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EDITOR'S FOREWARD

Electric lighting accounts for an estimated one~-third of energy
use in commercial buildings. Along with recent advances in building
envelope and equipment R&D, lighting research offers major untapped
cepportunities for energy savings.

Lighting energy standards and design guidelines are important deter-
minants of energy use in buildings. Because of inadequate empirical data
and analysis, these standards and guidelines have historically been based
primarily upon professional judgment. Thus, there is little assurance
that recommanded Yighting values provide high user satisfaction and com-
fort, whila requiring the lowest possible energy use.

In 1984, the U.S. Department of Energy initiated a major research
project involving occupant evaluaticns of commercial office lighting.
The central aim of this effort was to explore possible causal factors
that are associated with successful lighting design, with particular
interest in the relationship between the connected lighting power load
and subjective measures of lighting quality. In so doing, it was hoped
that the project would provide an objective measurement base and analy-
sis from which to assess lighting standards as well as results which
will allow the building industry to make Tighting system design deci-
sions that are both energy efficient and effective. 1In 1986, the New
York State Energy Ressarch and Development Authority joined DOE 1in
cosponsoring this research, enabling an expansion of the database and
additional analyses.

This is the first in a series of four reports describing the project.
The titles and principal authors of these reports are:

0o "Occupant tvaluation of Commercial Office Lighting: Volume 1,
Methodology and Bibliography" by Gary Gillette

o "Occupant Evaluation of Commercial Office Lighting: Volume 2,
Basic Statistical Analysis" by Robert W, Marans

o "Occupant Evaluation of Commercial Office Lighting: Volume 3,
Data Base Archive" by Gary Gillette

0 "Occupant fvaluation of Commercial Office Lighting: Volume 4,
Design Conclusions and Research Recommendations" by Earie Kennett
and Lance McCold.

While substantial individual efforts have been made by these authors,
it is impurtant to note the considerable involvement of technical review
committes members representing the professional, industrial, and research
conmunities (see the Acknowledgments).
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ABSTRACT

This report decuments the forms and procedures developed for a post-
cccupancy evaluation of office Tighting environments., It is the first in
a saries of four reports, The central aim of the larger project is to
explore possible causal factors that are associated with successful
Tighting design, with particular interast in the relationship between
the connected lighting power load and subjective measures of lighting
quality. A post-occupancy evaluation procedure was used as the strategy
for cbtaining the desired data. The procedure involved collecting
several different types of data: 1) direct measures of the physical
environment, including spatial luminances, illuminances, and contrast
conditions; 2) indicect measures such as the amount of space provided
for each work station and the connected Tighting power load; 3) occupant
responses to lighting and other factors of the work station; and 4) a
limited number of expert ratings of the lighting conditions. Data from
tnirteen buildings and 1,217 work stations were collected, These data
wera built into a database allowing lighting quality to be quantified
and explained.
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1. BACKGROUND

1.1 RATIONALE FOR THE STUDY

In August of 1982, the Board of Directors of the IT1luminating
Engineering Society of North America (IES) approved the report, "IES
Recommended Procedure for Lighting Power Limit Determination" as an
official document of the society. Prepared by the IES Energy Management
Committee, this report provides a methodology for determining upper
power 1imits using the Unit Power Density (UPD) procedure. Here speci-
fic values of UPD's are given for most lighting tasks experienced in
practice. These UPD values are critical factors in the procedure, yet
they were established several years ago and developed not from an objec-
tive statistical base, but were obtained empirically from professional
judgments and committee consensus. Such a technigue for obtaining data
for standards creates a problem in that it is difficult to defend the
selection of one value aver another.

More recently, a somewhat related research effort has been under way
within the heating, ventilating, and air conditioning community to
upgrade Standard 90A-1980 of the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE) entitled, "Energy
Conservation in New Building Design." Under the auspices of the
Department of Energy, a special project committee (SPC 41) was
established within ASHRAE to recommend revisions and improvements of the
existing standard. As this work progressed, lighting surfaced as an
important area where revisions were necessary. Reductions of 20 to 25%
were suggested for the IES base UPD values. However, these suggested
revisions were based on hypothetical lighting systems (computerized

simulated scenarios) where the impact on the quality of the visual



environment was never assessed. Although separate arguments can be made
in favor of each set of data, there are no definitive measured data to
support either claim. In an effort to bridge this gap, a research project
was initiated by the American Institute of Architects Foundation (AIAF),

a neutral party in the discussion to date. The purpose of the research
effort was to begin developing a reference set, an archival database, of
information to aid in better understanding the relationship between
measures of lighting power density and the quality of the lighting
environment.

To avoid the weakness of employing data derived from theoretical
lighting environments, a post-occupancy evaluation (POE) strategy was
planned for a selected number of occupied office buildings. To overcome
the weakness of potential personal bias, and to gain insight into the
user and design professional points of view, the environments were eva-
luated by the occupants and (in the initial study) by an independent
expert design team. These multiple impressions were compared with pho-
tometric measurements and calculations of in-situ lighting power den-
sity. Tnese data nave been prepared into a data file suitable for
statistical analysis allowing relationships to be explored between both
quantitative {photometric) data and qualitative (occupant and expert
response) data. Furthermore, a structure was established for archiving
these aata in an database that eventually can pbe used by researchers and
standards writing organizations.

The project received extensive review from several different communi-
ties: professional, industrial, and research. From the professionals,

extensive input was received via a Technical Review Committee; lighting



recommendations were made by members of the Illuminating Engineering
Society (IES), the International Association of Lighting Designers (IALD),
the American Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), the American Institute of Architects (AIA), and the
building management profession (Building Owners and Managers Association
International). From the industrial communities, advice was received
from the National Electrical Manufacturers Association (NEMA) and the
National Fenestration Council {NFC). The research community was repre-
sented by the Lighting Research Institute (LRI), the Oak Ridge National
Laboratory (ORNL), the U.S. Department of Energy (DOE), and the New York
State Energy Research and Development Authority (NYERDA), with addi-
tional review being provided by the National Bureau of Standards (NBS)

and the Lawrence Berkeley lLaboratory (LBL).

1.2 GOALS AND OBJECTIVES

Several goals and objectives were established for the project. As
used here, objectives refer to the direction or aim of the research and
are distinguished from goals, which are the particular achievements to
be reached.

The project had three broad objectives; they were to begin to
understand:

0 How to define the visual environment.

o The relationship between selected quantitative measures of

lighting in occupied environments and other qualitative measures

related to occupant satisfaction.

0 The relationship between the quality of the lighted environment
and the eneryy required to produce it.

The specific goals for this phase of such a long-range research

effort were as follows:



0o To prepare a database of information of calculable, measurable,
and subjective aspects of lighting in a statistically sampled
number of work stations in a number of occupied office buildings.

o To investigate the feasibility of developing a lighting quality
metric for use in occupiad office environmznts.

o To investigate the relationship between lignting power density
and other measures of Tignting contained in the database.

o To initiate the development of a database to be used by standard
writing organizations in establishing lighting energy standards.

1.3 DEFINITIONS AND PRQOJECT SCOPE

The project was initiated with a review of the researcn literature
concerning 1ighting qualitative and quantitative issues (see Section 7
for bibliography). This preliminary work also helped in establishing
definitions and limits to the overall study. This activity was
necessary since such words as lighting quality, satisfaction, and per-
formance nave a broad range of possible definitions and interpretations.
Yhile it was beyond the scope of this researci effort to establish abso-
lute definitions for all such terms, working definitions were developed
with the assistance of the Technical Review Committee and the Oxford
English Dictionary.

As used in this study, the term "lighting quality metric" refers to
a photometrically measurable attribute of the occupied environment that
correlates with subjective measures of perceived tighting quality. The
purpose here was not to develop such a metric, hut rather to expiore the
feasibility of characterizing lighting environments using one or more
photometric descriptors. The refining of a qualitative metric was
beyand the scope of this study.

Throughout this study, lighting quality is defined in terms of

several subjective measures: occupant satisfaction, perceived ability



to perform visual work, and attractiveness as viewed by occupants. In
the initial study of the first three buildings, appropriateness of the
lighting system as viewed by an expert team was also included as an
additional measure. The subjective measures of lighting quality include
individual occupant ratings of several environmental factors and indices
created by combining those responses that were strongly correlated to

each other statistically, thus, creating new combined measures.

1.4 THE TWO PHASES

There were two phases of work: an initial study of three buildings
and an extended study of ten additional buildings. (Figure 1 lists
these 13 buildings and the types of data collected from each.) Each
phase was initiated with an examination of a pretest building, for a
total of 15 buildings studied (13 archived and two test cases). Two
points should be made: first, the pretest building data were not
included in the database; and second, the unit of analysis was the work
station, not the building.

The two phases of research differed in several ways. These will be
described throughout the report as pertinent, but the intent was to
collect and analyze data on an initial set of three buildings, and then
revise the methodology as necessary for the extended set of buildings.
An effort was made to ensure that the revisions allowed the data in the
extended set to be merged and compared to the data in the initial set of
buildings.

Also, in the extended study, due to cost and other constraints, only
selected sections of some of the larger buildings were evaluated. The

sections, however, always comprised an organizational unit such as a
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division of the corporation or a floor of the building. This allowed
statements to be made about the work stations within these entities.
While the focus of this study was on the lighting conditions in
work stations, limited expert assessment data were also collected as a
part of the initial study using an expert design team. The team con-
sisted of an architect, lighting desiyner, illuminating engineer, and
interior designer. These assessments included expert ratings of the
lighting conditions in the work stations as well as in surrounding
ancillary spaces and of the building as a whole. Although these latter
data were collected for the first three buildings, after reviewing the
data the decision was made (largely due to cost) not to have the team as

a part of the second phase of the research effort.






2. EXPERIMENTAL DESIGN AND EVALUATION PROCEDURE

2.1 OVERALL PROCEDURE

To reach the project goals, a post-occupancy evaluation procedure
was designed, pretested, and executed on a sample of work stations from
thirteen office buildings representing a variety of different lighting
systems., Data were collected from 1,217 work stations, with combined
occupant and direct measurement data for over 900 of these. Random
sampling was done using all occupied work stations identified for the
building or organizational unit within the building. This sample was
used for administering the questionnaires. To improve the occupant
response rate and increase the chances of getting occupant responses for
the work stations where direct environmental measures were made, the
sample of work stations where these questionnaires were made were them-
selves randomly sampled. The second sampling was necessary to 1imit the
number of direct measurement work stations since these measurements were
much more time consuming and costly.

The procedure included soliciting information from occupants via
questionnaires and obtaining expert judgments (for the initial
buildings) from a team of four experts who walked through the building
and evaluated the sampled work stations. These subjective responses
were complemented by a series of field measurements of photometric,
acoustic, and thermal conditions. Conceptually, the process was to
treat the subjective responses as the qualitative measures, and compare
the unit power density and the photometric measures against these quali-
tative measures. A detailed description of the evaluation procedure is

given below. An outline of the analysis process can be found in Section 4,
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and the strategy used for reaching the four project goals can be found
in Section 5. A detailed listing of the data collected has been pro-
vided in Appendix A.

The experimental design was aimed at collecting three basic types of
data under occupied environmental conditions: subjective impressionistic
data, photometric and other direct environmental data, and lighting power
density and other indirect environmental data. The direct environmental
data refers to measurements made at the site. In contrast, indirect
data are those data obtained at least in part using sources such as
architectural drawings and photographs. Using the subjective data,
dependent variables were developed to describe dimensions of perceived
lighting quality. The photometric measures and the power density
measures {the independent variables) were compared against these quali-
tative measures in an effort to identify possible photometric predictors
of Tighting quality. The relative strengths of these relationships were
then examined statistically and inferences were drawn. To control
extranecus factors that may also infiuence the subjective responses, a
series of additional measures of thermal comfort and acoustical privacy
were made. Also, subjective responses to a number of other (possibly
related) aspects of the environment as well as data about the occupant
were collected. In this way, the effects of various exogencus variables

were controlled.

2.2 PROCEDURE FOR COLLECTING SUBJECTIVE DATA
Initial Study
One of the unique features of the initial study was having occupant

and design expert assessments in conjunction with the photometric and
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other environmental measurements. To accomplish this, the four-member
expert team was organized consisting of individuals with extensive
lighting design experience. A two-member technical team was also organ-
ized to take the photometric and other environmental measurements. The
technicians were to follow behind the expert team taking field measure-
ments immadiately after the expert team left the space.

