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Los Angeles Olympic Organizing Committee

Los Angeles, California 90084 USA
Telex: 6831420

Telephone (213) 305-1984
21 December 1983

Theodore Corbitt
Allan Steinfeld
Aldo Scandurra

Gentlemen,

At last, after seven months of extensive analysis,

we are prepared to present the first of two reports

for certification of the 1984 Olympic Marathon.

This initial report is most critical because it
establishes the length for 98% of the course. . The next
report will define the locations for the start, finish,
and kilometer points.

Enclosed are three copies of the initial report, one

for each of you to review and keep. Although the report
is lengthy, please note that a summary is contained- in
the last three pages. Dr. Bob Baumel, Peter Riegel, and
I will be happy to answer any questions you may have
(see page 12 for addresses and phone numbers). Any edits
or ammendments to the report should be addressed to Bob
Letson.

When you have completed your review, and approve, please
place your signatures on all three copies of the report
and on all five cover sheets that have been enclosed with
these reports. When all three of you have signed all five
cover sheets, please mail them back to me so that I can
place them on the reports that will be sent to the three
authors (Bob Baumel, Peter Riegel, Bob Letson) and the
Los Angeles Olympic Organizing Committee (Bill Bedford
and John Brennand).

Your careful consideration is appreciated,

. -

Respectfully submitted,

kit 7 Py

Robert A, Letson

4369 Hamilton St. #4

San Diego, CA 92104
(619) 225-8401 x249 days
(619) 298-0924 evenings

Games of the XXIllrd Olympiad Los Angeles July 28 to August 12, 1984
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establish two 1000m baselines on January 23, 1983.

lLewis and Lewis of Ventura generously provided the Lietz/Sokkisha
Model SDM3IE tachymeter and bronze monuments used by John Brennand
to establish six enroute baselines on March 13, 1983.

John Brennand coordinated the bicycle measurements performed on
April 24, 1983, which required the cooperative effort of police
from three cities, the California Highway Fatrol, two recording
teams, and thirteen bicycle measurers.

Dr. Alan Jones, his son Clain, and Bill Noel of New York, deserve
our thanks for making available the best bicycle measuring device
we know, the "Clain Jones assembly".

AVON financed the lodging and meal expenses for the certifiers
who performed the bicycle measurements on April 24, 1983.

Fourteen expert certifiers donated their time and financed their
own travel expenses for the bicycle measurements performed on
fApril 24, 1983: Allan Steinfeld, Dr. Bob Baumel, Bob Letson,
Carl Wisser, David Katz, Jim Delaney, Faul Christensen, Feter
Fiegel, Pete Shandera, Ron Scardera, Tom Benjamin, Tom Duranti,
Dr. Tom Knight, and Dr. Will Rasmussen.

Peter Riegel and Dr. Bob Baumel devoted hundreds of hours to the
analysis of the bicycle measurements performed on April 24, 1983.
Feter contributed reams of reports and computer listings which
were more comprehensive than anyone expected. And Peter™s volumes
were ably met by ‘'Baumelian broadsides”, fearless incisive
reviews that forced us to correct our errors and seek new inter-—
pretations. Dr. Baumel’'s statistical analysis was especially
helpful in understanding the significance of the limited number
of measurements taken on April 24.

The format and emphasis of this report is attributed to Bob
Letson, ite primary author.



FREF aCE

The 1984 0Olympic Marathon measurements, gathered on April 24,
128=, have been viewed from many different perspectives in order
to enhance our knowledge, confirm our results, and provide the

most acouwrate couwrse possible that fulfills international
standards.

Frevious Olympic Marathons were created with a moderate
philosophy, based on measuring the probable running route one
meter from curbs, and using the average of all good measurements.

The 1984 Qlympic Marathon is being created with a new philosophy,
borrowed from track and field, which is intolerant of short
courses. I&AF  Rule 145.5 says that "a Marathon course »pust Le
Letween FEIVE *5 petres”. New TAC rules require that the
shortest possible route be measured "I/Z Inchkes from curbs. ar
inches from lipes", and that a "short course prevention
be addsd to insure against the possibility of & short cowrs

2
3

The short course

re  prevention Factor for certification in the
United States is 1/1888 of the total length. The concept  of
short course prevention is analyzed in  this report, and
statistical methods are presented that attempt to compute an
appropriate short course prevention facter for the April 24,

193%, measurements.

The exact location of the start, finish, and kilometer points
will be determined after thig report has been reviewed, and
official lengths have been certified foar the intervals measured
on April 24, 19335,
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Santa Monica College is no longer a "city"

report should be interpireted as "Santa Monica College" or
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ceee-=155
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ceeas.183
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college. All
references to "Santa Monica City College" or "SMCC"

in this
"gMC" .

All references to "Stadium" in this report imply the Coliseum.
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Couwrse Design

The 1984 Olympic Marathon route, measured on April 24, 1983,
was merely the final version of several possible routes that had
been researched by John Brennand over the previous vyear. By
February., 1983=, the final route had been approved by the IARAF,
LAOOC, Los Angeles County, CALTRANS, and the three cities in
which the course was located. John Brennand performed detailed
reviews of the final course to determine the exact running route.
This final course was again reviewed on April 237, 198%, by the
majority of the fourteen expert certifiers who came to Los
Angeles at their own expense to measure the Olympic Marathon. All
decisions concerning the exact route to measure were resolved the
day before the measuwrement, including the decision to paint
dotted lines along wide arcs around two sharp U-—-turns (to be
coned) to allow runners to run them without loss of speed. The
exact route measured on April 24, 1982, is defined by maps
located in the "Maps and Measurements" section of this report,
and is identical to the shortest possible running route within 30
centimeters (12 inches) of curbs and 20 centimeters (8 inches) of
lines at turns.

Baselines

Eight baselines were used for the April 24, 1983,
measurements. Each of these baselines is located. on a straight,
flat, paved surface. The detailed measurements and maps for each
of these eight baselines is contained in the "Maps and Measure-—
ments" section of this report. The length and location of each
baseline is listed below:

BASEL INE LENGTH LOCATION
BO 1000.178m near the start
B1 ?535.978m start + &km
E2 379.007m start + 10km
BRI 6H01.258m start + 14km
B4 768.575m start + 20km
ES 974.4693m start + Z6km
B& 1000, 0Z30m start + Z4km

B7 1000, 000m near the finish



Baselines O and 7 were surveyed by Ron Scardera and Bob Letson on
January 23, 1983, using an HP3I810A tachymeter donated by Rick
Engineering of San Diego. The accuracy of the HFIBI0A was
verified by measwring an established 2874.216 ft. baseline on
January 24, 1983, which resulted in a difference of five milli-
meters. Baseline © is slightly oversized because it was
originally measured using steel tape. The end points of these
baselines are marked with white paint. Both baselines were
nationally certified by Ted Corbitt prior to April 24, 1983.

Easelines 1 through & are located directly on the marathon route.
A1l of these six baselines were surveyed by John Brennand on
March 13, 1987, using a Lietz/Sokkisha SDMZIE tachymeter donated
by Lewis and Lewis of Ventura. The accuracy of the SDMIE was
verified by Lewis and Lewis, and also by measuring the 880 yard
marks on baseline 0, which resulted in a difference of one

centimeter (0.03 foot) from the length previously measured by the
Scardera/Letson HF3IB10A. The end points for each of the six
enroute baselines are marked with bronze monuments, one inch in

diameter, epoxied into the asphalt.

Reference Feoints

Thirty—-one reference points were used for the April 24, 1987
measurements. Four of these mark the end points for baselines ©
and 7, and the remaining twenty-seven are located on the marathon
course. Thirteen reference points are marked by bronze monu-
ments: one at the first reference point at Santa Monica College
(SMC), and one at each end of the six enroute baselines. Four
reference points were used to relocate bicycles directly acrass
busy streets (exactly 90 degrees from the direction of the
street) at three locations: across Wilshire near Bundy, across
the Marina Freeway at the end of baseline 4 near Culver, and
across Jefferson at the end of baseline S. Twenty—-three enroute
reference points were used as recording points, at which Jones
counters were read. All thirty-one reference points are mapped in
the "Measurements and Maps" section of this report, and are
briefly listed on the following page.



NAME

SMC
Wilshire

Bundy
Carmelina
Avondale
Georgina
Alta

Nawvy

Fark

Via Dolce
Admiralty
Mindanao
Cul ver
Culver
Hannum
Summertime
Leahy

Ridgeley
Hobart
Budlong
Menlo
U—-turn
U-turn
Stadium

R

EFERENCE

MARE,
pain
paint
bronze
paint
crosswalk
crosswalk
paint
bronze
bronze
bronze
bronze
bronze
bronze
paint
paint
bronze
bronze
paint
paint
bronze
bronze
paint
paint
bronze
bronze
paint
paint
paint
paint
paint
paint

POINTS

GEMNERAL LOCATION

baseline 0, east end
baseline 0, west end
Santa Monica College
Wilshire, near 26th Street
Wilshire, near Bundy
Wilshire,
Bundy, near Wilshire

San Vicente, near Carmelina
San Vicente, near Avondale
Ocean, near Georgina
Ocean, near Alta

Facific, near MNavy Ct.
Facific, near Fark

Via Dolce, near Washington
Admiralty, near Marina Dr.
Hwy 90, near Mindanao

Hwy 90, near Culver

Across street from R17
Hannum, near Slauson
Jefferson, near Summertime
Jefferson, near Leahy
Across street from R21
Fodeo, near Ridgeley ¢
Exposition, near Hobart
Exposition, near Budlong
Menlo, near Exposition
Menlo, begin U-turn

Menlo, end U-turn
Coliseum, begin track
baseline 7, east end
baseline 7, west end

(baseline
(baseline

across street from RTD

(baseline
(baseline
{baseline
{baseline
{baseline
{baseline

{baseline
{baseline

{baseline
{(baseline

{baseline

{baseline

{bazeline
(baseline

Q)
)

1)
1)
2)
2)
)

)

4)
4)

e )

&)
6)

7)
7}



Intervals

Thirty-two

measurements.

contained in the

intervals were used for

Detailed maps for

"Maps and Measurements"

section of this

April
all of these

24,

intervals

198=,

are

report.

The following list shows the location and usage of each interval:

ODNO- U DR -

12
13%
14%
15+
16%
17+
18%
19
20
21
22
2

24
25
26
27
28
29
30
31

2

-t

*NOTE:
candidates
Intervals

NAME

Wilshire
Bundy
Carmelina
Avondale
Georgina
Alta
Navy
Park
Via Dolce

Olympic turn (Tahiti)

INTERVALS

(baseline 0) R1-R2
RZ-R4
R4~-R7
R7-R8
(baseline 1) R8—-R?
RO-R10
(baseline 2) R10-R11
Ri1-R12
R12-R13
R1Z-R14
R14-R15

(baseline 3)

Olympic turn (Bora Bora) R14-R15
Olympic turn (NW Fassage)R14-R15
Olympic turn (Via Dolce) R14-R1S
Olympic turn (Capt. Row) R14-R13

AVON turn
AYON turn
AVON turn
AVON turn
Mindanao
Culver

Hannum

Summertime

Leahy
Ridgeley
Hobart
Budlong
Menlo
U-turn

U-turn arc length

Stadium

for

(Mar quesas) R14-R1S
(Tahiti) R14-R1S
(Bora Eora) R14-R1S
(Via Dolce} R14-R19S
R15-R16

(baseline 4) R16-R17
R18-R19

R12-R20

(baseline 5) R20-R21
R22-R23

2Z3-R24

(baseline &) R24-RZ2S
R25-R26

R26-R27

R27-R28

RZ28-R29

(baseline 7) RZO-R31

MEASUREMENTS
LOCATION Steel EDM Bike

hd
s

8

w

w

?
13
1=

13

13

-
[RESERRURS NGNS RN RS EANE]

fary

o
[ 2]

13

13

13
13
.

“

13

Intervals 11-19 are the "Marina intervals".
the Olympic Marathon are intervals 11
13-19 will not be used.

BASEL INE
Rides/bike

4

8]

The
and

only

12.
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Measuring Instruments

"Jones assemblies"” were used exclusively for the Olympic
Marathon measurements performed on April 24, 19873, This device
was invented by Alan Jones in 1971, was produced and distributed
by his son, Clain, from 1973 to 1982, and is now produced and
distributed Ffor $20/each by EBEill Noel of the New York Road
Running Club, Box 881, FDR Sta., NY, NY 10150. A "Jones assembly"
is an industrial Veeder Root counter mounted on a bicycle
odometer axle assembly. It has a direct gear drive, counts 20
digits per revolution, and is guaranteed to operate at S00
revolutions/minute for 100 million counts, which is eguivalent to
40 miles/hour for 4700 miles when mounted on the front wheel of a

bicycle. The best feature of the "Jones assembly" is its reli-
ability. FEecause it has direct gear drive, the probability for a
counter error is essentially zero. The Jones assembly is the

best device we know for measuwring road race couwses.

Two different electronic distance meters (EDM, also known as
"tachymaters") were used to establish all of the baselines used
for the april 24, 1983, measurements. Rick Engineering donated
one of them to establish baselines O and 7. Fick Engineering’s
HPZ810A was verified by performing eight measurements of a
2874.21& fecot baseline that had been established via 21 measure-—
merts by five other EDMs (two HFIBOOAs and three DM&O Cubitapes)
in 1273, which resulted in an average HFI810A measurement of
2874.230 feet (difference = 0.014 fpot). Lewis and Lewis of
Ventura donated the other tachymeter to establish the six enroute
baselines. John EBrennand verified this instrument by measuring
the 880 yard marks on baseline O, which resulted in a difference
of D.03 foot. Most of the 0.03 foot difference was probably due
to ambiguity in the white lines, and crookedness of an expansion
jeint which marked the 880 yard points for baseline 0.

A commercial 15 foot steel tape, owned by Tom Knight, was used to
measure the length of the U-turn arc near the Coliseum. This
tape was compared to a surveyor®s steel tape owned by Bob Letson.
Mo difference was discernable between these two tapes.

A new ZI00 foot surveyor’s steel tape, owned by John Brennand., was
used to perform one measurement on the Celiseum track, from the
last reference peint used for bicycle measurements (R29, Stadium)
487.88 feet (148.71m) to the beginning of curve at the outside
face of curb {(marked by an "X" chiseled on top of the curb). The
force gauge, wielded by David Katz, was used to maintain 20
pounds tension during this measurement.



Measurers

Thirteen expert certifiers performed the bicycle measure-
ments on April 24, 198%. This elite group had been selected for
their experience at successfully obtaining national certifica-
tions for road race courses. The collective esxperience of this
group totals over 600 certifications nationwide. Present were
three FhDs, three members of the national TAC LDR Standards
Committee, six chairmen of certification committees covering
seven states, and virtually all of California®s best certifiers.
The names and addresses of these thirteen certifiers are listed
on the following page.

Each measurer was assigned a two-letter code that was used for
quick identification at each reference point. The two-letter
codes used on April 24, 1983, are as follows:

23] Bob Baumel

BL Bob Letson

Cl Carl Wisser

Dk David Eat:z

JD Jim Delaney

FC Faul Christensen
PR Peter Riegel
FS Fete Shandera
RS Ron Scardera
TE Tom Benjamin
TD Tom Duranti

TH Tom Enight

W Will FRasmussen

Recording Teams

Two recording teams, under the direction of John Brennand and
Allan Steinfeld, were used to record the Jones counter readings
on April 24, 1987. The teams performed in a leap-frog fashion:
while one team was recording, the other team traveled to the next
reference point. Each team had a van for transportation, a black
notebook, and <ceveral people who shared in the records duties.
Each cyclist announced his two-letter identity code upon arriving
at each reference point, and the team captain recorded it. One
assistant helped pocsition the bicycle over the reference point
arnd read the Jones counter aloud, then the team captain wrote the
number in the noteboaok and repeated the number aloud. In addition
to this, some bicyclists recorded their own counts orn their own
paper, and verified the number recorded by the team.



MEASURERS

BB Dr. Bob Baumel, Certificates Chairman for OK-TAC
129 Warwick Rd.; Ponca City, OK 746&6@1
(4315) 765S~3E50 h 767-4655 w

BL Bob Letsaon, Certificates Chairman for FSA-TAC
4369 Hamilton St. #4:; San Diego, CA 92134
(619) 298-0924 h 225-8431 #2249 w

C Carl Wisser, Certificates Chairman for FPA-TAC
2698 Ninmth St.i FBerkeley, CA 94714
(415) 3549-3687 w

Dk David Katz, Member, TAC LDR Standards Committee
F. 0. Box 822§ Fort Washington, NY 11#5@

JD Jim Delaney, San Luis Obispo area certifier
128 Seacliffi Fismo Beach, CA 93449

PC Faul Christensen, Fortland area certifier
3713 NE 18th: Fortland., OR 97212

PR Peter Riegel, Certificates Chairman for OH, IN,KY,TN-TAC
3384 Kirkham Rd.; Columbus, OH 43221
(614) 424-4399 w 451-3617 h

FS FPete Shandera, FA-TAC Certifier
49 Santa Fei; Pt. Richmond, CA 94801

(4135) 234-8322

RS Ron Scardera, Certificates Chairman for SPA-TAC
697 Camrose Dr.i Los Angeles., CA 99@68
(213) 874-6867 h

TB Tom Benjamin, FA-TAC Certifier
P. 0. Box 8713; San Francisco., CA 94128

TD Tom Duranti, Certificates Chairman for WA-TAC
9937 NE 124th St.: Kirkland., WA 98433

TK  Dr. Tom Knight, PA-TAC Certifier
724 Arastradero Rd. #1273 Palo Alto., CA 94306
(415) 856-3349 h 854-II00 %2065 w

WR Dr. Will Rasmussen, PSA-TAC Certifier
1342 Hillsmont Dr.; El Cajon, CA 92020
(617) 447-89¢9 h 437-5986 w
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Lead Cyclist

Ron Scardera, the local certification chairman for the Los
Angeles area, was lead bicyclist because he knew the course
better than any of the out-of-town certifiers. With the records
van up front, and Ron Scardera leading the way, the remaining
cyclists had 1little doubt concerning the specific route to
measure. Most measurers acted independently, using Ron Scardera
merely as a general guide, and always following their own
judgement concerning the shortest possible route along the course
that had been reviewed the previous day.

Weather

The weather was less than ideal. Rain that had drizzled
throughout the night continued into the first 15 kilometers of
the measurement. Fortunately the wind was gentle (about S-10

knots) ., and the temperature was fairly constant, around &5° F,
But everyone and everything was drenched for the first few hours.
The drizzle began to cease after baseline =, and the road surface
remained wet until reaching VYia Dolce at about 18 kilometers. At
Yia Dolce we regrouped and spent about one how planning and

executing the measurements for nine separate intervals for the

Avorn Marathon and Olympic Marathon. Only one of these intervals
would be selected for the final versions of each course, to
optimize the locations for the start and finish. During this

hour the sun appeared and dried the bicycles and road completely.
The remainder of the day was dry and mostly sunny, with the
temperature hovering around 72° F from Admiralty to the Coliseum.

otal Time

The measurements on April 24, 1983, were performed in a time
span of seven hours, beginning at é AM and ending at 1 FM. The
actual marathon course measurements were performed from 8:30 AM
to nooan.



Errors .

In addition to expected random errors, there were some
notable imperfections in the April 24, 19935, measuremsnts. ALl
of these imperfections were associated with a minority of the
measurers, thereby causing minimum impact on the overall measure-—
ment. The majority of good measurements rendered these few
imperfections insignificant.

a. Bob Letson and Faul Christensen made an illegal course
cut by failing to ride around the center—-line of Ocean
Ave., the agreed turning point for the left turn from
San Vicente onto Ocean Ave.

b. Ron Scardera made two overly wide left turns, from Bundy
onto San Vicente, and from Highway %@ onto Slauson.

c. Six cyclists rode past the end of baseline &, and walked
back about 4@ meters to the refersnce point. One of the
cyclists, WR, swerved significantly before stopping.

d. Five cyclists walked an estimated averags of 15 meters
while approaching and departing reference points, with
their weight removed from their bicycles while walking.

2. Baseline 2 (BZ) was ridden so slowly that many cyclists
wobbled. Also, the south end of B2 is slightly curved.

f. Baseline 7 had two hazards that tended to elevate the
counts/km: a busy cross street at which everyone
stopped, and some broken glass around which some
cyclists rode.

g. Farked cars seemed to block the shortest possible route
on Bundy.

Remeasurement, 5 June 1983

Tom EkEnight performed a serious remeasurement of many of the
the Olympic Marathon intervals while riding in front of the Avon
Marathon race on June 3, 1983, Tom’s measurements were superior
at  only one interval, on Bundy to Carmelina, where parked cars
seemed to block the shortest route for the April 24 measuremsnt.
Except for one wrecked car, there were absolutely no parked cars
on  Bundy during Tom Knight’s remeasurement. Tom’ s remeasurement
was about @.2m less than the best measurement from April 24 for
this 1593m interval.

/5
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Steel Tape Measurements

The following locations, mapped in the "Maps and Measure-—
ments" section of this report, were measured via steel tape:

a. Wilshire % Bundy: A temporary plywcod‘wall extends @3.79
meters (2°7") from the curb onto Wilshire, measured by
Ron Scardera, October 16, 1983,

b. Via Marina tuwrnarounds (Tahiti, Bora Bora): Wide arcs
are painted for these 188° turns, to be coned, with a
radius Z.466 meters (127@"), and an apex 2.63 meters
(8°8") south of the apex of the concrete center island,
measured by Ron Scardera, October 146, 1983,

c. U-turn at the Coliseum: A wide arc is painted for this
133° turn, to be coned, with a length of 15.76 meters,
measured by Tom knight and Bob Letson, Jurne 4, 1983,

d. First straightaway in the Coliseum: This interval, from
RE8 to the beginning of the SW curve (marked with an "u"
chiseled on top of the curb), touching the curb, has a
length of 148.71 meters (487.88%), measured by John
Brennand, David Katz, and Bob Letson, April 24, 1983,

Reports

John Brennand mailed photocopies of all records taken on
April 24, 19832, to each measurer within the week following the
measurement. Included were photocopies of the electronic meter
measurements for the six enroute baselines. The following pages
contain all of the raw Jones counter readings from this initial
report from John Brennand.

A few preliminary reports werese generated from Feter Riegel, Eob
Baumel, and Bob Letson in May, 1983, which presented a variety of
interpretations of the April 24, 1983, measurements.

Feter Riegel, Bob Letson, and Bob Baumel spent the next seven
months shooting "broadsides" at each others® work, which succeeded
in eliminating many errors from ouw analysis of the April 24,
1983, measurements. More than forty computer programs written in
Fascal and Basic were used to eliminate human error in performing
the repetitive calculations for each of the thirteen measurers.
Many methods of analysis were explored, all which served to
double-check our results. This report embodies the lastest ver-
sion of our work, which we now believe is adeqguate for determin-
ing the official lengths of the intervals measured on April 24,
19873,



RO

RO

B1

BI

B4

B&

B7
RB7

REFEREMCE FOINT

R2
R1

R1
R2

R2
R1

R1
R2

RZE
R4
R7
R8
R?
R10
R11
R1Z
R1Z
R14
R15

R1S5
R1ié&
R17+
R19
RZ0
RZ21%
R2Z
R24
RZS
R26
R27*
R29

RZ0O
RZ1
RZ0O

SMC
Wilshire
Bundy
Carmelina
Avaondale
Georgina
Alta

Mavy Ct.
Fark

Via Dolce
Admiralty

Admiralty
Mindanao
Culver
Hannum
Summertime
Leahy
Ridgeley
Hobart
Budlong
Menlo
U-turn
Stadium

*Jones counts for R18,
and R27 respectively.

