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Recent studies have demonstrated a daily accumulation of
eye and musculoskeletal strain in video display terminal
{VDT) workers which is not eliminated by the use of high
guality workstations or conventional rest break schedules
(e.g., Zwahlen et al., 1984; Schleifer and Amick, 1988).
These types of observations have prompted calls for
limitations on the period of continuous VDT work. For
example, the Swedish National Board of Occupational Safety
and Health has suggested an upper limit of 1-2 hours of
continuous VDT work. While the logic for such
recommendations is substantial, there has been little
empirical study of the effects of increased rest breaks, or
shortened work periods, in VDT work. There is, however, an
extensive literature on the design of rest break schedules in
light, repetitive (industrial) work. This literature has
been largely ignored in discussions regarding rest break
design in VDT work, but is highly relevant since the tasks
studied share common stress factors with VDT work (e.g.,
constrained static postures and the need for continuous
attention).

Presented below is a synopsis of the literature on rest
breaks in light, repetitive work and of the less developed
literature specifically examining rest break effects in
VDT/office work. This synopsis is organized in relation to
the two main considerations in the design of rest breaks in
VDT/office work: i.e., break frequency/duration and content.

BREAK FREQUENCY AND DURATION

Research by the (British) Industrial Fatigue Research
Board (IFRB) was the first to demonstrate the benefits of
increased rest breaks. Studies conducted by this group
showed that productivity increased in assembly tasks when
mid-morning and mid-afternoon rest breaks were introduced
into the workday (Vernon and Bedford, 1924; Wyatt, 1927;
Wyatt and Fraser, 1925). More recently, a study of clerical
workers by Bhatia and Murrell (1969) found that 10-minute
hourly breaks were favored by the workers, and produced
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greater productivity gains in comparison to more infrequent
15-minute breaks. Similar effects were shown in a VDT task
by Horie et al. (1987). These findings are consistent with
conventional wisdom that short, frequent breaks are
preferable to longer, more infrequent breaks (Rohmert, 1973).

Additional support for hourly breaks is provided by
studies of VDT work which indicate that single, mid-morning
and mid-afternoon breaks may have negligible effects
{Delvolve and Quennec, 1983; Schleifer and Amick, 1988;
Zwahlen et al., 1984). Furthermore, a study by Floru et al.
(1986) points to the efficacy of short, hourly breaks in
routine VDT work. In this study, S-minute breaks inserted
after a 40-minute period of work were effective in
eliminating performance decrements which normally occurred
after that period.

Muscle fatigue studies suggest the need for even more
frequent breaks in VDT work. VDT work is often characterized
by constrained postures and static loads. Two studies
(Waersted et al., 1986; Kogi, 1982) reported, respectively,
sustained forces reaching 6 and 20 percent of maximum
voluntary contraction (MVC) in keyboard tasks. However, data
suggest that forces greater than 10 percent MVC cannot be
sustained for more than 10-15 minutes without perceptions of
fatigue (Bjorksten and Jonsson, 1977).

The need for short, frequent breaks in repetitive vDT
vork is also suggested by extrapolation from trends in VDT
users' discomfort ratings over the vorkday. An algorithm
(yet to be empirically tested) developed by Zwahlen and Adams
(1987) predicts that six, 12-minute breaks will prevent
musculoskeletal discomfort from exceeding the "quite-a-bit*
threshold for 99 percent of the VDT population (for the
repetitive task upon which the model was developed).
Regarding the frequency of breaks, however, a cautionary note
is in order. Too frequent breaks can interfere with work
rhythas (Rohmert, 1973), and may increase costs due to
disruptions in production.

It is sometimes advocated that workers be given self-
discretion in the control of both break duration and
frequency. However, the limited number of empirical studies
in this area argue against this proposition. Wwhen breaks are
self-requlated, there is a tendency to work beyond the
appearance of performance decrements, or to terminate breaks
before recovery is complete (Murrell, 1971; Henning, 1987).

BREAK CONTENT

Productivity gains have been shown when activity or task
changes are substituted for rest breaks (Bennett et al.,
1974; Miles and Skilbeck, 1944). More recently, attention
has turned to the potential benefits of exercise during VDT
vork. While research in this area is limited, a number of
studies suggest that exercises are valuable in reducing acute
discomforts (Laporte, 1966; Lee and Humphreys, 1985; Winkel
and Jorgensen, 1986) and possibly even chronic disorders
(Ferguson and Duncan, 1976) associated with VDT work, or
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other keyboard work.