A pretesting exercise was conducted on a nearby building to test out
the timing and sequencing of the two teams. The pretest helped identify
possible problem areas in the evaluation forms and helped to estimate
the time needed for field evaluations at the three selected buildings.
Floor plans of the test building were prepared beforehand showing which
sample locations would be examined. On the morning of the one-day pre-
test, the teams were provided with a packet of forms, and after being
introduced to the building manager, evaluated 24 work stations. Following
the pretest, the teams reviewed their experiences and discussed the
problems they encounterad. Their reactions were noted by the research
team and used in revising the evaluation forms.

In preparation for the field evaluations, visits were made to the
candidate buildings selected for evaluation. Checks were made to ensure
that each building indeed had the type of lighting system of interest,
up-to-date drawings of the work station layout and the lighting plans
were available, and that management was willing to cooperate with the
team. Drawings were checked to determine if they accurately represented
the current spatial arrangement of work stations and if each work sta-
tion was occupied. Unique numbers were assigned to each work space and
a random sampling was done to obtain an initial sample of 180 work sta-

tions per buildings. Self administered questionnaires were given to
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occupants whose work stations were included in this sample. To account
for a non-response rate among building occupants, another random sub-
sample of the original 180 work stations was prepared to obtain 150 work
stations per building from which expert assessments, photometric
measurements, and other environmental measurements were made. The sub-
sampie of 150 work stations allowed the field team to complete their
evaluations of werx stations and ancillary spaces for each building in
one week,

A few weeks before the evaluation Leams were to arrive, a form
letter, prepared by the project team but distributed by the building
management, was given to the occupants informming them of the study.

e environment was under

(g

Study participants were told only that the offi
investigation, and were not told that lighting was its focus.

A week before the evaluation team arrived, a member of the project
staff visited the building site and distributed the questionnaires to
the first sampie (180 work stations). An envelope with the work station
code marked was provided with each questionnaire, and instructions given
to seal it inside the envelope once compieted. The staff member picked
up the envelopes the following day noting tnose not completed.

WYhen the evaluation teams arrived the following week, theipr first
task was to collect all remaining aquestionnaires before the teams
visited the work stations. This was necessary to control for potential
bias once the occupants Lecame aware of Lhe kinds of measurements being
made. The four members of the expert team then began tneir field eva-
tuations of the work stations. They each had identical forms and,
without speaking to each other, spent approximately 12 minutes

compieting the forms for each work station.
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In addition to this activity, each team member also had one of four
special assignments. The team leader was responsible for directing the
team through the building using a map of the sub-sample of 150 work sta-
tions. A second team member determined the lamp and ballast wattages of
all luminaires in and around the work station (up to within 10 feet)
using the luminaire specification form. A third member marked the lamps
or luminaires that were out, disconnected, added, or otherwise misrepre-
sented on the drawings (on a reduced copy of the reflected ceiling
plans). The fourth member took two specially designed photographs. The
first was a 180° non-cropping fish-eye view of the space showing as much
of the space as possible. The second was a similar hemispherical pho-
tograph of the work stations as viewed at the primary work surface,
horizontally looking up and including the image of an occupant when
seated. In this way, all luminaires contributing to the illuminance at
the primary work surface with body shadow were visible. The camera was
also equipped with an internal digital clock which recorded the time and
date of each photograph. Photographs were taken after the evaluation
forms were completed and before the technical team began taking its

measurements.

Extended Study

The second phase methodology was virtually identical to the initial
study, but used a slightly streamlined procedure. After reviewing the
data on the initial buildings, the research team, together with the
Technical review committee, agreed to the following revisions:

o No expert assessments would be made for the remaining
buildings
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0 Tne numbar of work stations where direct measures
were to be made would be reduced to 50 per building
o A few additional questions were put into the questionnaire,
and a few modifications were added to Lhe measurement form,
2.3  PROCEDURE FOR COLLECTING PHOTOMETRIC AND OTHER DIRECTY
ENVIRONMENTAL DATA
The two member technical team took all the photometric and other
direct environmental measurements, including spatial luminances, work
surface illuminances, and luminance contrast measurements. Illuminances
were measured at both the primary and secondary work surfaces, with and
without body shadow. An illuminance photometer was used which nhad a
cosine corrected diffuser and a C.I.E. (Commission Internationale de
1'Eclairage) photopic eye response filter. For making the illuminance
measurement without body shadow, an adapter/extension cord allowed the
detector to be detached from the meter. In this way the technicians
were abie Lo hide from the detector. The location of the work surfaces
were identified by the occupants using peel-off labels provided in the
questionnaire (see Appendix B for the specific instructions given).
When the surface was a desk top or similar type surface, the illuminance
was measured 0.152m (6 inches) from the front edge and immediately in
front of where the occupant normally sits. The body shadow measurement
was taken with the tachnician seated facing upright toward the ghoto-
meter,
The luminance contrast and contrast rendition factor measurements
were made using a Bruel and Kjaer luminance contrast meter with a
refeirence standard calibrated under a sphere environment. The reference

standard visual task used black ink on white paper {the Scandinavian
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standard) viewed at a 25° angle off normal. Since the instrument main-
tains a constant viewing point at 400 mm above the work plane, the
detector needs only a radial angle to be positioned. Three angles, 45°,
90°, and 135°, were selected. Luminance contrast and the contrast ren-
dition factors were measured for each of the three positions at the pri-
mary work surface. In the extended study measures were also made of the
minimum contrast and its location.

The thirteen field Tuminances were measured using a portable 1° spot
luminance meter., The luminance of a standard white bond paper and the
luminance of the work surface immediately surrounding the paper were
measured to determine the near surround luminance ratio. In addition,
the following far surround luminances were measured: the luminance of
the ceiling between luminaires; the brightest light source in field of
view; the brightest ceiling area in field of view; the darkest area in
field of view; the wall luminance at eye level straight ahead; 90° to
the right; and 90° to the left, The brightest sky luminance in each of
the four cardinal directions and its position with respect to the occu-
pant were recorded as viewed from the seated position.

The technical team also took two thermal and an acoustic sound level
measurements. Dry bulb and wet bulb temperatures were recorded for each
zonal area using a sling psychrometer; a portable sound level meter

measured the ambient noise level using an A-weighted decibel scale.

2.4 PROCEDURE FOR COLLECTING LIGHTING POWER DENSITY
The collection of 1lighting power density data involved obtaining the
in-situ lamp and ballast wattages for all luminaires in and around the

work station, and assigning floor areas associated with these wattages.
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These wattages were for both portable and stationary sources. This
activity required knowledge of the actual lamps and ballasts as
installed, which often differed substantially from the way the environ-
ment was originally designed. Conseguently, it became necessary to
design a systematic procedure for documenting both the wattages and the
areas used to determine the power densities (Watts/square area). The
Tighting evaluation form (see Appendix A) was used during the field eva-
luations to record the wattage and number of each type of luminaire.
This was done by visual inspection. Tnhe lighting system specifications,
a ballast catalog, and a portable multimeter assisted the expert team
member responsible for collecting this information. VWhere feasible,
spot measurements were made at the panel board of the amperages and the
phase~to~-ground and phase-to-phase voltages of individual lighting cir-
cuits, These data were then used in concert with the updated refliected
ceiling plans and the work station photographs, aiso supplied by one of
the experts, to determine the total connected wattage of each defined
area.

Two wattages and two associated areas were defined. The first was
for the local work station. Here the Tocal area was defined as either
the area of the enclosed office or the area bounded by partial wall
barriers. In the case of open pool offices or areas without clear per-
sonal space boundaries, the centerline between work stations was treated
as the boundary line (when less than four feet apart). When no boundary
was evident within four feet, a four foot limit was used (see Indirect
Environmental Form, Appendix B). The second area, the general zone
area, was defined as the area bounded by walls, which for the open plan

and open pool offices, was the area of the entire bay., and therefore,
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required a determination of the wattage for the bay. Thus, two lighting
power densities were obtained, one for the local task lighting, and a
second for the general ambient lighting. The unit power density of the

space was the combination of the two.
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3. DESCRIPTION OF BUILDINGS AND LIGHTING ENVIRONMENTS

SELECTION CRITERIA

Thirteen buildings were selected for evaluation, three as a part of

the initial study, and ten as part of a follow-on study. The selection

of the buildings began by first establishing a list of criteria to be

used.

With the assistance of the Technical Review Committee, the

following criteria were developed:

0

0

The building had to be predominately used for office space.

Although the building need not be owned by the occupant,

the office space was to be occupied by a single organization
having some contral over the lighting decisions made in

the building.

Cooperation was needed from the building owner, the personnel
manager, and the design firms involved.

Up-to-date drawings of work station layouts and the reflected
ceiling plan (with specifications) had to be available.

It was desirable to have the architectural program and the
lighting design criteria that were used to design the system.

A variety of lighting systems and light sources were to be
included.

For the initial three buildings, the additional criteria were added:

0

The building had to be designed, not necessarily constructed,
since 1975.

Energy conservation was to be an important part of the lighting
design solution.

The quality of the lighting environment was to be viewed in
general as being relatively high.

The initial buildings were the "flag ship" buildings: corporate

headquarters with professional lighting designers on the design team.

The second set of buildings sought to enlarge the database by including

different types of lighting systems and light sources, a broader range
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of Tighting power densities, and a range in the quality of the lighting
system (see Table 1).

Candidate buildings were solicited from lhe organizations repre-
sented on tne committee, and once finalists were solected, again using
the committee, visits were made by the project team to inspect the faci-
lities. If all the criteria were met and no unexpected problems found,

the building was selected.

3.2 DESCRIPTION OF SELECTED BUILDINGS

A brief description of the thirteen buildings is given below. The
first three buildings are the "flag ship” buildings, and the remaining
ten comprise the extended study. Figure 2 shows a matrix of the types
of lighting systems included in the study. MNo statements concerning
representativeness can be made from these few buildings. While a
variety of lighting systems was sought, many types of systems are not

represented in this sample.

The first building evaluated was an eight story corporate office
building Tocated in Tampa, Florida. It was designed with energy as an
important design feature, meaning that stringent requirements were
placed on the design team, but at the same time energy did not dominate
the design. A professional lighting design firm was retained for the
design of the lighting system and, using a target of 2.1 N/ftz, provided
an original design that was estimated not to exceed 2.0 W/ ftl overall.
Although the lighting system almost exclusively used warm white

fluorescent sources in the ceiling and cool white sources at the task, a
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Table 1., Lighting Systems Studied

General lighting Supplemental task
Building Number
and Location Mount Lens Source Mount Lens Source
1. Tampa, Florida DR LV WW FM PL CW

pIe LV W
2. Richmond Virginia DIP LV Wi - - -

DR LV WW - - -
3. Cincinnati, Ohio FM - WW FI PL WW
4, Asheville, North pp - MH - - -

Carolina FS - MH - - -
5. Washington, D.C. DR PL CW - - -
6. Appleton, Wisconsin D - W - - -
7. Gaithersburg, 0S LV CW - - -
Maryland

8. New York, New York OR PL WW - - -
9, Ann Arbon, Michigan DR PL CW - - -
10, New York, New York Fi - W t1 PL WW
11. Albany, New York DR PL W - - -
12. New York, New York DR LV Wi FI PL Wi
13. Hopewell, New Jersey DR LV CW FI PL CW

Note: System code on following pages.
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[. Mounting type

DR - Direct recessed ceiling system

DS - Direct surface mounted ceiiing system
DP - Direct pendent mounted system

DIP- Direct/indirect pendent mounted system
DIW- Direct/indirect wall mounted wall wash system
ID - Indirect pendent mounted system

FI - Furniture integrated

FM - Indirect furniture mounted system

FS - Indirect free standing system

LS - Luminous ceiling

WM - Wall/partition mounted

CM - Ceiling mounted

0 - Other

1

II. Llens/diffuser type

LV ~ Paraboliic louver

EL - Egg crate louver

SD - C¥ (cross-wise) LW (Tengtn-wise) shielding
Wl - Prismatic wraparound lens

PL - Flat prismatic lens

BL - Batwing louver

BD - Batwing diffuser

NC - No control

0 - Other

i

i

I1T. Source type

CW - Cool white fluorescent

DCW~ Deluxe cool white fluorescent
WW - Warm white fluorescent

DU~ Deluxe warm white fluorescent
DL - Daylignt fluorescent

W - White fiuorescent

MH - Metal halide

HPS- High pressure sodium

IN - Incandescent

MV -~ Mercury Vapor

CC - Cold~cathode

0 -~ Other
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variety of lighting fixtures and configurations were employed. The
building had a mix of enclosed office and open office arrangements and
used a professionally designed open office system equipped with sound
masking and acoustically treated partial wall barriers. Many of the
open offices had furniture mounted task luminaires. A few had free
standing task luminaires. The ceiling was fitted with "1x4" fluorescent
fixtures with open parabolic louvers and with periodic placement of
pendent-mounted and wall-mounted direct/ indirect linear units. The
ceiling fixtures were not uniformly distributed over the ceiling area
but were concentrated where needed mest. The wall mounted fixtures were

used extensively to provide perimeter wall wash,

Building #2

The second building, located in a suburban area of Virginia, is a
low-rise corporate headquarters with two floors on one side and three on
the other side of a strong central spine running the full extent of the
building.

