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Abstract:
A research review indicated that pedestrian circulation in the city has been studied in depth, but that
pedestrian circulation on the college campus has not, and, consequently, the effects that proposed
buildings would have on student circulation can not be specified beforehand. Accurate predictions of
the effect of proposed buildings could aid in the design of entrances/exits and sidewalk systems. To
investigate the utility of such predictions, a model of student pedestrian traffic on the Montana State
University campus was developed, using the gravity model as the theoretical base. The gravity model
was chosen because it has been effective in a variety of situations, and could accommodate the three
basic elements of every pedestrian trip: the origin, the path, and the destination.

The model was developed and tested from data collected for two time periods, 1971 and 1973. These
data included surveys of the student body asking them to report all the trips made on a specific day.
Multiple regression techniques were employed to develop the model.

Results indicated that the total number of trips to non-residential buildings on the campus could be
estimated from the floor area of the building, and the number of classroom seats in the building. The
total number of trips to residential areas was found to be a function of the proportion of the student
body residing in the area, and whether the area was on or off the campus. The volumes for trips
between non-residential buildings on the campus were accurately estimated by the final model, but
additional work would be required to accurately estimate trip volumes whenever a residential area is
one of the ends of the trip. The model produced overestimates of the trip volumes for the two newest
buildings on the campus, probably because these buildings were not being used as efficiently as older
buildings. Additional work would be required to correct this deficiency in the model. Results to date,
however, are highly encouraging. 
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ABSTRACT

A research review indicated that pedestrian circulation in ■ 
the city has been studied in depth, but that pedestrian circulation 
on the college campus has not, and, consequently, the effects that 
proposed buildings would have on student circulation can not be speci
fied beforehand. Accurate predictions of the effect of proposed . 
buildings could aid in the design of entrances/exits and sidewalk 
systems. To investigate the utility of such predictions, a model of 
student pedestrian traffic on the Montana State University campus was 
developed, using the gravity model as the theoretical base. The 
gravity model was chosen because it has been effective in a variety of 
situations, arid could accommodate the three basic elements of every 
pedestrian trip: the origin, the path, and the destination.

The model was developed and tested from data collected for two 
time periods, 1971 arid 1973. These data included surveys of the stu
dent body asking them to.report all the trips made on a specific day. 
Multiple regression techniques were employed to develop the model.

Results indicated that the total number of trips to non- 
residential buildings on the campus could be estimated from the floor 
area of the building, and the number of classroom seats in the build
ing. The total number of trips to residential areas was found to be a 
function of the proportion of the student body residing in the area, 
and whether the area was on or off the campus. The volumes for trips 
between non-residential buildings on the campus were accurately esti
mated by the final model, but additional work would be required to 
accurately estimate trip volumes whenever a residential area is one of 
the ends of the trip. The model produced overestimates of the trip 
volumes for the two newest buildings on the campus, probably because 
these buildings were not being used as efficiently as older buildings. 
Additional work would be required to correct this deficiency in the 
model. Results to date, however, are highly encouraging.



INTRODUCTION

Future historians may write that the early 19.70' s witnessed 

the beginning of the energy crisis and the beginning of a gradual but 

permanent change in the life-styles that had been fostered by the 

industrial and electronic revolutions. These future historians may 

not have enough paper to record any personal examples of life-style 

changes, such as that by the Governor of Montana. Governor Thomas 

Judge had been driving the quarter-mile distance from his home to his 

office in a state-leased limousine. At least he had until newspaper 

reporters found out. The subsequent publicity about the governor's 

energy consumption abated only after he announced that he would begin 

walking to work (Great Falls Tribune,1974). This was just one example 

of a life-style change that was precipitated by the energy crisis.

Such changes are becoming more common and acceptable to the American 

people and are here to stay. Although these life-style changes are 

still largely, voluntary, this may not be the case in the near future. 

Our ability to avoid forced life-style changes will largely depend 

upon planning, designing, and implementing alternatives to present 

processes that now consume great amounts of energy. The automobile 

accounts for- 29% of the nation's oil consumption (Newsweek,1973). 

Gasoline demands from automobile drivers will be voluntarily reduced 

only if other transportation alternatives can be developed. These 

alternatives range from riding bicycles and forming carpools to new



2

types of power sources and engines. This thesis is concerned with the 

oldest of these alternatives, walking.

Pedestrians in the City

Any visitor to the central business district (CBD) of a large 

city can report that the most common form of transportation in the 

local area is walking. Ninety percent or more of the trips within the 

CBD of large cities are pedestrian (Morris & Zisman,1962). However, 

the amount of space reserved for walking is small in comparison to the 

amount of space for the automobile (Fruin,1972). In most situations, 

this discrepancy is simply the result of the small amount of space an 

individual requires when he is walking as opposed to when he is 

driving. In certain situations, however, the space allocation for 

pedestrians .is inadequate, resulting in crowded, dangerous situations. 

The best example is the sidewalk corner, where large queues of pedes

trians build up waiting to cross the street. The sidewalk corner is 

somewhat analogous to the railroad spur which a freight train tempo

rarily uses while a passenger train goes through on the main line. If 

the spur is not long enough to contain the freight train, or if.the 

timing is not coordinated, then a dangerous situation, results. A 

similar situation, that is also dangerous, can result if the sidewalk 

corner is too small for the pedestrians waiting to cross the street, 

or if the separation of vehicles and pedestrians is not timed properly.
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Separation of pedestrians and vehicles thus involves knowing 

how much space and time.pedestrians need to move from one point to 

another. Urban transportation planners have recognized this require

ment. Within the last decade, pedestrian circulation in the CBD has 

been examined in detail. The general objective has been to facilitate 

pedestrian circulation. The general problem has been how to coordi

nate and segregate pedestrian circulation from the other transpor

tation systems that the CBD requires (Stuart,1968). The solutions 

that have been studied are too numerous to describe fully in this 

thesis. They range from the construction of pedestrian malls above or 

below street level to specially designed "people movers" that are 

complex and expensive (Levinson,1971; Fruin,1971; Kurtz & Kent,1972). 

In some cases, the "people movers" amount to putting seats on moving 

sidewalks. Most of the solutions would exclude or restrict auto

mobile traffic and develop picture-perfect pedestrian zones that would 

act as drawing cards to attract shopping, convention, and business 

activity to the CBD. Evaluating and implementing any of the proposed 

solutions requires data that are difficult to obtain. Specifically, 

the solutions require an accurate prediction of when and where people 

will be walking. In order to make this prediction, one must be able 

to specify how components of the CBD (shops, offices, transit facili

ties, parking lots, etc.) affect pedestrian circulation.
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Pedestrians on the Campus

Although the CBD presents the most critical problems for pedes

trian circulation planning, there are other areas in which pedestrian 

circulation should be studied. One that is most appropriate is the 

auto-free school campus. There may be lessons to be learned from the 

auto-free campus that could have implications for plans to exclude 

the auto from the CBD. In particular, what solutions have evolved on 

the campus for service delivery, and for coordinating pedestrian and 

vehicular systems. Administrators of the pedestrian campus have also 

had experiences with pedestrian control that might be relevant to the 

auto-free CBD. For example, the edge of a sidewalk is probably a less 

effective barrier for pedestrian control when there is grass on the 

other side rather than cars. Perhaps somewhere, a college adminis

trator has discovered a method to keep students on the sidewalk that 

could be used in the CBD. Finally, any person who feels that the 

bicycle offers the best solution to local transportation in the CBD 

should examine closely the experiences that universities have had with 

mixing heavy bicycle and pedestrian traffic (Swartley,1974).

On the other hand, student circulation on an auto-free campus 

presents problems that are unique, and not directly relevant to the 

CBD. Specifically, students have a limited amount of time in which ■ 

to travel between classes. This time constraint means that every
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building must be located within the walking distance that can be 

covered during a break between classes. This constraint can be quite 

a dilemma for campus planners who.must accommodate increasing enroll

ments. In a sense, the dilemma might reduce to finding out how many
Ibuildings can be fitted into a circle with a diameter of 2700 feet.

If all buildings cannot be kept within walking distance of each other, 

then classes might be scheduled to eliminate trips that take longer 

than the time constraint. However, this scheduling would require an 

immense amount.of detailed data on student schedules.

At a more realistic level, proposed locations of campus build

ings could be evaluated for their effect on pedestrian movement.

Dickey and Hopkins (1972) used a special computer program (TOPAZ) 

that chose the best location, in terms of pedestrian circulation, of 

15 new buildings scheduled for the Virginia Polytechnic Institute and 

State University. The computer-generated plan was very similar to a 

master plan that was developed independently by campus planners. 

Because of this similarity, Dickey and Hopkins (1972) felt that the 

computer results had verified some of the principles that planners had 

followed, such as clustering academic buildings in one area and 

residential buildings in another area. But the computer results

This is the average distance that can be covered within 10 
minutes by 20-25 year-old men (Fruin,1971).
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pointed to additional planning principles. For example, departments 

with few interdepartmental ties should be located close to dormitories 

if they serve a large number of students, and should be placed on the 

more inaccessible sites if they serve a relatively small number of 

students.

Most campus planning efforts that include a consideration of . 

pedestrian traffic are not as detailed as that described above. The 

primary reason for this is that in comparison to other considerations, 

pedestrian circulation ranks very low in planning new campus facili-

■ ties. The campus administrator or planner is much more concerned?
with financial problems, enrollment projections, and curriculum re

quirements than with pedestrian circulation. The Higher Education 

Facilities Planning and Management Manuals prepared by the Western 

Interstate Commission for Higher Education (1971) did not cover site 

or circulation planning because it was felt that this planning is too 

specific to the situation to be covered in a general planning manual. 

The Manuals mentioned that pedestrial circulation surveys are typi- 

' cally conducted as part of the campus planning process, but the impli

cation was that each campus presents' unique problems and requires 

unique planning.' In many cases, the unique problem is a severe re

striction in the number of alternative sites for a proposed building.

An example is St. Louis University. Administrators there admit 

that building location has been primarily a factor of site
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availability (Martin & Schuerman,1962). The consequent effects bn 

pedestrian circulation have been both positive and negative. For ex

ample, the location of a men's residence hall was reasonable when it 

was built, but because of the manner in which the campus has expanded, 

the location is now very poor for convenient circulation. On the

other hand, a women's residence hall which had to be built in a far-<»
away location, is now conveniently located on the periphery of the 

campus. Finally, a classroom building is located next to a busy 

intersection that also happens to be a truck route. One can see that 

site constraints at St. Louis University precluded any serious con

sideration of pedestrian circulation.