R A

BE

561500
S70902

S71000
580404

S80500
589902

SFO000
S9940=

622000
630184
&L62347
677329
686314
719898

23462
763249
768900
786917
819947

844916
868865
876080
916151
935242
944388
970478

1020292

1029678

1035414

1040818

1042403

1063000

1072385

1081770

R22,

W JONES

BL

Q90000
3 099499

099499

108998.5

113000
122499

122499
131997

162000
190477
.3 202764
217896
226973
=] 260888
264488
I04696
310407
-0 328618
I47386

T66816
I91041
. 98337
47388467
458176
467429
497812
544187
S593679
559479
564945
.5 566547
S82720
592214
-3 &LHO1707

and R28

COUNTS

CW

082878
092517.5

092517.5
102162.5

102162.5
111804.5

111804.5
121450

278888
291354.5
306718
315932
I50379
I54033
I94844.5
400637
419110

450316.5

485564.5
510137
S17337
558649
S978274.95
587617
6147379
&£654468.5
6735094.5
680980.5
LBLTZ24
£88148

714854
724482
734110

are identical to

DE

314000
I23601

23601

33T200

3I3200

342799

342799

332399

I75000
403777
416196
471494
440667
474968
478606
S19220.5
524999
S43391
571678

602894
627358
634726
L73666
&IT170
704510
731164
782038
7791628
797487
802006
804621

820400
829984
839569

R17. R21,
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BO

BO

BO

BO

R4

BS6

EB7
B7

REFERENCE FOINT

R2
R1

29

R2

R2
R1

R1
R2

R4

R13

R1S
R1&
R17%=
R19
R20
R21 %
R2Z
R24
R2S
RZ26
R27*

Rz?

RZ0
RZ1
RZ0

SMC
Wilshire
Burdy
Carmelina
Avondale
Georgina
Alta

Navy Ct.
Fark

Via Dolce
Admiralty

Admiralty
Mindanao
Culver
Hannum
Summertime
Leahy
Ridgeley
Hobart
Budl ong
Merlo
U-turn
Stadium

¥Jones counts for R18,
and R27 respectively.

R A

JD

Q62000
071601

Q71600
081199

Q81200
020799

Q0800
100401

104000
1327873
143192
160489
169661
203939
207372
248196
253966
272361
I004634.5
IIZ2598
357053
364419
4053T3S
424332
34169
460809
T114657.8
521244
S2710%
SIZ2617

SI4278
S62200
571782
581364

R22,

W

JONES

0568916
078374

078374
087832

110000
138261
130600
1635670
174706
208476
212061
2352086
257772
275900

29478=

312747
336862
344121
384454
4OT672
412875

39172
489262
498711
5044873
TO9921

511512

38277
S47722

S57169

COUNTS

PR

364500
373848.5

I7I848.5
I8T198

387198
92546

392546
401898

423000
3028
455118
480014
488948
522344
525888
S654473
S71060
588973
&£19428
&5ITT
&77T60
684532
7243873
74367
752462
778411
827918
837268
842971
848745
849923

8746400
8857736
895071

and RZ28 are identical to R17,

FS

024366
033728

033728
043092

043092
052456

052456

061822

513758
523883
40802
S497354
S83212
S86763
626403
&I20T6
649792
&77617

708249
732119
739310
777244
778269
807383

TO08
872761
398077
FOTALT
FOSOZEH
FS2706
62059
?71411

R21,



EO

BO

BO

BO

Bl

BZ

E4

Bé&6

B7
EB7

*dones counts for K18,

REFERENCE FOINT

R2
R1

R1
R2

R2
R1

R1
R2

R3
R4
R7
R8
RQ
R10
R11
rR12
R1Z
R14
R1S

R13
R16
R17#%
R19
R20
R21%*

et

R24
R25
R26&
R27 %
RZ9

RZ0
RZ1
R3O0

SMC
Wilshire
Bundy
Carmelina
Avondale
Georgina
Alta

Navy Ct.
Fark

Via Dolce
Admiralty

Admiralty
Mindanao
Culver
Hannum

Summertime

Leahy
Ridgeley
Hobart
Budlong
Menlo
U-turn
Stadium

RS

132240
141638

141638
151039

151140
1603540

160540
169942

188900
217093
229256
244263
253248.5
286831
290393
TI0185.5
5835
TE8I845.5

86869

411724
435679
4432894
482996.5
502083
51122
SI73I10
587103.5
596490
&OZ223
607625
60201

Z5400
b644779.5
684155

R22,

and R27 respectively.

A

W JONES

TE

058000
Q067427

067427
076857

0746857
086288

086288
095719

138026
130222
165254
174268
207956.5
211528
251440.9
257109
275184

293995.5

J12704
FI673T
345971
84177
40532
412501
438666
488629
498044
S0OT792
S0?211
S10799.5

547413
556823.5
566234.5

TD

Q213500
030843

03084%
040190

040190
Q49533

049333
058880

0835000
1130326
123127
140020
148955
182340
185878
228407
271023
248771
273790

298229
I22078
329207
T69037
388013
397101
423026
472511
481878
487535
492904
494472

521866

SI1193.

540515

4]

COUNTS

TR

015000
024293

024297
033588

Q33588
042881

042881
052176

093474
105497
120302
129184
162392
165915
205286
2108473
228657

253368

2788073
302485
209618
349240
68117
377162
402957
452205
4461487
4671352
472496
474062

518561
527841
537119

and R28 are identical to R17,

WR

Q27200
0346880

026880
046561

Q46600
056279

056279
QLSP60

085000
114026
126551.5
141972
151220
188778
189444
2TOT92
236208
234751
280496

I0S5879
ITOSTL
337957
379217
398868
408281
435137
486386.5
496056
501960

07322

 509151.5

534000
S4TEL2.5

wWod Dl al e

R21,
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TJUIMNME S, 1 =8

The Avon Marathon, Sunday, June 3, 1983, provided a unigue
opportunity to ride bicycles ahead of the runners, with streets
totally blocked by police, and with no parked cars on Bundy.
Dr. Tom FkKnight (TK), Ron Scardera (RS), and Bob Letson (BL)
seizred this opportunity to review the Olympic Marathon course,
and perform variocus remeasurements.

On Saturday, June 4, 1983, Tom Knight and Bob Letson reviewed the
Olympic Marathon route to confirm the locations of all of the
reference points used during the April 24 measurement, and to
steel tape the U-turn arc at the coliseum.

On  Sunday, June 5, 1983, Tom Knight, Ron Scardera, and BEob
Letson performed calibrated bicycle measurements of many of the
Olympic Marathon intervals while riding several hundred vards
ahead of the Avon Marathon runners. Bob Letson was diverted from
this task by repositioning cones, barriers, and spectators for
optimal execution of the Avon Marathon. Tom kKnight concentrated
on remeasuring the Olympic Marathon intervals. Ron Scardera
concentrated on measuring the Avon Marathon route as marked, for
validation. Consequently, the best Olympic Marathon remeasure-—
ments were obtained by Tom knight. ‘

The map and data for the June 5, 198%, bicycle measurements are
on the following pages. Note that Tom KEnight rode one of the
Olympic Marathon intervals incorrectly, from Admiralty to
Mindanao, where the Olympic route should be on the right side of
Mindanao. A summary of the Olympic Marathon intervals measured
on June 5 is listed below. The "best" (lowest) measurement from
April 24, 198%, is in the right column. {(meters)

TERMINUS RS Tk BL. BEST 4-24-03

Bundy 1296.2 1296.1 1298.5 (1292.96)

Carmelina 1594.8 1592.8 1594.2 (1592.96)

Georgina 73,6 I573.7 3573.7 (3571.46)

Navy Ct. 4235.7 42324, 6 (42733, 94)

Via Dolce 19217.4 (19146.35)

Mindanao 2534.4 (2549.36)

Hannum 4271.2 4269.8 4271.3 (4267.21)

Summertime 28T4.6 2HIEL8 (2FTE. 352

Menlo sl1.4 &£13.8 ( &1iE.65)
The "best" April 24 measurements were bettered only once, by Tom

Fnight, for the interval ending at Carmelina.

4
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20 Aun MARATHON

£on Tom Bog

SCARPERA > T M‘I SAITR MINICA  [aca . [78 METERI
HOBGIC & 0GZOOC 9 12000 o .5, AN CALBRATION
qi8otc  §| orrzstsy 21438 §

427424.5 4| 085564 | 30499 |
4368325§ osqsqssg Ho4as | §
446241 099128 § 49948 |
4Ygzo00 | 136000 (081300 Ao START (171" s. of “AVON")

1659770 1181658 2" MILES
522217 ¢ 1746808 127035 ]  Bus StopP (Ling) 20, E of 26T o0 LULIHIRE |
5344058 1867674 13934 ] LINE ~S0y N of WILSHIRE on Bundy
543708,87 145873, b "4 Mites
Sqqdol ¢ 2014834 (54488 & caRMeLVA (BMY Laisa.di’
5583898 210359@%53567  AVonDRLE  BM) J
5919%040F 2435274197510 5% GEORGINA _(B.M) T 243 e’
§95552.5] 247oY4o [10lltO ALTA E&m) J

2854 (1742404038 10" MILES , BARNARD § PACIEIC

63537% 286335¢ NAVY cr.  B.Mm)
o4lo3Z | 221914 & PARK &.mD

2097078 VIA Dolce (LINE) S, SIDE MAILESX

b 684537 | 234TT0 ADMIRALTY (UNE) LAMPOST 5%,
7085554 3582414315284 | MinDANAS  (B.M) V252157
715782 | 365378 cover  (EMm)J

389708 %1 “(7* MILES
b, H4OH4T3T 2 A "18* MILES
1554434, Hoso0o#(3631538] HANNOM  (UNE) Goy N of SLAUSON
115074 4L 413373’»‘3}# » SUMMERTIVE (B.M)
8602698  S074684 4635%\@’*4 HoBART  (B.M)
BGA66TSY 517247 uT8044 S BubLonG  CB.M)
P 8T5HI3, 522315y MeENLe  (UNEY 20,8 F exrunian
8800528 527H88HUBBEHA " AN FIN. (1. Exe PARKING TURNOUT)
Q00300 | 535000 | o000
909699 | SH4 278 | (8449 9:15 AM  CALIBRATION
q19098 | 553558 | 27446 Coleseum  1066.00 METERS
3 562837 @ ' :
Ry s
& s72ld S

Moz 74, 279.64, 48/

522 fue M3 me  15284/me
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T E R LS MEASLINTE
= T g STEEL. T et

The following portions of the Olympic Marathon were measured
by electronic distance meters (EDM) or steel tape:!

EBaselines 1-6

Constiruction at Wilshire % Bundy
Wide arce for Marina intervals
Wide arc for U-twn at coliseum
Firet straighta in coliseum

Bazelines 1-&

enroute bazelines has a asinimun of four

Each of the =i

measurrements via Lie zha Mod SDM tachymater. The
length and "spread" 1wme betwesn the highest and lowest

neasurements) for each bhaszseling are listed below: (matars)

BASEL INE

A p) e

Lh

-

TOTAL = AETF LD G
The SDM
(lem  + ;
six basalines, this represents an accuwranc:
or about 11 centimeters. This means that the total length of all
not less than (46792.54m -~ @.1lm), or 4&79.475m.

an infrared EDM that has an adverti accuracy of
1) per measuremnent. For the total length of all
v oof (F.847m +  @.#sm),

=iy baselines

Construction at Wilshire % Bundy

were unable to measure
roofrom Wilshicre to
m From o a  hemporary

srkbhy cwrhline  of
cardera, Ochtober 16,
cuwrve onto the top of
fallc " The
ficial running  route

ALL 13 m=za on April 24,
fom From the curb while making the
wad, 1 biocycles me
H.79 meters (277") from  the
a2l tape by
=z & large

as shown
1 route and

=LA

Bundy. Ir
plvwood
Wil i




079 m

3

A

Y

BUNDY

CURB R _|°f
‘ _ 1 RoNING RouTE
\

019 m

/
PLYwOOD wWALL Y J[_MEQS_QS_E_P_ RO

WILSHIRE

R=r+om@m
MeASURED RouTe = LR = (r+079m)
RUNNING RouTeE = o79m +1"2-‘r‘

- o
DIFFERENCE = O.19m (“z-q = o045 m

The route measured on April 24, 1983, was 45 centimeters longer
than the official running route. Conseqguently, 45 centimeters
must be subtracted from the bicycle measurement from Wilshire to
Bundy.

Wide Arcs for Marina Intervals

Wide arcs were painted with dashed white lines around each
of the Marina interval turnarcunds. Only one of these turns will
be used for the final course. Cones or barriers must be placed
on top of this painted arc to prevent the possibility of a short-
er route during the Olympic race. The bicycle measurements were
performed by riding within 23 centimeters of these lines. Each
of these arcs has the same radius, I.66m (12°%"), with the center
of arc eractly one meter north of the apex of the concrete center
island. These dimensions were measured by Ron Scardera via steel
tape on October 16, 1983.

25
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Wide Arc for the U—turn at the Coliseum

A wide arc is painted with dashed white lines at the 135°
U~turn from Menlo into the Coliseum. Cones or barriers must be
placed on top of this painted arc to prevent the possibility of a
shorter route during the Olympic race. The map and measurements
for this U-turn arc are described in the "Maps and Measurements"”
section of this report. The length of this U-turn arc is 15.76&
meters, measured on top of the painted line. The length of the
running route 20 centimeters from the line is 16.25 meters.

First Straightaway in the Coliseum

The length from the last bicycle reference point, R28, to
the beginning of the first curve (marked by an “"x" on top of the
curb) at the curb, was measured once by John Brennand (trailing
end), David Katz (leading end), and Bob Letson (recorder) using a
new 398" steel tape and force gage (20 lbs), yielding a result of
148.71 meters (487.88%). The map for this interval is in the
"Maps and Measurements" section of this report.



I TERWSIL S MESSUIFE D BENy
EIICYw iDL EsS

The following portions of the Olympic Marathon were measuwred
by bicycles on April 24, 19830

Marina intervals ( 2 intervals, I measurementz/intearval)
SMC to Wilshire ( 1 interval, 9 measurements/interval)
Wilshire to Stadium (13 intervals, 13 measurementz/interval)}

Fresentation of the bicycle analysis is divided into two
sections, as follows:

1. Standard Method

~

2. Shart Course Frevention

The first section computes the length of all bicycle-measured
intervals using established rules formally described by Ted
Corbitt, January 13, 1983, ’

The second sectiaon analyres the concept aof short course preven-
tion for bicycls measurements, and uses statistics to compute an
appropriate short course prevention factor +for the intervals with
more than eight bicycle measurements.

Z7



Standard Flethod

TAC STANDARDS COMMITTEE--NEW MEASUREMENT STANDARDS /RULES
—_——

1.COURSE MEASURING PATH:Study course by ‘map and otherwise. Determine how
much of road will be available to the runners: all, half, or one lane.
Decide if there are local laws or police restrictions which define where
runners will be allowed to race, such as with traffic or against traffic
or at will.

MEASURE THE SHORTEST PATH possible on the race course, including all
short cuts. -

2.The old one meter rule is dead. Measure 12 inches from curbs, or 8
inches from edge of curbless roads or lines, where applicable.

3.The IAAF now says that a course cannot be less than the stated distance.
It may be longer, e.g. 50 meters for the 42,195 meters marathon.

ADD AN EXTRA 1/1000th of race course distance to the standard length.
This extra alrstance may be added en route, for instance measuring each
kilometer one meter long, or each mile a bit long, or add extra distance -
at the start or finish, or turn around point.

4.A11 courses should be measured at least twice. Use the longer (MENA@)
measurement. The two measurements should be reasonably close. If a
10,000 meters course measurements differ by more than 8 meters, or if
marathon course measurements differ by more than 37 yards, take a third
measurement.

5.In writing a report (application) of the course measurement, state the
exact length of the course, plus the added distance, for instance: 26
miles 385 yards, plus 50 meters. You will still wuse 26 miles 385 yards
on entry blanks and in press releases.

6.If an open American record, or a "world's best" time is made in a road

race, it must be confirmed that the correct, measured course was the one

raced, and an independent measurement of the race course will be made.

If the course is found to be short of the stated distance, no record will
be allowed.

ADDITIONAL POINTS: The Race Director , or somecne delegated to make
decisions as to course route, and the start and finish points, should
be on hand during the course measurement.

Someone who has run the course and who knows the shortest path taken
by the runners should guide the course measurer; or should operate
the measuring device.

. Measure the course when the traffic is light. In dangerous
sxtuagions, try to get a police escort, or a municipal vehicle with
flashing lights on the roof, to be driven along to alert motorists
and so protect the course measurers.

Safety of the runners, traffic problems, safety of course measurers
and other practical factors help to determine the course route and !
configuration.

After measuring a race course, verify the actual running route
taken by the runners gduring the following race(s). Compare the
agtual route run, with the measured or certified route. In case of
discrepancies, measure the actual running route, including all
noted short cuts, and get the course re-certified.

Ted Corbitt, Chairman TAC Standards Committee, 1/13/83




ST ST D ME T O

The "Standard Method", as defined by Ted Corbitt, is

basically a two-step process!

1. Compute the accurate length of the interval +for each
measurement.

2. Compute the lowest median (Md), and let the official
length of the interval be (.999Md).

To accomplish this, and double-—check our results, we have used
i different methods. These methods are described in the
following pages, and are listed below:

LR Linear Regression method

CR Cosine Regression method

TVC TVC method -
sTVE Smoothed TVYC method

W Weighted Baselines method

WZ Weighted Zones method

There are 16 bicvcle-measured intervals, grouped as follows:

Marina intervals ( 2 intervals, I measurements/interval)
SMCL to Wilshire ( 1 interval, ? measwements/interval}
Wilshire to Stadium (13 intervals, 13 measurements/interval)

The Marina intervals have the following lengths {(.999Md) for each
method. The lowest length is underlined: {meters)

Tahiti Rora Rora
LR 19925, 61 26623
CR 1995, &4 &6 . B8
T™VE 1995, 55 26HE6P. 45
sTVC 1995, 256 286592.7%

SMCC to Wilshire has the following length (.?9%9Md) +for each
method. The lowest length is underlined: (meters)

SEMEC to Wilshkire

LR 2996.:
CR 2994,
TVC 2994, 58
STVC 2996, 23

Wz 2994, 3€

Z9



The 13 intervals from Wilshire to Stadium, with 13 measurements
per interval, have the following total length (sum of {.999Md)?’
for each method. The lowest length is underlined: {meters:?

-

Kilshire to Stadiunm

LR Fi@878.2
CR 387901
T™VG Ie880.3
sTVC 33878.5
W 29877.2
WZ 34878.8

The lowest (.999Md) lengths of the 16 bicycle-measured intervals,
using the Standard method, are summarized below: {meters)

Marina intervals: Tahiti 1995.26
Hora Bora 26TR.79
SMCC to Wilshire 29946, 28

Wilshire to Stadium (13 intervals) 8T 2

One of the intervals, from Wilshire +to Bundy, requires an
adjustment which is discussed in the "EDM and 3Steel Tape
Measurements" section of this report.

The Wilshire to Stadium measurements are graphed on the following
page to illustrate the relative position of each overall measure-
ment in comparison to (.999Md). This graph shows an obviouws gap
between the actual measurements and (99%9Md>, which suggests that
the 17198 short course prevention factor is unnecessarily large.

The next section of this report analvies short course prevention,
and uses statistics to compute an appropriate short course pre-
vention factor for intervals with more than eight measurements.



LENGTH (METERS) FRoM WILHIRE To STADIUM

EXCLUDING BASELINES , MRRINA, U-TURN
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for computing an accurate length:

LINEAR REGRESSION METHOD

The "Linear Regression'" method, as used in this report, has
the following basic rules:

1. The counts/km for each measurer is assumed to vary
linearly with elapsed Jones counts, and can therefore
be computed by the following formula:

y = A + Bx

where y = counts/km
x = elapsed Jones counts

2. The coefficients A and B are computed as follows:
_ Zyzxz - ITXIXYy
A= ) 7
nix” - (Ix)

B = nzx§';'zxzzz

nix“ - (Ix)
where n = 8 baselines
x = elapsed Jones counts (from baseline 0)
y = average counts/km for each baseline

Linear Regression uses all baseline data to compute the best-fit
straight line that most closely matches the actual counts/km
sampled at each baseline. Any erratic baseline data is smoothed,
resulting in a simple general trend. If theée actual trend is in
fact a straight line, then linear regression is certainly the
best method possible for estimating counts/km,

To establish how well the April 24 data fits the linear
regressions, we can calculate the coefficient of determination (r )
The coefficient of determination is a value between 0 (no fit)

and 1 (perfect fit), calculated as follows:

2 _ 2R (y-P12
[(Z(x-D%1[Z(y-7) 2]

T

or its equivalent:

2 _ nIxy - IXZI
ré = DaXy - LXay
n(n-l)oxcy

where n = 8 baselines
Op = standard deviation for x

cy = standard deviation for y
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The coefficients of determination for each measurer's linear
regression are listed below:

r2 meters
BB .83 30905.9
BL .54 30905.5
cw .83 30910.6 — =
DK .71 - 30911.9 ' fd 30909.1
JD .60 30909.7 X = 30909.0
PC .52 30907.7 s - 4.0
PR .77 30911.8 - *
PS .66 30905,1 X=3s = 30897.0
RS .85 30917.9 -
TB " 80 30912.3 .999Md = 30878.2
TD .79 30909.1
TK .79 30907.7
WR .64 30902.3

Pl

The average rz = .72 which is satisfactory, but not excellent.
It is possible that another method could prove superior to
Linear Regression, possibly a regression based on the cosine
curve which tends to follow the rise and fall of temperature
during the day.
There are thirteen bicycle-measured intervals between Wilshire
and the Coliseum (excluding baselines, the Marina intervals, and
the U-turn), Linear Regression was used to compute the counts/km
at the mid-point of each interval. These counts/km for each
interval were then used to compute the length of each interval
for each measurer. The sum of the lengths of the thirteen
intervals, as determined by Linear Regression, is listed above
for each measurer. :

®
®
3¢ Q460 N
w
P \
2
3%
C=s
w
v « d
o | 2 3 4 5 c 7
BASELINES

LINEAR REGRESSION METHOD
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for computing an accurate length:

COSINE REGRESSION METHOD

The "Cosine Regression' method, as used in this report, has
the following basic rules:

1. The counts/km for each measurer is assumed to vary
sinusoidally (similar to temperature during the day),
and can therefore be computed by the following formula:

y = A + Bcos[w%]

where x
X

elapsed counts (from baseline 0)
total counts

[}

2. The coefficients A and B are computed as follows:
B = Z(-z-i-ﬂ (Ci"E)
Z(zi-az

A =7¢c - BZ

where z; = cos[n%]_fpr baseline i

2 szi P

c; = average counts/km for baseline i
- _ 1

C = HZ C i

This implementation of Cosine Regression utilizes a reasonably
close-fit cosine curve to compute counts/km for each measurer,
This was attempted only after inspection of the calibration
data, which seemed to be closer to a cosine curve than to a
straight line.

There are .thirteen bicycle-measured intervals between Wilshire
and the Coliseum (excluding baselines, the Marina intervals, and
the U-turn). Cosine Regression was used to compute the counts/km
at the mid-point of each interval. These counts/km for each
interval were then used to compute the length of each interval
for each measurer. The sum of the lengths of the thirteen
intervals, as determined by Cosine Regression, is listed on the
following page for each measurer.
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meters
BB 30906.6
BL 30905.8
W 30911.2 Md = 30910.0
DK 30912.4 -
JD 30910, 2 X = 30909.7
PC 30908. 2 s - g
PR 30912, 5 -
PS 30905.8 X-3s © = 30897.3
RS 30918.8 | .999Ma = 30879.1
TB 30913.0
TD 309100
TK 30908. 4
WR 30902.8

Cosine Regression is only one of many possible curvilinear
approximations that could be used. The question arises:

What is the actual shape of the counts/km for each measurer?

We know that counts/km is affected by temperature, wind, hills,
and consistency in riding the shortest possible route (SPR).

