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Computers in the workplace have become very prevalent. As with the 

introduction of any new technology, unanticipated problems often devel-

op. Noise in open-plan computer rooms and annoyance and perceived 

deterioration in performance associated with it also appears to be a 

problem that may be similarly categorized. An experimental investigation 
was undertaken as a result of frequent user complaints about the difficulty 

of concentrating and performing their work in the computer rooms of a 

large service organization. Two typical computer rooms were investi-

gated. Noise levels were measured at random times during the working 
hours. The noise spectrum was found to be almost similar in both 

facilities. The 10-second A-weighted noise level for all frequencies ranged 

between 53 and 62 dB. Most noise energy was either in the high-

frequency bands (above 2,000 Hz) or low-frequency bands (below 500 

Hz). The highest noise energy levels were recorded at 8,000 Hz (between 

64 and 73 dB). Least noise energy levels were recorded between 500 and 

2,000 Hz (between 35 and 44 dB). The noise spectrum, thus, was substan-

tially different from those of open-plan offices. Eighty-nine percent of the 

users questioned indicated their tasks required concentration. Fifty 

percent of all respondents rated the noise level between extremely annoy-
ing and unbearable and intolerable (scale values between 22 and 25 on a 

25-point scale; 1 being noticeable but not objectionable and 25 being 

unbearable and intolerable); 10% of the respondents considered the noise 

very annoying; 20% of the respondents considered the noise levels moder-

ately annoying; the remaining respondents did not seem to have a major 

problem. Conversational sound and computer-printer beeping sounds
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were reported to be most annoying by 90% of the respondents who 

considered the noise levels annoying. Constant arrival and departure of 

users, sound from keyboards, and ventilation equipment also appeared to 

be major contributing factors.

 The growth of computers in the workplace, especially those equipped with a 

visual display terminal (VDT), has been phenomenal. It is expected that by the end 

of this century, over half of the workers in factories, offices, educational institutions 

and homes in industrialized countries will be working with portable desktop 

personal computers (MATTED, 1986). The continuous decline in costs of desktop 
computers and tremendous improvements in capabilities are believed to be the main 

reasons for their wide acceptance. The need to improve productivity of office 

workers, the fastest growing work force in the United States, has further ac-

celerated the use of computers among the white-collar workers (PAVA, 1983; 

WILLIAMS, 1988).

 However, the gains in office productivity have been achieved at some cost. 

Several researchers have reported increases in musculoskeletal complaints, fatigue, 

and stress by users of VDT-equipped desktop computers (CAKIR et al., 1980; 

LAVILLE et al., 1980; HUNTING et al., 1980; DAINOFF et al., 1981; GRANDJEAN 

and VIGLIANI, 1981; SMITH et al., 1981; STARK et al., 1982; SAUTER et al., 1983; 

JOHANSSON and ARONSSON, 1984; MATTED, 1986; SMITH, 1987; SMITH and 

SALVENDY, 1989). While a number of researchers have investigated musculo-

skeletal complaints associated with VDTs, very few have examined the effect of 

physical agents, such as illumination and noise, on fatigue, stress and productivity. 
LAUBLI et al. (1981) reported that the degree of luminance oscillation of characters 

in data entry and conversational terminal tasks (interactive computer tasks), 

traditional office work and typing is an important contributor to eye strain at VDT 

workplaces. 

   Given the wide-ranging effects of computer technology on people, the econom-

ic and productivity benefits of introducing this technology in the workplace may 

often be difficult to achieve. However, if the beneficial effects of computer 

technology are to be preserved, the health and environmental problems and ill 

effects of using this technology must be alleviated. Clearly, this requires that all 

aspects of computer-user interface be considered. It also means that problems will 

not completely be solved just by designing an efficient interface. The environment 

around the users must also be planned carefully. This case study deals with one 

aspect of the environment in which the users of computers operate-noise.

