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1. INTRODUC'HON

Looking at the great variety ot auditorium plans you may wonder. IAre some plans better than others?‘

Numerous design considerations must be balanced In the design oi an auditorium Acoustics, building
codes. economic considerations. space efficiency, sightlines and oomtort are all important, Historic
precedents, tradition and aesthetics must be considered as well. But It Is also Important tint an auditorium
be designed to have as many good seats as possible.

We know from experience that all seats In an auditorium are not equally good. This is manilested in that
the audience does not choose Its seats randomly. The audience understands Intuitively that, generally
speaking. the closer a seat is and the more straight on, the better it Is. Had the seat selection been
random. then the chosen seats would have been distributed evenly throughout the auditorium.

Imagine an auditorium with open seating and imagine the audience entering the auditorium one at a time.
People will in turn make a selealon at what in their opinion Is the best renaming seat. The first seats to
be seleaad are the ones somewhere In Iront and towards the center. When these seats are taken the
audience drooses seats turther back and oil to the side. Where people prefer to sit Is an Indlmtlon at
much seats In their opinion are betterthan others. The order In whbh the seats are chosen is an lndimtor
of the rank order of the desirability oi the Individual seats. The audience Is pertormlng a post evaluation
of the desirability of the seats in the auditorium.

As the audience names Its seat selection. a geometric pattern at the occupied seats unfolds and reveals
the boundary around the preferred seats. At any point in time the seats In the perimeter oi the occupied
seats describe the outline oi the most desirable auditorium plan Irorn the audience point at view. The
perimeters describe the equal desirability curves. By studying the order In which the seats are seleded
and the boundary oi the seleded seats, It Is poseble to determine which room geometry will result In an
auditorium with as rmny good seats as possible. In the end such data can be translated Into usetul
intonnation that the architea can draw Irom when planning a new auditorium.

r. PREVIOUS mates.

1/ A pioneering paper on this subled was presented by the aooustichn Paul S. Veneltlasen at the
oonterence on Auditorium Acoustics, 1975, Edinburgh, Scotland. [3] He briefly dbcused this paper at the
Wallace Sabine Centennial symsium 1994, Cambridge Mes: [9] Veneidasen's study is discussed
below
2 The eubied is also addressed by Hamid Bunis<Meyer and F. G. Cole In their book 'Theatres and
Auditorium‘. [4] Their study k quoted in Tune-Saver Standards for Building Types' and Time-Saver
Standards', two bools widely used as reierences in architedural offices In the U.S.A.. Burris-Meyer and
Cole's guidelines are not explained or justified. Furthermore, they are not dimensioned and the order oI
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desirability of the seating areas. which is measured ircm A through F. lumps so that. for example. the area
assigned a desirability value of B abuts the area oi F. This does not make sense.
3/ Theatre managers have. whether conscious at it or not, made a desirability evaluation oi the seating
plan. The price categories oi the seats in an auditorium raileds such an assessment. A comparison at

ticket price strudures as they relate to the desirability ot the seats is beyond the scope at this paper and
not Included.
4/ A number of textboois record and ciassiiy auditoria Into iamliles. such as for alternate 'ehoe box and
'tan shaped' auditoria. [2] [6] [7] The work is descriptive and mostly concerns historical developments.
Michael Barron [1] provides Information that aids our understanding oi what sited room dimemions and

geometry have on the acoustics at an auditorium. Michael Barron's study is thus similar In scope to the
one presented here .in that it isolates a design consideration and systematically comes to grips with its
implication for auditorium design.

3. DATA GATHERING AND REOORDING.

The desirability ot a seat is defined as how popular a seat k. This can be deduced by studying which seats
are taken betore others as well as from studying the trequency with which a seat is chosen In auditorie with
open seating. It turns out that these two measures result in virtually the same outcome.

The audience choice 01 seat is recorded by time lapse photography. As soon as the audience enters the
auditorium the first pidure Is taken. Additional piuures are then taken at regular Intervals thereafter. Data
are gathered in the same auditorium a hunter oi ditierent times In order to verity the consistency oi the
preten’ed seats. Diiierent auditoria are studied In order to study seating preferences in auditoria with
diilerent room geometries. The photographic data were hardened Irtio computer data. It E from these
data that the mathematical model is developed and analyzed In a corrbined computer drawing and
mathematics program. (DesignCAD).