These factors tend to vary during any measuring occasion, and
consequently cause the actual counts/km to vary, wandering up

or down with changes in wind, temperature, hills, etc. It is
possible that the actual counts/km is most accurately approximated
by a very curvilinear, even sawtoothed, line.

28 queo
S
LIS
4
39
W - ®
§g<r
YUY quso +
<t 1
o 2 3 4 5 6 7
BASELINES

CosINE REGRESSION METHOD



36

e o L=

for computing an accurate length:

TVC METHOD

The letters "TVC'" denote "time-varying constant" or '"time-varying calibration."
As such, it is not a unique identifier because almost every one of our methods
tries to account for varying counts/km during the measurement. But this was
our first attempt at incorporating all the calibration data, and the name has
stuck. The basic rule of the TVC method is:

The counts/km for any interval of the course is taken to be the average
of the counts/km obtained on the baselines immediately preceding and
following the interval. For example, the average of the counts/km
obtained on baselines 3 and 4 is used for calculating the lengths of
all intervals contained between baselines 3 and 4.

For the thirteen bicycle-measured intervals between Wilshire and the Coliseum
(excluding baselines, the Marina intervals, and the U-turn), the total meas-
ured distances, as calculated by three variations of the TVC method, are
listed below for each measurer:

Using All Omit B6 for
available Omit B6 Overshooters.
Baseline for the Omit B2 for
data. Overshooters. Everybody.
(meters) (meters) (meters)
BB 30907.8 30907.8 30909.3
BL 30905.9 30905.9 30906.7
CW 30913.0 30913.0 30914.9
DK 30913.5 30916.1. 30917.7
JD 30912.5 30914.7 30910.7
PC 30910.1 30911.7 30913.6
PR 30915.8 30915.8 30915.3
PS 30906.1 30906.1 30908.0
RS 30918.4 30921.8 30921.9
TB 30914.1 30914.1 30911.9
TD 30911.4 30912.5 30908.8
TK 30909.0 30909.0 30910.6
WR 30905.5 30909.4 30909.0
Md = 30911.4 30912.5 30910.7
x = 30911.0 30912.1 30912.2
s = 4.0 4.5 4.3
x-3s = 30898.9 30898.6 30899.2
.999Md = 30880.5° 30881.6 30879.8

The first column is a TVC calculation using all the available calibration
data, while the second and third columns represent attempts at greater accu-
racy by systematically eliminating certain items of faulty or questionable
calibration data.



Six of the cyclists overshot the end of baseline 6 (in some cases, by 50 meters
or more), and then walked their bikes backward to the mark. All the overshooters
obtained significantly more counts/km on this baseline than on the neighboring
baselines.

Baseline 2 was unusually short (379.007 m). To make matters worse, the
cyclists were unable to ride it continuously, but had to stop midway while
waiting for the police to regroup! The baseline 2 data was extremely erratic,
with about half the riders seemingly getting significantly too many counts/km,
while 3 of the remaining riders (JD, TD and TB) seem to have gotten far too
few counts/km.

In the table (previous page), the second column is a TVC calculation omitting
the baseline 6 data of the 6 overshooters. The third column omits the base-
line 6 data of the 6 overshooters, as well as the baseline 2 data of all
riders.

The third column is probably most accurate. Nevertheless, only the scheme
represented by the first column (i.e. using all data from all baselines)
has actually been implemented in a computer program. Thus, all the "TVC"
interval distances in the '"Maps and Measurements" section of this report
were calculated as in the first column.

The counts/km used in the TVC method have a step-function graph as shown

below on the left. One suggested refinement of the TVC method was to
interpolate the counts/km between successive baselines, instead of just taking
the average. This suggestion leads to a sawtooth graph as shown below on

the right.
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The difference between using the step-function and sawtooth graphs is probably
negligible as far as the total measured distance is concerned, but can be
significant for individual intervals -- especially between baselines 3 and 4.

Linear interpolation, based on elapsed Jones counts, has been included in the
""Smoothed TVC" method (to be described next), but not in the '"raw TVC" method.
The Smoothed TVC method not only uses interpolated counts/km, but also includes
walk-factor corrections, and incorporates many additional adjustments based

on the personal artistic vision of Bob Letson.



for computing an accurate length:

SMOOTHED TVC METHOTD

The '"Smoothed TVC" method, as used in this report, has the
following basic rules:

1. TVC is assumed to be good if it contains no mistakes,
no systematic errors, and no obvious irregularities.

2. Mistakes should be omitted.
3. Systematic errors should be compensated.

4, Obvious irregularities should be smoothed. This can be
done arithmetically (by replacing adjacent extreme values

with théitr mean), or artistically°<EZ;cLauLdZ;€§ AumghAZiy/:
34

Smoothed TVC attempts to correct specific errors that appear to
exist for raw TVC. Distinctions are made for known blunders
(mistakes), poor methodology (systematic errors), and large random
errors of unknown origin (irregularities).

Three mistakes are recognized by individuals to whom they occurred:

a. BL (Bob Letson) is aware that he made an illegal shortcut
from San Vicente left onto Ocean Blvd.

b. RS (Ron Scardera), who was lead bicyclist, is aware that
he rode two left turns too wide, departing from the shortest
possible route (SPR)- more than would be desired for a top
quality measurement;

1. From Bundy left onto San Vicente
2., From Marina Freeway left onto Slauson

Two systematic errors are known:

1. Five cyclists walked their bicycles an average of 45 feet
to/from each reference point (BL, CW, JD, PC, PR). This
caused their counts/interval to be undersized by about
one count/interval. It is appropriate to compensate for
this error by adding one count/interval for each walker.

2. Six cyclists overshot the end of baseline 6 by about /50
feet, then walked their bicycles backward. This made
their counts/km oversized by about one count/interval.
It is appropriate to subtract one count/interval for
baseline 6 for these overshooters.

One of the overshooters, Will Rasmussen, swerved much more than

the other cyclists when stopping abruptly, which caused his counts/k:
to be higher than normal by an unknown amount. This$ could be
classified as a '"mistake" and omitted,
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Several 'sawtoothed'" graphs of counts/km versus distance exist.,
These sawteeth, if excessively large, indicate abnormally large
random errors that can be smoothed., Most of these ''sawteeth"
seemed to occur for baselines 2 and 3, which were shorter than
normal. It is possible that this is caused by the magnification
of normal random errors, such as '"backlash" in the counter.
Other sawteeth existed for baseline 6, for overshooters. All

of these sawteeth can be smoothed graphically, by replacing
adjacent extremes with their mean, as follows:

uéo ks
N
d :
¥
Q
uso
o | 2 3 4 S 6 7

BASELINES

The sum of the lengths of the thirteen intervals measured by all
thirteen bicycles, as determined by the Smoothed TVC method, are
listed below for each measurer:

meters
BB 30908, 3
BL 30903.9
cwW 30909.9
DK 30914.2 Md = 30909.4
JD 30909.5 X = 30910.4
PC 30909.1 _
PR 30912.1 s = 3.3
PS 30008.1 X-3s = 30900.4
RS 30916.
TB 30914, 3 .999Md = 30878.5
TD 30909.2
TK 30909 . 4

WR 30910.6
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Walking Factor Analysis

David Katz expressed dismay at the way some of the measurers,
including myself (Bob Letson), walked their bicycles to/from
feference points on baselines., It is logical that the counts/km
will decrease when weight is removed from the measuring wheel.
To measure the amount of decrease, Bob Letson and Tom Benjamin
thereafter reviewed old records and performed new tests that
revealed a difference of 135 counts/mile between riding and
walking. It is estimated that the amount of walking per baseline
was about 45 feet, half the length of the bicycle queue. This
amounts to about one count/baseline. Consequently, the Smoothed
TVC method uses a compensation of one count/baseline for all
walkers. (Tom Benjamin was not one of the walkers)

Peter Riegel realized that walking occurred not only on the
baselines, but also on the measured intervals, and that these
two effects would partially cancel each other. He was curious
to see how much difference the walking really made, if this
cancellation is taken into account. His calculations are
shown on the following page. They reveal that, for a walk
factor (WF) of one count/interval, the net effect of walking
is to alter the calculated distance by about three meters for
the entire bicycle measurement (30.9 km).
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42 for computing an accurate length:

WEIGHTED BASELINE METHOD

The "Weighted'" Baseline method, as used in this report, has
the following basic rules:

19

A "weight" is assigned to each calibration
occasion, equal to the exact total distance traveled
during that occasion, not to exceed 2 kilometers.

For example, two rides on a 601,258 meters baseline
yield a "weight" of 1,202516 Km. Four rides on this
baseline yield a "weight" of 2,000000 Km.

Each measurer has a '"total weight'" for the day,
equal to the sum of the weights for all of the calibration
occasions for that measurer,

The counts/km for each measurer for the day is computed
as follows:

Let w; = weight for the it calibration occasion
n
Let W = total weight for the day = I W
i=7?
where n = number of calibration occasions

th calib., occasion

Let c; = average counts/km for the i
Let C = counts/km for the day, computed as follows:

C = % £ (w;)(c;)

The Weighted Baseline method directly addresses the problem

of short baselines, which are less accurate than long baselines.
This method assumes that the accuracy of a baseline is directly
proportional to its length, and therefore assigns: a '"weight"

that is

equal to the length traveled during each calibration

occasion. ' Theoretically, this reduces the effect of a short
baseline error to the level that is experienced by a long
baseline. Because the April 24, 1983, measurements experienced
suspiciously erratic counts/km for short baseline#2, this method
is desireable to minimize the effect of this baseline,

The weights used for the April 24, 1983, calibration occasions
are as follows:

baseline 0: Wy = 2.000000 baseline 4: Wy = .768575
baseline 1: Wy = .955978 baseline 5: We = .974693
baseline 2: Wy = .379007 baseline 6: We = 1.000030
baseline 3: Wy = .601258 baseline 7: Wo = 2.000000

The total weight, W, equals 8.679541 kilometers.,



The counts/km for the day for each measurer, and the length of
all bicycle-measured intervals (excluding baselines and the U-turn)
from Wilshire to the Coleseum, as determined by the '"Weighted"
Baseline method, are listed below:

counts/km meters
BB 9392.19 30905.9
BL 9494.79 30905.7
cwW 9632.72 30908.9 .
DK 9590.67 30911.7 Md 30908.1
JD 9588.65 30907.0 X = 30908.6
PC 9450.11 30908, 2 ) ] .
PR 9338.71 30908, 1 s .
PS 9357.83 30907.9 X-3s = 30895.6
RS 9388.71 30919.3 _
TB 9419.41 30912, 3 -999Md = 30877.2
D 9333.29 30907.1
TX 9285.13 30909.0
WR 9668.43 30900.5

Although this method accomodates short baselines satisfactorily,
its use is biased if the weights for the various calibration
occasions are not evenly distributed. The weights for the
Olympic marathon calibration occasions on April 24 are slightly
unevenly distributed, with short baselines in the first half of
the course, and longer baselines in the last half of the course.
It is therefore desireable to divide the measurements into zones,
if possible, and compute the counts/km for each zone, in order to
minimize the effect of the uneven distribution of baseline
weights. Such a method exists, described on the following page,
called the '"Weighted Zones'" method.
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for computing an accurate length:

WEIGHTED ZONES METHOD

The "Weighted Zones'" method, as used in this report, has the
following basic rules:

1. Calibration occasions are grouped into the following
categories:

a. Wet (SMC to Via Dolce)
b. Dry (Admiralty to Stadium)

2. The Weighted Baseline method is used to compute the
counts/km for each category. These constants can be
used to compute the length of intervals that were
measured within each category.

3. The counts/km for the day for each measurer is computed
by using a weighted average of the counts/km for each
category, where the weight for each category is equal
to the total length of the bicycle-measured intervals
within the category. This constant can be used to
compute the total length of all bicycle-measured
intervals for the day.

This method directly addresses the wet/dry conditions experienced
on April 24, 1983, when we were totally drenched from SMCC to

Via Dolce, and were dry and warm from Admiralty to the Coliseum
after one hour of toying with Marina intervals. The graphs for
counts/km strongly suggest the existence of these two zonmes,
during which the counts/km was fairly stable, and between which

a drastic change in counts/km occured.

Baselines 0 through 3 are within the Wet zone, with a total

weight of 3.936243 Km. Baselines 4 through 7 are within the

Dry zone, with a total weight of 4.743298 Km., The Wet zone
measurements (from Wilshire to Via Dolce, minus baselines)

totaled 12.613 Km. The Dry zone measurements (from Admiralty

to the Coliseum, minus baselines and the U-turn) totaled 18.296 Km,
Consequently, the following formulae apply:

1
_ 1

C 1
day  30.909

[(12.613)Cwet + (18'296)Cdry]
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The counts/km for each zone, the overall counts/km for the day,
and the -length of all bicycle-measured intervals from Wilshire
to the Coliseum (excluding baselines and the U-turn and the
Marina intervals), as computed by the Weighted Zones method,

are listed below:

Cwe'c
BB 9400.30
BL 9496,97
CW 9639.42
DK 9596.87
JD 9595.85
PC 9455.63
PR 9345,.89
PS 9363,92
RS 9398.34
TB 9427,.81
TD 9342.84
TK 9292.29
WR 9675.99

9385.45
9492,97
9627.16
9585.52
9582.68
9445,.54
9332.75
9352.78
9380.77
9412.,44
9325.37
9279.20
9662,16

Cday
9391,51
9494,60
9632.16
9590,15
9587,89
9449.66
9338,11
9357,33
9387.94
9418,71
9332.50
9284.54
9667.80

meters

30908.1
30906.3
30910.7
30913.3

30909.0

30909.7
30910.1
30909.6
30921.8
30914.6
30909.7
30911.0
30902.5

Md 30909.7
X 30910.5
s 4.5
X-3s 30897.0
.999Md 30878.8

Will Rasmussen (WR) swerved abnormally and overshot baseline 6,
which caused his counts/km to be abnormally high for this

If baseline 6 is omitted for WR, his
constants are as follows:

calibration occasion.

Cwet

WR 9675.99

Cdry
9660.41

ZONE

@ oo
9

Cday
9666.77

meters

30905.8

0
4=
o
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®

DRY

ZONE ‘

AVERAGE  COUNTS/KM
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CLOSENESS OF FIT
(Predictability Study #1)

Curiosity compels us to observe how well the various methods
of computing counts/km fit the actual recorded counts/km for each

baseline. Towards this end Peter Riegel developed a computer
program (COS1) that computed the error made by each measurer for
the eight baseline "measurements". Feter®s computer printouts
are on the following pages, and the average error for each
method for each baseline is listed below. (meters/km)
B@7 LR CR Wz

BG . 742 -.13¢@ -.1328 . 148

B1 .578 ~B72 —-. 839 -. 90468

B2 - 365 . 206 . 399 -. 984

B3 . 516 .319 .241 -. G307

B4 -. 545 —«363 -. 296 . 167

BS -.919 -.488 -.354 - 207

B& -. 572 .18@ - 251 .141

B7 ~. 745 . 210 .132 - G20

mean —-. 248 . 304 . 384 -.B61

s.d. - . 785 « 296 . 227 <117
All of the above methods fell within 1/186¢0 of the actual
counts/km. "B@7" (the average of baselines @ and 7 only), the
method most commonly used in USA due to its convenience, appears
to be more than twice as inaccurate as the other methods. The
regression methods produce the closest overall length. And "WZ"

is the least variable (i.e., most consistently accurate for
intermediate intervals).

TVC is not included in this study because it uses, rather than
computes, the counts/km for each baseline. This implies that TVC
may be the most accurate method for estimating the actual
counts/km during measuring. However, if random errors are
significantly large, some form of smoothing (such as regression
or smoothed TVC) may be superior to raw TVC for estimating actual
counts/km during measuring.
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SHORT COURSE FREVMERNTIORN

Length

Short course prevention must be addressed if we are to
create the most accurate course possible for the 1984 Olympic
Marathon. If the short course prevention factor is too small,
remeasurement may find the course to be unacceptably short.
However, if the short course prevention factor is too large, the
course will be unnecessarily oversized. Ideally, the length
should be as close to standard (i.e., 42195 meters/marathon) as
possible without being short.

IAAF Rule 145.5 says that "a Marathon course must be between
42195 and 42245 metres". In other words, the course must be
oversized, but not by more than S@ meters.

Validation Remeasurement

Ted Corbitt says that "a remeasurement should not find the
course to be short. Remeasurement is therefore the criterion
for judging whether a certified course should be rejected. The
course should be rejected if a remeasurement determines that the
course is not between 42193 and 42245 meters.

Short Course Prevention Factaor (SCFF)

In order to provide a high probability that a course can
pass a validation remeasurement, a short course prevention factor
(SCFF) should be added to the length of the course. If we wish
to protect the course against the most unforgiving remeasurement
policy, then the SCPF should be sufficiently large as to
encompass the regions of doubt of both the original measurement
and the remeasurement.

The Standard Method's SCFPF, 171063, is based on the personal
experience of several seasoned certifiers. We have observed that
inexperienced measurers create courses that are short by as much
as 1/10¢ (e.g., 149 meters/1%km). However, we also have observed
that experienced measurers can always create courses that are
within 1/188¢ of remeasurements performed by highly skilled
certifiers. The size of the SCPF therefore depends on the
experience and skill of the measurer.



The April 24, 1983, measurements are fortunately endowed with
numerous quality measurements by many experienced measurers.
This leads us to believe that, for intervals with many measure-
ments (e.g., more than eight measurements/interval), statistics
can be used to calculate an the size of an SCPF that 1is
large enough to provide reasonable assurance against shortness.

For simplicity, we may assume that the April 24, 1983, measure-—
ments have a Standard Normal Distribution (bell-shaped curve).
This appears to be realistic, as seen in the following diagrams
for the 13 intervals with 13 measwrements/interval:
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If we assume that ow distribution is normal, then it is possible
to compute the probability that a remeasurement will find a
limited number of measurements to be adequately long. Dr. Bob
Baumel has derived this relationship (see letters from Dr. Baumel
at the end of this section), and has provided the ftollowing table
for computing a shkort course prevention Ffactor (i.e., number of
sample standard deviations below the mean), derived from the
number of measurements (M), and desired confidence level {ths
desired probability for success):

CONFIDENCE LEVEL

M @3, 25 B.975 2.99 #3.995 H. 3995

2 T.7E 78. 78id

3 ILE7 11.45 36H.5

8 2,82 3.7

7 1.%46 5.3

1 1.92 .1

11 1.89 4.7

12 1.87 4,62

3 1.83 4.43
1B 1.64 1.96 2,33 2.58 F.2

For example, if we wish to have ?9%4 confidence using 123 measwe—
ments, our short course prevention Ffactor should be 2.78 sample
standard deviations. If we wish to have 99% confidence using 9
measwrements, the short course prevention Faocdor should be 3I.86
sample standard deviations.

Selecting a Confidence Level

What confidence level is adeguate for shoré COGUrES
prevention? Cecilia Young, who has a masters degree in medical
statistics, says that most of her studies use confidence levels
in the range 9E-934. According to Cecilia, 99% provides virtual

assrance that the desired event will occur. Bob Letson, who has
a BA O in mathematics, remembers his statistics professor, Di.
Bell, discussing 274 as a practical level commnonly ussd by
industry. We could assume that 97% is & practical wvalue, and
that it is unnecessary to have a contidence level larger than
PPU.



99% Confidence for SMC-Wilszhire (N=9)

The interval from SMC to Wilshire, with 9 measurements, has
the following mean _(_3('.,,), sample standard deviation (8«), and 99%
confidaence langth (Xe = X, #684) for each method of analysis. The
lowest estimate is underlined. (meters)

X B EA A
LR 2999.28 «PI 29946. 45
CR 2999.14 . P4 2994.28
T™VEG 2999, 23 s 2997.26
sSTVC 2998. 94 62 2997.d4
Wz 2995. 29 .81 29946.81

The following sketch shows the relative position of the 99%
lengths with respect to each measurement and the Standard
Method®s (.9299Md) for SMC-Wilshire:

iy

In this caze, the difference between the lowest lengths for 99%
coanfidence and (.999Md) is insignificant.
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2% Confidence for Wilshire—Stadium (N=173)

The gwn of the 13 intervals from Wilshire to the Stadium,
with 13 measwrements per interval, has the following mean {7,3),
sample standard deviation (8.=), and 994 confidence length
(99U(SUM) = Him ~ 2.78S:x) for each method of analysis. Note that
S (SUM) i about 1/2788 from the m=an, which representsz  the
probable accuracy for the April 24, 128%, bBicycle measwrements.

The lowsst estimate is underlined. {(metears
Tim Sy FFYASUM)

LR G
Cr 4.1
TVE 4.

4.7

4.5

ot the
ArEments
at {H g

serrvals from Wilshire to thes Stadium, with 1=
interval, has the following 9% confidence
each method of amnalvsis. The sum of

is also listed. The lowest SUM{FFNL)

T™VE STVC Wz

187

ALY -~
1292862
P
=
y

4268, 28

2@TTLE7

Harmrmum
Summer Liine
Ridgelay

.
L
T

¢!
o

o

Hobart i3 #é Qi
Mernlo & &2 54
U—~turn 575 .45 45 ]
St=diwm 1&7071 72 &H?

RIS I §7)

W provides about ?9.7%
length.



Lowest Actual Measurements

Another approach to estimating a length that has a high
probability of being adequate., for intervals with more than ten
measurements, is to use only the "best" (lowest) actual measure-
ment for each interval. If a single remeasurer®s ability 1is
equal to the ability of the average measurer on April 24, 1983,
his chance of equaling the "best" measurement for a specific
interval is less than 1/18¢, and his chance of equaling or
bettering only half of the 13 "best" measurements is less than
1/18,088 (See letter from Bob Baumel, 11/26/83, in the next
section). If the number of remeasurements is egual to the number
of original measurements, the odds are increased to S@% that half
af the "best" measurements will be bettered; however,
conclusions for the remeasurement would be based on the median,
not the "best" (lowest) values. Consequently, the probability is
very low that a remeasurement would find the "best" of more than
ten measurements to be short.

The "best" measurements for each interval, for each method of
analysis, are listed below for the intervals with more than 1@
measurements. The lowest value is underlined. {(meters)
TERMINUS LR CR T™VG sSTVC Wz
Bundy 1293.35 1293.24 1293.1¢ 1292.96 1293.146
Carmelina 1593.16 1592.96 1593.35 1592.80 1593.24
Georgina 3572.44 3371.48 3571.446 I572.51 3571.352
Navy Ct. 4233.37 4232.885 4231.92 423I2.32 4230.94
Via Dolce 1917.26 1917.16 1917.68 1916.95 1916.35
Mindanao 2549.91 2554.92 2549.56 2550.64 2551.40
Hannum 4267.21 4267.76 4269.26 42468.88 4269.48
Summertime 20833.32 2033.64 2034.01 203375 203T4.03
Ridgeley 2778.89 2779.14 2779.25 2778.91 2779.21
Hobart S3U3.74 S3IP4.25 S3@3.71 S3I05.88 S3I@4.14
Menlo 619,71 &1B.76 b19. 65 &1i.74 618,68
U—turn 575.47 575.48 575.33 575.43 575.41
Stadium 1468. 82 168. 83 168. 89 1468. 84 168. @3

SUM(BEST) 3#989&6.4 3@897.9 3I4897.3 3I3899.8 30897.46
SUM(BEST) = 3¢891.2 meters
The SUM(BEST) values are slightly lower than the 99%Z(SUM) values,
and therefore provide more than 99%Z confidence against shortness.