Like the first building, it had a good mix of enclosed and open
offices. It was also designed by a professional Tighting design firm,
and used a warm white ceiling system with periodic wall wash. Other
than these similarities, however, the lighting system was quite dif-
ferent., Only a few task luminaires were used in this second building.
As a result, the warm white ceiling system dominated the environment,
particularly in the interior of the building where no supplemental
daylight was provided. The majority of the ceiling system had recessed
"1x4" fluorescent ceiling units with parabolic louvers evenly distri-

buted in linear rows. The exceptions were bays where linear rows of
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pendent mounted direct/indirect fixtures were used. The few cases that
had task luminaires were either spaces with warm white fluoresceat fur-
niture units or drafting areas with additional swivel type drafting

units.

The third building was a corpocrate headquarters that occupied the
first eleven floors of a high-rise office building in downtown
Cincinnati. Like the two previous buildings, a professional lighting
design firm was consulted in the design of the lighting system. Although
this system also made use of warm white fluorescent sources, the system
was virtually all furniture mounted, and thus, vastly different., The
task/ambient system made extensive use of local furniture mounted units
for both the task and the ambient 1light; consequently, the ceiling was
virtually void of luminaires. An fmportant attribute of this lighting
system was the degree of individual control the occupants had over the
amount of light in and around their space, since both tie task and the
ambient light was controlled at the work station. Llastly, in spaces
where insufficient ambient light was provided by the furniture mounted

units, free standing metal halide kiosks were added.

Building #4

Located near Asheville, North Carolina, the fourth building was
constructed in 1979 and was to be an energy efficient building by using
light sources that had a high Tuminous efficacy. The lighting system
used pendent-mounted indirect units with single lamp metal halide sources.
These units were suspended 18 incnes from the ceiling and were installed

throughout the building, with only two exceptions. In an open bay area
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on the second floor the pendent mounted units were replaced with free

standing indirect metal halide kiosks, and a series of pendent mounted
indirect fluorescent units were used in the lobby. Most of the offices
evaluated, however, had the pendent mounted metal halide units. These
enclosed offices had either one or two units, depending on office size,

and only rarely were any task lighting units found.

Building #5

The fifth building was a professional society headquarters located
in downtown Washington, D.C., The sampled work stations were taken from
three of the eight floors of the building. Only a few of the work sta-
tions were enclosed offices; instead, the bulk of the work stations were
in an open plan office arrangement. The lighting system used recessed
ceiling "2x4" 4-Tamp units with cool white fluorescent sources and
prismatic lenses. As a result of an earlier delamping scheme, a large
fraction of the 4-lamp ceiling units had only two lamps in them. The
fixtures were generally distributed uniformly across the ceiling, but
were occasionally repositioned to provide additional light in certain
areas. A variety of task lighting units, some brought in by the occu-

pants, were used to provide supplemental light.

Building #6

The sixth building was a low-rise office complex located outside of
Appleton, Wisconsin. The major feature of this large two-story office
is the extensive use of daylighting from both side windows and overhead
skylights. Due to time and cost restraints, only the second floor of
the over 500,000 square foot office was evaluated. Although the

daylight provided a dramatic qualitative element to the space, indirect
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high-output white fluorescent units provide most of the work station
illumination, with local free standing task units to augment the ambient
1ight. The general lighting system employed linear high-output lamps
mounted within the well of the skylight, providing suppiemental light
along the walls of the skylight. This overhead lighting system was
controlled on an automated computer contiol system which could switch
the system to a half-load condition during the summer months. This

strategy, however, was not in effect during the evaluation period.

This administration building is situated on a research campus in a
suburban area cutside of Washington, D.C. The thirteen-floor high-rise
office building was built in the early 1960's and is a double-loaded
corridor with the windows facing either north or south. Three ¢f the
thirteen floors (2nd, 3rd, and 8th) were sampled, and from these a sub-
sample was drawn to obtain the work staticns evaluated., Most of the
werk stations were in enclosed offices which had two occupants per
office. With only a few exceptions the lighting system employed surface
mounted "1x4" ceiling units with 2-lamp conl white fluorescent sources
and egg-crate louvers with side elements of diffuse glass. The luminaires
were arranged in banks of three units each running perpendicular to the

windows. Few task lights were used in the building.

Building #8

The spaces evaluated in the eighth building were located on the
thirtieth floor of a high-rise federal office building in lower Manhattan.
Other than a few secretarial spaces, all the work stations were single

enclosed offices with windows overlooking the city. The tenant had only
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26 full-time employees; consequently, all work stations were included in
the evaluation. The lighting system used recessed ceiling-mounted "2x4"
units with prismatic lenses and either two or four warm white
fluorescent lamps per unit. A few portable fiuorescent desk units were
found. Ohter than the fact that the warm white sources were used, the

ceiling system was similar to the system in building #5.

Building #9

Located on the campus of the University of Michigan, this building
houses both faculty and graduate students. The four-story office
building is a double-loaded corridor with perimeter offices and interior
offices that face onto an open court area. The sub-sample in this
building was the upper two floors containing exclusively enciosed offices
that, for the most part, were identical in size. The offices had two
recessed ceiling-mounted "2x4" units per office. The fixtures were
similar to those found in building #5 and used 2-lamp cool white

fluorescent sources in the 4-lamp units. The lighting system in the

individual offices was similar to that found in building #8.

Building #10

The offices evaluated in the tenth building are on the 5th, 6th, and
7tn floors of a high-rise office building located in midtown Manhattan,
New York City. The offices were exclusively open plan cubicles. A
task/ambient lighting system, identical to that used in building #3, was
installed using the same equipment and light sources. The furniture
contained up-light units that washed the ceiling and down-1ight units
that provided task light. The indirect units were 4-Tamp fixtures with

warm white fluorescent sources and prismatic lenses, and were mounted on
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top of the furniture in an up position. The single-~lamp task units
used either cool white or warm white fluorescent lamps and were posi-
tioned directly over the desks. Although prismatic lenses were origi-
nally located in the task units, most of these lenses were no longer in
place when the field evaluations took place. A few portable task units

were also found.

Building #11

The offices evaluated in the eleventh building were located on seven
floors of a mid-rise state government office building in Albany, New
York. A linear ceiling system was utilized throughout the building with
almost no task units used. The continuous 2-lamp fixtures, lamped wit!
cool white fluorescent sources, were recessed into the ceiling and spaces
five feet apart to provide even illumination. Because energy conservation
was an issue, a delamping scheme similar to that used in buildings #5
and 9 was employed. The offices had approximately a 60/40 mix of enclosed

offices to open pool spaces.

Building #12

The corporate offices evaluated in building #12 occupied the 29th
floor of a high-rise office building in midtown Manhattan. All but one
of the offices included in the evaluation were open plan. The furniture
used was the same as that found in buildings #3 and 10, but without the
indirect furniture mounted ceiling units. Instead, recessed 9 inch x 4
foot Tluorescent units with low brightness parabolic louvers were evenly
spaced tnroughout the space. With tne exception of spacing, the ceiling
system was similar to the recessed units in the second building. The

amibient and the task sources were also similar: warm white sources for
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the ambient system and cool white sources (with a few exceptions) for

the tasks.

Building #13

The last building was located in Hopewell, New Jersey. It had a
task/ambient lighting system similar to building #12, but with cool
white fluorescent sources. The ceiling system had "2x4" parabolic units
spaced uniformly over the ceiling grid. The open plan office furniture
system, with furniture mounted task units, was similar to systems

installed in buildings #3, 10, and 12.
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4. OUTLINE OF STATISTICAL ANALYSIS PROCESS

4.1 SAMPLING PROCEDURE

Although data were collected from thirteen buildings, the bulk of the
data, and consequently the thrust of the analysis, focuses on the work
station as the unit of analysis. These work stations were randomly
sampled from the population of work stations in each building, and
represented work stations with occupants from all levels of management
and age group, with the only stipulation being that the space is used as
an office.

During preliminary visits to each of the thirteen buildings, simi-
larities in work station layout and furnishings were noted. At the same
time, differences were observed in the sizes, locations, and lighting
characteristics of the work stations.

For the first three buildings, the decision was made to gather data
from a representative sample of 150 work stations in each building in
order to achieve variability in both work station characteristics and
occupant responses, This number was based largely on the estimate of
the number of work stations that could be observed and measured by the
evaluation teams during the course of a week. The number was also
influenced by the data analysis that was anticipated. In order to
account for a nonresponse rate in these first buildings, the decision
was made to distribute questionnaires to the occupants in 180 work sta-
tions in each building. In other words, a two-stage sampling procedure
was employed. A total of 180 work stations were randomly sampled for
jdentifying the work stations where questionnaires were distributed. A
second random subsample from these 180 identified 150 work stations

where measurements were made.
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For the extended set of buildings, the sampling number was reduced
to 80 work stations per building where questionnaires ware distributed.
A subsample of 50 work stations was obtained, where possible, from which
both occupant and environmental data were collected. The smaller sample
sizes allowed wore buildings to be included in the study, thereby
increasing the overall variability of lighting conditions studied.

To maintain sampling ratios consistent with the initial set of build-
ings, care was taken to sample from a proportionately smallier number of
work stations. This meant that on occasion the sample of work stations
was drawn from a group within the building and not the entire building.

Table 2 describes the number of work stations available for
sampting, the number of occupant questionnaires collected, the number of
direct environmental measures collected, and other sampling information
for the thnirteen buildings. Altogether, 1173 questionnaires were
distributed of which 964 (82%) were returned. Direct environmental

measurements were completed for 916 work stations.

4.2 ANALYSIS PLAN
The analysis plan consists of six basic parts:

0 describing how the various measures are distributed across the
sample of work stations;

o identifying key outcome measures to be examined (dependent
variables);

o identifying possible influencing conditions or predictors
(independent variables);

o developing combined measures for the dependent and independent
variables (data reduction);

o examining bivariate relationships between the independent and
dependent variables; and

o Completing multivariate analyses of selected dependent variables.
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Table 2, Sampling distribution of study

Building Misd  Ngdb  Ngre mamd  22MP1ING
1. Tampa, Florida 916 184 165 149 5.09
2. Richmond, Virginia 715 130 66 149 3.97
3. Cincinnati, Ohio 1217 180 166 149 6.76
4. Asheville, North Caroclina 38 34 78 51 1.04
5. MWashington, D.C. 124 48 44 46 2.58
6. Appleton, Wisconsin 609 79 77 49 7.71
7. Gaithersburg, Maryland 112 49 41 48 2.29
8. New York, New York 27 27 26 26 1.00
9. Ann Arbon, Michigan 242 50 42 50 4,84
10. New York, New York 352 64 49 51 5.50
11. Albany, New York 195 79 75 50 2.47
12. New York, New York 79 79 65 49 1.00
13. Hopewell, New Jersey 147 17 61 49 1.84
TOTALS 4823 1180 955 916
ANws = total number of work stations from which the sample was taken.
BNgd = number of questionnaires distributed.
CNgr = number of questionnaires returned.
dNdm = number of work stations with direct measures.

€Sampling interval = NWs/Nqd
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5. STRATEGY FOR REACHING PROJECT GOALS

A short description is provided below discussing each of the four
goals of the project and how each is addressed. It is not the purpose
of this report to present findings or conclusions; these will be reported
separately in Volumes 2 and 3. The strategy for reaching these goals,
however, is an important part of the methodology, and thus, has been

included here.