However, when site constraints do not exist, pedestrian circu

lation is usually seriously considered. A master plan for Brigham 

Young University stipulated that the building arrangement was designed 

to provide free pedestrian circulation and to maintain desirable 

working relationships between departments (Brewster,1962). Buildings 

were also arranged around open courts in order to provide free circu

lation and pleasant views for pedestrians. Conflicts between vehicu

lar and pedestrian traffic were minimized, in part by using a periph

eral road for service delivery, and by constructing pedestrian 

overpasses.
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Pedestrians in Elevators

There are other areas in which pedestrian circulation should 

be an important consideration to planners besides the campus and the 

CBD. The elevator is one such area. At the World Trade Center in 

New York, a 13% increase in gross rentable floor area was achieved by 

using a stacked elevator system, instead of the single elevator per 

shaft (Fruin,1971). A computer simulation of pedestrian circulation 

was used to design and evaluate the stacked elevator system. However, 

efforts to cut elevator costs have not always been successful. Per

haps the most notorious example of a disastrous elevator system is 

the Pruitt-Igoe housing project in St. Louis (Bailey,1965). In order 

to cut costs, the elevators were designed to stop at every third 

floor. Residents who lived on other floors would exit into gallies 

and walk either up or down a flight of stairs. The gallies were in

tended to be interior playgrounds and social gathering spaces for 

residents. But they became lawless territories for muggers, drunks, 

and junkies. This outcome was not simply the result of an inadequate 

elevator system. There was a plethora of causes, of which the most' 

dominant was probably the high housing density  ̂ Eventually, sections 

of the buildings were demolished to reduce the housing density. In 

hindsight, one can say that more planning might have foretold the out- 

However, it is more appropriate to profit from thiscome.
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illustration, and recognize that pedestrian planning and research are 

not simply engineering' problems, but encompass a vast array of disci

plines and potential contributors..

Pedestrian Research

Two trends can be identified in the research that has been
2conducted on pedestrians. The first is the older of the two and has 

been concerned with pedestrian accident research. . This research has 

typically involved an analysis of accident reports in an attempt to 

identify accident prone pedestrians, behavior, and situations 

(Marsh,1939; Lefkowitz,' Blake S Mouton,195,5;'Herms,1972). More 

recent accident research has examined in detail the decision and 

behavior■involved in crossing a street in the face of on-coming 

traffic (Moore,1953; DiPietro & King,1970; Snyder,1972).

The second trend has a history of less than a decade. It is 

more comprehensive than the accident research, and is concerned with 

pedestrian circulation as a system, especially the system of pedes

trian circulation within the CBD (Rogers,1965; Morris & Zisman,1962; 

Pendakur,1971; Fruin,1971; Antoniou,1971). Two broad sub-areas within 

this second trend can be distinguished: I) research on pedestrian

2For general bibliographies on pedestrian research, see 
Fruin (1971) and Garbrecht (1971a).
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design standards; and 2) research that has examined the overall frame

work of the pedestrian system.

The design standards have been developed to serve as guides in 

evaluating the capacity of any particular component of the pedestrian 

system, such as a sidewalk or stairway. The standards include des

criptions of pedestrian movement under different levels of crowding, 

and classifications of differences in walking behavior by age, sex, 

occupation, trip purpose, trip length, and other relevant variables 

(Maring,1972}. Fruin (1971) has accumulated many of.the standards 

that have been developed into a single reference, and substantially 

advanced the state of the art with his work on pedestrian queuing and 

service standards.

Research on the overall framework of a pedestrian system views

the pedestrian as a person walking through an environment of shops,

offices, homes, streets, sidewalks, and other environmental features
3all of which combine, in a sense, into a framework that produces a 

unique pattern of movement (Antonipu,!971). Potentially, this is a 

global view examining anything and everything that relates to the

^The' term framework is being used in this paper in order to 
distinguish between the pedestrian system that exists in reality, and 
the framework that one uses to describe the reality. The term model 
was not used, because a pedestrian framework may include several dif
ferent models in the mathematical sense of the term model.
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pedestrian system. In practice, the view is limited to specific as

pects of the environment. The framework that the researcher develops 

puts the boundaries on the pedestrian system that is being described, 

and more importantly, defines the components of the system. It in- ■ 

eludes the assumptions that are made by the researcher and the par

ticular models and methods of analysis that the researcher decides to 

use. The framework is particularly sensitive to the objectives of 

the pedestrian research.

The objective of the research reported in this paper was to 

develop a framework that would describe the system of pedestrian cir

culation at the Montana State University campus, Bozeman, Montana.

In order to understand why this objective was chosen, and how it was 

implemented, it is first.necessary to review the different types of 

frameworks that have been developed to describe a pedestrian system.

Pedestrian System Frameworks

Producing the framework of a pedestrian system might be thought 

of as a process of analytic prediction. Briefly, circulation patterns 

are analyzed in order to determine what variables cause and influence 

the patterns. These variables are usually land-use and population 

characteristics. Then, in order to forecast future circulation pat

terns, projections of the causal variables are made, and the resulting 

circulation pattern is obtained. Although this process is somewhat
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standard in general terms, when one turns to specific situations, it 

becomes apparent that ttie methodology used for this process varies 

greatly in terms of complexity.

The "lowest" level in terms of methodology is the situation in 

which a series of travel surveys are taken at selected time periods. 

By comparing successive surveys, trends can be discerned and the im

plications of these trends can be used for planning purposes. An 

example of this approach is a study of pedestrian circulation in 

downtown Salt Lake City (Ford, Johnson & Faulkner,1962). Three sur

veys of pedestrian traffic, conducted in 1954, 1959, and 1961, 

yielded valuable information for businessmen. Specifically, a com

parison of the three surveys indicated shifts in pedestrian patterns 

that were easily related to land-use changes. Businessmen could 

identify who had lost or gained customers and,, more importantly, 

could identify the causes for shifts in customer circulation.

In order to attempt prediction, the pedestrian circulation 

patterns must be operationally related to causal variables. This 

typically involves the development of a mathematical model. The 

planning objectives in a given situation will have a decided effect 

upon the exact form of the predictive...model. For.example, the objec

tive of a pedestrian model that was developed at Carleton University, 

Ottawa, Canada, was to predict pedestrian circulation within tunnels
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(Haas & Morrall,1967). Carleton University started constructing 

underground pedestrian tunnels between all major buildings during the 

early 1960's. Originally a standard design was used, but this was 

found to be inadequate as the enrollment increased and as the campus 

was expanded. A study of circulation on the campus was done with the 

objective of forecasting the pedestrian circulation volumes that . 

could be expected in any new tunnels that would be added to the sys

tem. A mathematical model was constructed that equated the pedestrian 

volume going to a destination to characteristics of the destination. 

The. model that was developed was that the number of daily trips to an 

area is a function of the number of students who daily attend lectures 

in the. area. This model was found to be somewhat, but not seriously, 

conservative in its estimates. Haas and Morrall (1967) said that 

further development of the model would include a flexible cbmputer 

program that.would use registration data, class allotment schedules, 

and a description of the tunnel network in order to. produce a descrip

tion of the expected traffic circulation in the entire network.

In-Orebro, Sweden, planners were interested not in people walk

ing through tunnels, but rather in people gathering around shops.
I

Sandahl and'Percivall (1972) developed a model that would estimate the 

levels of pedestrian concentration at various locations in.the Orebro 

pedestrian mall. Their objective was to evaluate and predict the ef

fects of physical changes in the central mall area on pedestrian
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concentration, and to develop quantitative criteria to assess future 

design requirements. They rejected the possibility of using an estab

lished transportation model, the gravity model, because the data re

quirements for the gravity model were beyond the scope of the-' study. . 

The gravity model would have required reliable data on trips between 

locations. Sandahl and Percivall (1972) wanted to predict concen

trations at locations, not trips between locations. The basic assump

tion in. their model was that a predominant proportion of pedestrian 

movement in town centers can be characterized by the accumulation of 

pedestrians around interesting objects; e.g., retailing shops. The 

model estimated the number of pedestrians in every area of the town 

mall on the basis of the number and type of facilities in each area.

An additional factor in the model was the degree to which any particu

lar area is located towards the center of the mall. This factor was 

intended to account for the phenomenon that shops or vendors in the 

center of retailing areas get more customers than those on the edges.

The Orebro mall model in its final form is relatively compre

hensive in that it includes not simply those variables that work well 

for prediction, but variables that could affect pedestrian concent 

trations. A model of pedestrian concentration in midtown Manhattan, 

New York, on the other hand, did not incorporate variables that might 

play a minor role in controlling pedestrian traffic (Pushkarev & 

Zupan,1971). The Manhattan study used sidewalk space, and the amount
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arid type of. building floor space to estimate pedestrian concen

trations . Pushkarev and Zupan (1971) also found that the distance to 

the nearest terminal entrance was important in estimating ' the concen

tration of pedestrians on east-west streets during the evening.

The difference between the Manhattan and Orebro models illus

trates the distinction between a control model and a predictive model 

(Draper & Smith,1966). Ideally, a control model includes every inde

pendent variable that will affect the dependent variable. A control 

model would be required if one wished to realistically simulate what

ever is being modeled. Predictive models, on the other hand, may not 

include every variable and, therefore, they may be inappropriate for 

simulation. Usually the independent variables that are missing in an 

accurate predictive model are highly correlated with those that are 

included in the model. The missing variables are, in a sense, tied 

to those variables that are included and, therefore, predictions can 

be made accurately without the missing variables. In the case of the 

Orebro model, Sandahl and Percivall (1972) reported that a single 

independent variable, floor area of retailing shops, could be used 

when simpler, manual approximations are required.

The distinction between the three models already discussed and 

the models that will be described next, can be clarified by using the 

terms intevdhange and trip end. A trip end is a point from which or



16

to which people travel. Ah interchange is the connection between two 

trip ends. The Orebro and the Manhattan models were concerned with 

estimating volumes at trip ends, whereas the Ottawa model was con

cerned with estimating volumes on interchanges. All three models used 

the characteristics of one of the trip ends in the estimating equa

tions. The models that will be described next have an expanded 

framework with which to describe the pedestrian system. This frame

work includes the interchange and both of the trip ends.

The first example of a model with this expanded framework 

evolved from.a study of pedestrian traffic in Washington, D.C.

(Morris,1962). Four types of pedestrian trips were defined:

I) terminal (trips to and from parking lots, garages and transit 

shops)? 2) business; 3) shopping; and 4) miscellaneous. The volumes 

of each type of trip were predicted from land-use and employment 

characteristics of downtown Washington. Then, given that a certain 

number of pedestrians could be expected to originate from a particular 

area, these pedestrians would be distributed out of that area in 

volumes that decreased as the distance from the area increased. For 

example, if 100 pedestrians could be expected from a specific bus 

stop, the model would say that 60 would walk away from the bus stop 

for 300 ft., 30 would walk for 600 ft.., and 10 would walk for 1,200 ft 

The direction that these pedestrians would take was based upon assump

tion's about the nature of the destinations that surrounded the origin.
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For terminal, shopping, and miscellaneous trips, the destination char

acteristics were assumed to be uniform, and thus the trips would dis

tribute uniformly. Business trips were distributed from areas in 

proportion to the total employment within 3,000 ft. ' Therefore, if 

there were only one area (B) that had employees within 3,000 ft. of 

another area (A), then all the business trips out of A would go to B . 