SUM(BEST) is essentially equivalent to SUM(99%4), and provides
about 99.8% confidence against shortness.
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Limits

Yet another way to estimate & length that has & high
probability of being adequate, when there are many enrouts
baseline samples and many measweanents, is to use the largest
counts/km  from the nearest baselines before and after =sach
interval. It is unlikely that the actual counts/km will be
larger than the largest sample of countsskm before and after sach

interval. The risk
ments with many enroute baseline
results i an estimate of the
interval.

is greatly reduced if there are many measuwrs-

S Use of the largest counts/km
Ymimimum limit" length for  each

The minimum lengths for the bicycle-measured intervals are
tabulated and plotted in the "Maps and Measwrements" section of
this report, and are listed below. Those intervals with less
than 17 measuwrements are in italics. {meters)

TERMINUS MIM. LIMIT

Wilshirs EROF L& (% meassurements)

Bundy 1292.7

Carmelina 1592.8

Georgina IE71.1 :

Mavy Ct. 42311

Via Dolce 1916.3

Tahiti 1995, 3 (3 peasurepentsd

Rora Bors 2esl.d (3 measurepents)

Mindanao 2548.1

Harruwm 4268.1

Summertime 283304

Ridgeley 2778.8

Hobart 5384,

Menlo H18.5

U-turn 575.2

Stadium 167.7
The total minimum length of the 13 intervals with 17 measurements

per interval is 3#899.2 meters,
value for SUM{?9W . This means
provide 99.%9% confidence against

The graph on the ftollowing page
the actual measswed lengths,
SUMIBESTY), SUMIBEST)., and the

intervals

FIRUALBUM) provide maore than 99%
Mote that 99%U(5UM) is lowser
for the overall length.

with 13 measuremaents per interval.

than any of the

which is identical to the lowesst
that the "minimum limit" lengths
shortness.

shows the relative positiocons of
{.999Md ), FRALASURY . BUMRFN),
"minimum limit" length for thes 13
All values hbelow
against shortness.
actual measw-ements

confidence
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LETTERS

The following pages contain a selection of some of the many
letters transferred between the authors of this report during the
last six months. This selection =zogoms in on statistical
analysis, and reveals some of our trains of thought. The ardent
observer is invited to share our journey and, if so inspired, try

to correct us if we are wrong, or enlighten us with better per-
spectives.

The following letters are contained herein:?

DATE AUTHOR SUBJECT

8-23-83 BL. Relative error for N samples

8-31-83 BB Probability of Shortness for a Remeasurement
9—- 6-83 PR Fersonal view

?-19-83 EBEB Reply to PR. Explanation of 8-31-83 letter
18- 6-83 BB More probability theory

11-26-83 BB Final review comments

19~ 4-83 PR Validation remeasurement theory

13-15-83 PR Personal afterword

Bob Baumel®s next-to—-last letter (19-6-83) presents the table
used to select a short course prevention factor given a set of
"N" measurements and a desired confidence level.
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129 Warwick Road
Ponca City, OK 74601

31 Aug 1983
Distinguished co-authors:

Concerning Letson's letter of 8-23-83:
The ''probable error'" referred to in the CRC math tables simply refers to a
range that ought to include half the observations; i.e. if you have a normally
distributed random variable with mean A and standard deviation g, then
there's a 1/2 probability of finding the variable in the interval from
M—E to M+E , where E = 0.67450 .

Letson's derivation of the qu/on-|) factor is incorrect because

the estimator that we've already been using for o~ (in both Riegel's
and Letson's programs) is

N N I
= | 2z
K \/«?T):@rM oo (At ]

rather than the RMS value,

KMS = \/:%[Ca,—mf'—r ... F (am—m)zj
A |

The main virtue of the estimator Q; (as opposed to the RMS value) is that
N2
g,” is an unbiased estimator of a*

Nevertheless, I have derived a result which correctly (I believe)
obtains a \/Gn*lh/" factor, based on specific assumptions about a validation
remeasurement. Note: Letson's original language on page 101 is too loose
in discussing the "confidence....that the interval is not short." Asking
whether or not the course really is short raises the whole sticky question of
defining what we mean by the "actual" length of a course (a question that
Riegel made some attempt to deal with in early issues of 'Measurement News",
but has never really been answered satisfactorily). Fortunately, we don't
need to define the "actual" length of a course in order to know whether a
course is acceptable; we only need to know whether it will pass a validation
measurement (and this should be made clear in the report).
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L, P 2k . L5 Bromer :

Probability of Short Course in a Validation Measurement

Problem: Given N measurements aj,...,ay of a given race course, suppose
the "official" length L is set at 81 + ...+ ay

L = —5g—— -5

where S 1is some selected "safety factor" or '"short course prevention factor."
Suppose that one more measurement (i.e. a ''validation remeasurement') is then
made of the course, with the result V. _ What is the probability that V will
be less than the "official" length L ?

Statistical Assumptions: We assume aj,...,ay are independent Gaussian random
variables, which each have mean A, and standard deviation ¢,. We assume
further that the remeasurement result V is also a Gaussian random variable,

but with mean 4 and standard deviation ¢  (not necessarily the same as A,
and 7). We also assume the random variable V to be independent of the
random variables ay1,...,ay.

>

Solution: We want the probability that V < 21 t . N - *tay _ g

or equivalently, that V — 21 % - - - * 3y « .5 Let us therefore
N

define the new random variable: X = V -

Now, since X is a linear combination of independent Gaussian random variables,
it is itself a Gaussian random variable. It is easy to show that the probability
distribution of X has the following mean and standard deviation.

Mx = M Mo

2.
T+ o
N

It follows that

Prob (X < -S8) = f ( -5 "/“x

= z:q_wp

where @(z) denotes the probability that a "standard" normally distributed
random variable (of mean 0 and variance 1) has value less than z; thus f(z]
is the standard '"one-tailed'" normal distribution tabulated in standard references
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Table Ia.

Percentiles of the

Standard Normal Distribution

PZ <3 2z
.001 —3.09
.005 —2.58
.01 -2.33
.02 —-2.05
.03 —1.88
.04 -1.75
.05 -1.64
.10 —1.28
.15 -1.04
.20 - .84
.30 - .52
.40 - .25
.50 0
.60 .25
.70 .52
.80 .84
.85 1.04
.90 1.28
.95 1.64
.96 1.75
.97 1.88
.98 2.05
.99 2.33
.995 2.58
.999 3.09

&)

S BW. Lindgren,

STATIST| CAL “THEORY
Macmillan , New York, 1762,

Table Ib. Two-Tail Probabilities
for the Standard
Normal Distribution

K P(Z] > K)

1.04 .30
1.15 .25
1.28 .20
1.4 .15
1.64 .10
1.70 .09
1.75 .08
1.81 .07
1.88 .06
1.96 .05
2.05 .04

2.17 .03

2.33 .02

2.58 .01

2.81 .005
3.09 .002
3.29 .001

/’\
2 [1-3(k)f
= 2 $(-K)

Tab.
Degrees N
of X.oos X
Freedom
1 .000 .C
2 .010 .0
 § 072 .1
. 207 .2
5 412 .5
6 .676 .8
7 .989 1.
s 1.36 1.
9 1.73 2.
10 |~ 2.
11 ) 3.
12 vl 3.
13 3.57 4.
14 4.07 4.
15 4.60 5.
16 5.14 5.
17 5.70 6.
18 6.26 7.
19 6.83 7.
20 7.43 8.
21 8.03 8.
22 8.64 9.
23 9.26 10
24 9.89 10
25 10.5 11
26 11.2 12
27 11.8 12
28 12.5 13
29 13.1 14
30 13.8 15
40 20.7 22
S0 28.0 29
60 38.5 37

Note: For degrees

percentile of the stan(

This table is adapte
and H.O. Hartley, ori
of Biometrika.



Let's try using Equation (1) to estimate the probability of finding
the course short in a typical case where the original course measurers are
not experts, and they use the standard short course prevention factor of 0.1%

We assume: S = 0.1%
os = 0.05%

o = 0.025%

= 0.05%

MM
where I've expressed all distances as percentages of the total course distance.
My estimates of T and g~ are educated guesses for the standard deviations
of unskilled measurers and skilled measurers respectively. The mt,~4 estimate
is a pure guess, and expresses the tendency of a more skilled measurer to find
the course shorter, due to better riding of the shortest possible running route.
The actual value of M=t depends on the skill levels of the original
measurers and the remeasurer, and on how tortuous the course is. You are free
to repeat these calculations for other values of the parameters:

Number of original Probability of Confidence
measurers Short remeasurement level
2 P (-1.1547) = 0.124 87.6 %
3 $(-1.3093) = 0.095 90.5 %
4 P (-1.4142) = 0.079 92.1 %
10 $(-1.6903) = 0.0455 95.45 %
oo F(-2) = 0.0228 97.72 %

For the specific parameters used in this calculation, the 99 % confidence
level cannot be attained by using a 0.1% safety factor, no matter how many
measurers there are in the original measurement. Of course these calculations
are extremely sensitive to the assumed value of A¢—4 . In the case where
Mo— M exceeds the safety factor S, then the probability of a short
remeasurement is greater than 1/2 (i.e., confidence level less than 50%).

The above calculations don't correspond to our actual measurement rules,
since I've assumed that the mean measurement was used before applying the
safety factor (See statement of problem -- top of page 2). Our actual rules
for the case N=2 would have the safety factor applied to the shorter of the two
measurements. Under these conditions, the probability of a short remeasurement
is approximately*

(Tt])

(I'11l spare you the gory details, but they're available if you so desire).
With the previously assumed values of the parameters, this works out to:

Short remeasurement probability = 55(-1.62) = 0.0526
(94.74 % confidence).

* The approximation made in deriving equation (2) was to assume a normal
distribution for a random variable that I know is not really normally distributed.
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Note that for the particular parameters chosen in this calculation, we get as
much confidence against a short course by taking 2 measurements and using the
minimum, as by taking 8 measurements and using the mean!

If we have 3 measurements (or any other odd number of measurements),
the rules say to use the median (before applying the safety factor). Clearly,
our rules don't provide as much protection against short courses when we make
an odd number of measurements, as when we make a similar even number of measure-
ments! The following expression gives the probability of a short remeasurement
when the original measurers used the median of a large, 0dd number of measurements:

@ (_ [ S—' (/‘o'/’") J )
3 — 3)
2N
With our assumed parameters from the top of page 3, with N=3, equation(3) yields:

$(-1.137) = o0.128 — 87.2 % confidence.

Now, equation (3), which was derived for large N, may not be very accurate for
N=3, but the numbers seem to indicate that in this case, the median of three
measurements provides only about as much confidence as the mean of 2 measurements,
and much less confidence than the minimum of 2 measurements! It is certainly
true that for any odd N>1, the median provides less confidence than the mean -
(although there is very little difference between equations (1) and (3) if N is
large enough).

Let me hasten to add that this apparent superiority of the mean over the
median is purely a consequence of our statistical assumptions about normal
probability laws. There are cases where this assumption fails miserably (and
in such cases, the median can be superior to the mean). From Jon Claerbout
(Fundamentals of Geophysical Data Processing, McGraw Hill, 1976, page 87),

"If in fact the data errors include blunders which arise from human errors

or blunders from transient electronic equipment difficulties, then the gaussian
assumption can be very wrong and can lead you into serious errors in geophysical
interpretation.. . . The median is insensitive to a data point, which by some
blunder, is near infinity."

The moral is that if we use a method of analysis employing the mean
(i.e. based on the Gaussian assumption), then any data points containing
"blunders' (such as Ron Scardera's swerves on certain intervals of the Olympic
course) must be edited out to avoid messing up the calculated mean. On the
other hand, methods based on the median are robust enough to yield a reasonable
answer in spite of the inclusion of a few data points way off the general trend.
This robustness of the median is probably the reason for its inclusion in our
official measurement rules (even though the median of a set of Gaussian random
variables doesn't have as sharply peaked a probability distribution as the mean).

This discussion of median vs. mean should help resolve the ambiguity
mentioned by Pete Riegel, of which portions of the course to take the medians on.
Clearly, the median should be taken separately on every single interval, so as to
most effectively recognize and eliminate the ''blunders.”
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By the way, while a median-based method will enable us to avoid
explicitly throwing away many of the 'bad" data points (since taking the median
throws those points away automatically), I think we must still throw out the
baseline 6 calibration data of the cyclists who overshot the end of that baseline.
That was a systematic error involving about half the measurers (rather than just
1 or 2 measurers), and retaining those erroneous calibrations would probably
screw up even the median analysis. (The anomalous calibration rides on baseline 2
are probably less serious; whether we leave those points in is mainly a matter
of what sort of philosophical statement we'd like to make about short calibration

courses!).

Now let's return to equation (1). Let's invert it to calculate the
safety factor S: needed to obtain a given confidence level C. Note that
confidence level C corresponds to a probability of 1 - C of a short
remeasurement; thus:

i-c = §(~[5 C/“o/*)]>

\10'—4-‘7'7"

which can be simplified, using a symmetry property of é§ , to:

C - é%s S- <>ég,"£f)

\{‘w"-f- o

N

< S = u—p + FYC) 0“7"+% @

This equation tells us, for example, that if 3 measurers do a measurement,
using the mean (as in procedure in problem statement on page 2), and if we assume
the parameters listed on the top of page 3, then the safety factor needed for

99% confidence is
(except {or the satety factor, of cours <’->

0.05% + 2.33\/ | 2 2
(0.025%2)" 4 (0.05%) = 0.139%
3
which is somewhat greater than the standard 0.1% safety factor.
Equation (4) is, of course, quite difficult to use in general, due to
our lack of a priori knowledge of the correct value to use for do—

Nevertheless, in the particular case of our Olympic measurement, we can make a
major simplifying assumption:
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The people who measured this Olympic course are probably the best
course measurers in the world. If a remeasurement ever needs to be made,
the remeasurer will probably be drawn from the same population of measurers
as was used for the original measurement. Under these conditions, it seems
reasonable to assume that ‘

MEp T

With these assumptions, equation (4) simplifies to:

5 = o« &) ‘}1+/'\il_ , )

This equation is very easy to apply: The §"(C) term is easily obtained from

a table of the normal distribution (enclosed), and ¢, which we assume to be
the same as 07 , is easily estimated from the original measurers' data,

using the estimator 6L from page 1. As an example, if we want 99% confidence,
and N=13, then n

S= 2338 = 242 ¢ .

Recall that equation (5) is derived from equation (1), which assumes the
use of the mean in defining the course length. If medians are used instead of

means, then we start with equation (3) instead of equation (1), and obtain the
following equation for the safety factor:

S= ¢ &) \/E:__zr; ) | 6

For the special case of 99% confidence, with N=13, we then find:

S= 247 o .

Recommendations on Olympic course length

What is the purpose of our report? If all we're trying to do is make
this particular race course acceptable, then we can use equation (5) or (6) to
establish a course with a very high probability of not being found short.

We can probably do this using a safety factor of only 0.05% or 0.06% of the
measured distance.

On the other hand, I don't recommend such an approach if there's any
chance of our report being taken as a precedent for future measurements --
especially for measurements where the assumptions leading to equation (5) or (6)
may not apply. Note that the key assumption needed in reducing equation (4) to
equation (5) was that the course was measured by the best measurers in the world!
Clearly, the use of less than the full 0.1% safety factor depends on the skill
of the measurers, rather than the sheer number of measurers.

If we decide to use a 'confidence" method (providing less than the full
0.1% factor), then I prefer the mean-based method of equation (5) to the

median-based method of equation (6), mainly because the former is easier to explain.
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But recall that a mean-based method requires pre-editing of erroneous data points.

If we're concerned about our role as a precedent, then I suggest the
full 0.1% factor, applied to the interval-by-interval medians (or to the "shorter"
median for intervals with an even number of measurements) as required by our
official rules. .

Now, what method of calculation should be used before taking means or
medians and applying the safety factor? Let me first say that it would be a
big mistake not to use the intermediate calibration data in our primary calculation.
For one thing, ignoring that data would be a slap in the face to John Brennand
and the others who laid out those intermediate baselines for us!
Also, thinking again of our possible role as a precedent, using the intermediate
calibration data can insure accurate results in virtually any sort of weather/
temperature pattern -- even in cases where the "standard" method would be way off.
Thus, measurers of major marathons should be encouraged to set up and use
intermediate calibration stretches along their courses.

It is now a choice between TVC and the various regression methods.
TVC is the simplest extension of the standard method, to include the intermediate
calibration data. There are more elaborate ways, but they really don't add any
more accuracy. TVC is inherently more accurate (although not quite as precise)
as the regression methods. TVC was implicitly the standard of accuracy against
which all else was judged in Predictability Study #1 (and this should be made
more explicit). TVC does have a (very slight) precision problem since there
was only 1 ride over each intermediate baseline. But these are purely random
errors and aren't worth worrying about since they average out in the final
results. The regression methods try to improve precision, but at the cost of
reduced accuracy, by forcing the calibration data through a curve of specified
type. Regression can yield excellent results (just as good as TVC) if the curve
type is well chosen. But none of the regression methods (including linear regression)
can be properly applied without first seeing the data, so as to decide what type
of curve to fit.

At this point, I'd like to discuss more topics (such as the "predictability
studies'). But it's getting late, and I'd better get this letter typed up and
in the mail before this weekend, when I leave for a two week trip.
Good luck in your further deliberations. I suppose I'll find out your reactions
in 2 weeks.

Best regards,

Bot-

Note: one minor point...Don't forget to determine the adjustment for the
construction site at Wilshire § Bundy. (I know there were several places on
the course where we considered calculating adjustments, but this is probably
the only one big enough to worry about).
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September 6, 1983

Bob Letson

Dear Bob,

This will confirm some of the things we discussed in our conversation of
last Saturday, in which I sold my soul to Ohio Bell,

I will cheerfully go elong with a non-0,1 percent approach to defining
course length, It is unimportent to me whether we use 2,42 SD's or, perhaps,
the rounder 3, In order to accomplish this wonder of doublethink, I had

to modify my previous adamant stance on the 0.1, I now reason as follows:

Course shortness may be prevented either by measuring twice using the
standard method, or by using a measurement technique which convincingly
demonstrates & low probability of course shortness,

We took the latter course, and I believe that we can demonstrate to any
skeptic that the course is not short nor excessively long. We can use
two methods to prove the point:

First, we can choose some level of confidence that we deem proper and use
statistics to establish a course length., Even though our sample is small,

our measurements, when plotted, have a fairly symmetrical, normal-distribution
appearance, which is reassuring,

Second, we can show on the plot of how the measurement came out that the
distance we picked was not found short by eny measurer using any method.

If we had only two measurers, and the others were "checkers®, none of the
check rides could find the course short.

We thus have a blend of statistics and common sense, and they agree well
with one another, I rest content that I will be able to sign off without
further a.rgm_mnt or obsti:hl*x_qgcy.

I am looking forward to getting the Baumellian broadside you mentioned
that treats the statistics so elegantly.

here is the cleaned-up version of my COS 215 program., 1've added some
REM statements and resequenced it to make it pretty.

I'm looking forward to the FINAL report on this, Consult with me to
whatever degree you wish, but rest assured that I will present no further
obstruction to the final resolution of course length,

Best ards,

Pete Reiegl (whoops!)

xcBB



Lty fron Dn. Bok Baaal R

129 Warwick Road
. Ponca City, OK 74601

1983-09-19
Dear BL and PR,

It was nice to return from my 2 week business trip (1st week in Boston
at an oil industry consortium at M.I.T., 2nd week in Las Vegas at Society of
Exploration Geophysicists meeting) to find a stack of letters from Pete
Riegel. Those letters contained some entertaining reading material, and
some good observations (e.g. the potential errors in taking standard deviations
with a calculator), along with some incorrect calculations (e.g. the probability
of 2 measurements differing by more than 40¢~), and possibly some misinterpre-
tation of what I did in my letter of Aug 31.

My statistical calculations from Aug 31 had 3 main purposes:

1) I wanted to make it clear that Letson's ''99% confidence method" applies
only in the context of a '"validation remeasurement.'" It considers the
probability of finding the course short in a single repeat measurement.

It is not concerned with the probability that the course is actually short
(whatever that means).

2) I also wanted to make it very clear that the only real justification for
using less than the full 0.1% safety factor is Letson's statement on page 103
""that all of the measurers were experts." If I had wished, I could have
derived equation (5) quite directly, instead of going the more round-about
route of first deriving more complicated equations which I then simplified to
equation (5). But I wanted to bring out Letson's unstated assumption that
the remeasurer is subject to the same probability distribution as the original
measurers.

To that end, I first did several illustrative calculations for the
"normal' situation where the remeasurer is more skilled (and thus has a different
probability distribution) than the original measurers. In this ""normal' case,
it is not possible to calculate an appropriate safety factor using only the
data from the original measurements. The only way I could obtain any numerical
results for this case was by assuming ad hoc values for certain inherently
unmeasurable parameters such as M,— u, the difference between the means of
the probability distributions of the original measurers and the remeasurer.
Recall that my calculated numbers indicated that in general, even the full 0.1%
factor is not adequate to insure anything close to 99% confidence against
finding the course short in a validation remeasurement! —

My conclusion is that a statistical sort of method (such as x - 30°)
is probably justified for the present Olympic measurement, precisely because
we're just about the best measurers in the world (although it's rather difficult
to come right out and say this in the report!). For this same reason, I think
it would be a mistake to recommend anything less than the full 0.1% (at least for
the bike-measured parts of the course) if there's any chance at all that our
report will later be read and used by measurers less skilled than ourselves!

Please note that although relatively few people are likely to ever see
our report, certain aspects of our procedure (e.g. whether we use the full 0.1%)
are likely to leak out into the running magazines!

3) I wanted to take account of the finite number of measurers, and thus respond
to the frequently leveled charge that statistical methods apply only to very large
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numbers of measurements. It is true that some statistical methods are good N
only for large numbers of measurements, but it's also true that appropriate ‘
statistical reasoning can be of help in deriving valid conclusions from any

amount of data.

Actually, I succeeded only about halfway in removing the large N restriction
in this particular case. Let me explain. If the remeasurer has a normal
probability distribution with mean 44 and standard deviation ¢, then it is
quite correct to say that there's a 99% probability of the remeasurement finding
the course no shorter than - 2.33¢ . The main problem is that we don't
know the correct values of M and o . But with the assumption that the
remeasurer has the same probability distribution as the original measurers, we
can estimate . and o~ by the sample mean and standard deviation, j?h and a
which we derive from the N ogiginal measurements of the course. But N must be
large in order for iy and @, to be good estimators of A+ and 0 .

That's where the large N restriction comes from in BL's original 99% metﬁsd.

In my calculations, I explicitly took account of the fact that A, is
not the same as & . This difference led to the N+1)/N factor in my
equation (5). Unfortunately, I have still not accounted for the difference
between 3; and o . Note that equation (5) involves ©-, which is the
(unknowable) standard deviation of the probability distribution. In practice,
of course, you would use the estimator o in place of o in equation (5).

But the equation is then no longer strictly correct (i.e. it no longer gives
exactly the desired confidence level).

If you're really interested, I'm sure I can work out the correction to
equation (5) to account for the use of 3; rather than ¢ (This correction
would, of course, only be significant for small N). I don't know whether the
numbers needed for such a correction can be found in standard statistical tables,
or whether I'd have to do some integrals numerically on the computer. There is
however some question as to whether this calculation is worth doing at all.

For one thing, I'm not all that crazy about the idea of using a ''statistical"
method for defining our course length (I tend to prefer the full 0.1% factor

as described in the previous section). If we do choose a "statistical" method,
then I have no doubt that X - 30 would be perfectly adequate for all the
intervals that had 8 or more measurers. Thus, the calculation in question would
be of interest only to see how small a safety factor we could get away with

for the Via Marina intervals which had only 2 or 3 measurers. But the result
of such a calculation would differ only trivially from just using the standard
0.1% factor for that interval, as already proposed by BL.

Another subject investigated (at least approximately) in my statistical
calculations was the difference between means, medians and minima. One interesting
observation is that by following our standard rules, you get less protection
against a short course when you make 3 measurements than when you make only 2
measurements! With just 2 measurements, you pick the minimum, thereby providing
a definite bias toward a longer race course. But with 3 measurements, you pick
the one in the middle, and there is no such bias.