CONCLUSIONS

Although more research specific to VDT work and
associated health outcomes is needed, the existing literature
strongly suggests that frequent rest breaks would benefit
both productivity and comfort in VDT work.
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Controlling Clare Problems
in the VDT Work Environment

Lawrence M. Schleifer and Steven L. Sauter

The introduction of video display
terminals may exacerbate lighting
problems already present in the
workplace. The sources and characteristics
of glare are described. Glare

control measures, including the location
and design of lighting systems, managing
outdoor light and using screen

filters and hoods, are reviewed.

This article is placed in the public domain, and
may be reproduced and distributed for educational
purposes. The original source of this article, Library
Hi Tech, should always be cited.

Many office workers enjoy using a video display
terminal (VDT). This new office technology enables
them to accomplish in a matter of seconds or minutes
what may have formerly required several hours using
a conventional typewriter or business machine. In
addition to the promise of reduced effort and in-
creased productivity, the use of a powerful com-
puterized device such as a VDT can give office
workers a renewed sense of importance and job
satisfaction.

Along with the apparent advantages of using a
VDT in office tasks, however, there are some dif-
ficulties. Particularly troublesome are lighting prob-
lems in the VDT workplace. For example, a bright
overhead light fixture or sunlight streaming through
an office window are potential sources of visual
discomfort for the VDT user. Annoying reflections
from the screen of the VDT are another common
problem.

While lighting problems are often present even
in traditional office environments, the introduction
of the VDT has increased the potential for such
problems. The purposes of this paper are to help
the office worker understand the causes of glare and
other lighting-related problems that may occur when
VDTs are used, to explain the adverse effects of
glare on vision and eye comfort, and to offer prac-
tical suggestions for preventing such problems.

Schleifer is Research Psychologist, Motivation
and Stress Research Section; Sauter is Chief, Motiva-
tion and Stress Research Section; at the Department
of Health and Human Services, Public Health Service,
Centers for Disease Control, National Institute for
Occupational Safety and Health, Division of Bio-
medical and Behavioral Sciences, Cincinnati, Ohio.

ISSUE12 117



A Review of Related Research

A number of field investigations indicate that
glare is a rather common problem in offices where
VDTs are used on a regular basis. One of the first
investigations indicating this problem was a 1974
Swedish study by Hultgren and Knave! showing
that most of the operators surveyed complained of
glare from windows and ceiling lights, and also
reported eyestrain symptoms such as stinging and
SOre eyes.

3

‘... studies suggest a recurring
pattern of discomfort from lighting
problems in VDT workplaces.”’

In a San Francisco study of VDTs undertaken by
the National Institute for Occupational Safety and
Health (NIOSH),%>* windows and light fixtures were
found to be potential sources of glare at 46 of 53
workstations surveyed. Additionally, screen reflec-
tions from windows and overhead light sources were
present at most of the workstations. A questionnaire
survey of VDT users in these offices found that
glare was one of the most common complaints, with
80 percent of the individuals reporting being
bothered by glare at least occasionally.

Results from a NIOSH-funded study® by the
University of Wisconsin of several hundred state
government VDT users revealed that 67 percent were
found to be bothered by screen glare at least oc-
casionally. Screen glare was also found to be a sig-
nificant predictor of visual discomfort.

In a study of 905 VDT users at New York State
office facilities, NIOSH investigators found that
31 percent of the survey participants rated lighting
conditions as producing “much glare” and 42 percent
were bothered by screen glare.

Overall, these studies suggest a recurring pattern
of discomfort from lighting problems in VDT work-
places.

SOURCES OF GLARE PROBLEMS

Light Measurement

Lighting terms can be technical and confusing.
It may therefore be helpful at the outset to provide
a brief explanation of lighting concepts and terms.
Nlumination refers to the amount of light that falls
on any surface, such as a desk, table, or document
holder. It is usually illumination that is measured
when the sufficiency of light in a room or office is
assessed. Illumination is measured in units called
footcandles (ft.c, English system) or Lux (Lx) in the
metric system. One footcandle is approximately
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ten Lux.

Luminance refers to the amount of light emitted
or reflected from any surface—for example, a light
fixture, lampshade, or sheet of paper. It is the lumin-
ance of an object to which we are referring when we
speak of the brightness of an object. Luminance is
measured in foot-Lamberts (ft.L, English system) or
candles per square meter (cd/m?) in the metric sys-
tem. One foot-Lambert equals approximately 3.5
cd/m?. Note that simply increasing or decreasing
the illumination in a room by adjusting the power
of a light fixture will not necessarily affect the
brightness of all objects in the room in the same
way. If objects do not reflect much light (for ex-
ample, a dark carpet) they will not appear very bright
regardless of how much light falls upon them. The
luminance of an object is determined by both the
amount of light falling upon it and its reflectance
{ability to reflect light).

