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Abstract
During a semester long case study by the Vital Signs Program
through CERES and the Department of Architecture at Ball
State University, the lighting conditions, concerning efficiency
and cost, were investigated in the administrative office build-
ing atrium space at the NCAA Headquarters in Indianapolis,
Indiana. The question that arose was if the twenty-seven
incandescent can lights in the coffers of the barrel vault were
actually contributing to the recommended illumination levels,
suggested by the IES recommended lighting levels, for the
atrium. A series of data was collected; both visually, through
indicative assessment, and numerically, through investigative
and diagnostic assessments. The indicative assessment
consisted of going to the NCAA Headquarters and taking
notes on the lighting conditions of the atrium space.  The
investigative and diagnostic studies were accomplished
through collecting data of the lighting levels with the use of
hand held meters and Hobo units. Then the information was
used to calculate the lighting levels of the atrium space. Also,
calculations determined the cost of operation and mainte-
nance of the electrical lighting system.  Using this research
methodology, it was found that the hypothesis was supported
with the findings of the study. The electrical lighting provided
by the lamps in the barrel vault are not needed during typical
usage hours [typical work hours of 8 am to 5 pm] to achieve
the recommended lighting levels. The lighting level provided
by natural daylight provides more than enough illumination to

Fig. 01 NCAA Headquarters Plan

Area of Study

Pic. 03 NCAA Headquarters, Administrative Office Main Entry



be within the suggested levels. After coming to these conclu-
sions, some options to cut costs, such as installing
daylighting sensors to control the level of electrical lighting
supplied from these lamps, have been proposed to help the
NCAA Headquarters operate the atrium space more efficiently
and cost effectively.

Pic. 04 Atrium Space Third Floor Looking East
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Introduction
The Vital Signs Project
According to the Berkeley website for the Center for Environ-
mental Design at the University of California, the Vital Signs
Project has evolved quickly since the idea for the program was
first conceived in 1988. Since its birth at the Society of
Science Educators annual retreat, it has gained funding from
the Energy Foundation, Pacific Gas & Electric, and the National
Science Foundation. The Project is administered by Cris
Benton at the Center for Environmental Design at the Univer-
sity of California, Berkeley. The goals of the Project are to
promote student research into the environmental and opera-
tional systems of existing buildings. Through use of the Vital
Signs curriculum materials, students become involved in
building case studies which allow them to examine and gain
an understanding of building performance issues; such as
spacemaking, energy use, and occupant well being.

CERES [Center of Energy Research/Education/Service]
In 1995, the Vital Signs Project was brought to Ball State
University by CERES, under the direction of Robert Koester.
Since then CERES has played an instrumental role in promot-
ing the Vital Signs Project through interdisciplinary student
research including lighting studies of the Ball State University
Alumni Center in Muncie, Indiana and the Cleo Rogers Memo-
rial Library in Columbus, Indiana and an indoor air quality
study of four elementary schools in Columbus, Indiana. In
addition to student education of building performance issues,



research methodology and analytical thinking are a focus in
the context of environmental assessment.

NCAA Headquarters
The NCAA (National Collegiate Athletic Association) Headquar-
ters building resides adjacent to the canal in White River State
Park in Indianapolis, Indiana, sitting just west of the Capital
building and east of the Indianapolis Zoo and White River
State Park Gardens [see Fig. 02]. The building is owned by
White River State Park and rented by the NCAA. The Building
was designed by Michael Graves and Associates of New
Jersey in collaboration with local Indianapolis architects,
Schmidt and Associates. The building campus consists of two
wings, the administrative office wing and the Hall of Champi-
ons Museum. The entrance to each has an atrium with a glass
facade. The office spaces are mainly based on the open plan,
with the executive offices lining the interior core. The facility is
also equipped with a conference center on the first floor of the
administrative office wing.