5.1  ADDRESSING GOAL #1: PREPARATION OF A WORKING DATA FILE
Goal #1: To prepare a database of reference information of
calculable, measurable, and subjective aspects of
lighting in a statistically sampled number of work
stations in a series of occupied office buildings.

Data will be compiled into a file that can be processed by statisti-
cal software packages. These data will be organized using the individual
work station as the unit of analysis (Figure 1). Each of the measured
data and occupant response data for the work station will be represented
in individual fields within each record, where a record represents a
single work station. Thus, one or more attribute of the work station
can be compared against other attributes providing a relational data

structure. A separate companion report will describe the database

design in detail.

5.2  ADDRESSING GOAL #2: THE FEASIBILITY OF A LIGHTING QUALITY METRIC

Goal #2: To investigate the viability of a 1ighting quality metric
using elements of the database.

Lighting quality will be evaluated in terms of occupant and expert
ratings of overall lighting satisfaction, occupant ratings of lighting

for performing work, occupant ratings of attractiveness of the visual
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environment, and for the initial study, expert ratings of the
appropriateness of the lighting system. These measures will be compared
against a series of possible outcome measures in a univariate, bivariate

and multivariate fashion.

5.3 ADDRESSING GOAL #3: COMPARISON OF POWER DENSITY TO OTHER MEASURES

Goal #3: To investigate relationships between unit power density
and the measures of lighting contained within the database.

The relational capabilities of the database will be used to explore
possible relationships between the lighting power density of a work sta-

tion and other data collected for the same work station.

5.4 ADDRESSING GOAL #4: ESTABLISHMENT OF A DATABASE
Goal #4: To initiate the development of a database that can even-
tually be used by standards writing organizations in
establishing lighting energy standards.

The database archiving plan is to make the database accessible in
two forms. A 9-track ASCII magnetic tape of clean data and a dictionary
to supplement the tape will be prepared for use by those wishing to load
the data onto their own mainframe computer system. Those using the
database in this form would have access to the data directly, but would
need to have their own programming support for loading, accessing, and
processing the data. The second form of the database will be a PC-based
version of the data on diskettes for use under a commercially available
database management system (DBMS). Here the data would be protected,
meaning that the data can be accessed but not changed., Application
software would be provided to access the data and to assist in using the

database gn the DBMS,
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6. CONCLUSIONS AND FUTURE WORK

This research effort has been largely devoted to the development and
pretasting of a procedure that can be used for evaluating quantitative
and qualitative elements of occupied office lighting systems. The
methodology provides a structure for exploring relationships between and
among these elements, A detailed description of the database, the sta-
tistics and relationships discovered, and conclusions developed from
this project will be reported in subsequent volumes of this report. A
preliminary review of the data suggests that they are valid for meeting
the goals of the study. The univariate distributions have verified a
wide range in most of the quantitative and qualitative measures. There
is a mix in the age group, sex, use of glasses and contacts, and manage-
ment level of the occupants. There is also significant variation in
most of the quantitative measures with the exception of luminance
contrast and contrast rendition factor. It also is clear that the occu-
pants were able to delineate their views about the Tighting from their
views concerning other factors in the environment.

Since the number and type of building office environments was very
Timited, it is strongly recommended that for future work, additional
buildings and office lighting environments be incorporated into the
database, Cost and time restraints required that few of the lighting
systems in this study have major daylighting emphasis or control strate-
gies that change with time. Future work is needed to evaluate systems

that contain these features.
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APPENDIX A, SUMMARY OF COLLLECTED DATA

The following is a summary description of the data collected for
each of the work stations included in the study. The data have been
organized into five basic groups: 1) subjective measures related to the
visual environment, 2) photometric and other direct environmental
measures, 3) lighting power density and other indirect measure, 4)
descriptive characteristics of the occupants, and 5) other subjective
measures not directiy retated to the visual epvironment, but measures

that may intluence it.

1. SUBJECTIVE MEASURES RELATED TO THE VISUAL ENVIRONMENT

The occupant and expert responses fto questions related to the visual
environment are itemized below. Although the occupants responded to
many different types of questions, not just those related to lighting
and the visual environment, only those with this particular thrust are
included here. Occupant responses to many other non-lighting related
questions can be found under item (E).

A. Impressions of Satisfaction

g Rating of overall satisfaction with the lighting at
work space.

e Rating of how well building is 1it overall.

g Rating of satisfaction with the lighting to perform
different tasks.

& Rating of preference for improved light compared to
other possible changes.

¢ Rating of preference for more daylight compared to
other possible changes.

# Rating of location of ceiling lights in relation to
work area.
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Rating of ability teo adjust the direction of the 1ight
on work.
Rating of overall satisfaction with office or work space.

Rating of overall job satisfaction.

Impressions of Performance

Rating of the amount of 1ight for the work to be done.

Rating of bothersomeness of reflected glare from work
surface.

Rating of bothersomeness of glare from ceiling lights.
Rating of bothersomeness of glare from task 1ights.
Rating of bothersomeness of glare from sunlight.
Rating of bothersomeness of flicker off CRT screen.

Rating of bothersomeness of glare from T1ight above or
behind CRT screen.

Impressions of Attractiveness

®

Rating of the overall lighting attractiveness.
Rating of the overall building attractiveness,
Rating of the attractiveness of the main lobby.
Rating of the "lighting quality" of the main lobby,
cafeteria, conference room, corridors/hallways,

and rest rooms.

Rating of the visual environment (semantic scales).

space brightness

pleasantness

H
]

spacicusness attractiveness

H

softness of Tight

relaxed atmosphere

comfortable atmosphere interesting atmosphere
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D. Impressions of Appropriateness of the Lighting Design

L

Rating of the appropriateness of Tight for the
primary task.

Rating of the appropriateness of light for the
secondary task.,

Rating of the position of 1ight source relative
to task.

Rating of opportunity for visual relief,.

Rating of appropriateness of ambient light sources
for overall work space,

Rating of appropriateness of supplementary task
light source.

2. PHOTOMETRIC & OTHER DIRECT ENVIROMMENTAL MEASURES

In addition to the subjective measures collected, direct environmental

measures were also made at each work station. These measures include

photometric, acoustic, and thermal measurements as well as photographs

and other descriptive documentation of the space. A description of the

measurements is given belaow:

A. Spatial ITluminances

&
]
©

L]

(Note:

IMluminance at primary task surface without body shadow.
[Tluminance at primary task surface with body shadow.
ITtuminance at secondary task surface without body shadow.

IMluminance at secondary task surface with body shadow.

Primary and secondary locations are determined by occupant

using peel-off labels found on questionnaire.)
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Spatial Luminances

¢ Luminance at task--luminance of standardized white paper.
l.ocated at primary task and viewed at eye level when seated,

¢ luminance of surface immediately surrounding task.

g bLuminance of ceiling between luminaires.

¢ lLuminance of brightest light source in field of view.

e Luminance of brightest ceiling area in field of view.

# luminance of darkest area in field of view.

¢ Luminance of wall at eye level looking straight ahead.

¢ Luminance of wall at eye level looking 90° to the right.

¢ Luminance of wall at eye level looking 90° to the left.

& Maximum luminances of sky or eterpal huilding as seen from
eye level when seated.

Contrast Characteristics of Space

& Luminance contrast at 25° viewing angle norma! to edge of
desk.,

¢ Luminance contrast at 25° viewing angle at 4%° left of
normal,

@ Luminance contrast at 25° viewing angle at 45° right of
normal.

# Contrast rendition factor at 25° viewing anglie normal to
edge of dask.

g Contrast rendition factor at 25° viewing angie 45° left
of normal.

@ Contrast rendition factor at 25° viewing angle 45° right
of normail.
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Measures of Room Thermal and Acoustical Comfort

¢ Dry bulb temperature for each zonal area and each enclosed
office.

e Wet bulb temperature for each zonal area and each enclosed
office.

o Sound pressure dBA reading for each zonal area and each
enclosed office,

® PNC reading for each zonal area and each enclosed office.

o Peak dB at peak Hz for each zonal area and each enclosed
office.

Photographs

e 180° fish eye photograph of space as viewed from standing
upright position looking into space.

e 180° fish eye photograph of space as viewed from horizontal

at primary task Tlocation looking up.

Other Direct Environmental Data

Qutdoor sky conditions at the time photometric measurements
were made,

Type of window glazing and window treatment (if any).
Height of space divider used in open office (if any).

Predominant furnishing treatment used (wood, metal, fabric,
etc.)

Predominant wall treatment used (wood, metal, fabric, etc.)

Type of office chair used (selected from a choice of seven
options).

Record of colors in work station - the three dominant
colors were matched to standard color samples under the
existing office lighting. These colors can be matched to
their Munsell color notation.

Type of supplemental task lamp, lens/control media, and
luminaire.

Type of light switch used (on/off, none, multiple level).
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3. LIGHTING POWER DENSITY AND OTHER INDIRECT ENVIRONMENTAL MEASURES

The particular lighting power data and other indirect measures data
are listed below. Both of these types of data are obtained indirectliy;
that is, they are acguired (at least in part) from the architectural
drawings of the building. The lighting power density falls under this
category because it is determined by computing the ratio of the connected

power load to the work station floor area.

A. Lighting Power Data

¢ Connected Yamp and ballast power load (watts) of
localized task lighting.

¢ Connected lamp and ballast power load (watts) of
ambient system in surrounding zone.

£

g Lighting power density (watts/sq. ft.) of local task
lighting.

® Lighting power density (watts/sua. ft.) of ambient
surrounding zone.

¢ Total lighting power density {watts/sqg. ft.).

B. Other Indirect Environmental Data
& Area of work station (square feet).
& Area of zone or bay that work station is in (square feet).

& Shortest walking distance from work station to
elevator/stairs.

@ Straight line distance from work station to nearest window.

e Straight 1ine distance from work station to nearest atrium.

4, DESCRIPTIVE CHARACTERISTICS OF THE OCCUPANT

These additional data were collected on the work station occupants.
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® Age of occupant.

8 Sex of occupant.

e Whether occupant wore glasses, contacts, or bifocals.
¢ Whether occupant smoked or worked near someone who did.
e Whether occupant was left or right handed.

¢ Professional level of occupant.

s How long occupant worked in present building.

¢ How many hours per day occupant was at building.

e How many days per week was occupant at building.

¢ How many hours per day was occupant at work space,

¢ How long has occupant been at present work station.

e Type of office environment occupant was in before
moving to present work station,

5. OTHER SUBJECTIVE MEASURES NOT DIRECTLY RELATED TO THE VISUAL
ENVIRONMENT

@ Rating of convenience in getting to and from work.
& Rating of bothersomeness of various surrounding noises.

o Rating of comfort with heating, ventilation, and cooling
system.

® Rating of frequency of health factors such as headaches,
dizziness, sleepiness, sore throat, eye irritation, and
trouble focusing eyes,

¢ Rating of the amount of space available to do work.

e Rating of amount of speech privacy.

® Rating of comfort of chair.

e Rating of the amount of surface area available to do work,

(There are several other ratings that are not mentioned here.)
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APPENDIX B: QUESTIONNAIRE AND EVALUATION FORMS

. LETTER TO OCCUPANT
. GCCUPANT QUESTIONNAIRE

. EXPERT EVALUATION FORMS

PHOTOMETRIC AND OTHER DIRECT ENVIRONMENTAL EVALUATION FORM
INDIRECT ENVIRONMENTAL MEASURES FORM

« LIGHTING SPECIFICATION FORM
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Letter to Occupant

THE AMERICAN INSTITUTE OF ARCHITECTS FOUNDATION
1735 NEW YORK AVENUE, NORTHWEST, WASHINGTON. D.C. 2000¢

Dear COffice Occupant:

The Aperican Ianstitute of 4ychitects Foundation, fogsther with
the University of Xichigan, ie in the process of conductiing an
evalustion of the . offices 2nd other sffice
spaczs throughout the United Stetes. This project, sponscred by
the U.8. Department of Fozrgy and svppoerted by jour management,
is derigned to lesrm aboutr duilding znevgy use 22d how smployees
use and feel! ebout their workplace., The imfermation from the
evaluation will be hzlpful ta the Deparimest of Energy and, wmors
generelly, to exchitectas and space planpars whoe design and plam
officrs duildings elsewhere.

