. 5.71 1.13 4.27 1.22 5.23 1.11

I liked the route I went through. 6.29 0.82 5.65 1.02 6.20 0.57

While walking, I often observed 

the surroundings.
6.16 1.19 5.65 1.44 5.77 1.14

The sounds I listened to from my 

headphones bother me
 2.45 2.10 4.81 2.26  - -

6
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