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OFFICE ERGONOMICS IN THE ERA OF

FLAT PANEL MONITORS

Introduction

Flat Panel Monitor manufacturers cite a number of benefits offered by Flat Panel Monitors (FPMs) including space savings, energy savings, and reduced radiation.  These benefits, along with reduced costs, have allowed FPMs to make significant inroads into a number of key market segments that now include the Office market.

Some of the benefits offered by FPMs that are rarely mentioned by Flat Panel manufac​turers are the significant benefits possible with these devices in workspace ergonomics.  This is about to change.

About a year and a half ago, this author wrote a paper entitled “Design of an Ergonomically Correct Desk Stand for Flat Panel Monitors.”  This paper, along with simultaneous introduction into the industry of a truly ergonomic desk stand that is being sold to Flat Panel manufacturers on an OEM basis, will change the face of office ergonomics and will affect millions of people in the years ahead.

Existing Ergonomic Standards

Most of the existing ergonomic standards dealing with office workspace automation are based on old style CRT monitor technology.  These standards recognize the need for ergonomic adjustability of the monitor screen and keyboard components of an operator’s workspace.  In most cases these standards recommend changing the worksurface height to achieve correct positioning of these components.  This concept has been met with mixed success, primarily because of technical issues and cost.  In several major countries in Europe, law mandates adjustable height worksurfaces.  Unfortunately, because of cost, most companies have pur​chased the lowest cost adjustable furniture, which is basically pin adjustable.  Accordingly, most tables are set at 29.5” (750mm) and are never moved.  Such tables cost around $400.00 vs. $800 - $1,500 for tables that are crank or electrically adjustable which is required to achieve any type of dynamic or intuitive adjustability.

The technical problems with adjustable worksurfaces become readily apparent when one analyzes the anthropometric data that determines the height variances required between various components of a computer workstation.  If one raises the worksurface to position the screen at the proper height, in most cases the worksurfaces becomes too high for the keyboard and to do regular work.  (People still do regular work at their computer workstations).  If the worksurface is set low enough to position the keyboard at the correct height, it may interfere with the operator’s knees and in most cases it will be too low to position the screen at the proper height.  It will also be too low for regular work.

For the above cost and technical reasons all attempts to legislate ergonomic standards for the office here in the US have been soundly rejected by US industry.

So what is the Solution for the New Era?

The author would make two recommendations to the various office ergonomic standards writing bodies throughout the world:

1. Separate future standards into two sections: One section for sitting workers, which comprise 95% – 98% of all office workers, and create a second section for the 2% – 5% of workers who require sit/stand capability.

2. Introduce the “Three Support Surface” concept outlined below in both sections of the standard.  An adjustable support surface for the monitor, a fixed height worksurface for regular work and a descending adjustable support surface for the keyboard.

This concept more readily provides the required adjustability, is substantially lower in cost and allows existing fixed or semi-fixed worksurfaces to remain where they are.  There is a thousand year-old precedent for this!  For some reason, most people groups around the world have found it very convenient to work, eat and do many other functions when seated at a fixed height worksurface.  These worksurfaces are typically 29 – 29.5” (750mm) high here in the US and in Europe, slightly lower in the Orient, typically 27 – 27.5” (700mm).

The Three Support Surface Concept

Figure 1 – Illustration of the Three Support Surface Concept
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The computer workstations shown in this paper will describe in detail use of this concept in office work environments.

Ergonomic Considerations

In designing any ergonomic computer work environment, a number of generally accepted ergonomic ground rules must be followed along with use of relevant anthropometric data.

Ergonomic Ground Rules

The recommended mounting heights for the keyboard and monitor, the range of adjustability required to provide comfortable use by a range of operators, and the forces required for making adjustments to the monitor that are shown in this paper are based upon the following ergonomic ground rules gleaned from the available scientific literature and published standards on this subject

Screen Height

The recommended screen height for VDT monitors (except in special circumstances such as bifocal use) is that the top of the monitor screen should be set at, or slightly below (approximately 1” [25mm]) the eye height of the user when the user is sitting or standing in a comfortable, relaxed position. This will place the center of the screen at the ideal 15( to 20( below eye height for most desktop monitors.  The screen height should be easily adjustable to accommodate gender height differences and the operator’s personal preferences throughout the day.  Further, the viewing height should allow the operator to view the monitor screen within an orthopedically correct “viewing cone” to minimize muskuloskeletal stress disorders (MSD’s).  See Figure 3 and Appendix A.

Screen Tilt

Ideally an upward tilt with the bottom of the screen tilted toward the operator provides optimum viewing because it provides a consistent focal length when scanning from the top of the screen to the bottom.  A tilt range of -5( to +30( is usually adequate depend​ing upon the size of the monitor.  Note:  When upward tilt is used, special care must be taken to minimize screen glare.