The building was designed with many concepts in mind.
According to Ron Fisher of Schmidt and Associates, the intent
for the exterior glass facade of the atriums on the building was
to illuminate the nighttime horizon like a lantern. Other con-
cepts for the building were to be in contrast to the old NCAA
headquarters in Kansas City which was in a typical suburban
office building. The open office breaks away from the idea of
separate office cubicles. Circulation through the building was

Lighting Case Study of the Administrative Office Atrium           [08] NCAA Headquarters           Vital Signs        Ball State University

Fig. 02 NCAA Headquarters, Site Map

Pic. 05 NCAA Headquarters, South Facade from across the canal



Lighting Case Study of the Administrative Office Atrium           [09] NCAA Headquarters           Vital Signs        Ball State University

to be easy and accessible. This idea was implemented
through the monumental staircases at the east and west ends
of the atrium in the administrative office wing. The atrium and
balconies were to be supplemental components to the human
interaction between floors.

Lighting Assessment Study Background
Our involvement with the Vital Signs Project began with our
enrollment in the architecture elective within the College of
Architecture and Planning at Ball State University. The course
intention was student case study research involving the NCAA
Headquarters building designed by Michael Graves and
Associates. The study was to be a scientific analysis of
lighting-related building performance.

The first step was to visit the facility. We were introduced to
our contacts within the NCAA Headquarters building which
included staff from both NCAA administration staff and REI
Real Estate Services [the property management firm in charge
of maintaining the operations of the headquarters building].
After being briefed about the building, we took a tour of the
facility to begin our indicative assessment. We went through
the conference center on the first floor, the office spaces on
the lower level, second, third, and fourth floors, and the Hall
of Champions Museum. After our initial visit, we divided into
teams to begin our lighting studies. After discussing the
various spaces and their lighting systems, each team was
instructed to prepare a plan involving a particular space to

PIc. 06 NCAA Headquarters, Hall of Champions

PIc. 07 Atrium Space, First Floor Looking West



study and to formulate a hypothesis statement which we were
to prove or disprove, along with the methodology we were
going to use to conduct our study. We then furthered our
study with more indicative and investigative site studies where
we collected observational and quantitative data.

We choose to look at the atrium space within the administra-
tive office building. Various lighting conditions were occurring
in the atrium space that caught our attention. The most
interesting to us was the use of the halogen recessed can
lights in the top of the barrel vault on the fourth floor to light
the atrium space. We began to question the efficiency, in
terms of both economics and energy consumption. How
much light were these bulbs producing compared to the
amount of light allowed in by the atrium glazing? Since these
lights are left on all the time are they being effectively used?
Could a better solution, including daylight sensors or just
turning the lights on and off manually, produce a more
efficient plan for the NCAA Headquarters building? These
questions and others were what lead to our hypothesis.
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Hypothesis

The electrical lighting in the administrative office building
atrium is inefficiently used in regards to economic [monetary
spending] and energy consumption. The lights are wasting
both money and energy by remaining on at all times. The
amount of light provided by these lamps adds little to no
beneficial value to the space.
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Research Methodology

To prove or disprove our said hypothesis, we will use the
research methodology involving three steps of assessment.
First we will conduct an indicative assesment through walk
throughs, diagramming, and photographing the NCAA Head-
quarters administrative office building atrium. Next we will
proceed with an investigative assessment by using handheld
light meters and placing hobo units to gather long term data.
These findings will then be diagnostically assessed and
applied to our hypothesis in effort to prove or disprove our
statement about the inefficiency of the space.

Indicative Assessment
As a class, we made a preliminary visit to the NCAA Headquar-
ters on Tuesday, September 4, 2001.  Separating into two
groups, we were given a tour of the office building and Hall of
Champions Museum.  Items such as the organization and
function of the spaces, circulation, and lighting were dis-
cussed.  Notes were taken of our first impression of the facility
and a report was composed by each student within the class.

The class was later divided into six teams [four teams of three
students and two teams of two].  Each team chose a specific
area to study within the NCAA Headquarters and Hall of
Champions.  We decided to look at the atrium space and the
surrounding balconies of the office building because we felt it

Pic. 09 Third Floor Looking East



was the most dynamic space in the NCAA Headquarters and
played an important role in the visitor�s first impression of the
building.  More specifically, we wanted to test the cost effi-
ciency and effectiveness of the current electrical lighting
system during hours of daylight. During our initial visit, it was
learned that the light bulbs in the atrium space, which were
four stories above the floor, could only be replaced by renting
a lift.  Several were burnt out at the time of our visit [see Pic.
10] and we began to wonder if they were necessary at all
during daylight hours.