In order to hold as many unknowns constant the study was done with the following constraints:
1/ Only auditions with open seating were studied.
W Only auditoria for concert use were studied.
3/ Only the floor at the auditoria were studied
4/ Only shoe box auditoria were considered.

4. THE EMPIRICAL STUDY

Two euditoria have been selected to illustrate the data and the derivation oi the mittema‘ilcal model.

1/ Odense Kencerthus, Cari Nielsen Saien, Odense, Denmark.
2/ Aricadenhoi dos Wienen'athauses. Wanna, Austria.

These two auditoria ditfer In some ways and are similar In others. They difier by the number ct seats
- (Odense 1198 seats, Vienna 2960 seats). They also dil'ier In area allocated per seat (Odense 62cm ‘

95cm. Vienna40cm ‘ 90cm) and by the orchestra pia‘iiorrndimensions (Odense 20m ' 10.25m. Vienna 14m
' 12m). The two auditoria have the same width oi 32m. but differ in depth (measured trim the orchestra
piattomt Odense 35m. Vienna 64m). Odense is an enclosed space and Vienna is in the open air enclosed
on all sides by the Vienna City Hall. Both auditoria have a 'covwentlonel' seating arrangement. The iirsl
illustration shows a typiral computer data plot. It shows Odense Koncerthus at tour ditierent concerts.
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Care is taken to compare data sets oI equal sue. The data sets illustrated have 268. 266. 256 and 364
data points respectiveiy.

             

fig. 1 Odenee, true plot, tour data files

The data shows that one side of the auditorium is not preterred to the other. in that both sides have
approximately the same number at data points. Therefore We oar: obtain a better picture by plotting the
data from the right side on top ol the left. and mirror longing the double plot. Furthermore, some noise
in the date is Inevitable. Clearly th tirst and last row at seats are very popular, as are the aisle seats,
These type of seals are chosen because it is desirable to be seated at the edge 01 a bank of seals. and
not because at the seat location in its relation to the orchestra plettonn. The data man literature be cleaned
up by ignoan these data points. The same data sets are egaln used to Illustrate removing this noise from
the data. It is amazing how similar the data plots are to one an other. Virtually the same geometry
develops trorn one time to the next

It is important to note that the way you enter the auditorium in Odense Konoenhus traps you in the upper
level or lower level It Is possible to me lronr one lettei to the other. but It is very inconvenient, Theretore
the data In the two pens ol the auditorium will be oonsldered Independentl

     

fig. 2 Odenee, plot mlrrar image minus nolse.

Looking at the sequence at observations ot one date tile alone. it is possieie to deserve how the geometry
of the occupied seals unlolds. As the nurrber ol seats occupied lnoreeses, so does the density within the
populated area. Presented below are tour data plots lrom one concert. The time lapse photographs ware
taken at a time when the number at seats omupied were 68. 165, aeeand 422, Noise has been removed.
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In the end where the auditorium is almost filled to its capacity the data plot Beccm uninteresting because

the geometry olthe occupied seats are lost, and you are left with the outiirre oi the seating banks. it is only

in the earlier runs where the density B law that you candetect the geomdry oi the preterred seating area.  

               

tig, it Odense, time observations at one deteltile.

The next dep is h: plat different data sets on top of one an other‘ Illustrated below are 3 data files
superimposed The result is E superlrrpcsed data sets We are now able to study which seats are more

poqu than others. The drawings illustrate which seats are chosen 6 times. which seats are chosen 5
times or more. which seats 4 dmes or more and 3 tlrrres or more. it is interesting to note that the geometry
at the order of seat seteaion greatly resembles the geometry oi the popularity of the seats.

   

 

fig. 4 Oder-tee, three data tiles plotted on top of one an other.

Turning now to Vienna one date tile is plotted below showing the order at seat selecticnr Although you n
detect generally a similar geometry outlining the preferred seats s in Oderrse. the center. the location at
the rmst desirable seat, is termed closer to the orchestra platlorm and the geometry '5 neraner and more

elongated

Gen-paring the Mo euditoria by looking at their date plots it appears as though the width attire orchestra
platform creates an imaginary boundary andis a detemrining factor as to how far oft to the side the

audience prefers to sit. it appears as though the optimal d'stanoe ot the preterred seats to the center at
th orchestra platform is related to a line at 30 degrees oh the center line and Intersectirtg with the

imaginary boundary defined bythe width oi the orchestra platform The center at the orchestra ptetlorm

has been chosen as a measuring point also because it can be located with great accuracy.
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fig. 5 Vienna. time lapse nheerveticus at one date tile.