If the data is normally distributed, and you make any odd number of
measurements, then both the sample mean and the sample median are unbiased
estimates of the mean of the probability distribution. But it turns out that
the sample mean is slightly superior to the sample median as an estimator of
the distribution mean. On the other hand, the median becomes superior to the
mean when the data contains some '""blunders' causing departures from the normal
probability law. This is described by saying that the median is a more robust
statistic than the mean. And this robustness should make PR happy by allowing
us to leave in all the '"swerves'" and '"illegal shortcuts' that BL originally edited oul.
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On the subject of editing out bad data points, I don't like PR's suggested

criterion of throwing out only those points which differ from the average by more
than 3.29 ¢~ (whose effect is not to throw out any points!). This criterion is
certainly rather arbitrary. But PR's real fallacy is the idea that the criterion
should be based entirely on numerical examination of the data itself, with no
thought given to the question of how the data was obtained. For example, from
merely examining the data on the Avondale-Georgina interval, it's not very obvious
that anything is wrong with BL's data (it just looks like the best measurement).
But I know that BL took an illegal shortcut -- he was right in front of me, and
I saw him do it! This particular measurement was invalid because the measurer's
path differed distinctly from the previously agreed upon path. (And this was a
definite mistake, as opposed to the normal small variations that always afflict
us in our attempts to ride the SPR). I do however think we must be very
careful about rejecting these examples of "erroneous riding."  For example,
Ron Scardera's swerves should be rejected only if Ron himself agrees that he
swerved off the intended course on those segments. Of course, none of these
erroneously ridden intervals really need to be edited out if we use the more
robust type of analysis provided by using the median instead of the mean.

As for baseline 6, PR's calculations are interesting, but still don't
convince me that we ought to use the calibration data of the overshooters.
Even if throwing out baseline 6 has a negligible effect on the overall course
distance, it still has a more significant effect on the adjacent intervals
(especially by TVC). I am not surprised that omitting the baseline 6 data
had such a small effect on the total course distance as calculated by most of
the methods. I am surprised that the cos reg distance changed about 4 times as
much as any of the other calculated distances. I am even more surprised that
the change in cosine regression distance was opposite in sign to the changes in
the other methods. This may indicate lack of robustness in the cos reg method.
More likely, it may indicate that there is still a bug in the cos reg program.

Another item I found very interesting in PR's letters was his sketches of
probability distributions for 4 classes of riders. 1I'd like to offer my own
version of this. Consider:

Case 1 Perfect calibrators, Perfect riders.

Case 2 Calibrators like us, Perfect riders.

Case 3 Calibrators like us, Riders like us.

Case 4 Less skilled riders § calibrators.
CASE 2

re

CASE 3

=

f 4
Ag;ug:.,—j p Jo

(SPRE SHORTEST  [BssiBLE KoUTE}



—4-

Notes:

0) I assume no temperature changes in any of the 4 cases. Temperature changes
are a totally separate issue from riding ability. Furthermore, the effects

of temperature changes can be handled quite well by TVC (and to a lesser extent
by the regression methods).

1) The "perfect" riders of cases 1 and 2 are assumed to ride the mathematically
idealized SPR; i.e. 30 cm from curbs, 20 cm from curbless road edges or lines,
perfectly straight tangent lines. Thus the spike in case 1 represents the
actual SPR.

2) 1In drawing the curve for case 2, I assumed the calibration errors to be
completely random -- just as likely positive as negative. This is strictly
speaking not true, as there are systematic errors in calibrating, including:
a) warm-up effects.
b) improper use of counter (e.g. backlash error).
c¢) The ''calibration-wobble'" effect -- tendency to get too high counts/km
because of start-up wobble (which can occur several times if you have
to make intermediate stops along the calibration course).
d) The "walk-factor" effect -- tendency to get too low counts/km due to
taking weight off bike near endpoints.
As PR observed, it's debatable whether any warm-up effect can be demonstrated.
Furthermore, I doubt that error (b) applies to any of the measurers in our group.
Errors (c) and (d) act in opposite directions to each other. Also, both these
effects tend to partially cancel between the calibration course and the race
course -- but the cancellation is not complete since the calibration course tends
to be shorter than the non-stop ridden portions of the race course.
In any case, I've ignored all the systematic calibration effects when
drawing the curve for case 2.

3) For case 3, representing actual skilled measurers like ourselves, there is
no reason whatever why the mean of this distribution (which I denote u ) should
match the actual SPR of the course. I strongly suspect that M is somewhat
greater than the actual SPR. I have long maintained that a bicycle is not
physically capable of riding with its front wheel as close as 30 cm to the curb
when rounding a street corner. You can come this close by using the scooter
technique, but relatively few of the measurers actually used the scooter method
during the Olympic measurement.

4) For case 4, representing less skilled measurers, the curve is shifted to the
right and is somewhat broader than in case 3. I've denoted the mean in this case
by e to conform with the notation in my letter of Aug 31.

5) 1It's not clear whether the distributions in cases 3 and 4 should be symmetrical
or skewed. In my letter of May 27 (where I first presented TVC results), I claimed
to see some skewness in the TVC distances (i.e. some clustering of the data at
the short end of the distance range -- which I found intuitively appealing).
But I've since decided that there's no convincing evidence of skewness in our
data (and in any case, our sample of 13 measurements is too small to tell), and
the most reasonable choice seems to be the simplest possible description: a nice
symmetrical, normal curve.

As for the less skilled measurers (case 4), this will forever be a matter
of speculation. Any systematic experiment to determine the statistics of "unskilleu.
measurers would be futile, since the subjects would inevitably be a lot more
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skilled by the end of the experiment than they were at the beginning! The
only incontrovertible facts are that the curve representing unskilled measurers
ought to have its mean and peak values farther to the right than the curve
representing skilled measurers.

6) In the specific case of the '84 Olympic course, I'm not sure whether the
concept of the 'actual SPR" (represented by the peaks of curves 1 and 2) has
any real meaning. I say this mainly because of all the reflector buttons
on the road (often about 30 cm from the curb), playing havoc with our official
rules on where to measure. Each cyclist had to use his own judgment as to
where to measure: Should he ride to the inside or the outside of the row of
reflectors? Should he ride 30 cm from the reflectors (thinking of them as
raised obstacles similar to a curb), or 20 cm from the reflectors (thinking of
them as analogous to a line painted on the road), or maybe only 10 cm from the
reflectors (which is possible if your riding is very steady, as the reflectors
are low enough that you needn't worry about striking them with your pedals).
It is theoretically possible that a runner could run directly on the row of
reflectors (even though a bike can't ride there) since the runner can time his
footsteps so as to always land between adjacent reflectors. Most tired marathoners
wouldn't do this for any length of time, but they might do it briefly when rounding
a street corner.

By the way, in addition to the problems with reflector buttons, we should
also recall the arbitrary decision not to measure on the freeway shoulder (and
this should be clearly indicated on the appropriate map!).

The moral is that in many cases (such as this one), our rules are not
adequate to unambiguously define the "actual SPR" even in an idealized mathe-
matical sense. In that case, it becomes totally pointless to even think about
cases 1 and 2 of the curves drawn on page 3. We are then left with only cases
3 and 4, which it will be noted, represent the statistical ‘assumptions behind
the analysis from my letter of Aug 31.

Of course, there are courses which are simple enough that the SPR can be
unambiguously defined, and could presumably be measured extremely accurately
by careful surveying techniques (given enough time to do the surveying). The
simplest such example would be a perfectly straight point-to-point course.
There are also courses that have curves but are still straightforward enough to
be so surveyed. Some requirements for such a course are that it be smoothly paved
and curbed in its entirety (since uncurbed roads tend to have irregular edges),
and it shouldn't have any reflector buttons or similar obstructions along the
running path.

It would be very interesting to lay out a short test course of this type
(e.g. under a kilometer in length) and survey it very carefully (just as one
would survey a track to determine its length 30 cm from the curb). In fact, I
suppose that a track itself could be used as the test course. Then measure it
by the calibrated bicycle method, and see how close you can come to the actual

| 3.::41" /‘agm—»@dl
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129 Warwick Road
Ponca City, OK 74601

6 Oct 1983
Dear BL and PR:
PART I: SOME MORE PROBABILITY THEORY
1. PR's problem about 2 measurements differeng by more than 4 g~ :
Problem Statement: Let A and B be independent random variables each of which

has normal distribution with mean u and standard deviation g=. What is the
probability of A and B differing by more than 4o ? .

PR's solution: PR correctly calculated that
Prot- {(A<-2<ram4€ B>20) or (B<-2¢ MA>2°')}
= 2 (0.0228)%2 = 0.00104 (1)

However, the possibilities considered in Equation (1) clearly do not encompass
all possible ways in which A and B can differ by more than 4¢°. Thus the
probability calculated in equation (1) is definitely less than the desired

probability:

FProt § 1A-B) > 4o} @
Correct Solution: We use the same trick as in my letter of 31 Aug.
Define the new random variable

X = A-B 3

which (it is easy to show) has a normal distribution with mean and standard
deviation: 0

My = )
g5 = NZ o A 2
Note that:
G0 - BT o0 = 2.9284---
5 " ge - 202

Therefore, using a standard table of the normal distribution,

Pt $IXI >4} = Paof {1%] > 2.828% 03§ = 0.0047

. . i . .
which is about 43 times as large as PR's incorrect answer (1).

Generalization of Problem: Let A, - v AN be independent random variables,
each of which has normal distribution with mean 4 and standard deviation o .
What is the probability that some pair of the A's differs by more than 4o
(or some other specified amount)?

Solution: Use the table on page 2, giving the distribution of the "standardized
range' (Note: the term ''range'" refers to the interval between the smallest and
largest measurement). For example, if N=8, then the probability is 60% that the
range will be no more than 3 ¢ (or in other words, there's a 40% chance that
the range will exceed 307).



Table V. Distribution of the Standardized Range W = R/q
(Assuming a Normal Population)

Sample Size
2 3 4 5 6 7 8 9 10 12 15
E(W)| 1.128 1.693 2.059 2.326 2.534 2.704 2.847 2.970 3.078 3.258 3.472
ow .853 .888 .880 .864 .848 .833 .820 808 .797 .778 .755
W.os 01 13 3¢ 55 .75 .92 1.08 1.21 1.33 1.55 1.80
W .02 19 43 .66 .87 1.05 1.20 1.34 1.47 1.68 1.93
W0z .04 .30 .59 .85 1.06 1.25 1.41 1.55 1.67 1.88 2.14
W.os .09 43 .76 1.03 1.25 1.44 1.60 1.74 1.86 2.07 2.32
W. 18 62 98 1.26 1.49 1.68 1.83 1.97 2.09 2.30 2.54
W.. .36 .90 1.29 1.57 1.80 1.99 2.14 2.28 2.39 2.59 2.83
W.s .85 1.14 1.53 1.82 2.04 2.22 2.38 2.51 2.62 2.82 3.04
W.. .74 1.36 1.76 2.04 2.26 2.44 2.59 2.71 2.83 3.01 3.23
W, 95 1.59 1.98 2.26 2.47 2.65 2.79 2.92 3.02 3.21 3.42
W 1.20 1.83 2.21 248 2.69 2.86 3.00 3.12 3.23 3.41 3.62
W.e 1.47 2.09 247 2.73 2.94 3.10 3.24 3.35 3.46 3.63 3.83
W 1.81 242 278 3.04 3.23 3.39 3.52 3.63 3.73 3.90 4.09
W, 2.33 2.90 3.24 3.43 3.66 3.81 3.93 4.04 4.13 4.29 4.47
W 2.77 3.31 3.63 3.36 4.03 4.17 4.29 4.39 4.47 4.62 4.80
Was | 3.17 3.68 3.98 4.20 4.36 449 461 4.70 4.79 4.92 5.09
W.se 3.64 412 4.40 4.60 4.76 4.83 4.99 5.08 5.16 5.29 5.45
Waos | 397 442 469 4.89 5.03 5.15 5.26 5.34 5.42 5.54 5.70

This table is adapted from Tables XX and
isticians, Vol. I, 1954, by E. S. Pearson and H.

of the editor of Biometrika.

XXII in Biometrika Tables for Stal-
0. Hartley, with the kind permission

399




75

-3-

Exercise for reader: Show that in the special case of N=2, you get the same
answer by using the table on page 2, as by using the trick of equations (3)
and (4) along with a table of the normal distribution. Note that the trick
of Equation (3) doesn't work when N is greater than 2.

2. Removal of large N restriction from 99% confidence method (stated as a goal
in letter of 19 Sept):

Problem Statement: Let Al""’AN be independent random variables, each of

which has normal distribution with mean u and standard deviation o-.

(Note: we assume that the experimenters don't know the true values of x4 and ¢).
Let V (representing the result of a ''validation measurement'") be another
random variable, which is normally distributed and independent of the A's,

and which has the same (unknown) mean and standard deviation M and O

- A
Let A and O denote the sample mean and sample standard deviation of the A's:

;a: = A+ - . +Ay

. N _ )
& = \/(A,-Z)"'P s -+ (Ay-A)
: N-/
We would like to define an '"official length" L by the formula
— A
L = A-Ko. (6)

What value of K must be chosen in order to attain a given probability P that
V is not less than L ?

Solution: Recall that in my letter of 31 Aug, I defined the new random variable
X = V-X& )

which has the virtue of having a normal distribution that doesn't depend on the
unknown parameter AA. Unfortunately, the distribution of X still does
depend on the unknown parameter g~

To solve the more complete problem, we define the new random variable

T = (LA
a
which has the virtue that its probability distribution is totally independent
of both unknown parameters u and 0. Unfortunately, the distribution of T
is not normal. But fortunately, it is a standard tabulated distribution: As

you may have guessed from its name, T has a standard t distribution (with N-1
degrees of freedom). It follows that the correct value of K to use in

equation (6) is:
- (N-1)
K= L t, ©)

N
where th‘l) denotes the (P)th percentile of the t distribution with N - 1

degrees of freedom.



Table III.

Percentiles of the { Distribution

Degrees
of Las Lo les lao bas lao das fgo Les Lors Los  logs Logss
Freedom
1 158 .325 .510 .727 1.00 1.33 1.96 3.08 6.31 12.7 31.8 63.7 637
2 .142 .289 445 617 .816 1.06 1.39 1.89 2.92 4.30 6.96 9.92 31.6
3 (137 1277 1424 584 .765 .978 1.25 1.64 2.353.18 4.54 5.84 12.9
4 .134 271 .414 .569 .741 .041 1.191.53 2.13 2.78 3.75 4.60 8.61
5 132 267 .408 .559 .727 .920 1.16 1.48 2.01 2.57 3.36 4.03 6.86
6 131 .265 .404 .553 .718 .906 1.13 1.441.94 2.45 3.14 3.71 5.96
7 130 .263 .402 .549 .711 .896 1.12 1.421.90 2.36 3.00 3.50 5.40
8 130 .262 .399 .546 .706 .889 1.11 1.40 1.86 2.31 2.90 3.36 5.04
9 -129 .261 .398 .543 .703 .883 1.10 1.38 1.83 2.26 2.82 3.25 4.78
10 -129 .260 .397 .542 .700 .879 1.09 1.37 1.81 2.23 2.76 3.17 4.59
11 -129 .260 .396 .540 .697 .876 1.09 1.36 1.80 2.20 2.72 3.11 4.44
12 -128 .259 .395 .539 .695 .873 1.08 1.36 1.78 2.18 2.68 3.06 4.32
13 128 .259 .394 .538 .694 .870 1.08 1.351.772.16 2.65 3.01 4.22
14 128 238 .393 .537 .692 .868 1.08 1.34 1.76 2.14 2.62 2.98 4.14
15 128 .258 .393 .536 .691 .866 1.07 1.341.75 2.13 2.60 2.95 4.07
16 .128 .258 .392 .535 .690 .865 1.071.341.75 2.12 2.58 2.92 4.02
17 128 .257 .392 .534 639 863 1.07 1.331.74 2.11 2.57 2.90 3.96
18 127 1257 .392 534 .638 .862 1.07 1.331.73 2.10 2.55 2.88 3.92
19 .127 .257 1391 .533 .688 .861 1.07 1.331.732.09 2.54 2.86 3.88
20 .127 .257 .391 .533 .687 .860 1.06 1.321.72 2.09 2.53 2.84 3.85
21 -127 .257 (391 .532 .686 .859 1.06 1.321.722.08 2.52 2.83 3.82
22 127 .256 .390 .532 .686 .858 1.06 1.32 1.72 2.07 2.51 2.82 3.79
23 -127 .256 .390 .532 .685 .858 1.06 1.32 1.71 2.07 2.50 2.81 3.77
24 127 .256 .390 .531 .685 .857 1.061.321.71 2.06 2.49 2.80 3.74
25 .127 .256 .390 .531 .684 .856 1.06 1.321.71 2.06 2.48 2.79 3.72
26 127 .256 .390 .531 .684 .856 1.06 1.321.712.06 2.48 2.78 3.71
27 127 .256 .389 .531 .684 .855 1.061.311.70 2.05 2.47 2.77 3.69
28 127 .256 .389 .530 .683 .855 1.06 1.311.70 2.05 2.47 2.76 3.67
29 127 .256 .389 .530 .683 .854 1.051.311.70 2.04 2.46 2.76 3.66
30 127 .256 .389 .530 .683 .854 1.051.31 1.70 2.04 2.46 2.75 3.65
«© .126 .253 .385 .524 .674 .842 1.041.28 1.64 1.96 2.33 2.58 3.29

Note 1: For the lower percentiles, use the
tso = —l5 = 0. For example,

Note 2: For two-
This table is abridged from Tabl

Jor Research Workers, published b
of the authors and publishers.
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relation f, = —{;_,. In particular,
for 6 degrees of freedom, £,45 = —tes = ~—.404,

tail probabilities, see Table IV.

e I of Fisher and Yates, Statistical Tables Jor

Biological, Agricultural, and Medical Research (5th ed.)/Fisher, Statistical Methods

Y Oliver and Boyd, Ltd., Edinburgh, by permission

]

VY- IR N T )

Denominator Degrees of Freedom
-
w

24 |-

40 |«
¢

This tab
Vol. 1, 1954
ton and C.]
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In equation (9), the \/(N+1]/N term accounts for the fact that we don't
know the true population mean au, while the use of the. tp term (as opposed to
the corresponding percentile of the normal distribution) accounts for our lack
of knowledge of the true population standard deviation ¢  Equation (9) has
now fully accounted for the finiteness of N.

As an example of Equation (9), we use the table on page 4 to find that
if N=13, and we want 99% confidence, then the correct value of K is:

K = \JI%  +% :J%“xz,cg = 2,78 .

13 0.9%

Thus, theAsafety factor needed for 99% confidence when we have 13 measurers
is 2.78 0. More generally, we construct the following table:

K values to use in equation (6)

confidence level

0.95 0.975 0.99 0.995 0.9995
;'j 2 7.73 15.55 38.9 78.0 780
e 3 3.37 4,97 8.04 11.45 36.5
=3
3 - - - - -
S 8 2.02 2.50 3.18 3.71 5.73
E 9 1.96 2.43 3.06 3.54 5.31
Y10 1.92 2.37 2.96 3.41 5.01
o 11 1.89 . 2.33 2.88 3.31 4.79
2 2 1.87 2.29 2.83 3.24 4.62
g 13 1.85 2.26 2.78 3.18 4.48
= - - - - -
0o 1.64 1.96 2.33 2.58 3.29

Note that if N = 9 or 10, and we want 99%, we must choose K equal to about 3.
On the other hand, if N=13, and we choose exactly K=3, then we're getting a
confidence level of about 99.3%. (Also, if N=13, and we choose K=2.5, then
we get a confidence level of about 98.2%).

One observation is that for N = co, we Trecover our elementary
criterion based on the normal distribution. That's because: (a) the \/(N+1)/N
term becomes 1 as N - oo, and (b) the t distribution becomes a normal
distribution when N —» 00 (see bottom line of t table on page 4).

Another observation is that for small N, the required K values are
extremely large. This comes from the tp term, rather than the VKN+1)7N term.
It represents the fact that when N is small, & is a rather poor estimator of
a . For example, if we have only 2 measurements, then there's a significant
proba@}lity that the 2 measurements will be extremely close to each other, so
that o~ will be considerably smaller than 0.

At the top of page 6 are some calculations for the Via Marina
intervals:
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VIA MARINA INTERVALS
Safety Factor for 99% Confidence (based on PR's raw TVC)
A
— A Ko
Interval N A a K (Safety factor)
Tahiti Way 3 1997.43 0.67 8.04 5.4
Bora Bora 3 2663.13 0.12 8.04 0.96
Northwest Passage 3 2950.30 0.80 8.04 6.4
next break 2 3261.28 0.46 38.9 17.9
Captain's Row 2 3516.22 0.035 38.9 1.36
meters meters meters
Note that for Captain's Row, the calculated safety factor is quite small
(less than 0.1%) in spite of the very large value of K. That's because of the

extremely small &, due to the remarkable coincidence of BB's and RS's measurements
on that interval (at least by raw TVC).

On the other hand, for all but the Bora Bora and Captain's Row intervals,
the calculated safety factors are considerably larger than 0.1%.

I think this shows that when we have only 2 or 3 measurements, the scheme
based on equations (6) and (9) is not a good one, as it yields a very erratic
safety factor. It often gives us a very much larger safety factor than we
really need, in order that it won't give too small a safety factor %E those
(rather frequent) cases, such as BB and RS on Captain's Row, where o is much
less than o .

The conclusion is that for N equal to 2 or 3, we're better off using the
standard 0.1% safety factor, rather than a statistical scheme. But if we
have 8 or more measurers, then the statistical approach using equations (6) and
(9) is perfectly reasonable.

PART II: DISCUSSION OF OLYMPIC RECOMMENDATIONS

For nearly 6 months, we've been quibbling about a few meters one way or
the other. The final choice of what number to adopt seems quite arbitrary.
I don't think the decision can be made by purely scientific reasoning using only
the data from the measurement. The final choice will certainly be influenced
by political considerations and general philosophical principles. For example,
one principle enunciated by PR (and I can say it's an idea I agree with) is that
our final number should be calculable by a reasonably simple procedure.
Relevant political considerations include the certification and validation
rules (as we perceive them), and the reactions of, or effects upon, various
groups of people. There are at least 5 groups of people we might consider:

1) The Runners. The 15-20 meters we're agonizing over are only worth about
three or four seconds, and I don't think we need to worry about that. In any
case, all recently certified marathons in this country do include the full 0.1%
safety factor, so what we must decide is whether to give the runners a gift

by making the course slightly shorter.

2) Certification authorities in this country. From the beginning, PR maintained
that the '"standard'" method, including the full 0.1%, would be most readily
accepted. That reasoning received a severe blow with TC's statement that there's
nothing sacred about the 0.1%. Furthermore, Bob Hersh has now provided a good
rationale for using less than the full 0.1%.
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3) Athletic officials in other countries. Here I see a danger that we'll get
complaints that the course is too long! For one thing, measurers in most other
countries are probably still using the 1 meter rule. We might not really have
measured exactly 30 cm (or even 30.48 cm) from the curbs (especially considering
ambiguities due to reflector buttons, etc.), but even S0, our course is probably
at least 30 or 40 meters- longer than if we had measured 1 meter from curbs!

A second point is that nobody outside the United States routinely tries
to measure courses long by a factor of 1.001. The closest thing is probably
the certification standard for an AIMS marathon, which says to aim for a meas-
urement somewhere between the nominal distance and 1.001 x nominal distance
(thus, they in effect use a safety factor of about 1.0005). If we use the full
0.1% factor, in addition to measuring by our 30 cm / 20 cm rule, I can really
see 'some of these people shouting that the course is long!

4) The ordinary measurers who send us certification applications. Most of
these will never see our report, but they'l1l probably still find out whether
we included the full 0.1%. As PR has pointed out, we'll probably get less
trouble from these people if we do use the full 0.1%. On the other hand, we
might be able to explain that it would be overkill to use the full 0.1%.
After all, the reason why novice measurers need the 0.1% is so that the course
won't be found short when a more skilled measurer (such as ourselves) comes
along to check the course. It therefore seems silly to still use the 0.1%
when 13 of ourselves get together to measure a course, since we're the same
people who would be doing the checking! (I wonder, though, whether in the
future, somebody will build a course measuring robot that can do a better job
than any human at measuring the SPR). -

5) Measurers of other Major Marathons (e.g. AIMS events and future Olympics).