One can see that in modeling business trips, Morris (1962) has incor

porated the characteristics of both trip ends into the system frame

work, and used a dichotomous variable, greater than or less than 

3,000 ft., to describe the interchange.

The final model to be described represents the most sophisti

cated pedestrian system framework that has been developed. This 

model came from a. study of pedestrian circulation in the CBD of 

Toronto, Canada (Ness, Morrall & Hutchinson,1969). Two types of 

trips were modeled, trips to and from work, and lunch hour trips. . The 

model that was used in this study was the gravity model based on 

Newton's Law of Gravity: gravitational attraction between two bodies

is directly proportional to the product of the mass of each of the 

bodies and inversely proportional to the squared distance between the 

bodies. Transportation studies that use this model substitute particu

lar types of trip volumes for mass and gravitational attraction. Fur

thermore, the distance term is usually not the actual distance between
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two points, but rather a mathematical transformation of the time re

quired to traverse the distance. This transformation is called the 

friction factor. The general equation of the transportation gravity 

model■is: ,

k 0 D,. , a b
ab F ^ab

[1 ]

where. Tab = num 3̂er of' trips originating at a that are 
destined to b

0 = the total number of trips originating at aa
. = the total number of, trips destined to b

F , = the friction factor for the path between a and b ab
k = a constant, needed to adjust the equation

In actual use, this model takes a variety of forms and the 

terms are defined much differently. A common application substitutes 

production and attraction factors for origin and destination volumes. 

This was done in the Toronto study. Usually, production factors are 

comparable to origin volumes and attraction factors are comparable to 

destination volumes. The exceptions are trips which begin or end at 

the home. These trips are said to be produced at the home and at

tracted to the other end, regardless of the direction of the trip. 

This method of classifying trips has been found to. result in more
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stable forecasts than classifying trips according to origin and desti

nation. But this method also involves converting the data that are 

used in the gravity model to production and attraction factors and 

reconverting the predicted interchange volumes. Whichever is used, 

origin and destination volumes, or production and attraction factors, 

they must be related to causal variables in order to use the model 

for forecasting. The causal variables used in the Toronto study in

cluded land-use characteristics, employment figures, the relative 

capacity of transit facilities, and the floor area of retail estab

lishments. Ness, Morrall, and Hutchinson (1969) also developed an 

"accessibility value" for each zone that generated lunch hour trips. 

This value expressed the relative strength of all the attractors 

around an office area. As the accessibility value increased, a 

greater proportion of the employees would leave the office area during 

the lunch hour.

The Toronto study used the commonly accepted method for trans

forming trip length into a friction factor. This method is a trial 

and error curve fitting process that finds a linear or curvilinear 

function between the empirical friction factors and trip length. This 

is usually done graphically by fitting a smoothed curve to a plot of 

travel time over the most recently tried friction factors. The proc

ess is continued by.adjusting the friction factors until the best
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solution is achieved. A "best" solution is one which produces a 

smooth, function between the friction factors and trip length, and one 

which, when the friction factors are used with sample data in the 

gravity model, results in interchange volume predictions that closely 

match the sampled interchange volumes. In other words, friction fac

tors are adjusted until one has obtained: I) a smooth function be

tween travel time and friction factors; and 2) gravity model predic

tions that match the sample data.

The Toronto study developed the most comprehensive framework 

for a pedestrian system, especially in modeling the number of trips 

between two points. But there seem to be no limits to a pedestrian 

framework, and the next question to be considered is, given the num

ber of trips between two points, what route will these trips follow?

In the Toronto study, the assumption was made that pedestrians would 

take the shortest route. This is a reasonable assumption as long as 

there is only one route that is shortest. When the CBD is designed in 

a grid pattern, then there are often several routes that are the 

"shortest”. Garbrecht (1969,1971b,1973), in several articles, has dis

cussed pedestrian traffic flows through a grid network. One article 

(Garbrecht,1969) discusses a binomial model that was used to simulate 

pedestrian circulation through.a grid network of sidewalks. The net

work was uniform in terms of environmental characteristics, i.e.,
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trees, parks, shops, etc. A uniform environment does not exist, but 

the probabilities in Garbrecht1s model could be modified to reflect, 

for example, the environmental attractiveness of a route, if one 

could measure environmental attractiveness. But even in its present 

form, the model is a better approximation of route choice through a 

grid network than a random distribution. Garbrecht1s model, could be 

incorporated into the framework of a pedestrian system. The framework 

would then include using the gravity model, or an equivalent, to fore

cast the number of trips between two points, and then using 

Garbrecht1s binomial model to assign these trips to routes between' 

the two points.

Summary and conclusions. The different frameworks that were 

reviewed could be placed into three categories: I) descriptive analy

sis; 2) partial mathematical models; and 3) complete mathematical 

models. The Salt Lake City surveys were examples of a descriptive 

analysis of pedestrian circulation. The Ottawa, Manhattan, and Orebro 

models were partial models in the sense that not all of the three 

elements of every trip (the origin, the destination, and the inter

change) were included. The Washington, D.C. and the Toronto models 

were examples of relatively complete models. Generally, it was seen 

that tiie objectives of each study determined the type of framework
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that was developed and the elements that were incorporated into, the 

framework.

There were several similarities between the different types of 

models. Building floor area, land-use and employment characteristics 

transportation facility characteristics, and specific types of pedes

trian facilities were often used to describe origins and destinations 

Distance, trip length; and degree of "centrality" were, used to de

scribe interchanges.

The previous review, although it was not exhaustive of the 

literature, did indicate that there has been very little modeling of 

pedestrian traffic on the auto-free campus. The Ottawa, tunnel model, 

discussed earlier (Haas & Morrall,1967), is a limited model in the 

sense that it estimates pedestrian concentrations on the basis of 

destination characteristics alone. - Origin and interchange character

istics are not used in the model. This may in fact be the most ap

propriate framework for campus circulation. Most of the trips on 

campus would be scheduled trips to classes, and are determined by the 

characteristics and location of the destination. However, the Ottawa 

model is limited to trips between academic buildings for the purpose 

of attending class, and does not cover trips where the destination is 

voluntary? i.e., trips to the library, cafeteria, or home.

The scheduled nature of campus trips to class poses a question 

as to what type of model should be used for this type of trip. The
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Ottawa model is essentially an empirical model that fits the data. If 

an established model, such as the gravity model, is used for scheduled 

trips on campus, what will be its exact form, and how will the model 

differ from other applications where trips are largely voluntary?

Statement of Purpose

The author decided to construct a model of pedestrian traffic 

on the Montana State University campus. The primary objective of the 

model was to provide input for the campus planning process. Earlier, 

it was noted that pedestrian circulation is considered to be one as

pect of campus'planning, but that its input may be limited in appli

cation, especially if severe land-use constraints exist. Therefore, 

the potential applications of a model of pedestrian traffic on the 

MSU campus were evaluated. Two aspects of campus planning were identi

fied as potential recipients of the output from the model: locating

and designing buildings and sidewalks, and scheduling classes. The 

following objectives of the model were established within each of 

these two aspects of campus planning.

Building and sidewalk location and design. The experience with 

TOPAZ indicates that campus planners utilize efficient principles in 

locating buildings. Therefore, while a computerized site selection 

model may not justify the cost and time needed to develop it, planners



24
should receive input relating to the circulation implications of any 

building and site combination. This would require a model that conl4 

estimate the circulation that could be expected to a proposed building 

on a proposed site. This input would be needed in the very early de

sign stages of the building when only the general characteristics of 

the building, size, purpose, and general facilities.would be avail- 

able. Besides the implications for site location, output from an ac

curate model would be helpful in the detail design of the building and 

the sidewalk system to the building. This would require that the 

output from the model be expressed as pedestrian volumes over time 

and space, so that the existing pedestrian design standards could be 

utilized.

Class scheduling. Most likely, the data requirements for a 

model that would be sensitive to changes in class scheduling would be 

prohibitive. But this is a research question in itself. Therefore, 

in developing the MSU model, an attempt was made to make it sensitive 

to class scheduling changes.

In order to accomplish the objectives stated, above, the author 

decided to use the gravity model. This model was chosen for the 

following reasons:



25

I - The gravity model has been accurate in a wide variety of 

applications (Taaffe & Gauthier,1973). It is also a relatively simple 

model and is highly flexible.

2. The gravity model is sensitive to the three basic elements 

of every pedestrian trip, the origin, the interchange, and the desti

nation. It is therefore more comprehensive, and comes closer, to being 

a control model than models that incorporate less than these three 

elements.

3. The.friction factor term in the gravity model may be used

to make the campus model sensitive to class scheduling changes. To 

accomplish this, the factor would have to measure the degree to which 

class scheduling results in a single student walking to a particular 

combination- of buildings. This requirement was operationally defined 

as follows: if it is reasonable to assume that students with the same

academic major.must take similar classes, then the degree to which 

class scheduling results in a student walking to a particular combi

nation of buildings may be expressed as the degree to which pairs of 

buildings serve students with a particular major. In other words, the 

effect of class scheduling on circulation between two buildings was 

measured by comparing the students who used each of the buildings by 

academic major. This comparison was called the functional similarity

(FS) factor..



METHOD

Overview

Discussing the methodology used in developing a mathematical 

model poses a unique problem. Developing a model involves one or more 

iterative processes. Each successive iteration depends in part on 

prior results, and thus a clear step by step methodology .for these 

iterations cannot be specified. However, general guidelines can be 

outlined which describe the various iterative processes. These guide

lines , in part, include the assumptions on which the model is based.

A flow chart of the model development process that was fol

lowed in this study is shown in Figure I. In general, the principles 

outlined by Draper and Smith (1966) for model development were used 

as a guide in this study. The model was developed in five stages:

I) data collection; 2) evaluation and comparison of data; 3) trip' 

generation analysis; 4) interchange factor analysis; and 5) gravity 

model prediction, modal split, and evaluation of results. Stage 

three was an analysis of the numerator terms of the gravity equation 

(see Equation I), and stage four was an analysis of the denominator 

term of the gravity equation. Stage five consolidated the results of 

stages three and four, and involved a modal split analysis, which will 

be described shortly, and an evaluation of the final results.
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Figure I. Flow chart of the model development
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Critical Decisions

Several decisions were made in various stages of the model de

velopment that defined the scope of the model and, in a sense, also 

defined the pedestrian system that was modeled.