Concept of Glare

Glare is produced by light sources within the
field of vision that are of a higher luminance than
other objects to which the eyes are adapted. Glare
is experienced as a feeling of discomfort or annoy-
ance, or as a reduced ability to discern objects in the
visual environment. The latter effect is usually
referred to as ‘‘disability glare,” the former as “dis-
comfort glare.”” The blinding effect of headlights
from an oncoming automobile is a good example of
disability glare. The annoying effect of headlight
reflections in the rear view mirror is a good example
of discomfort glare. Discomfort glare is the most
common glare problem in the office environment.
A light source cannot cause disability glare unless it
is almost directly in a person’s line of sight.

A distinction is usually made between ‘‘direct
glare” from sunlight or a lighting fixture, and “in-
direct glare” due to reflections from a video screen
or glossy surfaces such as a desk, floor, or keyboard.
The extent to which direct or indirect glare is a
problem depends primarily on the brightness of the
light source and how close it is to the line of sight.
The closer it is to the line of sight, the less bright
it has to be to cause a problem.

Direct Glare

While sources of direct glare are present in any
office environment, the presence and use of a video
display terminal increase the likelihood of problems
caused by direct glare. Instead of looking down at
work materials on a desk, the VDT user gazes hori-
zontally at the video screen. Thus direct glare sources
such as overhead lights and windows are closer to
the line of sight. (That is, they are more likely to be
visible to the VDT user as he or she looks at the



screen.) In addition, the amount of light required in a
VDT work envircnment is generally somewhat less
than that needed in a conventional office. VDTs
do not require light from a direct source as does
paper. On the contrary, the objective is to prevent
light that can cause screen reflections or obscure
the text that is displayed. With the eyes adjusted to
a somewhat darkened workstation, extra caution is
needed to ensure that other objects in the field of
view (including the document from which the person
is working) are no brighter than need be for adequate
visibility, so that they do not glare.

As indicated, one potential source of direct
glare in the VDT workplace is unshielded windows,
In many cases the windows are left bare in order to
supplement ambient lighting or to afford the worker
a pleasant view. Unfortunately, the relatively high
luminance of sunshine can produce considerable
glare for the VDT user.

Another common source of direct glare is the
overhead lighting fixtures (called luminaires). The
type, location, and luminance of overhead fixtures
are important factors to consider. Bright fixtures
that are unshielded and located close to the line of
sight of the VDT user are very likely to produce
visual discomfort. :

There are a number of mathematical formulas
for quantifying glare levels. A detailed discussion
of these formulas is beyond the scope of this article.
It should be noted, however, that a purely physical
approach to assessing glare or glare potential may
not be adequate. Factors such as individual motiva-
tion and interest in the task seem to play an im-
portant role in whether or not glare is reported.

Indirect or Reflected Glare

Indirect glare (reflection) is probably the most
common lighting-related problem for VDT users.
Indirect glare occurs when light from bright objects
such as light fixtures is reflected from smooth or
glossy surfaces, such as highly polished floors, table
tops, or VDT screens, into the eyes of the VDT
user.

Reflected glare from the VDT screen can be in
the form of either a “specular” or a ‘“‘diffuse” re-
flection. A specular reflection is a mirror-like re-
flection in which a sharp image such as the key-
board is reflected from the screen back to the opera-
tor. Specular reflections are caused by light from an
object reflecting off the smooth glass surface of a
VDT screen.

The fact that the VDT screen is slightly convex
means that troublesome reflections can result from
objects at wide angles to the screen. The common
practice of tilting the VDT slightly backwards in-
creases the opportunity for bright reflections from
ceiling fixtures.

Diffuse screen reflections do not result from
light reflected from the front glass surface of the
VDT, but rather from light that penetrates the
glass and is reflected off the phosphor layer behind

“Indirect glare (reflection) is prob-
ably the most common lighting-
related problem for VDT users.”’

the glass. (It is the phosphor that glows to produce
the VDT image.) Because the phosphor layer is rather
rough, light is scattered as it reflects back to the
operator. No clear reflected image can be seen.
Rather, when light is reflected off the VDT, the
background of the VDT image simply appears bright-
er. Diffuse reflections are sometimes called “‘veiling”
reflections because when they occur it appears that
a veil of light is cast over the image.

Screen reflections can be disturbing to the VDT
user for two reasons. First, a specular reflection
can be simply annoying. More commonly, both
specular and diffuse screen reflections reduce the
contrast in brightness between the characters ap-
pearing on the screen and the screen background.
That is, light reflected from the screen washes out
the characters and makes them difficult to see.