One thing we should probably be doing in this report is promoting the tough
U.S. standards for trying to prevent short road race courses; e.g. the 0.1%
factor and the 30 cm / 20 cm rule. This becomes more difficult to do if we use
less than the full 0.1% for the present course. But as BL has pointed out,

we can set things up so that measurers can get away with less than the full
0.1%, provided they take enough other steps, such as having ten or more expert
measurers (I know that Hersh referred to "more than a dozen' measurers, but

I wrote '"ten" because I like metric).

I have this fear that some day the Olympics will be held in a country
where the running boom has not yet caught on, but even so, the local officials
will try to duplicate our procedure by gathering 13 people to measure the
course on bicycles. The only problem is that none of those 13 people will
have ever measured a race course before! We should therefore emphasize that
we had 13 expert measurers, each of whom had done many course certifications,
and thoroughly understood the concept of measuring the shortest possible
running path.

Thus, an obvious prerequisite for measuring a course of this magnitude
is that only experienced measurers be used. But perhaps even more important
than experience is the attitude of the measurers, in trying their utmost to
avoid a short race course. This is an attitude which has only recently been
adopted by certification officials in this country, and may not yet have taken
hold anywhere else in the world. But we were all imbued with that spirit
during our measurement this past April, and we jokingly referred to it as a
contest to see which measurer could obtain the best measurement by getting
the shortest measured distance. (Fortunately, the results of that contest were
inconclusive, due to all the different calculation methods). But perhaps we
will do a valuable service if we can get some of that spirit across in the report!



Now let's get down to the nitty gritty. What length should we recommend?
I suppose that the "Hersh' number of 30892.8 m is a reasonable one (for that
set of 13 intervals). Its derivation is quite straightforward (For each
interval, pick the smallest measurement from any measurer, by any calculation
method). Furthermore, I can give an a posteriori justification for the number
in terms of my statistical approach. Let's suppose that a remeasurement is
made, and the result calculated by raw TVC (which is one of the most valid
methods). From Letson's recent graph, we see that the Hersh number is 4.49
standard deviations below the mean of raw TVC (where I'm talking about standard
deviations for measurements of the full 30.9 km distance). Now, from my table
on page 5 of this letter, we see that for 13 measurers, a K value of 4.49
corresponds to a confidence level of almost exactly 99.95 %.

The main element of arbitrariness in Letson's "Hersh' number is the choice
of calculation methods from which it is derived. For example, if the 'standard"
method were included, then the number would be lower. But I agree with BL
in omitting the "standard" method which, as I see it, is significantly less
valid than the TVC methods (which I regard as most accurate). It so happened
that in our particular measurement on 24 April 1983, the 'standard" method
gave a smaller answer than TVC. But that certainly doesn't mean that "standard"
will always give a smaller answer (and thus result in a longer race course) than
TVC! “It's very likely that if the measurement were repeated on a different day,
with a different temperature pattern, then the '"standard" result would be higher
than TVC. In the meantime, the TVC result would probably be quite reproducible
on a different day with different weather.

As for the regression methods, I regard them as intermediate between
standard and TVC. In fact, I suspect that regression (as implemented by PR)
will generally give an answer intermediate between standard and TVC (I can even
give a fairly rigorous mathematical proof of this assertion for the special
case of equally spaced baselines and linear regression).

In terms of order of magnitude, I can accept either the 30892 m or 30888 m
figure. However, I do think that BL's derivation of the 30888 m number is
extremely arbitrary.

In any case, if we accept such a slim safety factor, there is still
another danger that hasn't been mentioned yet. I'm not really worried that
somebody will come along and find the course short, as long as they measure
exactly the same course as we measured. It is therefore absolutely imperative
that our written documentation provide an extremely accurate description of
our measured path.

Actually, there are at least 4 points where the diagrams in BL's
"Maps § Measurements' section describe what I think is a shorter path than
what we actually measured. (Note: I've already mentioned 2 of these cases in
previous letters):

1) Wilshire § Bundy: The map should clearly indicate the construction site
at this corner, and, if possible, a course correction to account for that construction.

2) Via Marina turning points: I don't think BL's diagram of the turning circle
is correct. My recollection is that the lines we painted on the road extended
considerably farther south than just 12' from the point of the curb. The

exact turning center and radius should be checked. There is also a question as
to whether the lines we painted represented the measuring line or the pylon
positions (My understanding was that our lines denoted the pylon positions,

so that the measuring line was 30 cm farther out).
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3) Marina Freeway: The map should make it clear that we measured only on the
roadway proper -- not on the paved shoulders which contained debris that could

cut bicycle tires.

4) Stadium Tunnel: I don't know whether we really measured 12' from the storm
drains shown on BL's diagram. In fact, I don't remember ever seeing those

storm drains. All I remember were those big barrels (or garbage cans) that were
placed along the wall. (And those barrels aren't shown on BL's diagram at alll).
I also recall that John Brennand issued verbal instructions to stay some rather
large distance (maybe 6 ft, although I'm not sure I remember exactly) from the
tunnel wall. It turned out that our measurements displayed a larger coefficient
of variation on this interval than on any other interval of the course. I know
that I tried to follow Bremnand's instructioms literally. I suspect that

some of the other measurers ignored Brennand's instructions and simply squeezed
as close as they could get to the barrels.

In the above cases (especially cases 2 and 4), BL should try to recover
the original field notes from John Brennand, or whoever else might have them.

Best regards,

Dol
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November 1&, 1QFf3
Bob Boaumel
Tear Bob,

Just rot vour reply to BL's report. Gl=d you think it's nice too.

I think that your description of TVC is probs=bly = little

better than BL's wss, but thev both seem to do the Jot.

Of specizl intersst to me wazs vour gr=phs of how TVC re-1ly

worked. Wh=t we AdiR w=s use TVC to e-lculste = ccnst-nt unclear,

for each interval between c=1 ccurses =nd then use the ssm{lbv1r“”‘
constant for ezch of the interv=1ls. forqe

I did ¢do = computer run in which I interpol=ted the tve
constants within the r=nee, using = slightly different const-nt
for ezch intervsl, if twc or more were between c=1 courses.

I mev have sent veou s printout - I know I sent one to BL.

The difference between true intervol-tion =»n# ordin-rv TVC

was so tiny 2s not to justify using it. It is so much more
ccmplex and hzrd to expl=in.

Actuzlly we use? stoir-step constant fraphs on 211 our
methods, even the regression ones. F=ch intervsl h=s its own
constant. I think it woule only confuse the re=dre if we

gct into those stzirsteps. M=vbe not. But is thers =ny roint
in it, besides our own cbsession with trvine to be rerfect?

As f=zr a5 I zm concerned, the report is perfect enourh for me,
snd 21though there =re still sre=s th=t f=211 short of perfection -
I think we should roll it up =nd m2il it.

Like ycu, I found BL's foravs into the re=1m of SIVC = bit

mere arcane than I would like, but I czn't s=v I'm too disturbed
about it. We have to be mcre flexible thzn we would like sometimes.
Besides, I don't think that =any serious incursiens into in-
accuracy were m=cde, althoursh I founé the mony =2 justments

and explaznztions to be =wfully laborious just to improve our
"sccuracy” by such 2 trif€ling 2mount.

I think we would hzve heen OK with only the strezirht stendsrd
m-ethod, but we would not hove hsd ne=rly the fun, nor woule
the repert be the classy ‘ob it's turning cut to be. For the
1ife of me I ¢can't see why I got so obsessed by this, but I
suppose that's why we do this stuff st =11.

As for RETRODICTED, Gocd God. Ple=se seek prcfession-1 help.
How sbecut "derived ccunts"” or something less overtlown? If
we need to do anything zbout thot section =t »11l. Person-1ly
I don't see the re=l point of that whole section, but it's

2 little more anslysis th=t just might help. I often find
lster that when I've thcught you =nd EL to be in left field,
reconsicerstion modifies my view. That section is 3L's t=by,
and I have no personzl involvement with it =t =11. Just like



e

my views on STVC 2nf adiusting det=. I've h=d my s»yv, ~n?
in these sections BL is having his. -

Better put your erronecus objection to my Afterword beock in.
I think BL's going to ude it (edited, to escspe my error
concerning the non-unigueness cf our me=surement due to

its enroute courses. BL has used them before.)

I will lesve you z2n¢ BL to thrash out the remsinder of vour
differences without my 2id. I =2m h2ppy with the present st=te

of the report, and believe that further errors =re =11 of such

2 minoe nature that course accur=c is not seriously compromisec.

I puess I wrote this letter 511 becsuse of RETRODICTFD. I

absolutely couldn't telieve it. Wonderful! I must find somewhere

to use that werd. Sounds like something from the Pent=gon.
(sorry, imprcper us:=ge)

If I had to retrodict/the results cf 2znother simil-r me=surement,

I would say thzt we were handicsppe’ by the speed with which we

had to werk. We dif the best we could, but with =11 of us

in that ecaravan, esch of us hacd to let scme things gc in order

to keep up with the others. Msybe two people whc knew the

coursi well could hzve done better, but prot=bly not = hell

of a lot.

I =am still chuckling snc gigeling over thst d2mn word. I'm

sorry if I'm offending vou, but I ®2n't help myself. If I

dén't stop I will get the hiccups.

Your commentary wss good, Bob, snd I think vou're on the m-rk

in the things you've s=2id, sc vou =2nd BL settle vour differences.
BL 2nd I have ours settled zlre=dy, I think.

Have a good Thanksgiving.

Best éazerds,

Fete Riegel e

XCBL
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129 Warwick Road
Ponca City, OK 74601
1983-11-26
Dear BL, '

I've made numerous corrections and small changes, which you may
act or as you wish. They're all marked in BLUE ink, and each page with
changes has a v mark at the top.

I've also written 3 more items (on the enclosed 4 sheets of paper)
which I would like to see added to the report in the appropriate places.
They are:

1) I disagree with your interpretation of '"region of doubt'" as described in
your ""Validation Remeasurement'' section on page 50. Rather than change what
you have written in this case, I would like to add my own interpretation

(2  typed pages, enclosed). Perhaps this should be inserted between pages
51 and 52, This disagreement in interpretation is also the reason for many
of my proposed changes on page 179.

2) You had some incorrect probability calculations on page 55 in connection
with the Lowest Actual Measurements method (this is a case where the

binomial distribution, of which PR has been so enamored, should have been
used). I have therefore written up a sheet of correct calculations. Actually,
while these calculations are interesting, they may not be all that important to
the report. Then again, you might consider them very important since the
Lowest Actual Measurements method is the one used for defining most of our
recommended lengths. Anyway, you can decide whether you want to include my
calculations, or correct or eliminate your own erroneous calculations.

3) I have reworked the stadium U-Turn calculations from page 144. One thing I
realized is that you overlooked a very small distance of 1.8 cm (which I denoted
"w'" on page 144). I've also done a thorough error analysis (on enclosed sheet)
using partial derivatives to calculate how much the uncertainties in each of

the three taped distances propagate through to the final calculated result for
the length of the running path. One thing I realized is that the possible errors
in each of the 3 taped distances are considerably larger than one might hope
from a steel tape measurement under optimal conditions. That's because each
taped distance was stated as a whole number of inches. In other words, the
distances had been rounded to the nearest whole inch before we ever looked at
them. Thus, each has a possible error of & 1/2 inch (or + 1.27 cm). This
propagates through to a possible error of + 5 cm in the calculated result for
the running path, which can be expressed as: 16.25 + 0.05 meters.

On the list of proposed lengths (page 180), I've made basically just 2
changes:

1. My opinion is that the 45 cm construction adjustment for Wilshire-Bundy
should be included in the average median distance, rather than the short-course
prevention factor, since this is an actual change in available path, as opposed
to a result of our short-course prevention analysis. In any case, this is an
unimportant change, since I haven't changed the all-important final column
""proposed" distance (since you already included the construction adjustment in
that final column). I have added a footnote so as to eliminate any possible
confusion on the part of the reader as to whether the construction adjustment
has been .included.

2, I've replaced thé U-turn arc distance with my calculated result (3) above.
This has the effect of returning the "proposed' distance for this interval to
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16.20 m, which was your original printed version (before you made your change in
red). In fact, my changes would return the entire final column of "proposed"
lengths to the original printed version. However, the columns headed Md and
SCPF will be slightly different if my changes are accepted (and even if my
changes aren't used, it should be noted that the sums at the bottom of those
columns contained slight errors, as they hadn't been corrected to account for
some slight revisions since the previous version of the report)

There is one other change listed on page 180, concerning the possibility
of a remeasurement result out of tolerance. But this was perhaps more a semantic
problem than a mathematical one.

I have one other request, Bob. When you send out copies of the final
report, would you send me two copies? I would like to have an extra copy to
give to Oklahoma TAC, who were nice enough to provide me with $200, or about
half the cost of my trip to Los Angeles this past April.

Dear PR,

I'm sorry you found the word "retrodicted" so hilarious. But it was
the best I could think of. The word "actual" is certainly misleading. And
your suggestion of '"derived" doesn't convey as much information. You might
be interested to know that I didn't make up the word "retrodicted". I have
previously seen it in an article or book on the theory of measurement in
quantum mechanics, but I can't cite the reference just now.

Thanks for reminding me about your LIN TVC calculation. I had
probably seen it before, but hadn't paid much attention and had forgotten it.
In any case, it confirms my statement on page 37 that the difference is
negligible for the total course distance, and is most noticeable for the intervals
between baselines 3 and 4. In practical terms, the major difference (of just
over a meter) was on Admiralty - Mindanao (just before baseline 4), where TVC
was used for the official proposed distance, even though LIN TVC was probably
more accurate. Of course, the difference. between TVC and LIN TVC is much smaller
than the effects of including or omitting baselines 2 and 6, as shown by the 3
columns on page 36. I included the step-function graph in the interest of
accuracy -- in case anybody tries reproducing our calculations. I also needed
to mention linear interpolation because it is used in STVC.

Even though your '"Personal Afterward" is back in the report, you may
be interested to know that I will leave my "Winston Smithsonian" revised letters
in their present form; i.e. I have no intention of putting back my criticism
of your Personal Afterward. So there!

Best regards to you both,

Bt
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ON "REGIONS OF DOUBT"
by Bob Baumel

Bob Letson's statements about ''region of doubt" in his discussion of
""Validation Remeasurement' do not correspond to the philosophy advocated by
certification authorities in this country. Race courses do not have legal
rights under the Constitution of the United States. They are not considered
innocent until proven guilty (i.e. short). They need not be proven guilty
(i.e. short) "beyond reasonable doubt'. In fact, the reverse is true; a
course is valid only if it can be shown beyond reasonable doubt that it is
not short.

ol According to the U.S. Validation Standard scheduled to take effect on
1 Jan 1985, a course is considered to pass a Validation Test only if the result
of a remeasurement (with no ‘consideration of "reg1ons of doubt") shows the

. qourse to be at least as long as the nominal length. (Note: U.S. races held
in"1984 will be subject to a more lenient (interim) standard which allows a
short course tolerance of 0.1%. This is to allow time for older certified
courses to be upgraded to the no-short-course-tolerance standard). All courses
currently being certified in the United States are intended to meet the 1985
validation standard.

~ In order to provide a high probability that a course can pass a validation

test by the 1985 U.S. standard, the short course prevention factor which is applied

to the course must be sufficiently large as to encompass the regions of doubt

of both the original measurement and the remeasurement. This is, in fact, the

philosophy behind all the probability calculations in my letters (which are

reproduced at the end of this section). In all those calculations, I consider

probability distributions for both the original measurers and the remeasurers.

In particular, Letson's stated region of doubt of 1/2700 was calculated
using the probability methods from my letters, and is thus an estimate of a
combined region of doubt for the original measurers and hypothetical remeasurer
(assuming the remeasurer to be statistically similar to the original measurers).
What it represents is an interval, surrounding the mean value of our measurements,
in which the results of future measurements will most likely lie. To be precise,
the estimated probability is 98% that any given remeasurement will lie within
the interval (and more importantly, the probability is 99% that the remeasurement
won't lie below the interval).

There is another philosophical point which is more subtle, but I will
attempt an explanation anyway. The quantity of interest in my probability
calculations is not the difference between a measurement of a course and the
"actual length" of the course, but rather the difference between measurements
on two different occasions; i.e. the original measurements (24 April 1983) as
compared with a presumed later (validation) remeasurement. Given our measurement
results, I can calculate a ''region of doubt" in which the results of future
measurements will most likely be contained. But it's far more difficult to
calculate a '"region of doubt'" for the actual length of the course. The problem
is that it's a very sticky question to define exactly what we mean by the
"actual length" of a course!

One possible definitjon of '"actual length' would be the distance along
the geometrically shortest possible path, following perfectly straight tangent
lines (on stretches between curves), and hugging the inner edges of curves at
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distances of exactly 30 cm from curbs, or 20 cm from lines or curbless road edges.
This geometrical definition works perfectly well in the case of a track, but
road courses are more complicated.

The best method anybody has found for measuring road courses is the
Calibrated Bicycle Method. Nevertheless, we have no good data on just how
close a bicycle measurement can really come to the geometrically idealized
shortest possible path. In fact, there is considerable doubt as to whether
a real bicycle can be ridden around a street corner with its front wheel as
close as 30 cm from the curb (without having its inside pedal strike the curb)!

But whether or not a bicycle can really match the idealized geometrical
shortest possible path (including the specified 30 cm and 20 cm distances),
it is generally believed that in practice the bicycle method is perfectly
capable of satisfying the rule of measuring the shortest possible running path;
i.e. if the course is created by competent bicycle measurements, then no runner
will actually succeed in running a shorter path than has been traversed by the
bicycles. This concept has led some observors (such as Peter Riegel) to suggest
an operational definition of '"actual length', based on the calibrated bicycle
method.

The idea of such an operational definition would be to 'define'" actual
length as (more or less) the shortest distance obtainable by competent calibrated
bicycle measurements. This statement is still rather fuzzy, and I have not seen
a really precise formulation. In any case, from the viewpoint of such an
operational definition, if we can calculate an interval (or 'region of doubt")
in which future measurements of the course will probably be contained, then
this interval can also be regarded as a 'region of doubt' for the true length
of the course. However, the most likely value of the '"true length" would be
somewhere at the lower end of the interval, rather than the center of the interval.

The shortest possible path rule makes statistical error analysis more
complicated for a race course measurement than for measurements in most other
areas of experience. In a 'mormal" measurement, if it can be assumed that
systematic errors have been removed, then the remaining errors are '"'random' and
just as likely positive as negative. But the shortest path rule introduces a
funny sort of bias. Departures from the shortest possible path (e.g. by lapses
of concentration of a measurer), although ''random,' are nevertheless one-sided;
i.e. any deviations from the shortest path can only increase the measured distance.
The resulting bias creates a difficult problem of interpretation.

To return to my original subject, let me reiterate that the probability
calculations in my letters are concerned solely with the statistically well-defined
problem of predicting the results of future measurements of the course, and
make no attempt whatever to estimate differences between our measurements and
the 'actual length" of the course.

Note: These statements have an interesting implication for Validation
Remeasurements. It seems that the majority of measurements of a course
probably yield a length greater than the "actual" length. This means
that if a remeasurement finds a race course to be short, then the course

most likely really is short! Fowevrer, T o alao 2 ZL7 4
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Probability of Remeasurers bettering the ''best' measurements
on n intervals of the course

If an interval is originally measured by 13 measurers, and is then
remeasured by a single remeasurer (assumed to be just as skilled as the original
measurers), then there is a 1/14 chance of the remeasurer getting a lower (or
"better') measurement than the lowest (or "best'") of the original measurements.
In other words, there's a 1/14 chance of this particular measurer having the best
of the grand total of 14 measurements of the interval.

Similarly, if the interval originally measured by 13 measurers is then
checked by 10 remeasurers, there's a 10/23 chance of at least one of the 10
remeasurers doing ''bettexr'" than the best of the original 13 measurers.

More generally, suppose that N intervals are measured by m original
measurers and r remeasurers. Then the probability of at least one of the
remeasurements bettering the best of the original measurements on precisely n
of the N intervals is given by a binomial distribution:

P(n) = (2) ﬁf—r)n(,—nl}; -

This is worked out in the following table for the special cases of
N = 13 intervals, m = 13 original measurers, and r = 1 or 10 remeasurers:

P(n) P(n)

n (1 remeasurer) (10 remeasurers)
0 0.381 592 0.000 600 899
1 0.381 592 0.006 008 99

2 0.176 119 0.027 733 8

3 0.049 674 7 0.078 223 5

4 0.009 552 83 0.150 430

5 0.001 322 70 0.208 288

6 0.000 135 661 0.213 628

7 0.000 010 435 5 0.164 329

8 0.000 000 602 048 0.094 805 4

9 0.000 000 025 728 5 0.040 515 1
10 0.000 000 000 791 647 0.012 466 2
11 0.000 000 000 016 608 0 0.002 615 29
12 0.000 000 000 000 212 923 0.000 335 293
13 0.000 000 000 000 001 259 90 0.000 019 839 8

Note that even for a single remeasurer, there's a 62% chance of bettering the
original measurements on at least one interval. Thus, it's not surprising that
when Tom Knight remeasured the course on 5 June 1983, he bettered the best of
the original measurements on one interval.

But in order for a remeasurer's overall measurement of the whole course
to be lower than the best original measurement from each interval, he would
probably need to better the original measurements on roughly half the intervals
(or more). From the table, the probability of a single remeasurer bettering
the original measurements on 4 or more of the 13 intervals of the course is
only 1.1%. The probability of bettering the original measurements on 5 or more
intervals is only 0.15%.

In the case of 10 remeasurers, the probability of bettering the original
measurements on 5 or more intervals is about 74%. Even for 7 or more intervals,
the probability is still about 31.5%. But fortunately, validation remeasurements
are not performed by doing 10 remeasurements and then picking the lowest
remeasurement of each interval! (Note: No matter what scheme we advocate for
choosing an official course length, if a validation measurement were to be
performed using precisely the same scheme, then the probability of a short
course upon remeasurement would be exactly 50%)!




W fim ﬁzr /?347}1 : October 4, 1983

Dear BB, BL

Here's my personal afterword for the report., The relative respite during
the last few weeks has allowed me to come to the realization that I'm
relatively indifferent as to what the final distance for the course
really turns out to be, No matter what number we pick, of all those we've
discussed, the course will be right enough., I don't think a full 0.l
percent is much of a burden, and if it's shaved because we have better
numbers than an ordinary measurement would give I don't think the runners
will note the difference, Since the exact truth as to course length will
be forever a secret, we must go with what we've got, which is pretty
good.,

The validation measurement I did last weekend got me to thinking, and I'm
going to press Ken Young on this - I think it will be a big mistake to
close the shortness tolerance to zero, as the sbhedule cells for. I think
that our ultimate layout and checking method should be:

1) Lay out the course 0,1 percent long

2) If a record is set, a validation ride must be 0,1 percent short
to shoot down the course.

What do you guys think? Our data strongly sugzests that such a standard

is reasonable, In addition, most measurers will not, in reality, achieve the
true extra length that the 0,1 addition implies., And a 0.1l percent
difference is needed in a validation to be sure that a course is indeed
short, The result will be a standard which is centered on the nominal
course length, as long advocated by BL and others.

The measurement process cannot achieve more than an idea of true length
unless every course is measured as the Olympic course was. We must live
with greater error than we might like, but even if we treated every course
like the Olympics there would still be error, The standard method is not
too bad, and I think that if we treat measurement as suggested above

we will achieve a reasénable measurement and validation system.