Screen Distance from Operator

Normally the monitor screen should be placed as far away as possible from the operator, consistent with the ability to read the information presented on the screen.  (The normal focal length for most people exceeds 30” (760mm) or greater, however, from a practical standpoint a recommended viewing distance from 18” (455mm) to 28” (710mm) is mentioned by several ergonomic standards.)  A good rule of thumb for most installations is that the monitor screen should be placed at arms length, with the ability to move the monitor back and forth to suit individual needs being the ideal.  Vertical adjustments should not result in a change in focal length.

Screen Adjustment Forces

The moving force to make any adjustment to the monitor, vertical position, tilt, pan or portrait/landscape rotation should not exceed 5.1 lbs. (2.32kg).  See Table 1 below.

Table 1 – Ergonomically Acceptable Adjustment Forces*


LIFT
PRESS


Left

(lb.)    (kg)
Right

(lb.)    (kg)
Left

(lb.)    (kg)
Right

(lb.)    (kg)

Male (age 30)
9.00     4.10
14.00     6.36
13.00     5.91
17.00     7.73

Female (age 30)
6.00     2.72
  9.34     4.25
  8.67     3.94
11.34     5.15

Male (age 50)
7.65     3.48
11.90     5.41
11.05     5.02
14.45     6.51

Female (age 50)
5.10     2.32
  7.94     3.61
  7.37     3.35
  9.64     4.38

*  Source:  US Military Standard (MIL STD) 1472F

The level of force not only depends on age but also varies depending on the gender and the arm used (i.e., left or right). Choose an ergonomically correct desk stand that is designed to provide adjustment forces of less than 5.1 lbs. (2.32 kg), which is the force that can be comfortably applied by the left arm of a 50 year old woman.  Our research has shown that an optimum moving force of 3.3 lbs. (1.5kg) will provide good stability of the display and yet allow (and encourage) frequent monitor adjustments as the operator changes posture throughout the day.

Keyboard Height/Positioning

Keyboards should be placed at a height that allows the operator to operate the keyboard with the forearms level and hands sloping slightly downward.  A negatively tilting keyboard, allowing the operator to “keep the wrinkles out of the top of the wrists” is ideal.  Fore and aft positioning of the keyboard should be consistent with allowing the hands to move easily over the keyboard with forearms level and elbows at the sides, maintaining a 90( - 120( angle between upper and lower arms.  See Appendix A.

Anthropometric Data Utilized in the Design of Computer Workstations

Figure 2 – Visual Representation of Anthropometric Height Ranges


Anthropometric Data Relating to Screen and Keyboard Height Positioning

Table 2 – Anthropometric Data* (in inches) for Average Range of Operators
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*  Based on an 1988 Anthropometric Survey of US Army Personnel

** In this paper the term “variance” is meant to mean, “difference” or “range.”

Ergonomic Design Factors Gleaned from the Above Anthropometric Table

Note 1

· Eye height variance for the average range of female to male operators

· Design criteria used for design of a 5”  (130mm) vertically adjustable display mounting apparatus

Note 2

· Elbow height variance for the average range of female to male operators

· Design criteria used for design of most adjustable keyboard mounts

Note 3

· Eye and elbow height variance for the average range of female to male operators

· Optimum eye height to centerline (C/L) of keyboard relationship for most computer workstations – average 21” (533mm)

Note 4

· Eye and elbow height variances for the average sitting female to the average standing male

· Design height adjustment range for a sit/stand workstation designed to accommodate the average range of female to male operators – 20” (508mm)

Table 3 – Anthropometric Data* (in inches)
for 5% Female to 95% Male Range of Operators
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* Based on an 1988 Anthropometric Survey of US Army Personnel

Ergonomic Design Factors Gleaned from the Above Anthropometric Table

Note 1

· Eye height variance for the 5% female to 95% male operator

· Ideal eye height adjustment range for a broad range of applications

· Design criteria used for design of 12” (305mm) or greater vertically adjustable VDT mounting apparatus

Note 2

· Elbow height variance for the 5% female to 95% male operator

Note 3

· Eye and elbow height variance for the 5% female to 95% male operator.  Range 19.2” (487mm) to 23.6” (599mm), average = 21.2” (538mm)

Note 4

· Eye and elbow height variance for the 5% sitting female to the 95% standing male

· This data indicates that to design a sit/stand workstation to address the 5% to 95% range of female to male operators would require 27.8” (706mm) of vertical adjustability

Figure 3 – Design of an Ergonomically Correct Sitting Computer Workstation

The following chart illustrates a computer workstation environment with monitor and keyboard positioning designed according to the above ergonomic ground rules and anthropometric data.