Beyond the VDT screen, there are numerous
other surfaces in any office that can reflect glare,
including walls, floors, worktables, the document
from which one is working, and the stand on which
the document is placed. However, the major source
of reflected glare in the VDT workplace is the VDT
screen.

Glare Sensitivity and VDT User Characteristics

In general, older individuals require more light
to see clearly. But increasing the amount of light
in the environment increases the opportunity for
glare or reflections. Compounding the problem is
the increased scattering of light that occurs in the
eve of older persons, making glare sources more
intolerable. Hence, extra care must be taken in the
design of lighting systems in VDT workplaces for
older VDT users to provide sufficient light yet
prevent glare.

GLARE CONTROL MEASURES

Lighting System Design

There are a number of concrete actions that can
be taken to prevent or alleviate problems with glare
or reflection. The most desirable means of control-
ling glare is through proper design of ambient lighting
systems. In this regard, the design, location, and
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amount of light produced by overhead fixtures are
critical. In general, the potential for glare and re-
flection problems is minimized by reducing the
level of ambient illumination. While there are no
hard and fast rules for specific lighting levels, main-
taining the level of light within a range of 200 to
500 Lux should help control reflection and still
ensure sufficient light to perform most office tasks.
However, as the level of light falls below 500 Lux,
supplemental lighting of documents at the VDT
workstation may be necessary.

It is helpful to cover the bulbs of overhead
fixtures with diffusing lenses, thereby scattering
the light and preventing sharp glare sources. However,
the lenses most commonly used for this purpose
do little to prevent light from reaching the eye or
VDT screen. To the extent possible, the fixture
should be designed so that it does not project light
horizontally into the VDT screen or eye of the
operator. Therefore it is preferable to use ‘““baffles”
or “parabolic louvers™ (which are fitted below
fluorescent fixtures) rather than diffusing lenses
since the former direct most of the light downward.

The use of indirect lighting systems eliminates
the sources of concentrated glare, but the wide
reflections off the walls and ceilings can result in
stray light reaching the VDT and causing diffuse
reflections from the screen. Therefore, it is also
important that highly reflective (that is, bright,
glossy) surfaces be minimized in the VDT work-
place.

Overhead lights should always be positioned so
that they are not in the user's field of vision as he
or she gazes at the screen. In addition, placement of
a lighting fixture directly behind or above the work-
station also should be avoided since light may then
reflect off the screen or desk top into the VDT
user’s eyes., A better placement is off to one side of
the workstation and as high as possible.

Windows

While many people prefer natural light over
artificial light, excessive reliance on windows for
office lighting can create problems. If the intensity
and angle of sunlight coming through an unguarded
office window is not controlled, it is likely that
troublesome glare and reflection will result. There
are a number of steps, short of removing the win-
dows, that can help minimize these problems. Office
windows can be equipped with blinds, drapes, or
other shiclding devices that control the flow of
sunlight. The blinds or drapes should be easy to
operate. Several small sections of drapes or blinds are
preferable to fewer larger units because the former
can more readily accommodate the varying lighting
needs and preferences of all the people in the room.
Vertical blinds are especially useful since they can
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be adjusted to prevent light from reaching one
workstation while allowing someone else to see out.

VDT Workstation Placement
Proper placement and orientation of the video

display unit is one of the simplest ways to reduce
glare and reflection. As mentioned, the display unit

“Filters placed in front of the
VDT screen can be very effective in
controlling reflections from the
screen.”

should be positioned so that no source of bright
light will enter directly into a VDT user’s line of
vision as he gazes at the screen. For example, where
windows are present the video display unit should
be placed so that the user’s line of sight is paraliel
to the window pane (in other words, the VDT screen
is perpendicular to the window). Also, a VDT should
be placed so that the path of the user’s gaze is parallel
to and between rows of overhead fixtures. Screen
reflections from any light fixtures directly behind
the workstation can be minimized by tilting the
display unit downward (or slightly toward) the
operator. Finally, the use of office dividers or other
types of barriers placed around the VDT workstation
can help reduce direct and indirect glare.

Screen Filters

Filters placed in front of the VDT screen can be
very effective in controlling reflections from the
screen. One very common type of filter is the *‘neu-
tral density filter.”” This filter reduces reflections
from the screen phosphor (which are diffuse reflec-
tions) by filtering the light as it passes through the
filter on the way to screen, and again as the reflected
light passes back through the filter toward the opera-
tor. Though light from the glowing phosphor also
passes through the filter, the image should be easier
to see than the reflected light, since the reflected
light is filtered twice and the light from the text on
the screen is filiered only once. Hence, use of this
filter should actually make the text look brighter
against the screen background.