The model was limited to weekday student trips made to, from, 

or within the property boundaries of the main MSU campus.

The model was developed to predict the average daily traffic 

throughout the school year. Differences between the three quarters 

of the school year were identified where possible.

In order to make the model sensitive to changes in the size of 

the student body and expansions of campus facilities, variables were 

expressed proportionately when it was appropriate and when it was 

possible to obtain a reasonably valid total for the variable.

Two-way (non-directional) rather than one-way (directional) 

trips were modeled. Although there are instances when the designer 

would need to know the direction of pedestrian trips, the sample size 

appeared on inspection to be too small to realistically develop and 

test a one-way directional model. As a consequence of using, two-way 

volumes, it was inappropriate to distinguish origin from destination 

in the numerator of the gravity equation. The appropriate.numerator 

terms were the total two-way volumes at each of two areas between 

which a two-way volume of traffic occurs. Hereafter, whenever
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pedestrian volumes or trips are mentioned, the author is referring to 

the total number of trips to and from an area as the total zone 

Vdtuxne, and the total traffic between two areas regardless of direc

tion as the i-nterohange volume.

Trips were classified and modeled according to the types of 

areas in which the trip began and ended. Usually, trips are classi

fied and modeled according to the purpose of the trip. Trip end 

classification was used in this study because subdividing the sample 

data by purpose would have resulted in very small and highly unre

liable sample volumes. It was also felt that trip end classification 

would, to a limited extent, distinguish trips by purpose. Trip ends 

were classified as either Class zones or Home zones. Class zones 

were buildings on campus that did not serve a residential function. 

Home zones were either residential buildings on campus or residential 

areas off campus. The residential buildings on campus included dor

mitories, married student housing, and a complex of sorority and 

fraternity housing. With two types of trip ends, there were conse

quently three types of trip interchanges: I) Class zone to Class

zone (C-C).; 2) Class zone to Home zone (C-H).; and 3) Home zone to 

Home zone (H-H).

The final decision to be discussed concerns trips made by stu

dents who drive to school.■ These students make trips that are best
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thought of as walk-drive-park-walk trips. The question to be resolved 

is, at what, point do these trips become part of the pedestrian model? 

Whatever this point is, it is said to be a generator of pedestrian 

trips. In this study, there were two alternatives: I) parking lots

generate pedestrians; or 2) Class and Home areas generate persons who 

drive to parking lots and then become pedestrians. With the ,first 

alternative, the parking lot is a secondary or, in a sense, an arti

ficial generator. Nevertheless, one could accurately estimate the 

number of pedestrians that a parking lot will generate by using the 

capacity of the lot and a level of use factor, as the independent 

variables. But these variables would not be directly sensitive to 

such effects as an increase in the student body, or the phenomenon 

that a greater proportion of the student body lives off campus later 

in the school year. Therefore, the second alternative was chosen 

which meant that a model of "person" trips was developed, regardless 

of the means of travel. This approach estimates the number of people 

who will travel between two points, regardless of the means of travel. 

In order to determine how many pedestrians will travel between two 

points, the person trips must be split into pedestrian and auto trips. 

This can be done proportionately; e.g., 50% of the trips between point 

A, and point B will, be pedestrian, and 50% will be auto trips. The 

number of auto trips can then be assigned to parking lots. Finally,
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the volume of pedestrian trips between specific parking lots and 

buildings on campus can be found by reference to the desired trip end. 

This process of subdividing person trips is. called modal split.

The accuracy of this modal split is a direct function of the 

detail with which it is performed. That is, one may develop highly 

accurate proportions with which to split the trips, and relate these 

proportions to the time of year, weather, gasoline prices, or other 

causal variables. On the other hand, an approximate proportion may 

be used if one is not concerned with a high degree of accuracy. 

Assignment of auto trips to parking lots can likewise be highly accu

rate if one develops a special model or equation to perform this as

signment. This would have to be done if one of the■objectives was to 

estimate the demand for parking space. The objective of this study 

was to estimate the circulation to campus buildings. Therefore, the 

accuracy requirement for the modal split analysis was a function of 

the proportion of the total on-campus circulation which was accounted 

for by trips from parking areas. It was also a function of how accu

rately the person trips could be estimated in the first place. That 

is, it would be fruitless to perform an involved modal split analysis 

if the volume estimates that would be subdivided are inaccurate.
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Data Collection

Data Were obtained for two time periods, 1971 and 1973. The 

1971 data,were collected by the engineering firm of Clete Daily and 

Associates, Helena, Montana, as part of a traffic and parking study 

for Montana State University (Daily, 1971). The 197.3 data were col

lected by the author. The methodology used by the author varied 

slightly from that used by Daily. These differences are noted in the 

following text. If the time period is not mentioned in the text, then 

the methodology applies to both time periods.

1971 trip sample. The results of a 1971 trip survey of the 

MSU student body were obtained from Clete Daily and Associates. The 

survey was a typical Origin-Destination trip survey (U.S. Department 

of Transportation,1973) of a randomly selected sample of 418 students. 

The questionnaire requested the student to record each trip made to, 

from, or within the MSU campus on a specified weekday. The data that 

were requested for each trip included place of origin, place of desti

nation, means of travel, purpose at origin, purpose at destination, 

time at origin, and time at destination. Trip purpose on the ques

tionnaire was classified as "class", "home", "work", or "other". In . 

addition to the data for each trip, the questionnaire asked for the 

school quarter, and the student's year in school, academic major, 

residence, and whether the student had a car at school. Three methods
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were used to distribute the questionnaire. Students residing in on- 

campus housing were assembled, instructed in using the questionnaire, 

and asked to deliver the completed questionnaire to a collection box. 

Students living off-campus were mailed a questionnaire with written 

instructions, and were asked to return the completed questionnaire by 

mail. Phone interviews were used to supplement data collection from 

students living off-campus. In the case of phone interviews, the 

student was asked to report the previous day's trips from memory.

The 1971 survey was conducted during three quarters of the school 
year, but predominantly during winter and Spring.quarters.

1973 trip survey. The questionnaire used in 1973 was similar 

to that used in 1971. Additional information on trip purpose was 

collected by asking the student to briefly describe "other" types of 

trips. Students were also asked to indicate their age and sex. All 

questionnaires were distributed and returned by mail. A mailing list 

was compiled by drawing a 1:9 systematic random sample from the 1973

winter quarter registration list. This resulted in 867 students sam-*
pled out of a total of 7,805 students registered. A description of 

the students on the mailing list according to year in school, academic 

major, sex, and residence was also obtained for future reference. 

Twenty-three of the 867 students were eliminated from the mailing list 

for lack of a Bozeman address. These students were mostly nursing
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students who were on internship outside of Bozeman. The sample of 844 

were then systematically assigned to the 10 school days that had been 

designated for sampling. These were the weekdays between February 

26th and March 9th, the last two weeks for winter quarter classes.

The mailing was conducted so that the questionnaire was delivered on 

the school day preceding the assignment day. Test letters were in

cluded in the mailing to check the time of delivery. . Thirty^two let

ters were undeliverable by the post office, resulting in a net mail-, 

ing of 812. Twenty-six of the 32 undelivered questionnaires had off- 

campus addresses. Nine had been meant for nursing students who 

perhaps were on internship.

Analysis zones. The MSU campus and the surrounding town of 

Bozeman were divided into 64 zones. These zones constituted the trip 

ends that were used in this study. The zone boundaries that were 

used were adaptations of the boundaries drawn by Daily for his 1971 

traffic arid parking study (Daily,1971). The campus zones are shown in 

Figure 2. The off-campus zones are shown in Figure 3.

Population characteristics. In order to check for bias in each 

sample, student population characteristics were obtained from the reg

istrar. This included frequency distributions of the student body by 

sex and year in school. Distributions by school residence were not 
available for time periods that were comparable to the survey periods.



Figure 2 Campus analysis zones
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Figure 3. Off-campus analysis zones
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Facilities inventory. MSU maintains a computerized inventory 

of all physical facilities. Copies of the 1971 and 1973 inventories 

were made available by university officials. The inventory lists the 

floor area of each building by room and by the purpose for which it is 

scheduled. In addition, the number of permanent instructional sta

tions within, each room are listed.

Interchange characteristics. It was hypothesized that two 

variables would accurately describe interchanges, travel time, and 

the FS factor. The travel time for each trip was requested in both 

surveys. However, only the 1971 times were coded and available for 

analysis. Due to time constraints, these data were not taken from 

the 1973 questionnaires, and. the assumption was made that the travel 

time between zones had remained constant. Travel time was used in

stead of travel distance for two reasons. The first reason was that 

using distance would have required separate models for auto and pedes

trian trips, whereas travel time may not require'separate models. A 

person would be less inclined to walk a mile than drive a mile, but a 

five-minute walk may not be less appealing than a five-minute drive. 

This was only a tentative assumption, one that.would be evaluated dur

ing the modeling process. The second reason for using travel time was 

that no reasonable method could be found to compute the distance be

tween the campus and several large, off-campus Home zones.
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The second , type of interchange characteristic was the FS fac

tor. The sample trip data were sorted according to destination zone 

and academic major. This produced a matrix which indicated how many 

trips were made to each zone by students in each academic major.

Pairs of zones were then compared according to the degree to which 

students in the same academic major made trips to each zone. The 

measure of comparison that was used was the correlation coefficient. 

The hypothetical graphs presented in Figure 4 illustrate why the cor

relation coefficient was used for the FS factor. Each point on the 

graphs represents a particular academic major. Graph A (2?=+1.0) 

illustrates the situation in which both buildings are used equally by 

each academic major, and therefore the buildings can be considered to 

be functionally similar. Graph B (̂  = -1.0) indicates that academic 

majors who .use one building are likely not to use the other building. 

These two buildings would be functionally dissimilar except that.there 

are some majors that use both buildings moderately. Graphs A and B 

illustrate linear relationships. There was a possibility that non

linear relationships of the type shown in graph C would also be found. 

In these non-linear instances, there was a critical question as to 

whether the correlation coefficient would be an appropriate measure 

of functional similarity. In order to answer this question, a pre

liminary examination of the data was made. In those instances where
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a non-linear relationship was found, the particular pair of buildings 

appeared to serve dissimilar functions, based upon the types of aca

demic departments that were in the buildings. The correlation coef

ficients in these non-linear instances were generally low positive 

or low negative. The preliminary examination of the data also indi

cated that there would always be points plotted near the intersection 

of the axes, and thus the high negative correlation illustrated in 

graph B would be unlikely to occur. Therefore, it was felt that, 

overall, the expected correlations would range from very high positive 

to moderate negative (for example, from +.80 to -.50) and that only 

moderate to high positive correlations would indicate functional 

similarity. It was recognized that the correlation .coefficient was 

not the ideal measure to use for the FS factor, primarily because it 

is not sensitive to a non-linear relationship. However, efforts to 

find a more adequate measure failed, so the correlation was used.

