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Abstract 

1014 central business district workers in Wellington New Zealand were surveyed about wind-induced 

building motion. 41.7% reported wind-induced building motion. The most reported effect of building 

motion was difficulty concentrating (42%), suggesting early onset motion sickness. While individuals 

who are highly susceptible to motion sickness preferred to work on lower floors, they were found to 

work on the same average floor as the least susceptible individuals. Highly susceptible individuals 

reported higher levels motion sickness. Building occupants almost never make formal complaints 

about building motion. Some building occupants actively compensate for the effects of building 

motion. 

1 Introduction 

New high strength materials, advanced construction techniques and sophisticated computer modelling 

have led to a new generation of tall buildings that are inherently light weight, slender, have low 

damping, and are significantly more wind sensitive than relatively older buildings (e.g. Burton, 2006; 

Kwok et al., 2009). Wind excitation induces low-frequency, low acceleration building vibration, 

mostly between 0.08 and 1 Hz. Building motion has been shown to be perceptible by building 

occupants (e.g. Hansen et al., 1973; Denoon & Kwok, 2011; Goto, 1983), can cause fear and alarm 

(e.g. Hansen et al., 1973; Burton, 2006) and can induce symptoms of motion sickness in some 

occupants (e.g. Goto, 1983). Some studies have examined the potential effect of building motion on 

task performance in motion simulators (e.g. Burton, Kwok & 2011), however few have examined this 

relationship in full-scale studies. The relationship between motion sickness susceptibility and the 

reported effects of building motion are not well understood. There are no internationally accepted 

guidelines or regulations that constitute an ‘acceptable’ level of building motion (Kwok et al., 2009). 

Motion sickness is often preceded by early onset symptoms such as drowsiness, difficulty 

concentrating and depressed mood, collectively referred to as sopite syndrome (Graybiel & Knepton, 

1976). Walton et al. (2011) argues that early onset symptoms may affect occupants of wind-excited 

buildings, and may misattribute these symptoms to factors such as work stress or health issues. They 

further argue that motion environments may induce observable changes in an individuals’ behaviour in 

the form of compensatory behaviours, e.g. taking breaks outside the office building (Walton et al., 

2011). 

This study examines occupant reports of building motion and factors influencing the reported effects 

of building motion in a sample of central city workers in Wellington, New Zealand, known to be one 

of the windiest cities in the world. The tallest building in Wellington has a height of 116 metres (29 

floors). The research has 3 main aims: (1) determine whether individuals who are highly susceptible to 

motion sickness avoid working in tall buildings; (2) examine the relationship between susceptibility to 

motion sickness and the reported effects of building motion, and (3) investigate the effect of reported 

building motion on compensatory behaviours and complaint.   
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2 Method 

Four thousand surveys were distributed in Wellington, New Zealand during late August 2011. 1014 

completed surveys were returned (response rate: 25.4%). Respondents were reasonably evenly 

represented across gender (males=45.1%, females=54.6%) and reported a mean age of 40.3 years 

(SD=13.04). Respondents’ current work floors ranged from the ground floor to some of the highest 

floors in Wellington, with an average floor of 7.6 (SD=6.2). An 8-page survey contained 95 items 

examining respondents' current work environment, experience with building motion, and demographic 

items. Susceptibility to motion sickness was measured using Golding's (2006) short-form Motion 

Sickness Susceptibility Questionnaire (MSSQ). Survey packs were distributed on the streets of the 

Wellington Central Business District (CBD). Respondents who took survey packs were able to 

complete them at their leisure and return it in the freepost return envelope. 

3 Results 

41.7% of the entire sample reported that they had felt wind-induced building motion. Perceptible 

wind-induced motion was reported in 29 different tall buildings with a height of at least 9 stories or 

taller. Wind-induced building motion was felt on an average floor of 15.3 (SD = 7.0) in buildings with 

an average of total floors of 19.0 (SD = 7.1). Twenty-two percent of respondents reported wind-

induced motion occurring in their workplace at least once a week, 20% monthly, a 34% quarterly, and 

the remaining 25% once a year or less frequently. The majority of respondents reported that wind-

induced building motion was initially 'felt' (79%), while seated (81%) by an exterior wall or window 

(71%).  

An overall effect of floor preference was found on MSSQ scores, K-W (3) = 42.5, p < .001. 

Respondents who indicated a preference for working in the lowest (M = 18.5, SD = 12.7) and middle 

thirds of the building (M = 18.4, SD = 11.0), had significantly higher MSSQ scores than respondents 

who indicated a preference for the top third of the building (M = 12.8, SD = 10.2). Those in the highest 

quartile of MSSQ scores (the most susceptible individuals) were 3.5 times more likely to prefer 

working in the lowest third of the building than the top third, compared with the lowest quartile of 

MSSQ scores, Mantel-Haenszel  (1,  N  =  279)  =  22.7,  p  <  0.001  (95%  CI  from  2.1  to  6.0). 