5. DEVELOPING THE EQUATION: Trade 0" between distance Ind angle.

There exists a seat in an auditorium that has the highest desirability. This seat k located on the center line
and at the optimal diam-ice tram the measuring point on the orchestra pleuorm. Moving away lrurn this
seat lemfien in any dlredion yield seats that are less desirable.

The optimum seat is delined as having a value of one. it hes a distance. In optimal distance. to the
measuring point on the orchedra piatlorm. Lg,» The deumbllity oi the seats a: you "me away from this
point defines linearly. Seats located at a distance at more than 60m from the measuring point will be
defined as having a value of a. This distance is noted as L,“ meaning the maximm acceptable d'Blance.
The maxinum acceptable distance is not an arbitrary lumber. but builds on work by other: [5]. Alter my
wists and errors the lollawing equation was chosen Immune its resulting geometry reasonably resembles
untoftheen-pirialm. Thedeslmblfityismeaeuredlmmonetozeromnehehgtheseatwithme
highest desirabirny value, and zero the one with the least. Seats with a deelnbllity value less than zero
are assigned a value at zero. The desirability value Is an ordinal measure and not a cardinal measure,
The rasuling values arerelative and not absolute. Furthei research is planned to study eedinallcerdinai
uliitiee.

i = the angle all the center line measured from the measuring point
L w the distance ol the seat in question measured lrorn the measuring point.
W=lhewtclhellheomheshplaflorm
L... = optiml distance or (wfallslncio) = W.
Lu“: rmfimurn amaptable finance or 60m.

V = Gos‘fii-“L-LJKLm-Lgn. the desirability value at a seat bullion. For v<0 -— v=0

V = E v, the overall desirability value at the auditorium.
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The first part of the equation indicates that as the seat Iteration moves away from the center line. the

desirability tells olf by the square oi the cosine to the angle. T‘h subtractive part of the equation describes

the percentage the seat is located away irum the optimal distance. The computer drawings below show

the cum fitting using the Ibove equation in the two auditorie,  

Fly. 7 Vienna, the Mbufllfll made. curve fitting.

Density eelwiatiom are shown it the fig. 8, As the auditorium title the density within the desirability

moms at .9 and .8 are aelwleted and plotted. This inlormatian is oorrpaied to the density outside the

contour lines and to the density uithe auditnrium as a whole. It 5581 preterence were random. then these

the: rrteasures wouid have been Identiml. They are not The percentage DI occupied seats within the
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Fig. E Density calculations

6. VENEKLASEN'S STUDY. [3]

Veneidasen cells the desirability value the ‘eifeativeness factor. His eflectiveness factor is a product of
five functions: distance. horizontal angle. tioor slope. under balcony isolation and elevation angle. The
values are presented In term at graphs. The equations corresponding to the graphs are not shown. nor
are the equal eflectiveness contour lines. The three last factors evaluate parameters at the seating that
are secondary refinements and go beyond the seat location. These teeters are also inportant in an
WIitIIItlon. but can be considered independently. Other examples of refinements are, tor exan'ple. seat
size and seat staggering. terms also not considered in this study. _

3y holdingthe last three tenors 0t Veneldasen‘s study constant. only I E
considering values relating to distance and horizontal angle, it is / ‘

 

possible to plot his equal efleotlvenese contours and compare them
with the equal desirability contours developed in his study. Figure 9
summarizes Veneidasen's study showing his attentiveness mnruur
lines. The diediveness contour lines are superirmosad on a typical
data fie of this ermiridal study. The contours do not reserrble the
outline ct seating pretererrces oi the errpirical date collsded in this
study. However. the study presented here certainly builds upon Ea.
Venetdasen's pioneering ettorts. “"1"”

 

       

tip. 9 Veneklesen's equal etteelitreneee contours.