 The detrimental effects of occupational and non-occupational noise on hearing 

and auditory-based performance are well known (CoHEN et al., 1970; KRYTER, 
1970; BENDER, 1972; EPP and KONZ, 1975; POULTON, 1977). While it is generally 

agreed that noise causes speech interference and annoyance, its effect on cognitive
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performance is controversial and far from conclusive. It is worth also noting that 
most studies dealing with the effects of noise on cognitive performance are labora-

tory studies which have included either continuous noise or intermittent noises 

occurring from percussion-type equipment. The effects of conversational noise 

(speech) on cognitive performance, either actual or perceived, have not been well 
documented in the published literature. Studies conducted to determine noise levels 

in offices have reported that the majority of employees are disturbed by office noise 

(NEMECEK and GRANDJEAN, 1973; TOMINAGA and MAEHARA, 1987).
 The experimental investigation reported in this paper was undertaken as a 

result of frequent user complaints about the difficulty of concentrating on work in 

the open-plan computer rooms of a large service organization. Since the open-plan 

computer rooms are more or less similar in layout to open-plan offices, noise was 

expected to be the cause of user complaints. Two typical open-plan computer 

rooms were studied. In addition to measuring noise levels, users were asked to 

complete a standardized questionnaire about their tasks and what kinds of activities 

interfered with their concentration and annoyed them most.

FACILITY DESCRIPTION

 Both the computer rooms investigated are 13.41 m long, 6.7 m wide and 3.66 

m high, with two entrance and exit doors. Each room has 24 personal computer 

(PC) workstations, arranged in rows of four each (see figures for one of the room 

plan and layout of workstations). Located at the end of each row is a matrix 

printer. In addition, each room has a laser printer and a plotter. Several desks are 
also provided in each room and serve as temporary work, discussion and meeting 

areas for the users and members of their teams. Fluorescent tubes are used to light 

the rooms. The illumination level in each room varies from approximately 1,185 lux 

to 1,410lux. Each facility is open from 7 a.m. to 10 p.m. and has an occupancy rate 

of at least 80% throughout the day. Usually, there are more users (both men and 

women) waiting for a workstation than there are workstations. A person waiting 

for a PC uses the workstation that becomes available first. Thus, users do not 

normally get the same PC on every occasion. There is almost a steady stream of 

users entering and leaving the facility all through the day, in part due to the very 

large size of the organization.

 These computer rooms are primarily used by individuals who need to use PCs 

for several days at a time but only for a few days each month. Individuals who need 

to use PCs on a daily basis are provided with their own PC and rarely use these 

facilities.

METHOD

 Noise measurement. The measurement system used to collect ambient noise
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data in the open-plan computer rooms consisted of a Bruel & Kjaer precision 

sound-level meter with a one-third octave band filter set attached to its lower end 

(type 1613) . All noise measurements were taken at the average ear level height of 
the seated person.

 In order to measure noise levels throughout the room, the room was divided 

into a 0.61 X 0.61 m grid. Noise measurements were taken at each grid point . 
Additional noise measurements were taken at the average ear level of the users 

seated at the workstations. The individual noise measurements (A-weighted levels) 

were recorded over a 10-sec period (MORELAND, 1988) and averaged.

 The noise readings were taken at random times throughout the day . At each 
measurement location, the following center frequencies were included: all, 31.5 Hz, 

63 Hz, 126 Hz, 250 Hz, 500 Hz, 1,000 Hz, 2,000 Hz, 4,000 Hz, 8,000 Hz , 16,000 Hz. 
This was done to evaluate the noise spectrum of the facility.

 User questionnaire. Since user complaints of noise initiated this investigation , 
it was felt desirable to quiz the users regarding the most annoying aspects of the 

computer room environment. A standardized questionnaire was prepared and 

distributed to users for this purpose. It included 8 questions. These questions asked 

if the user suffered from any hearing loss, what kind of music he/she liked, where 

he/she lived, if they had any noisy appliances at home, what kind of work they 

performed in the computer room, if they needed to concentrate on their work, how 
would they rate the noise annoyance level in the room, and what kind of sound they 

find most annoying. The questionnaire included a 25-point scale for the users to 

rate the noise annoyance level in the computer room.