Campus changes. A continuing attempt was made to identify the 

significant changes that had been made on the MSU "campus between 1971 

and 1973. This included interviews with the following individuals or 

departments: William Johnstone, Vice-president for Administration,

John B. Deeney, Assistant Director of Institutional Research, C. Jack 

Gilchrist, Assistant Professor of Sociology, Alice McClain, Director 

of Libraries, A. Andrew van Teylingen, University Architect, Army
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ROTC Department, On-campus Living Office, and Office of the Registrar. 

Additional sources of information on campus changes were maps of the 

campus for the two time periods, and the facilities inventory.

Data Evaluation and Comparison

Data from the two time periods, were evaluated and compared in 

order to isolate the important differences and similarities that would 

have to be accounted for in the model. This was a continuing process. 

Whenever any differences were found in modeling the two time periods, 

an attempt was made to relate the difference in model results to basic 

differences in sampling technique, response bias, population changes, 

or campus facility and class scheduling changes. The second stage 

also involved expanding the sample data to represent the population. 

This expansion was based primarily on the sample size as compared to 

the size of the student body.

Trip Generation Analysis

The numerator terms of the gravity model for this study are 

the respective total zone volumes for each of the trip ends. In pre

dicting future traffic circulation,, these volumes must be estimated 

from variables that will be available and that can be projected for 

future time periods. This process is called generation, and the 

equations that are used to predict the future volumes are called
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generation equations. Essentially, the generation process used one 

type of variable that is easier to project' to derive another type of 

variable (total zone volume, expressed as a proportion of the total 

campus volume) .that is more difficult to project. Two types of zones 

were considered separately during this stage of the modeling. Class' 

zones and Home zones.

Class zones. Every Class zone was a separate building. The 

independent variables chosen to generate, the total volume to Class 

zones were based upon the following hypothesis. If a building is 

being used optimally, then the average daily traffic to the building 

should be a function of the size of the building, the specific purpose 

of the building, and the particular facilities vjithin the building.

The independent variable used to measure the size of the building was 

the total floor area. The specific purpose of a building was measured 

by the number of classrooms and offices within the building, and the 

amount of floor area designated for classrooms, offices, and labora

tories. The facilities within a building were. Measured by the number 

of seats and the number of lab stations. Data on all of these inde

pendent variables were obtained from the building inventories for 1971 

and 1973. An evaluation of whether a building's space was being put 

to optimal use was made for only one building on the campus. That 

was the Fieldhouse. It was decided to include in the analysis only
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the floor area of the Fieldhouse that is used daily. The analysis 

therefore excluded the large, spectator seating and service areas.

A stepwise multiple regression program was used to develop the 

Class generation equation for each time period. By comparing the 

results and crossvalidating the coefficients from each time period, a 

single set of coefficients and a final form for the Class generation 

equation was produced.

Home zopes■ Because of the wide variety of Home zones, there 

were only two independent variables that could be used in the Home 

generation equation. These variables were the proportion of the stu

dent body that resided in the zone, and whether the zone was on-campus 

or off-campus. The proportion of the student body that resided in 

each zone was. obtained from the trip questionnaires which had asked 

the student to record his home address. Multiple regression was used 

to develop■ the Home generation equation for each time period. As. was 

done with the Class generation equation, the results from each time 

period were compared, the coefficients were crossvalidated, and a 

single form of the Home generation equation was produced.

Interchange Factor Analysis

The fourth stage consisted of developing the denominator of the 

gravity equation, as illustrated in Equation I. In other applications.
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the denominator has been called the distance factor or the friction 

factor, and has involved a wide variety of operational definitions.

In this study, it will be called the interchange factor. Operation

ally, it consisted of a linear combination of two independent vari

ables, trip time and the. FS factor. Multiple regression was used to 

develop the equation to estimate this factor. The dependent variable 

was the empirical interchange factor obtained by applying the gravity 

model directly to the sample data.. That is. Equation I was used with 

the sampled zone and interchange volumes, and the equation was solved 

for the term. The values that were obtained were the empirical

interchange factors.

Since linear regression techniques assume that the dependent 

variable is a linear function of each independent variable, the two 

independent variables were plotted against the empirical interchange 

factor to check this assumption. Appropriate transformations were 

performed on the independent variables if a nonlinear function was in

dicated. Equations for each of the three types of trip interchanges 

described earlier, C-C, C-H, and H-H, were developed.

The procedures above were performed for each time period. The 

results from each time period were compared, and the coefficients were 

crossvalidated. Finally, a single equation was produced for each type

of interchange.
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Model Consolidation and Evaluation

The final model development stage brought together the equa

tions that were developed in stages three and four. The gravity model 

was run and resulted in the estimated interchange volumes for each 

time period. These estimated interchange volumes were correlated with 

the sampled interchange volumes. The accuracy of the model was evalu

ated by examining the resulting correlation coefficients and other 

descriptive statistics of the sampled and estimated interchange vol

umes. Modal split procedures were developed, and the estimated inter

change volumes were divided into pedestrian and auto trips. The 

estimated volumes by mode were then compared to the sampled volumes

by mode.



RESULTS

Data Collection

1973 trip sample. ' A total of 375 questionnaires (46% of the 

net mailing)■were returned over a period of 36 days. Of these, 13 

were incorrectly answered and were excluded. The.resulting sample 

size was 359 students who made a total of 2,810 trips. Of this sam

ple, 30 had not completed the demographic questions, but were included 

in the sample because they had reported all the information that was 

requested for each trip. There were three questionnaires from stu

dents who had made no trips to the campus on their assigned day. This 

result was not anticipated, which is regrettable, since an accurate 

estimate of the number of students who do not go to the campus on an 

average day would be extremely valuable in expanding the sample data. 

The three students who returned the questionnaire can not be con

sidered to accurately represent the number of students who do not go 

to the campus on an average day because the questionnaire instructions 

did not stipulate what to do in this situation.

There were two demographic variables that were used to check 

responses bias in 1973, sex and academic major. A comparison of 

three 1973 distributions by sex, that of the student body, the mailing 

list, and the sample, are shown in Table I. There is very little dif

ference in the three distributions. A binomial test was run to test 

the null hypothesis that there was no difference between the student
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TABLE I

Sample and Population Characteristics

1971 1973
Pop Sample Pop Mailing

List
Sample

Size 7565 418 7805 . 811 '359

Percent 100% 5.5% 100% .' 10.4% 4.5%

Sex . N.A.
female 38% 4i% 40% 39%
male 62% ■59% 60% ' 61%
n ~ 7565 7805 844 354

Year
freshman ■ 28% 26% 32% 32% 25%
sophomore 22% 20% 22% 23% 24%
junior 18% 20% 19% 15% . 18%
senior 19% 24% 19% 18% 23%
graduate ■ 13% 12% ’ 8% . 10% 11%
n = 418 844 343

Residence . N.A. N.A.
dormitory 33% 38% 39%
off-campus 48% 42% 41%
married 11% 9% 11%
out-of-town 7% 12% 9%
n = 418 811 358

N.A data were not available
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body distribution and the sample distribution. The two-tail proba

bility for the null hypothesis was .8 . The ranked frequency distri

butions of the 1973 mailing list and the 1973 sample by academic 

major are shown in Table 2. The rank correlation coefficient was 

found to be +.94. The rank correlation is not sensitive to the size 

of the differences in percentage, but an examination of these differ

ences shows that only students in General Studies failed to respond 

as they should. No definite conclusions can be drawn from the under 

response of General Studies majors because this major would include 

students who would be most inclined to switch majors during the 

quarter.

Data Evaluation and Comparison

This stage simply involved an initial examination of the data 

in an effort to identify significant differences between the two time 

periods. This stage also included an identification of the important 

changes that had occurred on the campus between the two time periods.

Demographic differences. A comparison of the distributions of 

the two samples on the demographic variables that were available is 

shown in Table I. Estimates of population distributions are also 

shown. Generally, there is little indication of important differences 

in either the populations or the samples from the two time periods.
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A Comparison of the Distributions, by Major, of the 1973 Students Who

TABLE 2

Were Mailed .Questionnaires 
Questionnaire. (n = 359) .

(n = 844) and Those Who
I

Returned the

Mailing List Returns
percent rank percent rank

General Studies 9.2 I 3.8 7
Commerce 8.6 2 7.6 . I
Nursing 7.9 3 7.3 2
Home Economics 5.6 4. 5.8 3
Elementary Education ■ 4.7 5 3.8 7
Sociology 3.9 6 3.5 9.5
Microbiology 3.6 7 4.7 4
Ag. Production 3.4 8 2.9 13
Fish & Wildlife 3.2. 9 3.2 11
Architecture 3.1 10.5 2.9 13
Civil Engineering 3.1 10.5 4.1 5 .
Art 2.8 12 2.6 15
Electrical Engineering 2.6 13 3.5 9.5.
Ag. Business 2.3 14.5 2.3 16.5
Pre-med 2.3 14.5 2.3 16.5
Chemical Engineering 2.1 17 3.8 7
Mechanical Engineering 2.1 17 2.9 13
Film & TV 2.1 17 1.5 26
Government 1.9 19 1.7 22
Agriculture (Ag.) 1.7 20.5 1.7 21
English 1.7 20.5 1.2 30
Physical Education 1.5 22.5 2.0 18.5
Mathematics 1.5 22.5 2.0 18.5
History 1.4 ' 24 1.2 30
Construction Tech. 1.3 25.5 1.7 22
Earth Science 1.3 25.5 1.7 22
Pre-vet, Vet. Science' 1.2 27.5 .3 47.5
Music 1.2 - 27.5 1.7 22
Ag. Science .9 .29 1.2 30
Mechanical Tech. .8 31 .6 40.5
Modern Language .8 31 1.5 26
Industrial Arts .8 31 .6 40.5
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Table 2 (continued)

Major Mailing List Returns
percent rank percent rank

Ag. Economics . .7 34 1.2 30
Education .7 34 .9 34
Psychology . .7 34 .9 34
Agriculture Tech. .6 38 - 51.5
Computer Science .6 38 .9 34
Botany * 6 '38 1.5 26
Physics .6 38 .6 40.5
Speech .6 38 1.2 30
Zoology .6 38 .6 40.5
Agriculture Education .5 42 .6 40.5
Range Management .4 44.5 .6 40.5
Secondary Education .4 44.5 .6 40.5
Agriculture Engineering ■ .4 ■ 44.5 .6 40.5
Ind. & Manage. Engr.- .4 44.5 .6 40.5
Animal Science .2 49 .6 40.5
Consev. & Soil Science .2 49 - 51.5
Chemistry .2 49 .3 47.5
Economics .2 49 - 51.5
Theater Arts .2 49 .3 47.5
Entomology .1 52.5 ' - 51.5 .
Philosophy. .1 52.5 .3 47.5
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There was a moderate increase in the size of the student body which 

would result in a greater number, of total trips on'the campus. Fresh

men were under represented in both samples, and seniors were over 

represented. Two phenomena could have produced this result. The 

first was response bias. The second was that freshmen may have been 

more likely to have left school during the quarter, whereas seniors ' 

would be more likely not to have left school. The questionnaires 

returned by the post office were too few in number to test the second 

possibility. But in any case, it was felt that this systematic dif

ference would have a negligible effect on the trip data.