As to riding skills, I'm glad that the report will have no such bushwa
as a reference to our supposed superiority at this, I think it's true
that we all have a higher consciousness as to the importance of riding
the SPR, but our abilities to perform remain suspect, Some monomaniacal
idiot somewhete, perhaps recruited from a mental institution, might

be able to focus totelly on riding straight. Maybe he couldn't figure
out his data, but it could be a hell of a set of data, Guess we'll never
know,

Een - I hope that you and Jen and NRDC are high and dry. What we're
seeing on TV is awful, I suppose that in a week or so you'll be dry
again, but right now it looks pretty bad.

I must now do some work, Hang in there,

Best regards,

otz
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November 15, 1983
Dear BL,
Enjoyed our conversations yesterday,

Here are my slightly revised ®"personal afterword” and my only copy of

the latest version of the report. I have tried to catch all the misspellings
and gramnatical weirdities that I'm capable of, I've also stuck on a bunch
of wee notes here and there, Pages with an "x" in the upper corner have a
correction somewhere on the page.

I could have tried to spell out all these minor corrections in a letter,
but this way is better. Please send back the report when you have finished
with it, but there is no hurry.

The more I read it, the better I like it, You have done a masterful
Jjob of putting the whole thing together, I don't see how approval can
fail to follow,

4As I said last night, I have many times gnashed my teeth at the way that
you and Baumel would fail to perceive things correctly (i.e. my way),
but after all this, if somebody ever comes to me with a measurement
problem, and I'm stuck, I can't think of anybody I know who I'd recom-
mend before you guys. You two are Good.

It can be a real drag trying to work with fools, or people who are so
stuck in a fixed mindset that they are incapable of compromise. All of us
have done some bending, and speaking for myself, the final product is

far superior to anything I could have done on my own,

Your own patience and willingness to do things over and over has con-
tributed greatly to the quality of the product. BB's excellent playing
of the academic game, in which one devastates one's opponent with wit
and courtesy, has given me much amusement as well as made me wiser.

I doubt that anyone will attempt to duplicate, or even check, our computations,
Maybe they will, but I think that, in the main, they will be bowled over

by the immensity and meticulousness of the report. In short, they wall

be snowed.

4As long as I have BB reading, I'll reiterate the little problem we began
exploring last night. I think that cal courses are mainly on a cambered

surface. Is there a good way to check the difference between a cal ride

on a cambered surface and one on a flat surface? I'm going to experiment
some with my pet course and see what I get. I'm not sure what should be

done with the information so obtained, but I'm curious.

Vy mind is beginning to wander. lust be my dotage approaching, Stay loose,
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A PERSONAL AFTERWORD

During the course of this work the three of us expended hundreds
of man-hours analyzing everything in great detail - certainly more analysis
was done than the job really required. After all, it is only a course
measurement for a footrace. Still, as we tested our ideas on one another
I think we became obsessed with the idea of seeing just how much we
could squeeze out of the numbers. I know I did. I had a lot of fun
with this analysis.

The most valuable thing to come out of the measurement, in
my opinion, was the confirmation that our present measurement method
is reasonably accurate. The enroute calibration stretches, infrequently
used in course measurements, allowed the accuracy of the measurement
process to be measured. The thirteen measurers, drawn by the Olympic
magnet, providéd sufficient numbers so that we could begin to understand
the limits of precision as well. The Olympians will have an accurate
course. That much is certain. In addition, all runners will benefit
from our increased understanding of the measurement process.

On a personal level, the scores of letters and calculations
which we exchanged brought us close. I value the friendship and respect
which grew with our correspondence. We certainly did not always agree,
but now that this work is done, our differences seem unimportant. What
remains, for me, is a warm memory of shared work with two truly competent
and witty people. The course riding was fun, but these months of analysis
forced the three of us to confront what we did not know, as well as
to examine what we thought we did know. I think that we have separated
fact from fancy. ' ' ' o



75



96

§ %
N enaes)



S

WA/S1N000 3Ly

* (DAL payloows Aq pajeyndored se) SISTIOAD ¢1 11 30

jusuaInsesw 38eI9AE SY1l WOXJ POISFITP IUSWIINSEIW S,3STTOAD [ENPTATpUT oyl
* YdTYm 03 JUIIXI 9Y3 9IBDTPUT SIAIND PIIDTPOIIaX pue paidrpexd ayl uosmisq
S3OUSIAIFIP SYL °poylswm JAL payjoows syl Aq pale[nI[Ed SB ‘SIusmornsesm

€1 Tie Jo aBexoae oyl Aq uaaTd aq 03 TeArszut yoes jo yidusy sniy ay3
Butumsse ‘(SoUT[ISEQ Yl UBY] IBYIBJI) ©SIN0D IYl JO S[EAIIIUT parnsesuw

29U} UO SIUNOD SIUOL Y3 MOXF PIIBINOTED IISM WY/SIUNOD JO SIIBWIISD asayl

Voo wyll  wyal wyb W3 WYL
N “ } 5)-

a
ar ’
+ a)-
z ¢
=)
n
93 H TS~
sif]
3
e
18
™ 4+ o
g
(3 243D 4 5+

oSy Amdd YONAW
282 w%ﬁy sy ¥

STUNIRLV wons{

L g4

W /SiNne  saned

W3,/S1v000 Q319143

“I9PTX Yoed 103 wy/s3unod pajorpaid
9yl juadsoader A9yl °SI0XId dTIRWAYSAS 10y paisnfpe pue
‘seprl surroseq 9yl Aq pauTWIaISP ‘saury Payloouws are asayy
*Jutuzow ay3 InoySnoly:z porieA 3T SE JIBYD dA0QE 3yl UT UMOYS ST
‘OAL PoYloous Aq pauIwialop se ‘uy/sjunod s,rainsedu yoeg

W>I/S.LNnoo SIANQL

zs_z wol wWyol wib Wy WyL

t 4 } ] * Si-
o1~
o
-0
- G+
L~ O+
1




28

O = o =
FOR EICYWOLLE MEASUREMERTS

Counts/km is not constant. The actual counts per kilometer
is sensitive to changes in wind, temperature, incline, riding
posture, etc. If graphed, as in the previous illustrations,

actual counts/km is certainly erratic.

We never know exactly what the actual counts/km is during a

measwremnent. Instead, the actual counts/km must be estimated by
taking samples from accurate baselines before, during, and after
measuring. Then we must study this data to estimate the

counts/km during the measurement.

The April 24, 1983, measwements had eight samples of counts/km
for each measurer. Seven different methods of interpreting these
samples were used to predict the actual counts/km for each
measurer:

LIN REG Linear Regression method

CO0S REG Cosine Regression method

RAW TVC TVE method

SMOOTHED TVC Smoothed TVC method

W Weighted Baselines method -

WZ Weighted Zones method

BEH7 Baselines #,7 Constant method
The first six methods are described in the "Standard Method"
section of this report. The "B#7" (baselines # and 7 only) is
included for academic interest, because this tends to be the
usual way that most other certifications are calculated. "gRE7

assumes that counts/km is a constant throughout the entire dav,
equal . to the average of the pre—measurement and post-measwement
samples.

The counts/km predicted by each method have been graphed on the
following pages for each measurer. Each graph plots counts/km on
the y—aris versus distance on the x-axis. The x-anis is divided
into lines that represent the midpoints for each interval. Black
dots represent actual recorded counts/km. Lines represent pre-
dicted counts/km for specific methods. The graph for "Smeothed
TVC" shows both the "predicted" and ‘'"retrodicted" lines. The
"retro" line is merely an estimate assuming that the actual
length of each interval is equal to the mean of all measurements.
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The following pages contain maps and data for all of the
intervals used during the April 24, 1983, measwrements.
ARdditional sketches are provided for measurements made via steel
tape or electronic distance meter.

Underlined values represent the lowest value in the set.
Italics represent the median value.
(Farenthetical) values are invalid.

Codes: LR Linear Regression method
CR Cosine Regression method
™C TVC method
sTVE Smoothed TVC method
Wz Weighted Zones method
BE Dr. Bob Baumel
BL Bob Letson
CW Carl Wisser
DE David Katszs
Jp Jim Delanay
FC Faul Christensen
FR Feter Riegel -
3 Fete Shandera
RS Ron Scardera
TE Tom Benjamin
™D Tom Duranti
TH Di-. Tom kEnight
WR Dr. Will Fasmussen
Md medi an
X sample mean for "n" neasuremsnts

Sk sample standard deviation
for "n" measurements

9% contidence = (Xe - I 3586 ) for P measuremsnts
{(Ry1 — 2.885,,) for 11 measurements
(1= - 2.838.2) for 17 measurements
(Tum ~ 2.788.=) for 17 measuremsnts

(.999Md) = Standard Method s official length
171838 less than the median
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TELEPHONE PoLE

CARMELINA

°
N

5 3136417 (455.978 m)

Y BM

DRINKING.

- L wATER METER—rD
FOUNTAH\\ 4 T

SAN  VICENTE

BRONZE MONUMENTS (BM) MARK EACH END oF THIS BASELINE.
THEY ARE EMREDDED N ASPHALT 30 INCHES N. oF CURE.
MEASURED VIA HP3IRIEA RY JoHN BRENNAND, MARCH, 1983.
DATA: PRESSURE — 24.6
DeEGREES — ¢&°
- ATMOSPHERIC CORRECTION — & PPM
DISTANCE — 3136.4l
3136.40
3136.39
"CORRECT FOR ONE HUNDRETH OF A FOoT [NCREASE
AT orHeER END”

CoORRECTED MeEASUREMENT = 3|34l FEET

~BASELINE 1

LA, oLYMP(C MARATHON, BRENTWOOD
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BRONZE MONUMENTS (®.M) MARK EACH END oF THIS

BASELINE. THeEY ARE EMREDDED (N ASPHALT AROUT
|2 FEET FRoM THE CURR. MEASURED VIA HP32IgA
BY JoHN BRENNAND, MARCH, (Q83.  DATA:

PRESSURE = 2947
DEGREES = 66
ATMOSPHERIC CORRECTION = & PPM
DISTANCE = (243.46
ni s
' "CORRECTED MEASUREMENT”
(243.46
1243 .45

BASELINE 2

‘|4 oLYMPlc MARATHON, SANTA MONICA
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BRONZE MONUMENTS (B.M.)) MARK EACH END oF THIS BASELINE.
THEY ARE EMBENDED (N ASPHALT AROUT 30 INCHES FRoM
THE CURB. MEASURED VIA HP2RIZA BY JoHN RRENNAND
(N MBRCH, {983,  DATA:

PRESSURE = 2q.¢
DeeReceEs = 70°
ATMOSPHERIC CORRECTION = & FPM
DISTANCE = 1972.60
(q72.59
1472..59
1972.57

CORRECTI(ON = + .04’
CORRECTED DISTANCE = (972.63'

BASELINE 3

‘84 LA OLYMPIC MARATHON, SANTA MONICA

By

L
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MINDANAO

BRONZE MONUMENTS (B.M) MARK EACH EMND OF TH(S BASELINE.
THeY ARE €MBeDpeDd (N ASPHALT ABoUT 35 INCHES FRoM THE Cugg,
MERSURED VIA HP38IZA RY JoHN BRENNAND IN MARCH, (9873:

PRESSURE 29.5
DEGREES 66"
AT oSPHERIC CORRECT(ON = ¢ PPM

DISTANCE = 252(,58
2521.58
2521.57
252(.57
2521.57
2521.57

CORRECTED DISTANCE = 257|.587'

BASELINE 4

‘B4 LA OLYMPIC MARATHoN, MARINA DEL Re?

n o
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TERMINUS

Bundy
Carmelina
Georgina
Navy Ct.
Via Dolce
Mindanaoc
Haumum
Summenrt i me
Ridgeley
Hobeart
Menlo
U-—~-twrn
Stadium

TOTAL

{(Bob L

TERMINUS

Bundy
Carmelina
Georgina
Navy Ct.
Via Dolce
Mindanao
Harmnum

Summer €1 me

Ridgelev
Hobart

LR

1293.94
1593, 81
3573.43
4234, 14
1917.72
2549, 95
4267 .21
SHEE. I
2779.15
SAHT 1T
511,213
575,85

168.9354

TERES. 9

etson)
LR

1293.78
1593037
IE7L1.E4
4234.22
1217.84
2851.38
4268.8%
23T 84
277981

G364

Mernlo H1EB. 991
U—-tuwrn 575.81

Stadium

TOTAL

168,762

IEES. 5

mEaswrements

intervals

CR

1297%. 83
1573061
IET2.93
423T. &4
1217.58
2053012
4267.76
2ITL 64
277962
SIE7 .85
H11.25
5375.875

168,959

ITEBLH. 6

CR

1292.72
159%.0 58
ZG571.19
234087
1217.82
2851.43
4268.77
435,87

H1i.8d2
575.818
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with more

T™VE

129%.989
1593.74
I572.64
2I2.47
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2549.558
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2834 .83
2788. 89
SEHG. E36
&11.148
S738.775

168,929
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T™C

1292.93
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1917.82
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STVE

1297.88
1593, 66
I572.67
4232.97
1917 .20

2ESE. b4

T4.33
8. 32
7.83
611,15

575.78

168.9%
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TERMINUS

Bundy
Carmelina
Georgina
Navy Ct.
Via Dolce
Mindanao
Harmnum

Summertime

Ridgeleay
Hobart
Menlo
U—turn
Stadium

TOTAL

TERMINUS

Bundy
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Via Dolce
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U—turn
Stadium
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IEP1B. 6
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.----g— -
—tot
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2851.11
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2779.47
556,80
611.474
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168.717
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LR

1294.11
1594. 18
3574.87
4234.41
1917.26
255, 83
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=57 BH0

168,426

IREGIE B
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1297.24
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DT L5
611,415
575.837
1468. 695

IHEPLELE

™C

1294089
1594, 89
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o I (Jim Delaney)

TERMIMUS LR CR ™G STVE Wz

Burnidy 1297048 129E.ZE7 12%Z. LERILLG
Carmelina 1594.548  1594.42 1594, ¢ .15 1594.17
Georgina IHTILER O ZLTILNL EE74.E IETR.6E IET2.17
Mavy Ct. 4235, 52 2E5.19 4235, & 42324.67 42EE. 54
Via Dolce 1918.11  19218.83 1918.8 1917.88 19146.97
Mindarao 2ES1 . 2551488 255, B 2EEL.43 QEE2LEE :
Harnum 4268.15 42468, 46 4273, 22 4268.98
Summertime 2ETLEFT 0 234,22 ; R

Ridgeley Z7TR.B2 27T79.84

Hobart SITBL&.PB2 5EESH. 47 SIE6.22
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Stadium 169,177 169,179 169,134 169017
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o ey g e
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TERMINUS LK

1294012
1596.87
I573.98
4235.77
1917 .58
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4272.17
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Bundy
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TERMINUS LR
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TE74.031

Buridy

Carmelina
Georgina
Navy Ct. 4235, 44
Via Dolce 1918.328
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Wl iF
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TOTAL IEFL2.3

1

IBFLT. @

CR

1293.98
1596062
I8T7I 44

e "
235028

1917.33
2551.61
427278
2FIT4L19
278,17
S3E8. TG
HL1.223
S75.%4
168,828

IH918.8

CR

LEF3E. &4
1594.47
3573.85
42T4.F6
1918.24
2851.26
42’?.qg
2EI4, @32
277,44

DEE8. 25

uoalind

13,762

S75.81

168.792

¥

TG

1294, 39
1596, 67

I57I. 08
23451

1917.468
255H. 62
27I3.9%9
2T40E7
278@. 47
SEET7 .97

&11.1728

575.8

Ly
I QA e B B )

168. 832

3E918.4

T™C

4 Ay
L e

1974, 248
BE7ILRL
427451
1918.53

255d, 72

427,73
2HTL 5T
2779, 48
SEHET D

Sl

IER14. 1

&S
S75. 782
168,759

5TVC

1294, 83
1h9&.m1
IGTILEs
4254.55
1916.95
23351.55

272,89
2354011
277G
STHg. 29

H11.23

575,96

168,84

IR LH. P2

STVC

1293, 44
1594, 21

357328

4 '\"".4 EJ""‘
19183.18
2EG2. 28
427H. 70
2ET4. 47
2TTRET
SEBZ. T2
Hid, 74
575,76

168,79

SER140E3

ot~
575,84
168, o

1.8

DRI L0

Dow

IS7I.IL

4233, 48
1917, 28

TEF14L S

/59



T {(Tom Durarnti)

TERMINUS

Bundy
Carmalina
Georgina =
Mavy Ct.
Via Dolce
Mindanao
Hannum
Summertime
Ridgeley
Hobart
Menlo
U-turn
Stadium

TOTAL

LR

1294, 3%
1594.3%
IET4.66
23TVET
1918.19
2851.17
4268. 68
24091
2779038
STEE.L BT
H1E. 979
575.818
168. 169

IHFHIL

R o {Tom Eright)

TERMINUS

Bundy
Carmelina
Georgina
Mavy Ct.
Via Dolce
Mindanac
Hanmnum
Summertime
Ridgeley
Hobart
Menla
U—turn
Stadium

TOTAL

LR

1292.82
15793.28
3574023
235.84
1217.24
2553, 45
4267 .88
2BTTLE4
2779.14
SETEELTT
SHlE. P41
575,948
168.777

ST 7

CR TVE

1294.17 129Z.84
1594.17 159373
IE74.12 2574.15
4232.835 4233.28
1218.85 1218.57
2581.33 2558.77
4267.2 4278.94
234,35 234,78
2779.81 278, 3
S5386.8% 534031
611,925 613,898
575.852 ST7T3.726

168.177 168.1329

IER1d. @ TEF11.4

CR TVE

L293.78 1292, 95
1579Z%.011 18593, 36
IETILIY EGTIVIT
4234.55 235,35
1217.78 1918.27
2553.93 RAS5E. 1S

4268.19 4269, 46
28T5.81 27T4 0389

277R.57 2788 .3
SI3E7 .54 33@7.99
&H11.828 H1E. 992
57685 S75. 9464

168,793 168.78

TEE8. 4 T

STVC

1294.15
15%4.88
2E75.45

el

74
25%1.88
426%.87
23540352
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S3@& .36
&HLE.93

575.76

148,15

TERE L2

1293.78

159313

Lol
2ETILVET
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L1132
S7E.E9
168.78
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gz ey
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2.

14
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ol

4
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255,15
4271.14
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278@.
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e
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e
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&1,
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53I67.3

5
49
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6/

[ BN (Will Rasmussern)

TERMINUS LR CR TVE STVE WZ

Burdy 1294.73 1294, 463 1294.47 1294462
Carmelina 1594.81 159%.88 1525, 65 1592.95
Georgina Z2G72.68 872032 BET2.53 IE72.51
Navy Ct. { SEIRICAIT | 2IF.54 42EE. 2 BEELRE
Via Dolce 1917.53  1917.42 1918.87 1917.13
Mindanas 2549,91  253E.462 2549.98 2EE1.13
Hannum 42467 .96 A42T7E, T Q27H. 6T
Summertime ; 28F4,.74 2EETS.EE
Ridgeley 2778.8%9 7 R77R.25 R7BHB. 79
Hobart SESILT4 STE4.29 SEEELTL S5I3H5.88
Mernlo H11.E7E 611.1@ &1, 857 $11.18
U=turn S7E.687  5IS.T7H5 575,472 S575.78

Stadi wm 168,661 168,665 168,594 168. 463

1t

TOTAL IPPWR.IT 3P992.8 IEFBS.G IEFLBL 65 ITE9OR.
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CompuTer
PRoGRAMS

hame language ~ asthor subjecl
costL BASIC RIEGEL  PReDdICTARILITY STUDY
CoSzil  BASIC  REGEL  MEASUREMENTS RdeR
CoS25  RASIC  RIEGEL  MERSUREMENTS /INTERVAL
OUL, 0HL PASCAL (ETSON  BASELINE  ANALLSIS
o0UZoHzZ  PASCAL (eTSon LTS
W ”
OH3A K PASCAL  LETSON  "TVC MEASUREVMENTS
OH3, PASCAL (ETSON  “ACTUAL"  CoUNTS/km
(ReTReDICTED
02-8pp-83 BASIC PROGRAMS by Peter RiEseL:
CAaLl +BAS g CaL.3 +EBAS 7
CALZ EAS ?  25-Maw-83 oLyYi +BAS 3 25-Mzuw-83
CALé +BAS 11 25-Mauy-83 CALS8 +HAS i1
CAL12 JBAS 12 27-Mau-83 CALLC JEBAS 13 31-Maw-83
Calll3 LEBAS i3 31-Maw-83 OLY3 +BAS 13 21-Maw-83
oLyY2 +EBASB 15 02-Jun—-83 oLyY4 +BAS 19 03-Jun-83
oLYS +BAS i1 CLYMF2.,EAS 153 13-Jun-83
OLYMF4.RBAS 14 DLYMFS,.EAS 16 22-tun~-83
OLYMF&.EAS 17 23-Jun-83 OLYMF7.EBAS i8 23-Jun-83
DLYMFB.EBAS 18 23-Jurn—~83 C051 +BAS 17 30-Jun-83
cos2 +BAS 18 30-dun~83 Cos3 +BEAS 16 28-Jul-83
COMF1 JRAS 2 28-Jul-83 COMF2 .BAS 2 28-Jul-83
CO522 EBAS i8 COS212,EAS 17
C05211.EA8 17 C03521 ,EAS 13
CO0S213.BAS 17 COS214.R48 17
ORIGD .EAS 10 01-8er-8Z CRB8215 . RAS 18 Q02-5ep~23

32 Filess

4346 EBlocks
1526 Free blocks
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CONCL USIONS

The conclusions of this report are summarized below:

SHORT COURSE PREVENTION FACTORS

The following short course prevention factors, provide more
than 99% confidence that an accurate remeasurement will result in
a combined length larger than 42195 meters:

1. For each interval measured via HP3810A, an adequate short
course prevention factor is (0.01m + 1/100,000).

2. For each interval with less than 10 bicycle measurements,
the official length should be 1/1000 below the lowest
medi an.

3. For each interval with more than 10 bicycle measure-
ments, the "best" (lowest) measurement for all methods
provides about 99.8% confidence that the combined length
of all such intervals will not be found short upon
an equally accurate remeasurement.

4. Each steel tape measurement performed for the U-turn at
the coliseum is accurate to about 1/2 inch.

PROPOSED LENGTHS

The table on the following page lists the proposed lengths
for the intervals measured on April 24, 1983, wusing the above
short course prevention factors.

VALIDATION REMEASUREMEMT

1. Remeasurement 1is the criterion for judging whether a
certified course should be rejected.

2. A validation remeasurement should use the most accurate
methods available, including EDM measurements for all
enroute baselines, and bicycle measurements that utilize
all enroute baselines to determine counts/km.

2. The course should be rejected if remeasurement proves
that the length of the course is not between 42195 and
42245 meters.
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PROPOSETD LENGTHS
TERMINUS MEASUREMENTS LENGTH {(meters)

steel EDM bike Md SCPF Proposed

Wilghire 9 2999.39 3.19 2996. 20
Bundy 13 1293.45 g.94 1292.51

‘ Carmelina 14 1593.84 1.4 1592.80
Bl Avondale 3 955.978 . B2 933.96
Georgina 13 3573.38 1.86 3571.52

B2 Alta S 379.9897 .314 378.99
Navy Ct. 13 4233.71 2.77 427%.94

B3 Park 4 631,258 P16 bT1.24
Via Dolce 13 1917.61 1.26 1916.3S
(Tahiti) 3 1997.51 2.25 1995.26
(Bora Bora) 3 26462. 89 3.081 2659.79
Mindanao 13 2551.39 1.83 2549.56

B4 Culver & 768.5735 .818 768.56
Hannum 13 4269 .63 2.42 4267.21
Summertime 13 2034.18 .86 2033.32

BS Leahy 5 974.693 . 820 ?74.67
Ridgeley 13 2779.7S .86 2778.89
Hobart 13 S387.11 3.49 S363.71

B6 Budlong 8 1803 . G309 LE22 189d. 91
Menlo 13 611.14 .49 619,65
U-turn 13 575.81 .48 S735.33
U-turn arc 3 2 16.25 . 05 16.20
Stadium 13 168.79 79 168. 39
TOTAL: Tahiti 4B682.30 24,42 40577.88

Bora Bora o 41267.39 25.18 41242.41

If the above proposed lengths are used to establish the overall
length of the 1984 Olympic Marathon, this will result in an
average median length of about 42195+25 meters, which is exactly
in the middle of the 5@ meters tolerance range specified by IAAF
Rule 145.5. In other words, the proposed lengths will have as
much risk of being proven oversized as undersized.