Notes:

1. Viewing distance – operator’s eye to screen – 24”

2. Operator eye height –average female 44”, average male 48.5”, or as determined by designer

3. Top of monitor screen – 1” below eye height

4. First line of text on monitor screen – 5( below horizontal line of sight

5. Ideal viewing cone –  5( to 35( below horizontal line of sight

6. Center line of text on screen –  15( to 20( below horizontal line of sight

7. Bottom of monitor screen – dependent upon size of monitor.  Screen heights for standard 4 x 3 format monitors are 15” D = 9”; 17” D = 10”; 18” D = 11”; 20” D = 12”

8. Tilt angle of monitor – 12( to 18( dependent upon size of monitor, larger monitors require more tilt to provide equal focal length

9. Worksurface height (29”) – shown in relation to bottom of monitor screen for average female operator

10. Worksurface height (29”) – shown in relation to bottom of monitor screen for average male operator

11. Anthropometric eye height variance, female to male, sitting application – 4.5”

12. Anthropometric eye height to C/L of keyboard variance – 21”

Note:  Appendix A, attached, illustrates optimum neutral posture for seated workers where the above viewing cone principle is employed.

Ergonomic Workstation Designs

The following paragraphs describe in detail the hardware required and use of the Three Support Surface concept in real world office applications.

Note:  While the focus of this paper is primarily directed toward the monitor screen and keyboard, in all cases it is assumed that all operators are provided with a height adjustable chair that allows the operator to sit erect with both feet planted firmly on the floor or footrest.
While the workstations described below and the recommended adjustable mounting hardware are designed to address the average range of workers, with some modification the suggested workstation designs can provide a satisfactory workspace environment for the 5% female to 95% male range of seated office workers.

Addressing the Average Range of Operators

The following workstation design provides an optimum ergonomic computer work environment for a minimum of 50% and perhaps up to 60% of all workers in a typical office at an extremely low cost.

Hardware Required

1. Choose a Flat Panel Monitor that is equipped with an adjustable desk stand that provides a minimum of 5.1” (130mm) of vertical adjustability, +30( to -5( of tilt, 
+/- 45( of pan and which offers 90( portrait/landscape rotation, if that application is required.  If the monitor that you desire to use does not provide the above ranges of adjustability, purchase an after market stand or mounting arm that does.  If you decide to use an after market stand be sure that the monitor is fully compliant with VESA FPMPMI( or FDMI(, meaning that it provides a standardized mounting interface and that the interface is located at the center of the monitor.  This is the assumption used when designing the ergonomic desk stand.  If the mounting interface is not in the center of the display, the screen heights published for the stand may not be realized.

2. Choose a good quality, low profile descending keyboard that provides a minimum of 4” (100mm) and preferably 5” (129mm) of vertical adjustability.

3. Mount the above components on a 29” to 30” (750mm) high, fixed worksurface.

The above arrangement will allow the top of the monitor screen to be placed from 43.1” (1095mm) to 48.2” (1224mm) from the floor.  This adjustment range places the monitor at appropriate height at the upper range and provides a slight bias to optimize viewing for the female population, where 60% of all computer related MSD’s occur, and to improve viewing in the portrait mode.  It will allow the centerline (C/L) of the keyboard to be placed from 23” (584mm) to 27” (686mm) from the floor and provide the necessary 21” (533mm) of eye height to elbow height variance.  All of the above conform to the anthropometric data for the average female to male operator.  See Table 2 and Appendix A.

Cost of this solution vs. utilizing an adjustable worksurface as suggested by current ergonomic standards and mandated in most of the major European countries:

· Adjustable stand


  $30.00 to $75.00*

· Descending keyboard tray
        $175.00**

Total cost



$205.00 to $250.00

*
Estimated additional cost of monitor supplied with ergonomically designed desk stand or estimated cost of equivalent after market stand

**
In many cases companies have already supplied descending keyboard trays for users in high computer use applications, making this solution even lower cost.

Cost of adjustable worksurface solutions:

· Pin or hook adjustable worksurface
  $   400.00

· Crank adjustable worksurface

  $   800.00

· Electrically adjustable worksurface
  $1,200.00

· Descending keyboard tray

  $   175.00


Total cost



     $575.00 to $1,375.00

Quality of solutions:

· Adjustable components

Optimum ergonomics, low cost

· Adjustable worksurface

  Less than desired, expensive

Other Options:

In some cases users may decide to utilize an ergonomic Flat Panel Monitor arm instead of the adjustable stand recommended above.  Advantages of an arm include the ability to provide easier fore and aft movement of the monitor, less desk space clutter and the ability to move the monitor completely out of the way in areas where the same desk space is used for other work functions.  An arm can also be used to provide optimized bifocal viewing.