Trip characteristics. A comparison of selected trip charac

teristics of the two samples is shown in Table 3. The characteristics 

of the 1971 sample are tabulated according to school quarter. It can 

be seen that the average number of trips per student decreased from 

autumn to spring quarter in 1971. The winter quarter averages for 

1971 arid 1973 were comparable. This quarterly change would be impor

tant if one wished to forecast the trips for a particular quarter, 

rather than the average year round circulation volumes. There was 

also a proportional decrease in the number of walking trips from 

autumn to spring quarter in 1971, and a proportional increase in the 

number of auto trips from autumn to spring quarter. Agairi, if one 

wished to model, trips by quarter, then this is an important difference



52

TABLE 3

Trip Characteristics

1971 1973
Autumn
quarter

Winter
quarter

Spring 
• quarter

Total"*" ■ Winter 
quarter

Sample size 38 206 167 418 359

Number of trips 
total 298 1597 1169 3103 2189
mean 7.84 7.75 7.00 7.43 7.83
median 7.5 7 • 7 7 8
statistical mode 6 6 6 6 7
range 9 15 17 . 17 21
standard
deviation 2.69 3.22 ' 3.18 3.17 3.13-

Trip purpose 
class . 33% 38% 37% 37% 34%
work . 4% 1% 3% 2% " . 4%
home 31% 30% 30% ■ 30% 31% '
other- 32% 31% 30% 31% 31%
n - 595 3194 2338 6212 5598

Travel mode
walk 79% 78% 73% 76% 78%
drive 16% 17% 20% . ■ 18% 17%
cycle — - 2% 1%. 2%
passenger 4% 5% 5% 5% 4%
n - 298 1597 1169 3103 2189

^The 1971 totals will not equal the sum of the three quarters because
there were seven students included in the total who did not report
the quarter, that they were surveyed.
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in terms of the modal split that is required once the gravity model 

has predicted person trips.

The differences indicated in the distributions of trips by 

purpose do not fit a quarterly pattern. It is more apparent that 

there were differences between the two time periods. There were fewer 

"class" trips and more "work" trips in 1973 than in 1971. The pro

portions for "home" and "other" trips remained relatively stable.
■

Although the differences in "class" and "work" trip proportions seem 

to be small, even slight changes in the proportions of trip purposes 

have important implications for pedestrian circulation. In 1971, 60% 

of all trip ends were Class zones, whereas in 1973, this had decreased 

to 58%. This 2% difference is approximately 1100 trips. It was found 

that this difference was directly related to the differences in the

proportions.of trips by purpose. The equation to find the appropriate
.

proportion of trip ends at Class zones is:

Pc
C

C + ,25 [2]

where - the proportion of trip ends at Class zones ■

C = the proportion of trips made for the purpose of "class"

Furthermore, it was found that the constant in Equation 2 was a direct 

function of the proportion of trips made for the purposes of "home" 

and "work.". The equation is :
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where H = the proportion of trips made for the purpose of "home"

W = the proportion of trips made for the purpose of "work"

Although it is highly possible that the relationships indicated in 

Equations 2 and 3 are simply an artifact of the data, there is an im

portant implication in these results. This implication is that as 

the relative proportion of "work" trips increases, so does the rela

tive proportion of "home" trips, resulting in the constant as ob

tained in Equation-3. This means that as students work more, a 

greater proportion of their trips will be to their home, and a 

smaller proportion of their trips will be to class.

Expansion of sample data. The expansion factors for each sam

ple were based on the ratio of the sample size to the student body 

size. For 1971, the factor was 18.098, and for 1973, the factor was 

21.741. These expansion factors necessarily assume that every student 

is on the campus at some time during the average school day. This 

assumption will result in a model for a "busy" school day. However, 

the expansion factor is simply a constant throughout the modeling 

process, and adapting the final model results to reflect a "normal" 

school day would be relatively easy. It would involve the use of a 

proportion factor to express what proportion of the student body is on

.25 = .9 (H - W) [3]
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the campus on a "normal" school day. In developing the proportion 

factor, one would have to identify those types of students who are 

most likely to not be on the campus on a "normal" school day. Among 

the types of students that immediately come to mind are students whose 

studies are off-campus or in another town, i.e., nursing students, 

student teachers, etc.

Campus changes. The following changes that had occurred on 

the MSU campus between 1971 and 1973 were identified as having had an 

important impact on pedestrian circulation.

Johnson Hall, a life sciences building, was opened during fall 

quarter, 1973. This resulted in the transfer of several large lecture 

classes from the SUB to Johnson Hall. The 1973 survey data reflected 

this shift. In' 1971, 11% of all the sampled trips went to the SUB.

In 1973, this dropped to 8%, a decrease of 3% which was the percentage 

of trips that went to Johnson Hall in 1973.

The Military Science building was used only for ROTC courses 

in 1971. In 1973, other departments were conducting classes in this 

building. The sample data reflected this change in that there were no 

trips to Military Science reported in the 1971 survey, whereas in 

1973, 30 trips were reported to or from the Military Science building, 

and it was therefore included in the trip generation analysis.
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In 1971, the female students- residing in Hapner Ha.I I  could use 

either the cafeteria in Hannon Hall or the cafeteria in Lewis & Clark 

Hall. In 1973, this option was no longer available, and the residents 

of Hapner Hall could use only the cafeteria in Lewis & Clark Hull.

The result of this change was an increase in the circulation between 

Hapner Hall and Lewis & Clark Hall.

' Trip Generation Analysis

The objective of the generation analysis stage was to develop 

equations that would accurately estimate the total volume of person 

trips (expressed as.a proportion of the campus volume for the type of 

zone) to each Class and Home zone. In developing these equations, 

zones that had sampled volumes that were less than 30 were excluded 

from the analysis because it was felt that volumes less than 30 would 

be unreliable.

Class zone generation. There were 18 zones in 1971 and 20 

zones in 1973 that had at least 30 reported trips. The two additional 

zones in 1973 were Johnson Hall and the Military Science building. A 

summary of the regression results for each time period is shown in 

Table 4. The step-wise regression was continued for four steps in 

each time period. It can be seen that the results for each time per

iod were almost identical, especially in the first two steps of the 

regression. After the second step, the F ratio decreases and the R z
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TABLE 4
Stepwise Regression Summary: Class Zone Generation Analysis

Data Coding
■ Dependent variable: proportion of Class trips
Independent variables:

Xi = proportion of campus floor area 
X2 = proportion of classroom seats 
X 3 = proportion of campus offices 
Xit = proportion of laboratory floor area

Step Variables Coefficient Standard F- Rzentering • , error ratio
I 9 7 I

I Xi 1.1361 .2317 16 27 76constant . 0014
Xi .9592 • .1535

2 X2 .2800 .0393 58.72 .89
constant -.0089
Xi .9248 .1613
X2 .2567 .0494 -

X3 .0637 .0802 ’
constant' - . 0 1 0 1 -
Xi .9029 .1773
X2 .2684 ' .0606

4 X3 .0617 .0830 27.04 .89
X4 - . 0 2 1 0 .0587
constant -.0089

I 9 7 3
Xi 1.1361 . 2317I 24. Ob . /bconstant . 0 0 1 0
Xi .9584 .1367

2 X2 .2253 .0369 54.80 .87
constant -.0067
Xi . .8980 .1434
X2 .2047 .04013 38. IuX 3 .0881 .0718
constant -.0081
Xi .8759 .1413
X2 .2354 .0457

4 X 3 .0946 .0704 30.30 .89
X4 -.0752 .0574
constant -.0059
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shows very little increase. It was decided to use the variables that 

had been entered in the second step. These two variables were the net 

floor area of the building and the number of classroom seats in'the 

building. Both of these variables had been expressed as proportions 

of the total net floor area of Class zones or of the total number of 

classroom seats in Class zones. The coefficients for each time per

iod were crossvalidated by using them with the sample data from the 

opposite time..period and predicting the independent variable for the 

opposite time period. The squared correlations from this cross- 

validation were + . 8 8  for the 1971 data-1973 coefficients, and + . 8 6  

for the 1973 data-I971 coefficients. This crossvalidation produced 

results just slightly less accurate than the regression results. It 

made very little difference as to which set of coefficients should be 

chosen for the final equation, but the 1973 coefficients were used 

because they, were based on more zones than the 1971 coefficients.

The 1973 coefficients were then used.to generate the volumes for each 

Class zone for each year. The differences between the estimated 

volumes and the sampled volumes were, examined to determine if there 

was a systematic lack of fit. The most serious lack of fit was an 

underestimation of the volume for the SUB for both time periods. The 

building inventory for the SUB listed only 20 seats, and it was felt 

that this should be increased to reflect the attraction of the
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cafeteria both in 1971 and in 1973. Furthermore, the theater in the 

SUB was used for large lecture classes in 1971, but the building in

ventory did not reflect this use. Therefore, the seating in the SUB 

theater was added to the number of seats in the SUB in 1971.

There.were several buildings for which the model produced in

accurate estimates that may have been systematic. The estimated vol

ume to the Music building, an older, over-used building that is sched 

uled for demolition, were lower than the sampled volumes each year. 

The estimates for Cobleigh Hall, a relatively new building opened in 

1968, were high both years, and the 1973 estimate for Johnson Hall, 

the new building opened fall quarter, 1973, was also high. All of 

these estimate errors point to the need for a systematic technique to 

measure the level of use of each building, or a related measure, the 

degree to which a building is being used optimally. Either of these 

measures may. indicate that the space in the newer buildings is not 

used as heavily as the space in older buildings.

Home zone generation. There were 17 Home zones both years 

that had at least 30 trips and were used in the Home generation analy 

sis. The two variables used in this analysis were the proportion of 

the student body residing in the zone, and whether the zone was on- 

campus or off-campus. The rationale for distinguishing between on- 

campus and off-campus Home zones can be seen in scattergrams of the
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.number of trips for the zone plotted over the proportion of the stu

dent body residing in the zone (see Figures 5 and 6 ). In 1971, there 

is a clear indication of two types of zones, on-campus and off-campus 

(Figure 5). This distinction is less apparent in 1973, but is still 

indicated (Figure 6 ). The reason for this difference is that every 

trip made from on-campus Home zones is included in the data, but only 

those trips between off-campus Home zones and the campus are included. 