Respondents in the highest quartile of MSSQ scores did not work on a significantly different floor 

(average floor =8.1) compared with the quartile of susceptibility (average floor = 8.0), U (1) = 25409, 

Z = -.33, n.s.  

The most frequently reported effect of wind-induced building was difficulty concentrating reported by 

42% of respondents, followed by a third of respondents who felt 'weird', a quarter reported dizziness, 

and a fifth reported nausea. Three respondents reported that they vomited due to wind-induced 

building motion. The likelihood of experiencing nausea was significantly predicted by MSSQ scores. 

Habituation scores had a mean of 3.36 (SD = 0.89), and were negatively skewed indicating a small 

tendency towards motion affecting respondents less over time. Respondents judged building motion 

on average as mildly unpleasant. The number of symptoms reported and rating of unpleasantness 

showed a strong correlation of rho (164) = .53, p < .001. The most frequent strategy employed was 

standing up and walking around the office (27.8%, N = 63) and taking a break outside the building 

(23.3%, N=53). Four respondents reported that they took motion sickness tablets, and one indicated 

taking ginger tablets (thought to be a natural remedy for motion sickness).  

Overall, 45.4% (N = 103) of people reported that they had made some form of complaint about wind-

induced building motion. Complaints were most frequently made to co-workers (30.4%, N = 69), 
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followed by family / friends (11.9%, N = 27). The frequency of complaints decreased as the notional 

hierarchy within the respondents' organisation increased. Only 4.8% (N = 11) of complaints were as 

high as team leader and less than 1% of complaint went to the CEO (N = 2). No complaints were made 

to building owners.  

4 Discussion 

Despite a clear preference for working on lower floors, highly susceptible individuals are equally 

likely to work on the high floors as non-susceptible individuals. These findings suggest that 

individuals are constrained in their choice of work environments, and that it is likely the physical work 

environment is a secondary consideration to other factors such as remuneration and job satisfaction, 

given that more senior-level and hence higher-paid jobs are typically performed on more ‘prestigious’ 

higher floors.  

Seventy-four percent of building occupants in this study reported at least one effect of motion, almost 

identical to the 72% of occupants who reported physiological or psychological symptoms in Goto's 

(1983) study. Three participants reported vomiting, which is reported very infrequently if ever in the 

literature on building motion, and is normally a response reserved for more severe motion 

environments. In addition to traditional symptoms of motion sickness, symptoms of low-dose motion 

sickness were also reported. Difficulty concentrating was the most frequently reported effect of 

building motion (42%) and one of the cardinal symptoms of sopite syndrome. Difficulty concentrating 

has also been noted by Goto (1983) and Burton (2006). It is expected that tall building occupants also 

experience other symptoms of sopite syndrome such as tiredness and low mood, given that other 

symptoms of sopite syndrome have been reported to co-occur (Graybiel & Knepton, 1976).  

Half of the respondents who reported wind-induced building motion indicated that they engaged in 

compensatory behaviours to attempt to alleviate their symptoms, primarily by reducing their exposure 

to motion through taking breaks outside their building and standing up and walking around. These 

findings support Walton et al.’s (2011) prediction that individuals will attempt to actively manage 

their environment and reduce their discomfort. 

Respondents indicated a trend towards habituation to building motion over time. Denoon et al. (2000) 

also found evidence of habituation from airport control tower workers who reported building motion 

became more acceptable over time. Despite an overall trend toward decreased effects of motion over 

time, a significant proportion of individuals indicated that the effects motion became worse over time, 

indicating that individuals vary in their ability to habitation to motion. 

Complaints about wind-induced building motion were most frequently made to co-workers and family, 

by about a quarter of respondents. Only 4.8% of complaints reached the respondents’ team leader, and 

fewer reached the organisation’s CEO. No formal complaints were issued to building owners. 

Throughout the literature on building motion, there is a belief that complaint is a suitable metric for 

measuring building performance, for example, Isyumov and Kilpatrick (1996). Aversion to formal 

complaint could be trait unique to New Zealanders, however Burton (2006) also observed a similarly 

low rate of formal complaint. At least in office buildings, it is clear that people almost never formally 

complain about building motion. Formal complaint should not be used as the primary metric to inform 

building performance.  
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5 Conclusions 

Individuals susceptible to motion sickness revealed a preference to avoid working in tall building, but 

were equally likely to work on high floors as on low floors. Building motion was frequently 

perceptible by tall-building occupants in Wellington and was found to induce symptoms of motion 

sickness and symptoms of sopite syndrome, which individuals attempt to actively manage by engaging 

in compensatory behaviours to mitigate these symptoms. Formal complaints about building motion 

were found to be rare, and are therefore an inadequate measure of tall building performance. Tall 

building occupants were found to be affected by low-dose symptoms of motion sickness, which 

suggests that they might also be affected by other likely symptoms such as drowsiness, which are 

likely to be misattributed to normal work fatigue. The effect of changes in building acceleration and 

exposure to motion need to be quantified systematically in a sample of real-world building occupants. 
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