Ae a2 pavet of our work, we wonld like you te completz a hrief
guesticmmeire which will bde distridbuted to you on
223 collected leter that afteczscocn. Fleesr £i11 out the gues~—
tionoaire o2 carefully ss you cam, bdut if therxe is amy question
you ave unadble to saswer ov don't want fo spavwazr, just skip it
and go on to the next eas. Tour reeponses to the guzstions will
vemain avonymous. That is, mo ore will see your #msvwers 2RCept
the tTasesrch team and the results will be tedulated is statis-
tical forwm representing e¢veryome who weorks is your office,

Duging thz week aftex the queetiopneires mrz Aistriduted end
completed, e techonicel team will wisit 2 ssnplz of 50 work
station® to measurse 2 fev environmental ecomditioms (lighting
levels, mcise levels, temperature). ¥We grtiwmate that their wisit
will take no more than 15 =minuwiee. TYTou do mot have to b present

while the mezsuremontes are being made.
¥e thiak you will find this study intevesting 2nd informative sad
we appreciste your willimgoese to cooperate. The ovzrall vesults

will be made avgileable to you through your =management. Showld
yov have any questions, ploese contact ot

Very fruly Yours, ’iJr1A//0?lzaum~
,/fzef,Aégééﬁf f?

Gary Gillette, Project Msmager Robart W, Mavanz, Consultant
Azerican YInntitute of Architects Institute fo7 fo2ial Research
Reseezch Foundatiow Taiversity cof Hichigan



0 Uroan Plaraing 3. Trave) to sné from this duilding Irom amy home iss

VERY CONVENIENT

Space ID PAIRLY CONVENIENT

ROT YERY CONVEMIENT

NOT AT ALL CONVENIENT

>
Ry,
| i
=
Co00

Archieciurs and Plenning
Fapmansch Ladvormony
Mey 2, 1986
4. Srere sre some words used to descridw office buildings, Plvsse Tote
sach of the fa!lovinghby piscing an ¥ Snkg{u box thar best at:cribes
8 N your feelings sbour the building you work in. Por zzample, if you
Deax Workstation Decupant: think the building {8 “sttractive® put. en X next to the word

*srrraczive,” if you think the building {s "unetrrgcrive® put an X
ngExt te the word “unsttractive,” and if {au think 3t is somevhere in

Piease {11) out this stionnaiee 03 completely s sible. 1If there :
[ nn{ question you a::”uubl- t answer or don’z ur:.u mnr,'au: betvewn, pisess put an § vhere you ikink it belongs,
skip it and go on 42 the next one. All fnformstion will De treated as
sonfidential.
Thaak you for your oooperstion. armacrive [ 3 03 13 0O [ [0 owrracnive
600D XXTSRION BESIGN [T} [ [0 [0 [ [ [T #oom mxvsRIoR DESIGN
WELL MAINTAINED PODALY MAINTAINED
1. Wow long Bovs you worked Sn ths building vhers you aov are smployed? INTERIONS DODO0 000 s
D LBE TRA 3 MONTHS arrmacrave Liewrine [ 0 3 O (O {0 [ ROTTRACTIVE Ligwmise
POGRLY DESIGNED MELL DES]GKED
D AP g — !nn!wmmmmmgglgyﬂ;m
wewnswer 0 3 03 00 03 O O ressaer
[] WORE TEAN § MONTES, LEEE THAX 1 FRAR poox securiey L0 O[3 I3 I I 3 oo secuminr
D 1-3 YEANS srowiaring seaces U1 [0 [0 O3 O [0 O mestimaaring seaces
pIFFICULY O PIND [T} [T} [T [0 [ [ ] BASY. YO rmw
ll HORE TEAX 3 YEAKE WAY AROUND WAY ARDUND
werLwir seaces [ [0 0 03 D 0 [ ooRy LIT BPACES
soop overauL pEston {T) [0 [ [0 3 D) [0 rook overall pEBIGN

2. Nov 4 you pEuAliy 9ot to end from work? (CMOOSE OME)

Doncn

3f you heve specific comments concarning any of ths above ltems,
D SMARE RIGE OR CAR POOL

piegss write then belov.

D S Dk OFHER PUSLIC TRANEIT

[ ==

[ omen o

aurdnoag

san)
LS

-~
b3

94 LRUuol



%, Por esch ol the following building spaces, piesse rade the quality of

lighsing.

) 2) 1 (3 @ (] o |
AL VERT

RETTY wor
ZRCHLLOM ! GODD [MEUTRAL| SOOD (POORIAPPLICAILE!

MAIH LOBBY

CAPLTZRIA/COPYIE
BHOP

COMYIRZNCE ROOM 7O0
MOST DFYRN USZ

CORKIDORS AKD
BALLMAYS

XEETROBS

These guestions are about the interior spaces wsnd Dy yaur organization.
Pisase rack sach of e folloving:

5. Tae way oifices &
it aasier for smp

[ mcion

[:] PREPTY (00D

D FALR

T oo

né o1dar vork spaces sre arrang2d in terms ol making
lo7e23 to yei idEir jobos fony wail iss

7. The vey thx offices and oidher wor: spaces ivox is:

2eCELLINT

BRZTTY GUOD

raia

oos

POOR

3. Hov many days each week are you ususily st your uilding?

2 DAYS MDRE THAN
OR LESS 3-4 DAYE 5 DAYS 5 DAYE
. (- = i

B. On the average, hov many hours & Gay sre you in the building?

1-2 3-4 3=§ 7-3 HORE THAN
HDURS  HOURS HOURS BOURS ¥ HOURS
. ] & | O

‘The lollowing set of quesiions is about the olfice or work space where you
are now sitting,

30. Approximately hov much of your time at the building is spent at your
af{ice or work space?

1-2 3-8 55 1-3 MORE ToaAM
BOURS HIJRS BWOURS HOUTRE 8 #oURs
= L 7 - -

13. How lony have 7ou occupied the dffice Or worx space where you are nov

mitting?
LESS THAN 3 MONYHS 3=2 MORE THAN
3 HWONTHS 0 1 YEAR FZARS 2 YRARS

13. Before you Moved inlo your present offier or votk space, 4id you vork

ah:

D A PRIVATE, CONVINTIQNAL OFFICE

A CONVINT:ONAL DPFICT SHARED WITH ANUTHIR PERBON
AN OPZH OFPICE OA CURIZLE HIYH PANELE (PARTITIONS)

AN DPEN OFFICE WITHOUT PANILS

g

[

DIEER 1HPECIFY)

[

a4



13. wmich of the foliowing tasks Zust Qescripes the work you norsally do.

(CHECK DMLY OWE)

i RZADING AND WRITING

TIPING

FILING

OOooo

DRAFTING OR DAAWIHG

ATTINDING MEZZTINGS

TALXING .ON TRLEPHONZ

USING A WORDPROCZSSOR OR COMPUTIR TLRMINAL

7, about bov many hours do you

a4, Here are some speciiic sasis thast peodie &0 nt worx ths: €ouid be
. affecied by iighting. Om » sypical 837

spand on each tasi:

SEADING

ARETING (BT BAND)

BVEING A TTPRWRITER

UBING A BORD

PROCESEOR
R UOMPUTER TERMIHAL

DAAFTING/DRAHING

PILING

i1
NOT TBUALLY
PART OF JO3

(2)
L2338 THRAM
2 HOURS

{3}
=4
HRIRS

£43
WORE TIAN &
LEZS THAN §

{5)
6 BOURS
OR MORE

v

15. For each task performed, plesse rate che iighting available to you:

1) ) | iy | () |
PRTTTT iMOT VERY wor |
RXCELIENT . SOOD |NTTIRAL! GOOD POOR - APPLICARLE !

i4) (5)

RIADING

VRITING {BY HAND) ]

USING A TYPYWRITER

USING A WORD PROCZSIOR
DR COMPUTER TERMIHNAL

DRATTING/DRANING

FILING

35. Hov would you describe ths smoun: of iight svailable to you nov?
i i a 317 700 AMIEWT

D JUST ASOUT RIGHT

H } A 31T 00 DIM

H 4 in
Il MUTH 200 O
17. Oversll, hov satistied are you with she 2ighting st your office or
woryx space?
} ; YERY SATISFIED
FATALT SATISFIED

WEITHER BATISFIZD MOR DISSATISFIRD

0

HOT VENT? SATISFILD

D $OT AT ALL BATISPIED

69



38, if you wark on & woré precassor/computer tarminel {ERT), indicete hov
bothersome each of the folloving conditions is £ag you. If you don'y
use 2 word procesxsr/CRT ¥ gour work stetion, skip to guestion 23,

(1} i2} {3) (4)
ROT AT ALL{ BOT YERY FALRLY WERY
SOTEERSOME | BOTELRBOKE | SUTEERSOME | BOUTHERSONE

PLICKERING UF THY SCREDN

DISTANCZ 1O TRE SCREZEH

ANCLE OF THE SCREZEN

SLAYE FPROM LIGHT ANOVE
o8 BEAIND EChEEM

Si22 OF LTITERING

BISTAICE 10 REIBOARD

ANGLE OF EXTBOAND

UEIGHT OF DESR

ERATING

BRIGHIRESS O BUNEER

A%, Iz the word processorSiRT you ususliy vse isceied in wour ollice or
WPOTE SpREYY

s %0
3 23

20, Are he koyboard and scresn separste units on the word processor/tKT?
®s j.2a]

M

21,

als.

Nsv,

Next week, technicisns vill visit your work space in order to make
BOME SNVIiroRmAnLAl Messurements, In order to belp them jdentify the
precise places you work, pisce the stisker with the RED dot on the
vork suriace you use mOp} ©f the time, I{ you use the desk, table, or
tRer {1xt surfece mosi often, plste the stickas o the corner so that
it uxd exally be seen. If you uge your typevriter or woré processor/
LRT most often, plece the sticker oh the side of it., 17 you use more
than one vork surfsce within {cur office or vork spacse, use the
sricker with the BLUZ do: to itdentify the second moat wsed locatisn,

; 4
i , L
BEE THIE BTICKER TO IDENTIFY
TOUR

£ECOMDART WORK PLACE
(IF YOU MAVE ONE)

USE THIS BTICKER TO IDENTIPY
YOUR PRINARY WOMK PLACE

Bo you heve shothar offics or workaigtion in the duiiding hesidas the
sna whers you ars new siiting?

YES 0

9 S

Do PO BhErs Your voOrxEts:isn/desd with ssesone slse?
es 2

- O

a9



£3) (2; i3) ()
¥OT AT ALL| MOT VERY | ¥AIRLY VERY
22, sgometimes the srrangements of offices sn§ work ststions zan be BOTHERSOHE | BOTHERSOKE | BOTXZREOKE | BOTRERSOME |
dietracting te people in effice buildings. Pleade indicate hov

borthersome 2ech of the following is to you: EEAT FROM BUNLIGHT
(1} (2) (3) {4) "
®OT AT ALL| NOT VERY TAIRLY VERY HEAT FROM CEILING LIGHTS

BOTHERSOME | BUTHERSONT | BOTEEREOME | BOTHERSOKE

HEAT PROM TASK LIGHTS/LAMPS

RIKGING TELEPRONES

PREQUENT REARRANGING
FURNIT
CONVEIREATIONS OF CO-WORKERS oF vRE

PEDPLE HALXING AROUMD

MOIEE FROM PRINTERS
CONPUTEN TERMINALS

OTHER (SPECIFY)

WOIST FAOM UINER EQUIPNENT
(TYPENRITERS, ETC.)

BWOIEY TEOM VENTILATING EYSTEM

HOIREES FROX CORRIDORS 23.  Nov often have you ugcrionegd any of the folluving sysptoms which
you think are cauiwd by workirg fn this buidding?

REFLECTED GLARE FROM WORK
SURFACEY [£3] £2) (3 {4)
WEVIR {KARKLY | SOMETIMES | 210005

GLARE FROM CRILING LIGEDS

GLARE FROM TARK LIGHTE/LAMPS

DILLINEEE
GLARE FROM SUNLIGHY

BLEEPINESS

BRIGNT LIGHTS

BORE OR IRRITATED MMROAT

AOO ROT 1M BULER

NOSE IRRITATION (ITCH DR RIMNING)

FOO COLD 1IN BUMMER

EYE IRRITATION

TOO HOT 1IN WINTER

TROUBLYE FUCUKING BYES

OO COLD IN WIMNTER

DIPPICULTY COMCENTRATING

DRAFTS

SXIN DRYMESS, RASHM OR ITCHING

STUFFY AR

PATIGUE

19



4.