Thus, if a student living in a dormitory made a trip to downtown 

Bozeman from his dorm, it should-be included in the data. However, if 

a student living off-campus made a trip from his home to downtown 

Bozeman, it should not be included in the data. This is the result of 

modeling only a portion of the total circulation of students, that 

which begins or ends oh the campus.

A summary of the regression results is shown in Table 5. The 

results are similar for each year, but the 1973 results are markedly 

less accurate. However, the difference between the coefficients for 

the two years failed to reach the five percent level-of significance 

with a two-tailed test. Crossvalidation produced squared corre

lations of +.52 for the 1971 data-1973 coefficients, and +.29 for the 

1973 data-1971 coefficients. Thus, the 1973 coefficients worked as 

well with the 1971 data as they did with the 1973 data from which the 

coefficients were derived. Based on this result, it was decided to
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Figure 5
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Figure 6 . 1973 data: scattergram of the proportion of the student
body residing in a zone by the zone trip volume.



62
use the 1973 coefficients for the final equation. This equation was 

then used to generate the volume estimates for each year, and these 

estimates were compared to the sampled volumes. The most important 

error was an underestimation of the volume for Lewis & Clark Hall each 

year. This error is directly attributable to the lack of a variable 

to account for trips made to dormitory cafeterias. The lack of this 

variable is especially critical for 1973. Although fewer students 

resided in Lewis & Clark Hall in 1973 than in 1971, the sample volume 

of trips was somewhat comparable for both years. This is because the 

decrease in the number of Lewis & Clark residents was offset by the 

fact that there were more students from another dormitory using the 

Lewis & Clark cafeteria. Introducing a variable to account for trips 

to dormitory cafeterias was considered and rejected for two reasons. 

The first ,reason was that this type of circulation would be best 

handled at the relatively "micro" level of a single cafeteria since 

the number of trips to cafeterias is highly dependent on the meal- 

options that are available. The second reason is that most of the 

trips to dormitory cafeterias were not reported on the questionnaires 

because the trip was entirely indoors. There were only three in

stances in which a student had to go outdoors to reach a cafeteria. 

Therefore, a variable for cafeteria trips would have amounted to 

including a variable for three data points.
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Multiple Regression Summary: Home Zone Generation Analysis
Data Coding

Dependent variable: proportion of Home trips
Independent variables:

Xi = proportion of the student body that resides in the 
zone

X 2 = a dummy variable that is set to 1 . 0  if the zone is 
on campus

TABLE 5

Independent
variables

Coefficient Standard
error

F
ratio R 2

I 9 7 I
Xi .9041 .1137
X 2 .0383 .0076 34.25 .83
constant -.0123 •

I 9 7. 3
Xi .6721 .1745
X 2 . 0 2 2 0 .0076 8.85 .56
constant . 0089

Summary of trip generation. A comparison of the sampled and

the estimated volumes for each year is shown in Table 6 . It can be 

seen that the generation equations result in a slightly lower mean 

both years. The smaller variance of the estimates as compared to the 

sample volumes is a result of statistical regression toward the mean.
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Trip generation summary

TABLE 6

Comparison of the Sampled Zone Volumes and the Estimated Zone Volumes

Mean ,Standard Correlation
deviation coefficient

sample. 3155 2703
1971 + .94

estimate • 3129 2385

sample 3210 2290
1973 +.92

estimate 3209 2099

Interchange Factor Analysis

Development of the interchange equation consisted of an attempt 

to estimate the empirical interchange factors by using measurable, 

independent variables. Without this estimation, one is forced to 

assume that the empirical factors will remain constant and unexplain

able for forecasting purposes.

In order to develop an interchange equation, empirical inter

change factors were obtained by running the gravity model with the 

sample data. Two criteria were used to choose the particular inter

changes from which the empirical factors were derived. The first 

criterion was concerned with the size of the sampled interchange vol

ume. Since student circulation on campus is predominantly determined 

by class schedules, low interchange volumes may be as important as
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high volumes in reflecting the underlying effect of class scheduling. 

For example, it would be as important to know that there are very few 

trips between an engineering building and an art building as it would 

be to know that there are many trips between an engineering building 

and a mathematics building. Therefore, a criterion based only on 

the size of the sampled interchange volume was inappropriate in 

choosing the interchanges to be used in developing the interchange 

equation. On the other hand, it was unrealistic to use every possible 

interchange because of the small sample values and a limited amount 

of time and resources. Therefore, all interchanges were modeled be

tween 18 zones that had the highest total zone volumes. The cutoff 

was made at 18 because, each year, 18 zones insured a representation 

of each of three types of zones. Class, on-campus Home, and off-campus 

Home.

The second criterion that was used in choosing interchanges 

was that the.interchanges for both time periods had to be identical 

in terms of their end-points. This criterion was established to in

sure a minimum level of reliability in the data. It soon became ap

parent that there was a high degree of unaccountable variance in the 

empirical interchange factors. Using interchanges that had identical 

end-points was one way to hold several variable's constant for the two

time periods.
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Using the two criteria above, 150 out of approximately 780 

possible interchanges were chosen for analysis. Each year, approxi

mately 10 of the 150 interchanges had a sample volume of zero. The 

150 interchanges were composed of 36 Class to Class interchanges 

(C-C), 81 Class to Home interchanges (C-H), and 33 Home to Home inter 

changes (H-H). Three off-campus Home zones (zones 302, 303, and 306 

in Figure 3) were end-points in 30 of the 150 interchanges. The 

interchanges between these three off-campus Home zones were not 

analyzed since they did not involve a trip to or from the campus.

An initial question that was asked was whether there was any 

stability in the empirical interchange factors over time. There had 

not been enough changes on the campus to result in drastic changes in 

pedestrian circulation. But the relatively small sample sizes may 

not have reflected an underlying stability in the interchange factors 

that could be mapped by an independent variable. To answer this 

question, empirical interchange factors were crossvalidated by using 

them in the gravity model with the sample data from the opposite year 

This was done for each of the three types of interchanges, C-C, C-H, 

and H-H. The results, shown in Table 7, indicate that the gravity 

model ̂ with crqssvalidated interchange factors, is a fairly accurate 

model of pedestrian circulation on the campus. However, the high 

correlations in Table 7 can not be attributed wholly to stable



67

Empirical Factor Crossvalidation

TABLE .7

Correlations Between Sampled Interchange Volumes and Volumes Estimated 
with a Gravity Model using Sampled Zone Volumes and Cross Year 
Empirical Interchange Factors.

Type of Interchange 1971
Year

1973

Class to Class + .95 + .93

Class to Home + .74 + . 65

Home to Home + . 8 6 + .85

Correlations Between 
with a Gravity Model 
Factor.

TABLE 8

Sampled Interchange Volumes 
using Sampled Zone Volumes

and Volumes Estimated 
and no Interchange

Type of Interchange 1971
Year

1973

Class to Class + .93 + .92

Class to Home 

Home to Home

+ .76 

+ .48

+ .60 

+ .26
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empirical interchange factors. The correlations between the empirical 

interchange factors from the two time periods were +.37, +.28, and 

+.80 for C-C, C-H, and H-H type interchanges, respectively. Thus, 

the high correlations in Table 7 for C-C and C-H interchanges were 

more likely a function of stable zone volumes that, alone, could be 

used to predict interchange volumes. Therefore, a gravity model that 

omitted the interchange factor and used only the product of the two 

zone volumes was tested. The results are shown in Table 8 . Comparing 

the results in Tables 7 and 8 , one can see that using the opposite 

year’s empirical interchange factor results in a substantial improve

ment for H-H interchanges and a slight improvement in C-C inter

changes and 1973 C-H interchanges. But using the 1973 C-H inter

change factors to model the 1.971 C-H interchange volumes results in 

less accuracy than no factor at all. One final stability test was 

made by averaging the empirical interchange factors from each year, 

and using the average factor in the gravity model to estimate the 

interchange volumes for each year. The results are shown in Table 9. 

These results are a substantial improvement over the results in 

Tables 7 and 8 , and indicate that an interchange factor equation that 

could estimate the average empirical factors would be highly accurate

over time.
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TABLE 9
Correlations between Sampled Interchange Volumes and Volumes 
with a Gravity Model using Sampled Zone Volumes and the Mean 
Empirical Interchange Factor.

Estimated

Year
Type of Interchange 1971 1973

Class to Class + .99 + .98

Class to Home + .95 + .08

Home to Home + .94 + .98

The two independent variables that were to be used to estimate 

the interchange factor were the FS factor and trip time. Each of 

these variables was plotted against the empirical interchange factor 

for each year to check the linear assumption. The scattergrams of the 

FS factor plotted against the empirical factor indicated a possible 

linear relationship. There was a large degree of dispersion as indi

cated by the low correlations for each year (V = +.18, +.10 for 1971 

and 1973, respectively). There was no indication of any type of non

linear relationship, nor was there any indication that the FS factor 

should be squared, as is required to make a correlation coefficient 

linear.

The second variable that was to be used to estimate interchange 

factors was the trip time reported for each interchange. To check the
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linear assumption, a mean reported trip time had to be computed for 

each interchange. But before this could be done, a decision had to 

be made as to whether pedestrian and auto trip times should be 

weighted separately. Td make this decision, a comparison of the fre

quency distributions of trips by mode was made (see Figure 7.) . The 

distributions are more similar than one might expect. This is prob

ably due to the relatively small geographic area in which students 

travel during the week, either by walking or by auto: Figure 7 indi

cates that the reported trip length should be weighted separately for 

pedestrian and auto trips. One possible weighting method would be to 

convert both auto and pedestrian trip times to 2  scores according to 

the distributions in Figure 6 . But the possibility existed that trip 

time, however it is weighted, may be an inappropriate factor in 

scheduled trips. Therefore, since only two zones, 302 and 306, ac-̂  

counted for approximately 75% of the auto trips in the interchanges 

chosen for analysis, these two zones could be eliminated at any point 

in the analysis in order to assess the importance of distinguishing 

between pedestrian time and auto time. With this in mind, the mean 

trip time for'each interchange was computed without weighting pedes

trian and auto trip time separately.

Once the mean interchange trip times had been computed, they 

were plotted against the empirical interchange factors, to check the
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Minutes of travel time

Figure 7. Distributions of travel times reported in the 1971 survey. 
Frequencies have been reduced to a percentage basis.
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linear assumption. The scattergram for 1971 is shown in Figure 8 . 