On the other hand, the neutral density filter is
not effective in controlling specular reflections from
the glass surface of the screen faceplate. Such re-
flections can be reduced by etching the surface of
the faceplate or by coating it with a substance that
absorbs the light causing the reflection. Neutral
density filters are commonly etched or treated in
this way, and thus can be highly effective against
both specular and diffuse reflections.

One common filter, called a ‘‘micro-mesh”



filter, hetps control both specular and diffuse reflec-
tions. This type of filter is comprised of a mesh or
honeycomb of nylon fibers that prevent ambient
light coming toward the display at a wide angle from
passing through to the VDT screen, and thereby
reduce bothersome reflections. However, by the
same principle, the mesh gridwork can also diminish
the legibility of characters on the screen when it is
viewed at an angle.

Another type of filter that is highly effective in
reducing specular and diffuse reflections is the

“Another simple way to reduce
reflection is to place a hood around
the screen.”

“circular polarizing” filter. The function of this
type of filter is difficult to explain in a few words.
Suffice it to say that it blocks light in a fashion
somewhat similar to the way in which polaroid
sunglasses work.

Unfortunately, all filters and screen treatments
have drawbacks. Screen or filter coatings can be
scratched and produce reflections from finger smudges.
Etched surfaces can make characters a bit blurry.
Filters that block reflections from the screen also
dim the characters a bit. Careful trial and error is
a good means of selecting a filter. Many variations of
these types of filter are available. The best solution
will depend a great deal upon the particular glare
problems in a specific workplace.

Hoods

Another simple way to reduce reflection is to
place a hood around the screen. Hoods can range
from makeshift cardboard flaps to commercially-
available devices that attach to the top and sides
of the screen. One problem in using a hood is that
it may cast shadows on the screen. Also, the hood
must be installed in such a way that it does not
require the VDT user to adopt an awkward posture
when sitting at the terminal.

CONCLUSION

In most places where VDTs are in use, steps will
need tc be taken to bring glare and reflection prob-
lems under control. Many of the control measures
described here may be necessary; the most appropriate
steps will vary from situation to situation. Do not
rely upon any solution or complement of solutions
until it is tested in a specific workplace and found
effective.
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A. NIOSH-AUTHORED DOCUMENTS

1. NUMBERED PUBLICATIONS

NIOSH numbered publications document the results of
NIOSH research. Included in this category are Criteria
Documents, Current Intelligence Bulletins, Alerts, Health
and Safety Guides, technical reports of scientific
investigations, compilations of data, work-related
booklets, symposium and conference proceedings, and
NICSH administrative and management reports. The
following numbered publications on video display
terminals (VDTs) are listed alphabetically by title.

Alternative Keyboards, /1997.

NIOSH PUB NO: 97-148. 14 pp.
NTIS NO: PB98-125503 A03
(Full text included in Part 1)

Potential Health Hazards of Video Display Terminals,
1981.

NIOSH PUB NO: 8§1-129. 75 pp.

NTIS NO: PB82-218447 A4

A Report on Electromagnetic Radiation Surveys of Video
Display Terminals, /977.

NIOSH PUB NO: 78-129. 27 pp.

NTIS NO: PB-297823 A03

2. TESTIMONY

NIOSH testimony consists of both written comments and
oral testimony presented before Congressional
comunittees and at hearings convened by regulatory
agencies. The following list of NIOSH testimony on
VDTs is arranged in reverse chronological order.

Melius JM [1986]. Congressional testimony,
Subcommittee on Health and Safety, Committee on
Education and Labor, U.S. House of Representatives,
June 4. 11 pp.

NTIS NO: PB89-230221 A03

Millar JD [1984]. Congressional testimony,
Subcommittee on Health and Safety, Committee on
Education and Labor, U.S. House of Representatives,
May 15. 11 pp.

NTIS NG PB90-179110 A03

3. JOURNAL ARTICLES, BOOK CHAPTERS,
and PROCEEDINGS

Journal articles, book chapters, and proceedings by
NIOSH authors may appear in either U.S. or foreign
journals or symposia. The following list, which is in
alphabetical order by author, includes the bibliographic
information to permit retrieval of the references from
public or university libraries.

Amick BC III, Swanson NG, Chang H [1999]. Office
technology and musculoskeletal disorders: building an
ecological model. Occupational Medicine: State of the
Art Reviews 714(1):97-112. (Full text included in Part I.)
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Richard Tell Associates, Inc. [1990]. An investigation of
electric and magnetic fields and operator exposure
produced by VDTs: NIOSH VDT epidemiology study,
final report.

Purchase Order No. 90-37729. 290 pp.
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