If the remeasurement is as accurate as the April 24 measurement,
the risk of it being less than 42195 meters is about 1/599, and
the risk of it being more than 42245 meters is about 1/S0@.



FUTURE MEASUREMENTS

After the lengths of the 23 intervals from SMCC to the
Coliseum have been certified, the following decisions must be
made to completely define the Olympic Marathon course:

1. One of the Marina intervals (Tahiti or Bora Bora) must

be selected for the final course. Bora Bora utilizes
slightly less than one lap at the SMCC track, with a
start on the north curve. Tahiti wutilizes about 2.5

laps at SMC, with a start at the south corner of the
track, in front of the west bleachers.

2. The exact shortest possible running route in the
Coliseum must be determined. If all lanes are open,
then the measuring route will be 3¢ centimeters from the
curb. If one or more lanes are blocked, preventing
their use, then the measuring route will be 20
centimeters from the left—-hand line of the open lane
closest to the curb.

After the above decisions are made, the following measurements
will be reqguired:

1. Steel tape measurements will be required in the Coliseum
to determine the length from the last bicycle reference
point at the Coliseum tunnel (west edge of storm drain,
776" north of the south wall) to the finish line. The
steel tape measurement taken on April 24, 1983, provides
a good estimate, but is incomplete.

2. After the above measurement is achieved, the exact
length required at SMC can be computed. This length
should be measured via steel tape twice, and marked.

3. After the above meacsurements and marks are made, the
kilometer points can be measured, marked, and recorded.

A report of the above measurements should then be submitted to
the National TAC LDR Standards Committee for certification of the
complete 1984 Olympic Marathon course.

Bob Letson hereby volunteers to perform the above measurements
and reports, with an open invitation for assistance to all of the
April 24 measurers, to be accomplished at our own expense.

After the complete 1984 Olympic Marathon course is certified,
copies of the final certification documents may be distributed to
all interested parties.
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AFFENDTIX A

DECEMEBEER 26E85, 1587

On December 24, 1983, John Brennand and Bob Letson performed
several steel tape measurements at the Coliseum using a Lufkin
surveyor’s steel tape which had been certified via multiple
comparisons with NBS baselines ("11.9" 1lbs tension at 78°F
provides 18@.808 feet). These measurements are documented on the
following page.

Frevious Measurement

The distance from R29 (the last reference point used for the
Olympic marathon bicycle measurements on April 24, 1983) to the
tinish point (outside face of the concrete curb adiacent to the
"+"  etched on top of the curb at the southeast corner of the
track) was measuwred once on April 24, 1983, by John EBrennand,
David kKatz, and Bob Letson: 487.88 feet (148.71 meters). This
measuremnent was precarious because the ground was litered with
debris, and the intermediate chaining point at 30¢ feet was
marked by an unstable wooden plank. Another measurement was
needed to confirm the accuracy of the April 24 measwrement.

The concrete "curb" described for the April 24 measurement was noe
longer a curb on December 20. The track surface was installed in
May ., 198%. The top of the track surface is even with the top of
the concrete "curb" that had existed on April 24. The curb that
will be used for the 1984 Olympics is scheduled to be installed
in the spring of 1984. The official curb will be placed on top
of a white line that was measuwred on December 2.

The December ZJd measurements indicate a lap length of 4@@.04
meters 3@ centimeters from the white line upon which the official
curb is scheduled to be installed in the Coliseun. The December
200 measurement from R29 to the finish line ("+" on top of the
concrete) is 487.81 feet (148.684 meters), which is in close

agreement with the April 24 measurement. When this fiqure is
adjusted +For temperature (. 1 @m) and short cowse prevention
(-.@8253m), and the extra finish lap is added, the result is the

official distance from R29 to the finish line: 548,67 meters.

110
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TEMPERATURE CORRECTION
(000006H4S)(S8'F - G&'F) = .0000GHS

LAP LENGTH

. CURR DIAMETER = (72.826 +.024 +.ca) = 73.014m
E. CURR DIAMETER = (72.84( + .079 +.098) = 73.0l8m
RUNNING DIAMETER = (73.016 +.300 +.300) = 73.6i¢ m

STRAIGHTAWAY = (157,216 +,072 +.114-73.016) = 84.398 m

1LAP = 2(84.398) + 13.6/6T = 460.067m
TEMP. Cor, = Cooooéqg@o.o@: .026m

73.0lbm
AVERAGE

Hoo.04l m L ap
DISTANCE FRoM R29 To FINISH
RA MERSUREMENT = |48.684m
TeMe, CoR. = (JU8.684mY(0000GHS) =  —.olom
SHoRT (URSE PrevenTIoN:
£5°F = —,008m
*.,005m (00’ = —,025m ]
148. e44m S
.A8m |
ACK SIDE OF CONCRETE
W e
el
. x
R29
FINISH
LINE

74=Vd48.@44)"- @839 = (48.484m
i =U@8-484)L+(6-5°)‘ = (4R.626m

+Yoom

i SH48.63 m |
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Reference Fopints for 2@ December 1983

The distances between reference points, using the proposed
lengths documented in the initial certification report ("1984
Olympic Marathon Reference Foints", 24 November 198%), plus the
Coliseum measurements on 2¢ December 1983, are as follows:
REFERENCE FOINT LENGTH (meters)
interval sUm
Start . B @ o
R= SMCC 13468, 49 168,49
R4 Wilshire 2996, 209 4364 . 69 = tem
R7 Bundy 1292.51 S357.20
R8 Carmelina 1592.849 &LSE . BB
e Avandale P895.96 79015, 26 1@ b
R1¥ Georagina 3571.52 11477.48
R1l Alta 278.99 11856.47 185 ke
R12 Navy Ct. 4233, 94 16887.41
R1Z  FPFark bE1.24 16688. 65
k14 Via Dolce 1916.35 18645, 30 23 km
R15 Admiralty (Tahiti) 1995.26 20680, 26
R16  Mindanao 2549.56 27149.82
F17 Culver 768.56 23918.38 25
R1i9 Hannum 4267.21 £281835.59 X bem
R2% Summertime IE218.91
RZ1 Leahy F1193.58
R23 Ridgeley 2778.89 IZR72.47 TS km
F24 Hobart SEZEE.71 I9276.18 4@ e
R25 PBudlong 1@@d, @1 43276, 19
R26 Menlo b1E.65 4886 .84
R27  U-turn, 575,33 41462.17
R28 U-tuwrns= 16020 41478.737
R27 Stadium 168, @@ 41646.37
Finish 548. 673 42195, 3@
The five kilometer points are at the following locations:
S5 km R4 + 935.31m (R7 = 357.20m)
13 km R  + 2094.@4m (R1@ - 1477.48m)
15 km 1l + Z14Z.53m (R12 ~ 1387.41m)
2% km R14 + 1395.@3m (R15 - &@@. 26m)
25 km R17 + 1@81.62m (R19 - 31835.59m)
I@ km R1%? + 1814.41m (R2¢ —  218.91m)
35 km REZ + 1427.5%m (R24 - 4274.18m)
44 km R24 + 723.82m (R25 - 276.19m)

13
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L= ]2l S N 15 . 1 Se2q

Aldo Scandurra recommended several design changes to the Olympic
Marathon course to eliminate sharp turns and reduce the opportu—
nity for short-cuts. The LADOC responded by authorizing four
adjustments to the 24 April 1987 version of the course. These
adjustments were measured on 15 April 1984 by the following
people:

LAFD: Rich Molony
Mitch Robbins

Recorders: John Brennand
Ole Dleson
Ron Scardera

Measurers: Tom Knight (TE)
Bob Letson (BL)
Noel Montrucchio (NM)

April 13, 1984, was spent as follows:

7138 am Calibrate bicycles on the Santa Monica 1@%%.178m
QPiEB am Measure new/old routes for Via Marina

rEE am Measure new/old routes for Mindanao

1g82 948 am Calibrate bicycles on the Mindanao 768.575m

192 28 am Measure new/old routes for Slauson

11:78 am Measure new/old routes for Bundy % San Vicente
12:3@ am Calibrate bicycles on the Santa Monica 186%.178m
1:08 pm Steel tape the Santa Monica College 46¢m track

Clain Jones assemblies were used on all bicycles. The steel tape
used on 15 April 1984 is a professional surveyor's Lufkin
lo@. g@@”  steel tape, graduated in 1/184° increments, owned by
Cathy Hargus, wife of the late Hill Hargus, Licensed Surveyor and
former member of the AAU National Standards Committee. Multiple
comparisons of this tape with two NES 10@.#800@° haselines in San
Diego indicate that it is accurate at 7@°F and "11.@" 1lbs.

The weather on 15 April 1984 was designed by the Chamber of
Commerce: SUNNY, clear, dry, 89<°F (air), almost no wind. This
tended to bring out the best in people, especially near the
beach. Los Angeles is truely a beautiful city on a clear dav.

|44



Bicycle Calibration Data

Eob Letson (BL)

Raw Counts
/1933, 178m
/L EBE L BEHEm

L I@am

Raw Counts
/768.573m
/1 BE@ . BBEm

192 @idam

Raw Counts
/1aM8g. 178m
/ 1833 . B3@Gm

1:33pm

SH7
w585.3

7303
YIPT. 8

9534
95023

G1EGO——— 1 @BH7 -2 1 4

SHB7

#585.3

19@HH———263083

HEHBH——~7 2504 ———B2HHF -~ 51 §~——~H1H1F

FIES
@583.3

PSS
583.3

g1t
583.3

Noel Montrucchio (NM)

Raw Counts
/1l@3d.178m
/ 1 BG3 . SOEBm

7:ZBam

1griddam Raw Counts
/768.575m

/ LEsgns . Bim

Raw Counts
/LiEEE . 178m
/LB, BBEHm

1:@dpm

347
9345.3

7181
Y343.3

FI41
®339.3

9349
9347 .3

REHBG—-—-—27 181

SSPBE-——64T41 ——~7 3684

PT4T
Y342, 3

193@8@———28347 -——3769b6~——47@49——~56398

TS

w352.3

9349
9347 .3

73B0E-——82342~~~F1 684

9342 9342
9340.3  9340.3

Tom Enight (TK)

7:3@am Raw Counts
Ai@ed. 178m

/190 . S3Em

Raw Counts
/768.573m
/1 B30, BE0m

19t ddiam

Raw Counts
/1833, 178m
/1G9 . Bdm

1:9Epm

4%
@

7220
9394

396

93043

B~ BBEPP——— 178D ] -~ 27 2B 22661

441

PICY. T

24B@H—-——3122

L7 BB ———T EIE———-857 94 ~—-Q5 1 88~——H 4534

398
9I0E.3

2
P41 PEI?
93P0.3  9IVF.L3T

?I94

@3vE. 3

PIR6

eI0F. T

Mas i mum
Average
Minimum

BL.

S5E5. 3
ST S
PSR . D

NM

I51.3
PI44. 3

- -r
339.3

TK
9399. 3
9396, 2

PI92. T




Bundy & San Vicente Measurement

Bundy & San Vicente was measured between reference points 7A and
7B along the shortest possible route within Z@cm of curbs at
turns:

NEW ROUTE: LENGTH (meters)
7A 7B minimum average maximum
BL U7 6B-—~61927 = 1167 122.77m  122.86m 122.82m
NM SIHHI~-—~54149 = 1149 22.87m 122.97m  123.93m
TH LIBBH-——61 153 = 1153 22.67m 122.71m 122.76m
OLD ROUTE: LENGTH (meters)
7A 7B minimum average maximum
BL S790H---592¢4 = 1764 137.19m  137.21m  137.23m
NM SH@BP-—-51284 = 1284 137.21m  137.41m 137.48m
Tk S7003---58288 = 12883 137.62Zm  137.88m 137.13m

The differences hetween the new and old route measurements are:

NEW-0L.D NEW OL.D NEW-0L.D
BL =137 (~14.41m) maximum 123.973m 137.48m ~-14.81m
NM =135 (-14.45m) average 122.83m 137.2%m —14.4@m
TE  ~135 (~14.37m) minimum 122.4&67m 137.83m =14, @@m
The maximum absolute value for NEW-0OLD (~14.81m) provides a short

course preveption factor of @.41 meters.

BUNDY

SAN _VICENTE

OLD ROUTE 4.24-84
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Via Marina Measurements

Via Marina was

measured between reference points 14A

and

147

14m

along the shortest possible route within 3@icm of curbs at tuwrns:

MEW ROUTE:

14k 144
BL 73209 -—T7RI2S
NM 75400 --—-81415.5
Tk 7 8@@H—-——840544

OLD ROUTE:

144 14K
BEL 79520 85448
NM 81415, 5~--~87435
TE 8444 ————— QEHEHPE

The differences between the new

NEW-0OLD
EL =7 (—i#.74m)
NM =4 (-, 43m)
TE =3 {(—@.3Zm)

The., maximum absolute
course prevention factor of

Hon ot

value for
#.93 meters.

EXPANSION JBINT
BeaIN CURVE

ma 1 mum

LENGTH (meters)
minimum average
6lld 6AT A4Zm AH4Z.55m

LA, 65m

&H15.S 643.28m  L4Z.78m H44.11m
&LiB44 HA4ZT. @ Im H45.24m  H47.%1m
LENGTH {(meters)
minimum average ma}ximum
= L1123 644.17m 644, 29m  H4A4,E9m
= LHEH19.5 b4ZT.71m 644.21m  644.53m
= &LHiH49 64T 56m  LAE.T77m 644, 34m
and old route measurements are:
NEW OLD NEW-0L.D
maMimum &44.11m 644, S5 3m =1« Sm
average 6435.32m 644, 39m ~@.57m
minimum 643, %3m 645, 56m . E5m
NEW-OLD (~1.3@) provides a short

4,
d Doice

MARQUESAS wY

@ E,ﬁgf OSE—@%ED) WIRE Lom
" “ CDNCR
AT 4304 VIA MARIGA = HD

TAHITI Wy
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Mindanao was measured between reference points 158 and 15E alang
the shortest possible route within I@cm of curbs at twns:

NEW ROUTE: LENGTH (meters
15A 13R minimum average maximum
BL  #b&@@-——134564 = 38464 AB6.51m  406.59m 486, 55m
NM #8118-——11911 = 3841 436.47m  4@6.79m  4DH.99m
Th 118@3@——-14819 = 3819 436.31m  4¢b6.44m  APb6.b1m
0OL.D ROUTE: LENGTH (meters)
13A 138 minimum average
BL 14g1BH—-~—18@71 = 4471 478.29m 428.37m
NM 15768~~—19762 = 4GH2 427.%6m  428.358m

Th 190@d-—-22022.5 = 4@22.5 427.96m 428, 1d@m 4ZB.28m

The differences betwesen the new and old route measurements are:d

NEW-OLD NEW LD MNEW-QL.D
=l {(—21.78m) maximum 4idbs.P?9m  428.51m  -R2.20m
i (~21.531m) average 4dé6.61m 428, 26m  —-21.465m
Tk {~21.66m) minimum 4€é6.31lm A4R7.%46m —20.97m

The maximum absolute value for NEW-OLD (-22.28m) provides a short

Tourse prevention Factor of B.55 meters.

s
7/3004/0
CONCRETE CURB

?gﬁNSmu

(INT

BEGIN AT
SURVE
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Slauson Measurements

Some detective work was required to locate the old route which
was almost completely obliterated by road improvements. Fortu-—
nately, remnants of the old double-yellow line on Huwy 2688 were
visible, and the location of the old traffic island at the middle
of Slauson could be located due to the difference between the
ages of asphalt. These control points were painted white to
insure visibility during the measurement of the old route.

The new route was designed to provide a fast left turn onto
Slauson by painting an arc of radius 29.9 feet, measured via
steel tape, from the existing double-yellow line to 12 inches
past the corner of the existing triangular traffic island.
Cones/barriers will be placed directly on the painted arc to
define the left-hand limit of this left tuwrn.

Slauson was then measured between reference points 1848 and 18K
along the shortest possible route within Zfcm of lines at turns:

NEW ROUTE: LENGTH (meters)
18A 18R minimum average maximnum
BL I7 26— @92T = TLHET Z88.36m  385.44m 385, 50m
MM I7BBE-——L4PEHBR = THER I85.19m I85.49m EBS. 68m
T 420@BH-——4 5622 = Z622 385.35m 3I85.47m 385.44m
OLD ROUTE: LENGTH (meters)
186 18k minimum average maximum
EBL 446833 -——48477 = ZG77 4317.88m  44@7.95m 408, H2m
NM 44@PH—-~—47817 = ZGIZ 437 .75m  4E8.87m  408.27m
TH 4GpR—-——52828 = 2828 497 . 26m  4d7.48m  4@7.57m

The differences between the new and old route measurements are:

NEW-0L.D NEW OLD NEW-0L.D
BL -214 (-22.352m) maximum 385, 68m 4@8.27m —~23. 88m
NM ~211 (-22.58m) average 3I83.47m 437.81m —~22.%4m
Tk -26 (-21.92m) minimum 385.1%9m 447 . 26m -21.5%8m

The maximum absolute value for NEW-0OLD (-23.88m) provides a short
course prevention factor of #.74 meters.
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Santa Monica 49¢m Track Measurements

The Santa Monica track was measured exclusively with a 10468°
Lufkin steel surveyor’s tape graduated in 1/18@ foot increments.
This tape had been verified via multiple comparisons with two NBS

106, G@EE° baselines in San Diego. The end of each 1. e@ad” length
was marked with a pen on masking tape. The 4@@m oval lap length
was measured twice, clockwise and counterclockwise, along the

vertical face of curb next to lane one, assuming a tape
temperature of 99<F, using a separate set of 189" marks for each

measurement. These two measurements differed by #.43 foot
(approximately one centimeter). The origin of both lap
measurements (3A) and two of the clockwise 186° marks were used

as reference points?

A = Sputh edge of the "I@@@-SgPd@E" start line at the curb

TR = IE@.00° clockwise from IA along the curb

TIC = 90@.00° clockwise from ZA along the cuwrb
Ole Oleson used his son’s metal detector to relocate and dig up
rRZ, the bronze monument used for the 4-24-83 measurement,
which had been covered with new pavement. The location of R3 was
measured with respect to the brick wall to the east (17.45")

and concrete slab to the south (9.737).

RT-TE was then steel taped in both directions using a separate
set of 160%° marks (482,207, 452,.18%), assuming a tape tempera-
ture of ll@®F, R3-3B has a turning point in it in order to avoid
a drainage dip near the IT#@@-S300 start line. The point at which

the tape was bent for the R3-IB measurement is on the white
line between lanes 7 and 8 adjacent to the "I@@d-Soa@" numerals
by lane 8. Barriers will be placed at this point on race day to

keep runners away from the drainage dip by denying access to lane
eight at the I@@@0-506@ start line.

A tentative start point (S5) was marked on the curb 25.48° clock-
wise from (north of) 3C. Then the distance from this mark to the
following nearby reference points was steel taped:

"g" = tentative start, 25.#8° north of 3C

ID = begin curve (painted), NW corner of oval
4.84° north of "S", 29.92° north of ZC

ZE = nail next to curb, by yellow hurdle marks

1%.27° north of "S", 38.35° north of 3C

Temperature corrections for 15 April 1984 were based 0N
experience with the same tape and identical weather experienced
on 22 August 1982 during the steel taping of the Santa Monica
1939%. 178m, which was intended to be exactly 1@, @ddm. This
@.178m error was caused by direct sunlight heating the tape to
approximately 113.5°F, 27.5°F hotter than the estimated 86°F used
for the 8-22-83% measurement. The 99°F lap measurement on 15 April
1984 was therefore corrected mathematically to 113.3°F.
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Location of the START

The new route is shorter than the old route for each of the four
course adjijustments. The largest computable difference between
the new and old routes for each adjustment, and the associated
short course prevention factor (ZCPFY, are as follows for each
adjustment:

LENGTH SCPF
Bundy -14.81im G.4Im
Via Marina —1.5#Em a.93m
Mindanao ~-22.20m &.55m
S1lauson ~25. 48m G.74m
~61.59m (282.87°) Z.EIm (#.537)

The Santa Monica 498m track is of legal sizei therefore, two laps
of this oval are assumed to be 899 meters.

The length from R3I to the tentative start (T8), adjusted for 3@cm
from curb, using the smallest-valued measurement, iss

(4352.18" + (F0@-Z208)° + 25,98 + I.89°) = 186, 5° (I29.291m)
With two laps, RZI~TS = 1129.29 metersc.

The length reqguired for RI-START, prior to the fow course

adijustments, is 13468.49 meters. With the four adjustments, the
raguired length for W3-8TART = (1@68.49m + 61.5%9m) = 113¢.68
meters.,

The correct location for the START should therefore be north of T8
by (11Z3.48m — 1129.29m) = #.79m (2.59% )

START @.79m (2.597) north of TS
F.69m (2.25%) south of ID
S.26m (18.68%) south of 3E

it

il

Length of New Intervals

The lengths of the fow intervals that encompass the adjustments
to the course are:

oLD ADJUSTHENT NEW
Bundy R7—-R8 1592.86m -14.81im 1577.9%9m
Via Marina R1i4-R15 1995, 26m -1 . 5%m 1993, 76m
Mindanao R15~R14 2549 . 56m 22 . 28m 2527.Z45m

51 auson R17-R19 4267 .21m 235, @8m 4244, 1 Zm
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Reference Foints for 15 April 1984

The distances between reference points, using the proposed
lengths documented in the initial certification report (1984
Olympic Marathon Reference Foints", 24 November 1983), the
Coliseum measurements on 2@ December 1983, and four course
adjustments measured on 15 April 1984, are as follows:

REFERENCE FOINT LENGTH (meters)
interval sum

Start o] 3.3
R3 SMCC 11734, 38 11738, a8
R4 Wilshire 2996, 26 41246.28 = m
R7 Bundy 1292.51 - 5418.79
R8 Carmelina 1577.99 69946.78
R9 Avondale Po5.26 7952.74 1@ km
R1¢g Georgina I571.52 11824, 2
F11l  Alta 578.99 119835, 25 185 bem
R1Z2 Mavy Ct. 4228, 94 16134.19
R1Z FPark HE1.24 16735.435
Ri4 Via Dolce 19216, 25 184651.78 2@ tem
R1S Admiralty (Tahiti) 199%.76 28645, 54
R1lé Mindanao 28527.36 2QI172.98
R17 Culver 768,56 25941.46 2 tem
K19 Hannum 4244, 173 28185.59 <@ ke
RZ2%  Summertime 2EIZLIEE 218,91
RZ1 Leahy Q74,67 31193.58
ew  Ridgoelev 2778.89 2IR972.47 XS been
R24  Habart SeadE, 71 IRE76.18 am em
R25 Rudlong 1Ea@E. @31 4E276.19
R26 Menlo blE. 65 44886 . 84
R27 U-turn, - S75.332 41462.17
R28 U-turnsz 16,20 41478. 73
RZ9 Stadium 168. @@ 41646.37

Finish 548,67 42195, @@

The five—kilometer points are at the following locations:

S5 km R4 + 873.72m (R7 - -418B.79m)
19 km R+ 2@47.26m (R1g - 13524.26m)
13 km R11 + Z#96.7%m (R12 - 1134.19m)
24 km R14 + 1348.22m (R13 -  445.54m)
25 km R17 + 14%8.54m (R19 -~ 2185.359m)
30 km R19 + 1814.41m (R2¢g —  218.91im)
35 km R2Z + 1927.33m (R24 - 4276, 18m)
447 km RZ4 + 72F.82m (R25 - 276.19m)