3.

Hov meny days(:imes) have yo
furing the iast 3i% monthis?

:

1=2 TIMES

3=5 TIRES
$-12 TIMNES

ol

Here are some vords 30 descri
how you feel adOut your pariizuiar
n °X" in the appropriate dox 107 each

PLOAEART

BRIGHT

YBATTRASTIVE

HELARED ATMIEPHERD

FOFT LIGHTING

THCPHPORTADLL

AMTERESTING

OI5Y

ATTRADTIVE VIEW

ooopooooooao
pgooooQooDoao

MOBRE TRAN 12 TIKES

ooDoniuo

O

0o
oo
oo0ooaon
nao

pe pliices and work spaces.

. been absent from workx cue to lilness

indicate

off{ice or varx space 9y marXing
pair of words.

0ot
nooao

-

TBIPLEARANT

DM

LOMPINEID

ATIRALTIVE

wIRST ATMOLETMIRE

PARSYE LIQITING

COHFORTASLE

N IATERLSTING

IeT

EHATTRACTIVE Vigw

11

25,

27.

as.

Suppose you could make 4 improvements %o your vork station.

Using

%ne 1ist Driow, Check the 4 changer you wiuld lik: to make.

A

3.

0 O O

A BETTER VIEW DUTSIDE

A BZTTER OTFICE TEMPERATURE

KORE PRIVALY

A CHAMGE TH COLOR OF ¥ALLS, PURNIENINGS OR CARPITING

THPMOVED LIGHTING

LE35 HOISE

IKPROVED AIR CYRCULATIOM

A MOVE CLOSIR 40 PROPLE

HORE DATLISIY

BORE CINPORTARLE FURNIZHINGS

27 1he loar chenges ¥ou selected, waich @ig woulel you most preier?

wny 14 you make thie choice?,




3. Here are some oilher charecsieristics of work stations in office

buildings. Plesse rate gour work place on #ach of the folloving: {1 {2) {3) (4)
LXTELLENT | GOOD | FAIR | POOR

(1} 12) { 3 | 14) .
ERCELLEWT | GOOD | FAIR | POOR ERoLING

AIR QUALITY

AMOUHT OF SPACE AVAILABLE TO YO0

ABILITY T0 ARJUST 78X DIRZCTION
OF LIGHT DM YOUR WORK

BATERIALS WEED FOR BESXS
TABLES JHD CHAINS

AHDUNT OF LIGHTIRG FOR NORR YOU DD 30. €an you see a vindov {rom whars P9y noreally work?
res
LOCATION OF CEILINS LIGHTS I8 »o
RELATION 1O WORK AREA m B — ERIP TO QUERTION 33
COLOE OF BALLS AMD PARPITIONS 31. Can you change the amount of dirse gun Oe yOUTr work
eontrolling the drepes or bilinds on ggﬁ%%&dg b i

AMCAINT OF BFACE FOR FTORING THINTS b 24 nG

£3 ]

CONVERSATIONAL PRIVACY {HRANING
CANERE MWD BEIRG MEARD}

32. Cun you change tha emsunt of giihgh; on your work esntrollin

the drapes or blinds s 3hs vi ¥o br s

YOUR PIBY XNEIDE s o
3 3
ALCESS PO OTMER SROPLE WU RAVE
PO WHRX WM
J3. Can you control the tampgrature at POUT WITE Spice?
HALL AREX FOR MMNGYKS THINGS YES o
{2.6. PICTURRS, POETEZRE)
0 (]
BITLE OF TOUR YURN: 4. Can you control ¢he wentilution st your work space?
reS o
RBILITY 5O ADJUST THE AMDUNT -]
OF LIGHT O TOUR BORK
35. Do you have a Task light or lamp st your duxk ez VErREDICE?
TINUAL PRIVALY TES B0
4 3
AMOUNT OF BURFACE AREA FOR HORX 35. Csn you turn your 1ights on and off?
COMFORT B TOUR CRATR i o
[:j D —— EXIP IO (UESTION 33
VEHTILATION KD ATR CIRCULATION 37. once you turn your 1ights on, tan you ¢ontrol thr mecunt of light on
¥our vork surfacs?
MELTING TS w
35, Can you pontrol ths Airectinn of 3ight on your work surface?
s r

- L

€9



39, Overail, dov satisfied are

&9,

D gyERt SATIETIED

—
i i FATRLY BATISFIRD

Fou with your ot

FLITHER SAYISFIID HOR 9(BIATISFIED

E ; nor VERY BATIGFIED

i k $OT AT ALL SATISYIED

ohese StELEMANLS Bre about pecpies’ jods.

indizate dov true it i3 in your 299

oz WORR 15 IETERNLSTING

sagrEvER 1 TAWR O CO~WKAKKERS

¥Y JOD 1B SATIHIIING
BT MORK ¥E VEXY ACCURATZ

1 WAVE ACTEES 70 TR TR PENT
AND MATEZRIAL 1 HLED ) 62T
g1 a9 DML HELL

Wy ZIES GZT CINTD VRN 1
AAD FON VORL THAR {at;, AWR

¥ D03 RICUIRLS A D0 FEMAIE
1Y (% PLACY Aub DAY

e SOB REIRZS A GHEAY DAL
DY COKCEMTRATIIN

3&“39‘0‘0@’3‘1'&‘!‘9@23

LISGHLING AT KY DESR HIRO3RS ¥
#aca DOING MY JOB BELL

1 HAVZ FHE SPPORTMNITT 7O
prygLae MY OWN BPECIAL
ABILITIES

[y
vt

jce or work space?

Por e3ch onhe, please

i)
8%
TRIE

{2)
4RUR

i3) {
o {wor YERY; HUT
GRIL

4t.

42.

MY JO3 REQUIRES ME TO WORK
VERY TAST

OTHERS ARQUND M DO A5 MUCH
PORR AS THEY RLABOMABLY SAN

1 AM BATISFIZD SITH TR
CUALITY OF XY WORK

1 HAVE NO PROSLEM WITH WIETING
DEADLINES

PLOPLE 1 WORK RITH ARE COMPETENT
3x DOING THEIR J988

(1) {2) 3 (¢)
VERY aiwyT YERT ®OT AT
TRYE TAUE TRUY  {ALL TRUE

1

which ol the foilowing Lat Anscrides gour jou?

PROTRSIONAL

Ty TOIAN

HRCRLTARD AL-ZLERICA

PEDGRAMER

minlmimjuin

Are Foui

D RIGHT=-HARDED

W-mmmm-wmxm

omzx {578CITY)

D LEFT-ENDED

¥9



43.

.

5.

L1

4,

48,

4%,

Do you wEBr gisses?

b ¢4 w0

£ -
Do you wear contact lens¥s?

TES NO

-] =
Do you wesr bifocals?

YES 0

3 ]
Are youi

TEMALE MALE

] -

How pld are you?

D URDER 25 D 2334 D 35-44
D B5-64 D $5-74 D 5 OR OVER

Todsy is:
D MONDAY D JUEEDAY D MEDNEEDAY
D FRIDAY D SATURDAY D BUNDAY

The sy is now:

D SHNY-LLEAR

D SONY=FARTLY CLOUDY
[ mar

D COMPLETELY OWERCAST

D H$OT OESERVABLE

17

18

Thiz completes the guestionnsire. TFhank you for taking the time to
complete it., 1If you have any atditicnsl zomments about the buiiding
ond in particulsr the lighting, feel free to write them down on shix
page.

g9



College of Architacture
ang Liroan Planning

The University of Michigan
2000 gonsteel Souievard
Ann Arbor Miciwgan 43109

APRL

Architactune and Slanning
Hessarch Laboratory

Expert Assessmant Form -Work Station

Date is: Space 1.D.

EEEDBED

Time i3: ———

Recorder:

RS

Bidg. Wo: _;ng_ﬂ___

1. ayiigating affects the visusl environmen: of the work ststion:

7 v -1 . e
2 YF'S; Ly RO e——— ERIP TO NEAT PAGE, I1¥IM 2
F—————

43, €an you mee outdoor: whiie :n 8 Bivting position?

v

L res! o wo |
7| j !

1b. €an pou see the sxy while in & 8idsing sozivion?

il s _a n
sz, Can vou see outdnors while standing?
E w |
16, ©Ten you s ne sky wally sianding?
X ——
iz alom]
P

3e. Dutdoor sondition prasantly is:

{_j LIPIT-TLEAR SKY {4 SMPLETELT IVERCAST
{2 l ORI -PARTLY CLOUDY %a HOT DISCTRMAILL
—

{3 1 sy

2. Workstation appears to be:

H .
i.l ASS1GMED i 12 UNASE IGNED !

Ge

fECur:

rl_ F\ 3 OR WORZ
—" E

38. fa{Are) the @otis) wisable?

4. dumber of work surface{s) or place{s) 3% the work station vhere zasks

22 KO |——e= PLACY A RTICKER WITH A RZID DOT & THE

WORR BURFACE WHMICH

OFTEM, 1P THERZ 15 A K

APPEARS TO 82 USLD MOAT

2T YRE WORK EOLTITR, PLACE A g&gﬁ DO oM 1‘1‘.

aF HO

ZRCCHDARY WORR BURPACE, SXI2 T0 ITEM 6

4, ggm ey work surfacs sppesss 4o 3.
used for; (CHIOBL TMILY BB
IA_I READING AND $RITIHG
2 SING A TIIAHAITER

; 1
3 | UBING A& WORD PROCIG5DR
on CRT

4 | DRAPTIKG

5 | omumR (8PBCIFD

CIEIE] l—‘*j 1]

a?i % UHABLE TO DUTERMING

gg_;pmgm wark surface appears 10
Be unal for; {CHOOSE ONLY ONE)

READING AND MRITING
PaIHG A TYPESMRITER
UBING A YORD PRUCTISHOR
[=:d ’I‘.’!‘?

PHER {BPECIYY)

LHABLE 70 DETERMINYE

L3enpeas 342dx3

SWAC{ UO



A. RATINGS OF LIGETING AT TASK LOCATIONS
kighting pt Primary Work Burisce
(ir LOCATION IS8 AT CRT, TURN IT ON)

6. Brightness on task st primary work surface:

1 MUCH TOO| {2 SOMEWHAT| |3 JUST ABOUT| {4 BOMEWHAT
BRIGHT TOO BRIGHT RIGHT TOO0 DIM

5 FAR TOO
DIv

7. amount of discomfort glare due to slectric lights reflecting

of{ task:

[ earer | [ 3somx | {2 very LiTrie] | 2 wokE |

8. Ampunt of disability glare from electric lights:

[Wawr | [ 350 | {2 very Livmz] | 1wovr |

9, Amount of discomfort glare due to daylight rafiecting off task:

[oawr | [ a3soe | [2vervirrma] [ 2w |

310. Amount of disability glare from daylight:

[Wawr | [ 3o | vevurmme] [ dwoe |

1l. 'Task contrast:

[ramer] [ ] [Ton) Dime] m ]

12. Appropristeness of light for the task:

5 VERY ¢ BOMEWHAT 3 NEITHER 2 SOMEWHAT 1 VERY
APPROPRIATE! [APPROPRIATE| |APPROP., MOR INAPP, INAPP.
INAPPROP,

13. Position of mource relative to tesk:

[s mxceuewt | [ aooon || arar | f o200k | | 1m0 |

14. Opportunity for wisual relief:

{ ¢asor | | 3soc | [zvenvoeme] [ 2wome ]

15, Opportunity to conrtrol amount of light on tasks

f1wms | | 2w ]

16, Opportunity to eontrol direction of light on tesk:
[ 1ves | | 2w |

17. Direction nf light makes task:

1 VERY 2 PAIRLY 3 PFAIRLY 4 VERY?
EASY EASY pIrriCULY DIFFICULT

A



WORK STATION HAS ONLY ONE TASX LOCATION

~-==> 3KIP TO PAGE 7, ITEM 20

Lighting at Sscondary Work $urfsace

137 LOCATION 15 AT AT, TURN T ON)

Brightrness on task 3% sacondary work surface:

L MUCH 0]

ARIGHT

2 SOMEWHAT
TOO BRIGHT

3 JUST ABOUT
SBET

4

SOMIHAT
P00 DiM

5 ¥0Cx 700
Div

38, amount of discomfior: glare due 20 wlectric Jights reflecting off task:

i 4 A LOT

| | 30

g Em«: ;‘..xmu:% 1 4 MONE

}
!

