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THE EFFECTS OF NOISE ON OFFICE OCCUPANTS AND ITS SOLUTION

 
Facilities managers always have had a concern about the effect of the office environment on the health of employees.  One aspect is office noise such as a steady background sound of heating/refrigeration equipment and the transient sounds of conversation and office machines.  To get an appreciation of the relative magnitude of the effects, we must resort to the standard unit of sound, the decibel, dB.  It ranges from very low levels, such as 0 in a very quiet room, to extremely high levels, such as 190 near a rocket launch.  The relationship with sound energy, which is the factor that affects people is:  Every time the sound level increases by 10 dB the sound energy multiplies by 10.  If the sound level is 40 and is raised to 70, the sound energy increases by 30 dB so the sound energy increases by 10x10x10 or 1000.

General Effects

There are three classes of influence on the human being: physical, physiological, and psychological.  As a reference for the discussion below, typical office levels run from ambient levels of 40 DB(A) to 70 dB(A) near conversations.  The “A” represents the frequency distribution of the sound as modified by the hearing mechanism of people.  The symbol with be omitted in the text.

Physical Effects.  These effects can cause gross mechanical changes in a person, such as heating of the skin, rupture of the eardrum, vibration of the eyeballs or internal organs.  The continuous levels required are above 140 dB and it takes a very special situation to cause this; the energy is at least ten million times more than is found in the office environment.  So physical effects on the human body do not occur in the office and should not be of concern.

Physiological Effects.  These effects are biological changes in a person, such as elevation of blood pressure, hearing loss, or stress.  OSHA considers that lifetime exposure in the workplace of levels of 80 dB, or over, during 8 hours per day puts people at risk to have a moderate hearing loss.  This is a very longtime continuous exposure that does not occur in the office, so hearing loss should not be of concern.  The lowest level at which a physiological effect has been found to occur is near 70 dB and it was a barely detectable dilation of the pupils of the eye and small changes in galvanic skin response, with no permanent result.  It appears that physiological effects should not be of concern in the office.

Psychological Effects.  These effects are mental changes in a person due to exposure to what they consider noise.  It is manifested by annoyance or heightened stress levels.  Such effects can occur at any sound level.  Dripping faucets in the home may create annoyance at sound levels of 30 dB, while sound levels of 120 dB caused by a passing ambulance may be acceptable.  The response is totally subjective, based on factors such as the person's evaluation of the necessity of the noise, whether it can be controlled, or whether it is normal for the environment.  Psychological effects may be of concern in the office.

Office Noise

  
Office noise can be divided into transient sounds, such as conversation or paging, and the steady background sounds. 

Transient Sounds.  The transient sound in an office is short term.  It occurs when people talk, when machines run, when paging or alarms sound.

A general observation is that such sounds distract a person's attention, and strongly if the level is high relative to the steady sound (a rise of about 10 dB). The distraction is further strengthened if the sound has high information content, such as conversation.  People in conversation with each other typically create sound levels of 70 dB near each other.  These levels are experienced in our everyday lives and have no known long-term physiological effect on us.  Paging signals may make levels as high as 80 dB to create clearly intelligible speech, and alarms may run as high as 90 dB to create immediate attention to them.  Since these signals also are short term, they have no known long term physiological effect on us.

  
In older offices with plaster or gypsum board walls and ceilings, vinyl floor tiles and perhaps metal partitions, but with no air conditioning, the typical steady sound levels were near 35 dB when they was no activity.  Because of the reverberant characteristics of the room, continuous conversational levels were between 55 and 60 dB at a listener.  Speech privacy was difficult to achieve and distractions were many.  If the onset of the sound were rapid, a startle response would occur which is a physiological effect.  The major concern was about the psychological effect of distraction and annoyance caused by the transient sounds (Reference 2).  In newer offices, levels are considerably reduced due to the introduction of sound absorbing materials such as carpets and acoustical ceilings.

Steady Sounds.  The background sound in an office is continuous and long term and so it might be considered to have the most effect on employees.  It is generally composed of two factors: the heating/air conditioning system noise, and sound masking where it has been installed.

  
A general observation is that a long-term sound becomes "normal" to the listener and therefore not noticed.  Very few individuals are aware of the refrigerator noise in their home, even though it is variable and clearly audible.  If the sound is non-varying, it contributes further to normalcy.  If asked, most employees could not tell you whether the building has an air conditioning system or not despite the fact that the sound from the air diffusers is clearly audible.  The same is true of sound masking used to create speech privacy in offices.  Typical steady background sounds for air conditioning systems create from 38 to 40 dB; masking systems create levels from 44 to 47 dB.  Masking levels contain about 1/200th the energy of conversation and contain about 1/10th to 1/50th the sound energy of older offices.  Comparing these levels with the levels cited above, we can conclude that sound masking has no physical or physiological effect on office employees.  In fact, the major property of sound masking to reduce the negative psychological effects of annoyance, distraction, or startle (Reference 2).


An abstract from the seminal work on the effects of noise on people is appropriate:

"As noted in my previous review, noise per se does not appear to reduce nonauditory work productivity in the factory and office, it even improves some performance by apparently isolating the person from being interrupted by certain distracting auditory signals or speech."

"For some purposes, in generally quiet surroundings, a low level broadband random noise may be introduced to increase a sense of privacy with some possible beneficial effects." (Reference 1, pps 578 and 580)

Office Complaints

  
Despite the above, some employees cite the occurrence of headaches, nausea, dizziness, disturbance of biological functions, and even loss of hearing caused by excessive "noise".  Since noise is defined as unwanted sound, it is a psychological response.  Again, an abstract is appropriate: 

" The general finding that the performance of the more anxious personality types is more affected by noise than that of nonanxious types would attest to the existence of a stimulus-contingency factor.  In terms of learning or conditioning, the task becomes disliked and is performed relatively poorly because it is related to or contingent upon the aversive noise".  (Reference 1, pg 582)
 " A possible teaching of much of the data presented in this book is that, other than as a damaging agent to the ear and as a masker of auditory information, noise will not harm the organism or interfere with mental or motor performance."  (Reference 1, pg 587)
 
It appears that many office complaints are associated with anxious personalities, and complaints about noise, (along with drafts, temperature, or lighting) is the manifestation of that anxiety.  How people respond to the acoustics of their office environment is discussed in References 2 and 3.

 
In conclusion, there does not appear to be any evidence that office noise of any type causes an adverse effect on employees.

Using Sound Masking to Prevent Complaints

Facility managers use sound masking to create acoustical privacy but are concerned also that it not have negative effects on employees.  For over forty years, sound masking systems have been installed and operated so that employees receive the benefit of masking without negative effects. 

Reference 2 (Section 7.7) states:

"Have the sound masking convey as little information to the listener as possible." 

The system is designed to be truly background.  The equipment is unseen and inaccessible to listeners. The sound does not have any meaningful information, such as repetitive sounds, beats, or short-term level variations, nor is it switched on or off.  Generally, the speakers are not be localizable and the sound is spatially uniform and covers all relevant areas.  A well-designed system has a sound spectrum that listeners find inoffensive (no hiss or rumble) yet of sufficient level to achieve privacy objectives.  It achieves a balance between the need for privacy and the need for community.  This is accomplished by having the level vary slowly during the day so that privacy is maximized during busy hours and minimized at hours of low people density so that persons can be aware of those around them. 

When these objectives are met, sound masking is found not only to be acceptable, but also to have the positive effects intended.  A full discussion of sound masking concepts and applications are given in Reference 3. 
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