7. MACRO-ANALYSiS, the potential desirability of the auditorium plan.

An auditorium plan has a potential desirability value inherent In its mom geometry. Imagine an auditorium
plan divided into unit areas. This is an auditorium with no aisles and no wasted space. How the seats
eventually are arranged within this space can be done in many waysand is diswssed in the 'Micro-
Aneiysis' below. The higher the overall potential desirability value. the better are the chances tor designing
a seating plan within thatspace with as high a desirability value as possible. The unit area can be
measured in m’, or it can be divided Into units corresponding to the area allocated per seat. Each unit area
is associated with e desirability value. The potential overall desirability of an auditorium plan can be
calculated as the sum oi the desirability values at the unit areas: V(t) = E v.
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This definition implies that the desirability of an auditorium plan always can be improved by increasing the

number of unit areas Therefore. eltemalely. the potential desirability value at an auditorium plan can be

related to the avenge desirability value per unfl area: V(2) = E v I A. where A is the nurrber oI unit areas.

 

Changing the geometry d the aud'flm'iurn plan will
cause I drenqe in the potential desirability value.

The gammy that produces the maximum Potential
desirale Is an auditorium planwhich lollows the
geometry of the equal dulrehifity curves. For a

nurrber of reasons this geometry is rarely suitable
The geometry ilahown in liq. 10 with an area shaded
equal to that of Odense Koncerthus. The potential:
desirability value V(2) = 0.6224.

  

llg. 1D. Geometry at the auditorium planwith the highest potential deslrlblllty value.

An smiledum at a certain area could be long and namw, square, or it could be shallow and wide. We are

able to calculate whioh shoe box geometry yields the highem potential desirability value. As an exarrple
a shoe box auditorium with an area equal to the one of Odense Koncenhus has been evaluated. The
evaluation shows that the winner is: 31m wide and 36m deep with a corresponding potential desirability
value all V(2) - 0.5993. The dimensions are rmerkebly close to the ones 01 the Koncarthus. (32m wide.
35m deep, vial-c.5975).

Fig. 11 below to the Ielt shims the potential desirability value as it changes with room geometry with an
area equal to Odense“ Thecurve is rather llal. which indicates that within a range the width in depth
relationshb is not very sensitive. To the right is a graph showlng the aptirml proportional relationshb ol
width to depth (wzd) tor dilerenl size auditoria calculated with a 20m wide orchestra platform. For small
audloril the Wed relationship is approflmately 1:1.5. As the area of the audltcrlum Increases this
relational-lb changes to 1:1.

 

Ila. 11 Optlml leldionships at width to depth oi the auditorium plan.

8. ANALYSIS OF HISTORIC EXAMPLES.

Using the method 01 the mwanaiysis described above we are now able to compare auditorie ol dillerent
geometries for their desirability. The is assuming that the equation holds tor other basic geometdes as
well. Instead ol analysing actual exarmles oi auditorium plans. it is more meaninglul lo considtnv auditoria
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geometries. holding the area of the auditorium and size of the orchestra platform constant. In the example
below the auditorium cl Odense Koncerthus provides the basis for analysis.

#7 "I .‘

              

Shoe box Ian 10' .20'.30' Roman Diamond
W) = .5993 Viz) = .5922. .6157. .6092 viz) = .4986 W2) = .5991

fig. 12 Desirehility values ct dltterent nth-thorium geometries.

9. MICRO-ANALYSIS. the deeimbiiity ot the seating plan.

Within the tramewcrk cl an auditorium plan the seating can be arranged in a number at different ways. The
auditorium must have aisles. and the seats will have to be of a certain size. The desirability value ot the
seating plan is theretore best calculated as the average desirability value per seat. The micm analysis
evaluates the average desirability value per seat at the adual seating plan. we) = 2 v I S. where S is
the number at seats.

The adult desirability value of the Seatan plan at Odense Kcncerthus is calculated to be V(3) = 0.6622.
Had the seating plan been laid out according to the 'Contlnentai Seating Plan'. (30 rows at 40 seats. area
allocated per seat 100‘62) then the desirability would have been inu'eased to: W3) - 0.6353. "The
Continental Seating Plan' takes advantage at placing seats in the part at the auditorium whim has the
highest desirability value. namely along the center line. In Odense th'e area is ellowte to aisle space. The
area alienated per seat in the 'Continenial Seating Plan' is sllghtty Inweesed in depth tcliowing code
regulations in the USA. The increased area allocated per seat will also result in potentlally more
comfortable seats. This will turther increase the desirability value of the seats.

I have made a detailed study at 'The Continental I Conventional ControversyI as well as 'The Corntcrt I
Space Elliciency Trade-ctr. but that research is beyond the scope at this paper.
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