20. Amoun: of

disabilizy glare frowm eleciric lights:

LaAwr

H

} ! 3 oM ] !2 VERY LITTLEI I 1 HONE

21. amount of discomfort giare dus to daylight reflecting off zask:

4 a Lo {5 osoMe {2 vary LITTREl [ 2 woms |
22. amount of dizapilisy gylare from daylighi:
¥
Paatr | | semm | {2 vear nirrie| 1 mowE

23. “askx contras::

is wmcELlEYy | Ls oo | L 3 PAIZ 1 | 2 POOR J 380 |

: ] HE ;
2¢. appropristeness of Jight for the task:

¥ K H

i 8 VERY 4 oW 3 WZITHER ] 2 BOMTWHAT 1 weRY

IAPPROPHIATE ] |APPROPAIATE| |APPROP. HOR! LHAPP, IHAPP.

H IHAPPROF. |

2Y. Position O! source relaiive to task:

:’.xxcm.z.zmi [ cooo 4 BAD

REEEREE™

H
e

25, Spportuniiy for visual salief:

5 A wre ] P {2 vmRy szx.z[ | 3 woxz

27. importunisy %o control amount of 1ignt on wask:

{2 w0 ]

H

23, Opporsunity o vonsrol dirastisn of 1ight on Zasx:

IS Pl 20

29. Diraction of light mezss sask;

3 7ERY | 2 parmey!l {3
223Y 2287

PAIRLY 14 TERY 3
DIPFICULT DIFFLCULY

S

3

89



IMFRESEIONS QF

VIBUAL EWVIRORMERT

.o Y[} B] [ B [ o] somm

33, TLEAR DB ER e

32, DOMPORTABLY E E g INCCMPORTASLE
33. IRTERESTING |7 nT, E:} {3] B W INTERESTING
wowmere HEEHEFE owmenn
swoomearms [ EE R RNEE  wermor
wormme  FEERNEEE e
37. smrgHT BE} 4%@@ DI

38. BPACIOUS E' DRERE CORPINED

35. WARM/INTINATE B COLE /HON~INTIATE
40, RELAEED ATHOS. B & Ex E TERSE ATWUS,
1£ you can not mee surdoors, akip to item 43,

1. ArmacTIve B BRATTRACTIVE
42. DTERESTING @ E} IR RTERZSTING

c.

TIKRGS OF LLECTRIC LIGKRT SOURLE(S)

43, Cleenliness of luwninaires:
4 YERY 3 PRIRLY 2 FAIRLY 1 VERY
CLEAN CLEAY DIRTY DIRTY
44. 3Brighiness of anbient source:
1 HINR MO0 2 SOMEWHAT 3 JUST ABDUT 4 BOMEWHAT 5 MUCH TOO
BRIGHT TUC BRIGRT RIGHT 00 DIM DIy
45. SBrightness of suppismentary task gource:
1 MUCHE 100 i BOMEWKAT 3 JUST ABRGUT 4 BOMEWHAT & MUCH 100 8 N/A
BRIGHT TOC BRIGHT RIGHT OO DI DM
46, Color of smbient light source:
1
{ 3w | s o | {3 cooL
47. Appropristensss £f sembisnce source{s) for sveralil workspace:
& VERY & BOMEWHAT 3 NEITHER 2 SOMEWHAT 1 VERY
APPROPRIRTE APPROPRIATE APPROP. NOR INAPP. INAPP,
INAPPROP.
48. Appropristensss of supplemsntary tesk source:
5 VERY 4 BOMEWHRT 3 HEITHER 2 SOMEWMAT 1 VERY 8 N/A
APPROPRIATE APPROPHIATE APPROP. NOR INAPE, INAPP,
INAPPROP,
£9. Toial mumber »f Luminaires st work sgtstion:
1 NORE 'THAN 2 JUBT AMOUY 3 ROT ENOUGH
BHOUGH RIGHT MUPBER
56. Bounds from luminares:
3 5% 2 BOMEWHAT 3 QULEY
RUTICABLE HOPICANLY

SWU0 uctjenjead juadxy

69



D, RATIHGS OF WOWK STAT:0H ATTRIBUTIS

£1. Visual privacy:

& VERY 3 FAIRLY 2 w07 YERY | {3 BOT AT ALL

PRIVATE PHIVATE PRIVATE FRIVATE
52, Hpeach privacy:

4 vErY 3 PALILY 2 BT VERY 1 ¥UT AT ALL

PRIVATE PRIVATE PRIVATEZ PRIVATE

3. Ringing taisplones:

] rssm

%4. Conversstions AMONG £O-wOriary:

PsaLor E f2 vERY LoTrLE f:mm
i

D sawor || 3 s | {2 vert Lrrried =

35, Sounds Irom office squipment {vypevriters, zopy sachines, CRTs,
printars, #ie.lt

P 1A wr ] | 3 som t {2 7ERY LITTLE) {sgacm

55, Overal: noise iavel At work station:

5 VERY | 14 SATRLY| |3 MRITER WOISY| {2 SAIRLY] 11 YERY
HOLHT BOIFY ¥OR [T Poguser QIET
%Y, Drderiiness/tiéyness:
4 VEZRY| {2 PAIRLY 3 WIXED, & TAIALY| 1% vewy i
HEAT ABAT 80-80 HESSY MESSY |

33,

LN

%,

1.

2.

83,

85,

®aintenance:
5 YEZRY WELL 4 FAIRLY ¥ELL 3 WIXED, 2 BOT MELL 1 MOT AT ALL?
HATSTTALHED MAINTAINED B80O-80 ¥AIHTAINED MAINTAINED!
smounz of space:
& WERY 3 PAIRLY 2 WOT YERY A 80T AT ALL
BPACIOUS SPACIOUS BPACIOUS BRPAZIQUS
Amount of peraonaiization:
3 '3 T
aALn | I 3 808z | §2mxuww| [ owoee }
Therzal ecomiort:
% YEIRY & SOMEWHAT § JUST ARDUT & BOMIIWHAT 3 VERY
SIARH HAFM RIGHT g " LO0L
Attrac:ivansss of coilors:
5 vERY ioi4 FAIRLY 3 ¥EITHER ATVR, 2 FAIRLY 1 vERy
ATTRACTIVE ! [ATTRADTIVE HOR UMATTRACTIVE UMATTRACT . THATTRAIT, |
Color harmony:
5 ARCILLENT 4 [O0D TOLOR 3 MEUTEAL‘ 2 BO0R COLOR 3 3AD COLOR
COLOR ¥IX HixX Wi ¥ix

Ablility to discriminace among coiors Within whurk ssagion:

4 VIRY
BIFFICULT

3 PAIRLY
DIFFISULT

RABY

3 PALRLY

3 vERY
BABY

sty
DIFFICULY

3 PAIRLY
DIFFITULY

EASY

2 PAIRLY

3 wIry
BASYT

0L



Couage o1 Arstestiurs

ang Lrhen

PBugnmng

Ths Univeesity 20 Mishigan
2000 Borsien: Bouwwverg
Ann Aot Misaugar 38909

APRL

Asphimcture anc Plsaning

Fspenrch Lebotsiory

Expert t Form- Anciliery Space

Time g5 Baie gs: Space 1.b.

Dy ix: E} Bidg. Wo: 901
Type of spacs: Recordwr:

3. Bayiighting sffscis e visusl envircnoesnt pf the space;

2 yes! Mmgrmmpm, 1% 2

i,

b,

e,

de. Durdony wordition praswnsly fu:

Csn you see sutdoors vhile {n 8 sitting position?

Lan you sze the sky while In 8 sitting position?

FIR 1 3 {i‘:m ;
Can you see entdoors while ssanding?

CBR ou sew the 8y while staniling?

bra]  fe]

BeT-LLEAR RNY DOFPLETELY OVERCASY

O -PARTLY TLOIDY E SOT DISLRMNABLY

2. Space appears to be used primerily for:

3. Other activities whien 8ppear to teXe place in the zpace inciude:

In the space below, sketch out & plan of the space indiceting gl light
Iour;:n including windovs and skylights, MNote other fmporeant space
atrributes.

|74



3
B, BATING OF LIGUTING WITYIN BPACK /BOOW
A, SHPNNEHIOHS TF VigUAL RV T RIPHEANT
. CHEZRTUL URG _ E\ E] E} HeatBER 39, srightpess of spece:
Far B i RS g P { e,
%, TLEAR El [ﬂ L)):] 14 :}i L?j tﬁ 4AZY 3 MucH TOO] {2 BLOIZWHAT 3 JUSY ABOUT A BOMEWHAT $ MucH TO0
- L,.A BRIENT ™0 BRIGHT RIGHT o) DiM DIM
T T T
5. comronrani {1 3] El [5) fa} [l wicoeommass
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24. Clesnliness of lumineires:

¢very 1 13 FaimLy 2 PRIRLY 3 veRy
CLEAN : £LEAR DIRYY DINTY
25. Brightnass of ssbiant sources:
1 MUCH TOR 2 BOMEERAT 3 3057 ABANY 4 SOMEWHAT: 15 MUCH T0O
BRIGHT YOO BRIGHT [ 38 vy ¥OOU DiIM DIN
26. cColor of sxbisnt 1ight sources:
[ 2wame | [2emmac | | 3coo !

27. Appropristeness of ssbisnce asurces {67 activities thst take plsce in

space:
§ VIRY 4 SOMEWAT 3 RRUTHER 2 SOMEWAT 1 VERY
APPROPR] ATE AVPROPRIATE APBROP., MOR IRAPF, INAPP,
INAPPROP,
28, Totsl aumber of mources witBin spscs:
1 MORE THAN 2 JUST AROLT 3 ROT RNOUGH
BRROUGH RIGHT MIMBER

25. Sounds from Luminsives:

2 BOMERAAT 3 QUIET

HOTICARLE

1 VERY
ROTICABLE

c.
30.

.

32.

33,

34

.

5.

36.

BATINGS OF OTHER SPACE ATIRIBDIES

Orderliness/tidyness:
1 VERY 2 FAIRLY 3 MIXED, 4 PAIRLY 5 VERY
NEAT rEAT £0-80 WESEY MESSY
Msintenance:
§ VERY WELL 4 PAIRLY WELL 3 ¥IxED, 2 WOT WELL 1 NOT AT M.:.l
MAINTAINED MAINTAINED 80-BD MALIRTAINED HAINTAINED
aAxount of spece;
4 VERY 3 PAIRLY 2 moT vEry 1 BOT AT ALL
BPACIOUS SPACIOUS BPACIOUS SPACIOUS
Therme]l comfort:
5 VERY! {4 gomEwdat! |3 JUsT AmouTi {2 sommwat! [ vemy
AR WARM RIGHT CooL L
Attractivaness of colors:
5 VERY 4 FAIRLY 3 WRITHER ATTR. 2 PAIRLY 1 VERY
ATTRACTIVE! [ATTRACTI HOR UNATTRACTIVE! [UMATTRACT.! {UNATTRACT.
Color harmony:
$ EXCELLENT! 14 GOOD COLOR] |3 WEUTRAL] {2 POOR COLOK| |2 BAD COLOR
LOLOR MIX Hix Nix MIX
Abililty to discriminete smong tolors yithin gsace:
$ VERY & PAINLY 3 MIZED, 2 PAINLY 1 YERY
DIFFICULY pirricuL? 50-850 EASY SASY
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D, AVERALL ANSYSEMINT

37.  Howv would you rate ths ovsrall srchitecsursl qualiiy of the space/
room?

(ancaumer | Jawoop | | 3vam g EEEEREET |
i i H I

38.  ov would you rate ths owvarall ligheing guality of the apsce/roon?

[émc&z.m_} { 4 BooD i 3 wasm j [ama T ‘

3%.  Hov would you raze tha appropriateness vf cha space/roon lowatisn
ralasive to Other 2acis ol the buildiag?