If the arm provides a minimum of 12.6” (320mm) of vertical adjustability, it can also be utilized to address the 5% female to 95% male range of users.  One exception would be if using a monitor larger than 15” (381mm) diagonal, the worksurface might be too high to allow the top of the monitor screen to be lowered to the 5% female eye height, even though the monitor is lowered down to the worksurface.  See Table 3.

Addressing the 5% to Shorter than Average Female Height Range of Office Workers who are Typically 59” (150cm) to 63” (160cm) Tall and who have 40.8” (104cm) to 43.9” (112cm) Siting Eye Heights (See Tables 2 and 3)

The above workstation design can be adapted to address the above range of workers with the minor adjustments outlined below:

Option 1: Rather than lowering the worksurface to bring the monitor and keyboard into the correct height ranges, provide an adjustable chair that raises the eye height of your shorter workers up to the average female eye height.  Provide a quality footrest to allow the operator to rest her feet firmly on a raised support platform.  By lifting the operator a maximum of 3.7” (94mm) all other aspects of the workstation described above will be ergonomically correct to provide an optimized computer work environment.

Option 2: If the above option is not desired you may be able to purchase lower height tables or desks (26” [660mm] to 27.5” [700mm] high) such as used in the Orient, or in the case of hook mounted systems furniture, it may be possible to lower the worksurface to the above heights.

Addressing the Average Male to 95% Male Range of Office Workers who are Typically 68.3” (173cm) to 72.8” (185cm) Tall and who have 48.6” (123cm) to 52.1” (132cm) Sitting Eye Heights (See Tables 2 and 3)

This range of workers can utilize the above optimized workstation design with the following modifications:

Option 1: In some cases a large majority of taller workers can be accommodated simply by raising the adjustable desk stand by 1.5” (38mm) to 3.5” (89mm) using a simple, low-cost riser.  Caution:  This solution may not work satisfactorily for your tallest workers, i.e., 80 – 95% male.  The descending keyboard tray mounted beneath a 29.5” (750mm) worksurface may be a “knee banger” and might interfere with comfortable operation.  However, placing the keyboard on top of the fixed worksurface may be satisfactory in this case.

Option 2: Raise the desk surface by 2” (50mm) to a maximum of 3.5” (89mm).  This can be done by providing 2” (50mm) to 3.5” (89mm) leg risers to raise tables or desks to the correct height or in the case of hook mounted systems furniture, adjust the worksurface to the proper height (up to 33" [838mm] for the 95% male operator).

Designing a Sit/Stand Workstation for Employees Who Require This Type of Work Environment

Anthropometric Data

As indicated in Table 2 and associated Note 4, to design a sit/stand workstation to address the average range of female to male operators requires a vertical adjustment range of 20” (508mm).  To address the 5% female to 95% range of operators requires a vertical adjustment rage of 27.8” (706mm).

Technical Feasibility

Based on existing lift technology, designing a 20” (508mm) vertically adjustable sit/stand station for the average range of operators is technically feasible.  Designing a sit/stand workstation, which will adjust from the 5% female to 95% male operator (27.8”, 706mm), is probably not practical from a technical or cost standpoint at this time.

There are a number of computer workstations on the market that offer in the range of 12” (305mm) to 16” (406mm) of vertical adjustability, however, in the author’s opinion, these stations cannot be considered true ergonomic sit/stand workstations.

While the era of 20” (508mm) vertically adjustable systems is just beginning, the following are some examples of various sit/stand solutions that are available or are in development for the office environment.

Low Cost Office Solution

Figure 4 below illustrates a low cost sit/stand computer workstation that can be easily installed on a desk, table, or in a systems furniture cubicle.  This system features a flat panel monitor arm that will do a 180(, 20” (508mm) vertical height transition and an adjustable keyboard stand that can be brought into play when the operator wishes to stand.

Figure 4 – Low Cost Sit/Stand Computer Workstation
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Future Systems

Figure 5 below illustrates a sit/stand workstation that can be designed as a free standing system or integrated into an office cubicle or other office or call center work environment.  This system features a 20” (508mm) vertical lift system which has the capacity to lift a worksurface, monitor mount and keyboard mount designed as an integrated unit and can be dynamically adjusted to address the entire range of average sit/stand workers.

The system utilizes a newly developed lift technology that allows the entire system to be vertically adjusted with about 5 to 6 lbs. (2.3 to 2.7kg) of force throughout the entire adjustment range.

Figure 5 – Sit/Stand Workstation Shown Integrated into an Office Cubicle Workstation 
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Conclusion/Summary

Reductions in weight and size of computer display equipment, along with advances in lift technology will allow creation of optimized office computer work environments that are substantially lower in cost and easier to set up in the future.  These advances will create a new era of office ergonomics that will provide significant health and cost benefits to computer users who work anywhere from homes, schools, and clinics to the largest of corporations.

Appendix A

Optimum Neutral Posture for Seated Computer Operators
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