As a team, we then formulated a plan based on our first
impression, which was to be followed throughout the entire
research process.  The final plan included our hypothesis and
probable outcome, as well as the steps to be followed in each
of the three phases of the assessment process � indicative,
investigative, and diagnostic.

After the final plan was written, the team created a storyboard.
The layout was based on a logical and understandable compi-
lation of text, photographs, and data.  We wanted the pages to
be simple and easy to read, yet able to accommodate a lot of
information.

It was at this point that we began the indicative assessment of
our lighting report.  Individually, we each made a second trip
to the NCAA Headquarters between October 19 and October
24, 2001.  Our goal was to gain more knowledge of the
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Pic. 10 Fourth Floor Looking at the Fixtures in the Barrel Vault

Pic. 11 Third Floor Looking at the Lighting Conditionsin the Atrium
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lighting fixtures and lighting plan, to better understand the
atrium space, and to identify more specific problems.  Each
member took notes and made observations of lighting condi-
tions within the atrium space.  Photographs were also taken of
the space at this time.

Through the indicative assessment, we discovered that the
only lighting fixtures in the atrium are those in the barrel vault
and in the corridor.  We also confirmed that these fixtures are
kept on during  the day even though the space is lit primarily
by sunlight during daylight hours.  No evidence was found to
indicate that these electrical lights were connected to any type
of daylight sensor.  While the space appeared to be adequately
lit during daylight  hours, we were concerned about the
lighting in the space during early morning and evening hours
when the sun did not provide light for the space.  With electri-
cal lighting coming primarily from the barrel vault four stories
above the atrium floor, we were curious about the amount of
light that actually made it to the floor.

After a group discussion about the effectiveness and cost
efficiency of the electrical lighting, we decided to keep our
original hypothesis and concentrate on the investigative phase
of our project.

Pic. 12 Second Floor Looking West at Noon



Investigative Assessment
The objective of our investigative assessment was to deter-
mine illumination within the atrium space of the NCAA Head-
quarters through the use of Hobo units [see Pic. 13] and a
handheld, illuminance meter.  The Hobo units are miniature,
remote recorders, which are capable of storing interval
measurements of illumination.  This data can then be down-
loaded into a computer and analyzed.  The handheld, illumi-
nance meter made by Sylvania has a measurement range of
1-2000 footcandles and is both cosine corrected and color
corrected.  It is used to get an immediate and accurate illumi-
nance reading within a space.

We began the investigative assessment by programming four
hobo units to record light every two minutes over a period of
two days with the intention of using only the 24-hour period
from 12 noon on December 4 to 12 noon on December 5.
The initial set-up and recording of light levels began between
9:25 a.m. and 9:28 a.m. on December 4, 2001.  The units
were then taken to the NCAA Headquarters to be placed in
their designated areas. Regarding weather conditions, there
was moderate precipitation and the skies were cloudy but
within an hour of our arrival the clouds dissipated and the sky
became sunny.  The temperature was approximately 55
degrees.  We arrived at the Headquarters at 10:35 a.m. and
took photographs showing the lighting conditions of the
atrium space and balconies [refer back to Pic. 07 - 12].  The
Hobo units were then placed within the atrium and balcony
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Pic. 13 Hobo Unit

Fig. 03 Placement of Hobo Units, First, Second, and Third Floors

A - Hobo A
B - Hobo B

First Floor

Second Floor

C - Hobo C

A

D - Hobo D

Third Floor

B

C

D
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Pic. 14 Hobo Unit A on First Floor Near South Wall Window

Pic. 15 Hobo Unit B on First Floor Near South Wall WindowColumn

spaces between 11:35 a.m. and 11:52 a.m.  The exact place-
ment of the units is shown on the floor plans [see Fig. 03] as
well as in the photographs [see Pic. 14 - 17].  A light meter
reading was taken during the placement of each hobo so that
a conversion could be made later with regard to luminance
levels.  The readings will also be used to determine the
illumination and effectiveness of electrical lighting during
daylight hours.  The hobo units recorded light levels for
approximately 46 hours in the atrium and balcony spaces,
including at night when the electric lights remained on.  This
nighttime reading allowed us to determine the illumination of
the electric lights only.