5 mecguiem | = | 3 min | IEEEN {38

40. Ducing she sssassmsat period, space vas:

3 ALBAYS 2 DoTIPIED 3 OCCUPIED & PHOCTUPIED
QBOCUP YD ¥OET OF TIME BOME OF TIME

Tine s now:
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The guidelines which foliow should be used in msasuring and

recording workstation characteristics, Where appropriste, code values
ghould be sssigned ic the classes of sach cheracteristic, For s=xsmple,
nunbers were assigned teo ¥sch type of workstation: open office with
partivions = 1, open offise without parcitions = 3, conventional office =

1. Type of Workstetion

oty plans of the building {showing

Using the srchigscrecsl 3
sty whather the workstation is an:

{ 1ayouts) indiz

8, Opzn office with parritions. At lesst cone side of the
workstation censists of & movehie partition (psnel) which
16 four faer in lenpih and st iesst three feet high but
not resching the ceiling,

b. Upezn office withour parritions. The workststion is in an
open ares and hes no wovsble partitions {panels) surrounding
it,

. fonventiocasl s¥five. An office encloaed completely by ceiling
high walls and usueldly has » door,

Porksration Aves

Detarnine the sres of the workstetiss im square feet by marking the
Boundarins »f the worksiation with & colored pencil and plscing an
X" in the zenter of the wovkstation space (vo be used in othar
messurements), The seesuremeury of the sides sf the workstetion
2an be rounded o the bearsst one helf¥ focr. Cslculats the erss and
eode the figuve,

Conglidur the folluwing when deterxmining the dimensions of the
workatecien: {see sxemplus}

s, For a cousventisnal private office, the eres is 2gusl ¢o
the gatire enclosed space for that office.

b. For worksiazions enclosed by movesble pensls, wsasure
the sree of the snclosed space,

€. 1f tws or more people susupy 8 tonventionsl office oy
& space anclossd by soveable partitions of panels,
divide the tuvixl enclessd ares 3y the nusber sf people
oecupying Lhat spece,

B

COWVERTIONAL PRIVATE OFFICE

b,

WORKBTATION ENCLOSED BY MOVABLE PARTITIONS

o

OFFILE SHARED BY 3 PEOPLE

WA04 SBUNSEI [LIUSWLOLLAUT 32841DU]

6.



b-1 DINSITY = 4/430 SQUARE FEET

oy L S
g

d

%

b-2 DENSITY & 5/400 SQUARE FEET

3.

d. I1f s primary work suriace is not bounded by & panel(s),
chen measure three fest beyond the primary work surface
2o {orm the workstastion space. (see f & g)

e. 1f the worksteiion is onliy partielly bounded by panzls,
assume the srea is the enclosure of the workstation that
is dounged by extensions of the paneis and the ecge of
the furniture.

£, Use the duilding's structural components s workstation
boundaries if they sre within & feet of the primary
work surface and are not intended for other use {e.g.
eorridor, other workstation).

g. For a workstation that is open without partitions, the
area is defined by the primary work surface, contiguous
furniture and »quipment, and the space three feet deyond
the work surface. 1f there is & wsll, psrtition, dank
of files or public treffic sorridor within three feet of
the primary work surface, then it defines the edge of «he
workstation.

If there is another open workstation less than six feet
Zrom the edpe of the primary work surface, divide the
area between the primary work surfsce and other open
workstation to form the edge of the workstation deing
measurad.

h. Square-off curved adzes of workstations defore taking
DEASUTEMENTS.

Workstation Density

By density we mean the number of workstations per 400 square feet
of floor ares., Using clear scerate, ¢raw 8 box 20 feet dy 20 fwet
using the same scale as the architectural drawings. Lonneci the
diagonal torners to form an "{". Place the center of the X on the
center of each open office workststion and count the mumber of work-
atations {incluging <ha one cantarad on) that fall within the 400
square foot remplaze. 17 any portion of ¢ work siasion falls
within the 400 sguare feer, it shouid be counted,

Consider the following conditlons when detevymining density:

a, For spaces less than 400 square fee: dounded dy ceiling high
walls, count only the workstations within that wall-bound sres.
For sxample, a conventional office occupied by one person {one
workstation) would have s density of ons,

08



b. When a workstation in an open office aren is adjacent to or
within 10 feet of 8 ceiling high wall, place the edge of the
20 feet by 20 feet template on the ceiling high wall and center
tne other direction of the template vver the workszation (see
exanple b-1). For 8 corner workstation, place zorner of vemplate
on the corner formed by walls (see example b-2).

4, Number of Full Ceiding Migh Walls Enclosing Workstation

Count the number of ceiling high walls that fors the beundsries of
the workstation. A vonventionsl privete office will have four
- . ceiling high walls. An open office arrangement without partitions
4. and g. g:f“.gzx;i ::rfc‘;‘:;zgzxzigﬁdor. will in most cases not have & full ceiling high well bounding it.
If the open office is adfscent to mn irtverior building wall,
exterior building wall or striuw well, one ceiling high wall
should de counted.

5. humber of Movesble Partitions (Wor Ceiling lagh)

Count the sides of the workstetion spsce thet are enclosed
by moveshle panels or psrtitions.® To be considered a partivion,
the panel must b et ieast & feet in length,

6. Adiscency to Glazed Exterior Wall

Indicate whether or not the workstation ie adjscent to & glazed
sexterior wall of the building, The workstetion is considared
edjacent 4f one or more of its edges is formed by & glared
exterior well(s). Consider guidelines for deternining sree
boundaries of workstetions - see Yorkstation Area.

. Adiscwncy to Interior Arrium

Indicate whether or not the workstatien is sdjscent to an
atrium, See Item b for definivion of adjscency.

8. Adimcency to Kon-Glazed Txterior Wall

Indizaze whether or noi the workstation is sdjscent to &
non-glazed exterior weil. See Iten & for definition of adjscency.

e o s on

=
® For workstation wodules that sre not rectangular, the standard
£
— T I T AN number of sides msy be gremter than 4,

BENSITY = B/400 SGUARE FEET

18



9.

10.

13,

12.

Straignt-Line View to Gleeld Exterior Wall

Using the architectural furniture floor plan of the bduilding,
determine whether the vorstation {from the center point of
the vorkstation) has an unobstructed view to 8 glazed exterior
wall.

An obstruction would cenzist of any unglazed ceiling high wall
or other opague struciursl elsment such as & column, A glazed
interior wali would not obstruct a possible view to a glazed
exterior wall. A panel thet does not reach the ceiling would
not be considered an obdstruction.

Shortest Distarce From Workstation to Glazed Exterior Wall (Straight-Line)

If 9 yas ™es" then measura the straight line distance from
the center % of the workstation to the nearest glazed exterior
wall, Consider the following where making the weasurement:

a. Do not measure through any opague ceiling-high wall or other
obstruction.

b. Measure wc the interior edgye of the: window glass if 1; is
indicated on the drawing., Otherwise, messure to the interior
edge of the exterjor giszed wsll.

c. Movae'le open office partitions are not considersd obstructions.
“easure over them,

Straipht-Line View to Atrium

To feterasne whether there 1s a possibie view to the atrium, use
the proceduve described in Item 3.

Shortest Distsnce From Workstution to Avrium {Straighe-line)

To measure the distance from workstation to atrium, use the procedure
ard guidelines outlined in Item 10,

13.

14,

15.

Functions® Distance 390 Nearest Stair

lleasure the distance of{ the shortest possible route that the work-
station occupani cen take o the nearsest steir. Functiional distance
is the dis:ance that a person would normally move through the space.
A furniture floor plen is necessary for this measurement., Consider
the following when taking the measurement:

a. Openings between walls, furniture or other objects must be at
least 2 feet wide to be considersd g pagsage To measure through.

b. Use the "X" in the center of the workstation as the point for
beginning the distance measursment.

c. Place an "X" on the office srma side of the srairwell, 3 fee:
from the center of the door opening and measure to this point.

d. Mark off the routes from workstations to stairs with colored

pencil on the furniture floor plan. This procedure will aid
in verifyinz the measurements lster.

Functional Distance to Nearest Elevator

Measure the distance of the shorsest possidle route that the
workstazion occupant can take to the nearest elevater. An "X"
should be pisce¢ in the center of an elevator lobby {more than
one elavator) or three feet from the ¢enter of the elevator
opening outside the elevator {one elevator). This "X" is the
end point of the peasurements, See Iten 13 for further coasid-
erstions in making functional gdistance wessurements.

Addscency to Hajor Traffic Corridor

Using the architectural/furnirure pians, merk the major traffic
corridors in colorec pencil. Zonsider the following:

a. Major eorridors provide circulstion for a floor of the duilding,
3o traffic patterns can be easily identified on the floor plans.
Notice the route thst connects the building core{s) with the
office areas.

b. Often, slevators, stairs, toilet rooms and reception arsas will
be on mejor traffic corridors.

. The width of the treffic corridor shoulé be st lesst three
fee:. In most cases, it wiil be larger.

d. To be considered adjacent 1o a major traffic corridor, a
workstation should have one side adjucent 2o i, or 4%
should open onte the corridor,

28



i6.

Type of Ambieny {Genersl) Liphtinp Svstes in Buildieg

An ambient cr general lighting system is one that provides unifora
illumination to e space. It can be the sole source of fllumination

for & workstetion or tan be combined with deylighting or tesk lighting.
However, in vhe AJAF/UM! lighring study, the classification of the
smbient lighting system does not tske inte mccount deylighting or

task lighting characteristics of the workstation., Three sttribdutes

of electric lights used to define smbient lighting ere dirsciional-
ity, type of light source, and mounting.

In the AIAF/UM study, three directions of smbient lighting were
considered: direct, indirect, mnd direct/indirect. Three types

of lamps were alsc used: incandescent, fluorescent, and high

intensity discharge, Finally, seven types of mountings were iden-
tified in the workstations under study. These were: recessed, pendent,
furniture mounted, surfsce mounted pendsnt, free standing, wall
mounted, and well washer, Directionality, lemp type snd mounting

were comdined to define the following ciasses for the ambiemt lighting
systen associsted with sach workstation.

1. .Direct Recessed Fluorescent with Louvers (1'x4')
2. Direct Recessed Fluocrescent with lens (2'x2')

3, Direct Recessed Fluorsscent with Lens {Z'x4')

4, Direct/Indirect Fluorescent Pendsut

5, Indirect Fluorescent ~ Pendant

6. Indirect Fluorescent - Furniture Mounted

7. Recessed Incandescent

B, Surfece Mounted Pendant Incandescent

9, High Intensity Discharge - Free Standinpg Indirect
10. Direct/Indirect Fluorescent = Vell Mounted

11, Fluorescent Vall-Yasher

The presence or sbsence of each clsss was noted for an area spproximstely

10 feet beyond the edges of werkstations in open offices, Photegraphs snd

lighting plans were used to derermine ambdient lighting charscteristices
of 81l workstmrions.
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Lighting Specification Form

Time im: ) Date is: e

Pey is: ¥ To ¥ Ta F 6

LIGEY NG SPRCIFICATION YOI - YOBEE BTAVIOH

$pace ET: S
Rldg Hns eeeecmrnnar
Racordar:

1. Aghient lighting associatad with the work staticn

Irminaive | leminsics | luminsive
an, ) Bere 2 ne. 3

2. luminaive type

b, Fumber of lumisaizer

t. Lasy specificerioca

£, Pueber of lamprs pexr luminzive
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APPENDIX C: THE EVALUATION TEAMS

The experts were:

Name

Henry Kowalewski, AIA

Stephen Squillace, P.E.

Gary Steffy, IALD, IES

Ross Maloukis, ASID

The technicians were:

Name

Profession

Architect

I1luminating
Engineer

Lighting
Designer

Interior
Designer

Virginia North, University of Michigan

Carol Barrett, University of Michigan

Pamela 0' Connor, University of Michigan

Gayl Marans, University of Michigan

Doug Holland, National Bureau of Standards
Bernard Brasey, National Bureau of Standards

Belinda Kuo, National Bureau of Standards

Gary Gillette, AIA Foundation

Special Task{(s)

Team leader
Recorded lamp &
ballast wattages
Photographer
Recorded Tamps and

fixtures that were
out

Building
1,2,4 3

1

2

3

4,5,7,9
6,3,10,11,12
13

4,5,6,7,8,9
10,11,12,13






1. L.
2. R.
3. M.
4. R.
%. J.
6. W,
7 R,
8. D.
9. k.
10. R.
11. L.
12. Mi
13. M.
14. M.
15. J.
269.
270.
271-300.

G. Berry

B. Braid

A. Brown

S. Carlsmith
£. Christian
Fulkerson

T. Goeltz
Hamb11in
Hirst

B. Honea
Jung

A. Karnitz
P. Kertesz
Kuliasha

M. MacDonald
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