 The noise annoyance sensitivity scale developed at the North Carolina State 

University's Center for Acoustical Studies was used (BREGMAN and PEARSON, 
1971; PEARSON et al., 1974). This is a 25-point scale with the following rating: 1 
-noticeable but not objectionable; 4-slightly annoying; 7-somewhat annoying; 

l0-moderately annoying; 13-annoying; 16-quite annoying; 19-very annoying; 

22-extremely annoying; and 25-unbearable and intolerable . The use of two steps 
between items provides optimal scale sensitivity for the rater effort (PEARSON et al ., 
1974).

RESULTS 

Noise spectrum

 The noise spectrum in both computer rooms were very similar and, therefore, 
findings for only one room are presented. Furthermore , since no time-of-the-day 
effect was found, all data for the same grid point were pooled and averaged .

 Figures 1 through 11 show the distributions of A-weighted noise levels in one 

of the computer rooms. Each point represents an average of several 10-sec average 

readings taken at random times throughout the day (7 a.m. through 10 p.m.). 
When all frequencies were included, the A-weighted noise level ranged between 53
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Fig. 1. Distribution of noise energy when all frequencies are included.

Fig. 2. Distribution of noise energy for 31.5 Hz frequency.

dBA and 62 dBA. The overall noise energy declined with frequency up to 1,000 Hz 

(from an overall average of approximately 65 dBA at 31.5 Hz to 45 dBA at 1,000 
Hz) and then increased. The highest overall average noise energy level of 71.5 dBA 

was reached at 8,000 Hz.

 At frequencies below 500 Hz, noise energy was fairly uniformly distributed 

throughout the room (within 4 to 6dBA). However, as the frequency increased
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Fig. 3. Distribution of noise energy for 63 Hz frequency.

Fig. 4. Distribution of noise energy for 126 Hz frequency.

above 250 Hz, from 500 Hz to 2,000 Hz, the noise energy distribution became very 

erratic (variation in the noise level was nearly 30 dBA). At frequencies of 4,000 Hz 

and higher, the distribution again became less erratic (variation in the noise level 

was reduced to within 8 to 9 dBA).
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Fig. 5. Distribution of noise energy for 250 Hz frequency.

Fig. 6. Distribution of noise energy for 500 Hz frequency.

User questionnaire

 Table 1 summarizes the results of the user questionnaire. The responses 

revealed that 89% of the users need to concentrate on their work and the majority 

questioned (80%) find the noise levels in the computer room annoying. Almost 
half of the users consider the noise level unbearable and intolerable to extremely 

annoying. Approximately 1/3rd of the users consider the noise level very annoying
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Fig. 7. Distribution of noise energy for 1,000 Hz frequency.

Fig. 8. Distribution of noise energy for 2,000 Hz frequency.

or moderately annoying.

 Among the most annoying sounds were beeping sounds of the printer (an-

nouncing the beginning/ending of a print job), user conversations, and coming and 

going of users. Noise from the ventilation equipment (VDT fan and air condition-
ing equipment) annoyed 1 in 10 users. These noises, however, did not bother 20% 

of the users.
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Fig. 9. Distribution of noise energy for 4,000 Hz frequency.

Fig. 10. Distribution of noise energy for 8,000 Hz frequency.

DISCUSSION, CONCLUSION AND RECOMMENDATIONS

 This experimental investigation was undertaken as a result of user complaints 

about the difficulty of concentrating on their work in open-plan computer rooms. 

The results of noise survey and user questionnaire confirmed the suspicion that 

ambient noise indeed is the cause of the problems. The minimum overall average
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Fig. 11. Distribution of noise energy for 16,000 Hz frequency.

Table 1. Summary of the user questionnaire responses.

Percentage of users suffering from hearing losses-0% 

Percentage of users like listening to soft music-67% 

Percentage of users like listening to pop music-26% 

Other-7% 

Percentage of users living in the city-67% 

Percentage of users living in the suburbs-26% 

Percentage of users living in the country 79o 

Percentage of users with a noisy appliance at home-63% 

Nature of the work in the computer room

Software writing-30%

Computations-30%

Report writing-35%

Other-5

Percentage of users who need to concentrate on their work-89% 

Noise annoyance level in the computer room

 Unbearable and intolerable to extremely annoying-50%

Very annoying-10%

Moderately annoying-20%

No serious problems-20%

Most annoying sounds

 People talking and walking in and out of the room-35%

Printer beeping-55%

Ventilation equipment-8%

Other-2%
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Fig. 12. Distribution of octave band center frequencies for all noise energy.