On December 5, 2001, the hobo units were collected between
12:24 p.m. and 12:46 p.m. on an overcast day with a tem-
perature of 57 degrees.  They were then brought back to Ball
State University and downloaded into the computer on De-
cember 6.  The data was then converted into graphs using
Microsoft Excel, which will be used in the diagnostic assess-
ment portion of the report.  Light meter readings were also
taken at the time of collection to compare with the readings
taken in the afternoon of December 4.

[The first attempt at data collection with the Hobo units was
on October 31 through November 2. Due to certain
circumstances,Team Five was not able to include this data,
however we did still use this time as an opportunity for
indicitave  assessment.]



Pic. 16 Hobo Unit C on Second Floor Tied to Balcony Railing

Pic. 17 Hobo Unit D on Fourth Floor Tied to Balcony Railing
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Placement of hobo units on the 2nd and 3rd floor were
secured to the rails in the atrium balcony.  The rail hieght is 43
inches from the existing floor surface.
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Diagnostic Assessment
The objective the the assesment is to evaluate the information
gathered from the hobo devices. The information has given us
information to thoroughly access the amount of light provided
in the atrium during a 24 hour period. The focus of our
analysis involves the primary operation hours of the facility are
between 9 am and 5 pm. The hobo units are not color cor-
rected. The Color correction of 7.5 was calculated with the
aid of a hand held illuminance meter. Spot checks were taken
with the meter at specific times. [See Appendix 02]

First Floor
Hobo A, located at the window sill had an average of 242.2
foot candles between the operation hours of 9 a.m. and 5
p.m.  The amount of foot candles [fc] fell between the range
of 517.5 and 96.  There is a substantial amount of luminance
entering the atriums windows during the primary operation
hours.  The target light level of 20 - 30 fc is achieved.  The
illuminance levels are consistantly higher at the first floor.
[See Fig. 04 and Table 01]

Hobo B, located at on the ground at the base of the column
supporting the 2nd floor balcony had an average of 113.72
foot candles between the primary operation hours of 9 a.m.
and 5 p.m.  The amount of foot candles falls between the
range of 418.75 and 5.4. [See Fig. 04 and Table 02]

Table 01 Hobo A Data

Table 02 Hobo B Data

Target Light Level

Target Light Level
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Second Floor
Hobo C, located on the rail of the balcony had an average of
64.28.  The range falls between 129.75 and 67.5 foot candles.
The are levels of illuminance are decreasing and the use of
electric light is becoming necessary during early morning
hours (7 am through 10 am).
[See Fig. 04 and Table 03]

Third Floor
Hobo D, located on the rail of the 3rd floor balcony has an
average of 63.675 fc.  The range falls between 163.875 fc and
9.6 fc.  The levels of illuminance are increasing and are well
with in target light levels during the operation hours. [See Fig.
04 and Table 04]

Section Illumination Profile
The section describes the high and low range of the amount
of illuminance within the atrium.  It is a clear understanding
that the overhead lights do not assit the amount of levels
during daylight hours.  The high curve represents the period
between the 9 am and 5 pm.  The Low curve is found during
the off peak hours.

Table 03 Hobo C Data

Fig. 04 Section Illumination Profile

Table 04 Hobo D Data
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Cost Analysis Calculations
Cost of Electricity to run 27 bulbs at full capacity for one full
year

1 bulb = 70 watts
70 watts x 24 hours = 1680 Wh per day per bulb
1680 Wh x 365 days = 613,200 Wh per year per bulb
613,200 Wh = 613.2 kWh per year per bulb
613.2 kWh x $64.57 per 1,000 kWh = $39.59 per year per bulb
$39.59 x 27 bulbs = $1068.93 per year for 27 bulbs

Actual cost of bulbs for one full year
1 bulb = 9000 hours
9000 hours ̧  24 hours = 375 days
365 days (1 year) ̧  375 days  = .97 years
1 bulb = $111.11
$111.11 x .97 years = $107.78 per year per bulb
$107.78 x 27 bulbs = $2,910 per year for 27 bulbs

Cost of hydraulic lift for one full year
1 lift rental  = $5,000
1 complete re-lamping per year (27 bulbs)  = $5,000*
3 partial re-lampings per year (7 bulbs) = $15,000*

Total Costs for one full year
Electricity  = $1068.93
Cost of bulbs = $2,910
Lift Rental = $5,000* � $15,000*
Total costs = $8,978.93* � $18,978.93*

[*  These figures exclude labor costs.]

Cost Analysis
For the second part of our diagnostic assessment, the team
wanted to determine the total cost of replacing the bulbs in
the atrium space.  In order to make an accurate calculation,
we needed to know the type and cost of the bulbs, the cost of
electricity for the building, and the cost of the lift required to
change the bulbs.  In talking with Michael Hay, the Mainte-
nance Supervisor of the NCAA National Headquarters, we
learned that the bulbs were Philips MasterColor Metal Halide
PAR lamps and that the cost was approximately $3,000 for
the 27 bulbs in the barrel vault.  The bulbs are 70 watts with a
life of approximately 9,000 hours [the actual specifications
and photometrics of the bulb can be found in Appendix  A].
We also discovered that the lift was an additional $5,000 for
each rental period.  Regarding the cost of electricity, it was
determined that the NCAA pays approximately $64.57 per
1,000 kWh per month.  This information was obtained from
the Indianapolis Power and Light Company�s web site under
Commercial / Industrial Electric Bills.

After the calculations, it was determined that the NCAA
Headquarters spends between $8,978.93 and $18,978.93 to
maintain the electrical lighting in the atrium space.  The cost
of electricity is $1,068.93 per year, the cost of the lamps is
$2,910.00 per year, and the cost of the lift is a minimum of
$5,000 (for one lift rental) and a maximum of $15,000 (for
three lift rentals) bringing the total cost to $8,978.93 �
$18,978.93 per year.
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Conclusion
In conclusion, Team Five has shown through the presented
research methodology that during typical use hours the
daylighting levels in the atrium space already meets the IES
recommended lighting levels for the space activity without
consideration of electrical illumination, thus proving the
previously stated hypothesis. According to the IES standards,
the atrium space of the NCAA Headquarters falls into the
general lighting category, in which shows that the illumination
within the space should be between 2 and 20 footcandles.
[see Fig. 08] From the Hobo data collected we found that
without the presence of the barrel vault lights the space,
during typical working hours, already varies between approxi-
mately 60 and 250 footcandles. Therefore it is concluded that
daylight provides more than enough light to meet the IES
guidelines.

From this it was determined that a significant cost savings
could occur in the NCAA Headquarters if other electrical
lighting control strategies were implemented. From the calcu-
lations, it can be seen that the NCAA Headquarter spends
between $8,978.93 - $18,978.93 annually to operate and
maintain the lights in the barrel vault of the atrium space. A
substantial savings could be achieved by merely turning those
lights off during the daytime hours, since the light obtained by
them is not necessary. Another option could be to install
daylight sensors so that the lights would come on only when

Fig. 05 IES Recommended Lighting Levels



the footcandles in the space dropped below a predetermined
level.

The potential levels of savings would vary depending on the
what kind of strategy would be implemented. Since approxi-
mately fifty percent of the hours the lights are left on are
during daylight hours, assuming an approximate average of
twelve daylight hours per day for the year, at least a fifty
percent savings in the operation costs could be achieved. Also
since the lights would be on less, the life of the lamps would
also increase, thus decreasing the maintenance costs to
access and relamp the lighting fixtures.
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