A-weighted noise level was 45 dBA at 1,000 Hz. The maximum overall average 

A-weighted noise level was 71.5 dBA at 8,000 Hz. These levels are much higher 

than the levels considered acceptable for open-plan offices. TOMINAGA and 

MAEHARA (1987), for instance, recommend 45 dBA as the maximum noise level in 

automated offices as at this level the office noise is either unnoticeable or not 

distracting to the majority of workers; at higher levels, the workers' complaints 

increase significantly. MORELAND (1988) also reported noise levels in open-plan 

offices ranging from 42.9 to 48.4 dBA.

 In several respects, layout for instance, the computer rooms investigated may 

appear to be similar to automated offices. There are, however, many major 

differences. The most important differences are equipment and work related. 

Computer rooms require more specialized equipment, such as plotters and high-

speed matrix printers. The work also generally requires more concentration. The 

user questionnaire revealed that almost 2/3rds of the users engage in creative work. 

This is unlike typical office work.

 As reported by MORELAND (1988), office noise generally has most of its 

energy at the lower frequencies. In the case of these computer rooms, as shown in 

Fig. 12, the reverse was observed. More noise energy was detected at frequencies 

of 4,000 Hz and higher. The noise energy level also did not always increase with 

frequency. It first declined with frequency, reaching its minimum level at around 

1,000 Hz, and then increased, peaking out at 8,000 Hz. This pattern is quite distinct 

from that observed by Moreland for open-plan offices. It appears that equipment 

noise plays a more prominent role in defining the noise spectrum for computer 

rooms than it does in the case of offices.

 The user responses highlighted the perceived problem areas. Users considered
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printer noise to be the single most distracting factor. This was followed by 
conversation and human traffic noise and ventilation equipment noise. NEMECEK 

and GRANDJEAN (1973) have reported high noise emissions from daisy wheel and 

matrix printers. They have also reported that VDT cooling-fan noise can be very 

irritating. In the computer rooms investigated, there was noise from several 

high-speed matrix printers, a plotter, cooling fan in each of the 24 VDTs, and the 

air conditioning equipment. The result was high noise energy and reported user 

annoyance.

 The noise from conversation and human traffic annoyed more than 1/3rd of the 

users. Given the nature of their work, it is not surprising that users are distracted 

by such noises. While no objective measure of performance decay was recorded in 

this investigation, it is clear that users perceive conversational noise to be an 

irritant. It is logical to expect that productivity for creative work will decline 

whether the distraction is real or perceived. Conversational noises in computer 

rooms, therefore, may be considered a major cause of decline in cognitive task 

performance.
 From the results of this investigation it is clear that open-plan computer rooms 

may be noisy. Fans used to cool the computers, printer, air conditioning equipment 

and conversational noise appear to be the main sources of user annoyance. 

Furthermore, from our discussion it follows that user performance in such rooms 

may be negatively influenced by the noise levels and associated distractions. In 

order to provide a productive and more comfortable atmosphere, the noise in 

open-plan computer rooms must be attenuated. Several engineering and adminis-

trative recommendations were made for this purpose: 

Engineering

1. Locate the printers in a separate room or move all of them to one side of 

the room and put a sound-absorbing divider between the users and the 

printers.
2. Isolate each workstation by erecting sound-absorbing side and front panels 

around the station.

3. Put sound-absorbing screens between the entrance/exit doors and the open 

space of the rooms.

Administrative

4. The dividers, screens, and panels should be filled with sound-absorbing 

materials such as glass wool, and have offset holes to absorb as much noise 

as possible.

5. If possible, provide disposable ear plugs to users who are disturbed by noise 

and encourage them to use them.

6. Either remove work desks from the computer room and place them in an 

adjacent room or put them in an enclosure.

7. Request users to keep their conversational sounds to a minimum; forbid-

ding conversation altogether may thwart the creative process.
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