It is apparent that there is a weak nonlinear function. It was de

cided to use an inverse exponential function of the type:

Iab [4]

where I ^  = the empirical interchange factor for the interchange 
between zones a and b

t ' = the mean of the reported times for trips between 
zones a and b

x = an unknown exponent

The scattergram for 1973 showed a similar function. Therefore, the 

mean trip times had to be transformed to achieve a linear relationship 

with the empirical factors. This involved finding the value of the 

exponent in Equation 4. The most likely exponents for each type of 

interchange were found by trying a series of exponents that ranged 

from .00009 to 2.5, and correlating trip time, as transformed by each ' 

exponent, with the empirical factor. The highest correlation.indi

cated the exponent that would result in the "best" linear relation

ship. Four exponents were identified as the most likely candidates 

for the final interchange factor equation, .001, . I, .3, and .7.

Each of these exponents was used to transform trip time, resulting in 

four trip time variables. A two-step regression program was run with
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these four trip time variables and the FS factor as the independent 

variables,^and the empirical interchange factor as the dependent vari

able. The assumption was that the regression program"would select one 

of the four time variables, and the FS factor in the two steps. The■ 

regression was run for each type of interchange.

The results of this two-step regression are shown in Table 10. 

It is obvious at a glance that there is very little consistency either 

within or between each year. The results for 1973 were especially

revealing. None of the trip time transformations achieved the minimum 
4inclusion level for the 1973 C-C regression. On the other hand, two 

trip time transformations were entered in the 1973 C-H regression and 

the FS factor was excluded. This occurred even though the trip times 

came only from the 1971 sample, whereas the FS factor was computed 

from each sample. The only conclusion that could be made from the 

results in Table 10 was that there was a large amount of variance 

that was not accounted for by the independent variables, especially 

over the two time periods.

The following sources of error (Draper & Smith,1966;

Deutschman,1967) could have produced the results in Table 10:

^The inclusion level was an F value equal to. or greater than 
.01 and a tolerance equal to or greater than .001 (Nie, Bent & Hull, 
1970).
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I) missing independent variables; 2 ) inaccurate measurement of the 

independent variables; and 3) inaccurate measurement of the dependent 

variable as a result of sampling error. The second and third sources 

of error could be checked by pooling the data from each time period. 

That is, if by pooling the data over time, one were able to accurately 

estimate the dependent variable from the independent variables, then 

the conclusion would be that the major source of error is measurement 

error. One the other hand, if inaccurate estimates result, then one 

would conclude that additional independent variables are required to 

estimate the interchange factor.

TABLE 10

. Regression Summary: Interchange Factor Analysis
Data Code

Dependent variable: empirical interchange factor
Independent variables:

FS = functional similarity correlation coefficient
Tx = the reciprocal of the mean interchange travel time '

raised to the x power .

1971 1973
Type of Interchange Variable Coeff. RZ Variable Coeff. iRZ

FS .62 FS .67
Class to Class T-OOl .69 .48 — — .24

constant . 1 0 constant . 6 8ip. 0 0 -I- .87 T- 1 .43
Class to Home FS .45 .09 T- 7 -.05 . 0 2

constant .04 constant .45
T- 3 1.14 FS 1.93

Home to Home FS .74 . 30 T- 7 . 8 6 .24
constant -.09 constant . 2 0



76
The data from the two years was pooled by computing the arith

metic mean of the two empirical interchange factors and the arithmetic 

mean of the two FS factors for each interchange. The FS factors, 

being correlation coefficients, were first transformed using Fisher's 

s transformation (Guilford,1965). As before, four transformations 

were performed on the trip times, and the four trip time transfor

mations and the mean FS factor were used as the independent variables 

in a two-step regression run. The dependent variable was the mean 

empirical factor.

The results of this regression are shown in Table 11. Compar

ing these results to those in Table 10, one can see that pooling the 

data produced'a much larger R2 in the regression for C-C type inter

changes. There was very little difference with either C-H or H-H 

type interchanges. It was concluded that additional independent 

variables would be needed to estimate the interchange factor for any 

interchange that involved a Home zone. The first variable that came 

to mind was a weight applied to the trip times of auto trips. In 

order to assess the potential contribution of this variable, inter

changes which included either zone 302 or zone 306 were excluded from 

the interchange data, and the regression of the mean FS factor and 

the transformed trip times over the mean empirical factor was run 

again. Excluding these two zones eliminated approximately 75% of the
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auto trips, and also reduced the number of C-H interchanges from 81 

to 63, and the number of H-H interchanges from 33 to 21. Excluding 

these two zones had no effect on the C-C interchanges, and so these 

interchanges were not considered.

TABLE 11

Regression Summary: Interchange Factor Analysis with Pooled
Data

Data Code
Dependent variable: mean empirical interchange factor
Independent variables:

FS = mean functional similarity correlation coefficient 
Tx =• the reciprocal of the mean interchange travel time 

raised to the x power

Type of Interchange Variable Coefficient ' IR2 .
FS . 6 6

Class, to Class T - O O l .25 .-70
constant .49^tnn - .24

Class to Home . FS . 1 2 ' .06
constant .25
T -7 .71

Home to Home FS 1.38 .25
constant .24

The results are shown in Table 12. When compared to Table 11, 

one can see that excluding most of the auto trips from the interchange 

data had very little effect on the amount of variance that was ac

counted for by the two independent variables, trip time and the FS 

factor. Earlier it was noted that the empirical interchange factors
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were relatively stable, especially the factors for H-H type inter

changes. The correlation between the H-H empirical interchange fac

tors from each year was +.80. Neither the mean FS factor nor trip 

time adequately mapped the underlying stability implied by this high 

correlation. It was concluded that, at least for interchanges that 

involve a Home zone, there are important variables that are missing 

in this analysis.

TABLE 12

Regression Summary: Interchange Factor Analysis with Pooled Data,
Auto Trips Excluded.

Data Code
Dependent variable: mean empirical interchange factor
Independent variables:

FS = mean functional similarity correlation coefficient 
Tx = the reciprocal of the mean interchange travel time 

raised to the x power . '

Type of Interchange Variable Coefficient R2
T-OOl .77

Class to Home T .7 -.07 .06
constant , .24
T-7 .78

Home to Home FS SI—
' .27

constant .17

Defining, collecting, and using additional variables would have 

involved a great amount of effort. Recalling the objective to keep 

the effort and time needed to develop the model at a minimum, the 

author decided to continue the model development into the final stage
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in order to obtain and evaluate the final results of the work that ' 

had been accomplished, and in order to form a complete gravity model 

that could serve as a reference to guide and evaluate future work.

' The results in Table 11 were used to form the interchange estimation 

equation for each type of interchange. In estimating the interchange 

factors, the independent variables that were used were the FS factors 

from the appropriate year, and the mean of the 1971 trip times, as 

computed for each interchange without weighting pedestrian and auto 

time separately.

Model Consolidation and Evaluation

The final stage involved putting the estimates that were gen

erated in stages three and four into the gravity model and predicting 

the interchange person volumes. A modal split was then performed on 

the estimated person volumes in order to find the volumes of pedesr . 

trian traffic.

An illustration of the final model is shown in Figure 9. The 

exponents, -I and IO5, in the interchange equations have been used to 

simplify this illustration. The interchanges that were used in the 

interchange analysis were used again in the final stage. This 

amounted to modeling only 28% of all the 1971 trips and 24% of all the 

1973 trips. The reason for these small percentages is that they repre

sent only 150 out of 780 possible interchanges. Not every interchange
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I
I where T =  two-way person trip volume between zones 

a and b
va'vb = total zone volume at zone a-, zone b 

Iab = interchange factor

Class zone:

S

i

III

where

Home zone: 

where

V ,V, = [1.648 Xi + .3874 X 2 - .01145] X 3 a D
Xi = proportion of campus floor area 
X 2 = proportion of classroom seats 
X 3 = number of trip ends at Class zones

V&,Vb = [.022 Xi + .672 X 2 + .0089] X 3

Xi = proportion of the student body that 
resides in the zone

X 2 = a dummy variable that is set to 1.0 if 
the zone is on campus 

X 3 = number of trip ends at Home zones

g*
Class to Class 

interchange

Class to Home 
interchange

I
Home to Home 

interchange

where

252.485 + .662 FS + ~ W T
-I

.251 + .121 FS -Ot -
,— t — I

Iab .24 + 1.383 FS .714i— i - l

T-'

FS = functional similarity correlation 
T = mean interchange travel time

Figure 9. Model of person trip traffic.
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was modeled.because the interchange factor estimation was somewhat 

less than accurate for C-H and H-H type interchanges, and because a 

substantial proportion of the 780 possible interchanges had low or no 

sample volumes, precluding any. reasonable evaluation of the results.

Estimates of the interchange volumes, were obtained and were 

correlated with the sampled volumes. These correlations are shown 

in Table 13. One can see that the estimates of C-C interchanges were 

fairly accurate, and that the estimates for 1971 were more accurate 

than the estimates for 1973. Overall, the model accounted for 72% of 

the variance in 1971 and 52% of the variance in 1973. The H-H inter

change estimates have a double source of inaccuracy in that both the 

generation equations and the interchange factor equations were less 

accurate for Home zones than for Class zones. Comparing the results 

of the final model with the results of. using a gravity model without 

an interchange factor (Table 8 ), it can be seen that the results are 

virtually identical. One can conclude from this similarity that the 

development and use of an interchange factor equation compensated, for 

the inaccuracy of the generation estimates, with the result that the 

gravity model with every term estimated worked as well as a gravity 

model that used sampled zone volumes rather than estimated zone vol

umes, but did not have an interchange factor.
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Final Model Results

TABLE 13

Correlations.between 
with a Gravity Model 
Interchange Factors.

Sampled Interchange Volumes 
using Estimated Zone Volumes

and Volumes Estimated 
and Estimated

Year
Type of Interchange 1971 197,3

Class to Class + .92 + .90

Class to Home + . 76 • +.63

Home to Home + .49 + .25

All Interchanges + . 8 6 + .72

The amount of error in the results in Table 13 that can be at

tributed to.the estimated zone volumes can be found by running the. 

gravity model with sampled zone volumes and estimated interchange 

factors. This was done, and the results are shown in Table 14. It 

can be seen that the H-H interchanges were substantially more accu

rately estimated by a gravity model using.the sampled zone volumes 

than by a gravity model using the estimated•zone volumes (Table 13). 

One interesting comparison in Tables 13 and 14 is that the 1973' C-H 

interchanges were more accurately estimated by a gravity model with 

each term estimated than by a gravity model with only the interchange 

factor estimated. Apparently, with the 1973 interchanges, part of 

the error in the estimated zone volumes was offset by the error in



83

the estimated interchange factors. It is likely that this was a ran

dom result. .

TABLE 14

Correlations between Sampled Interchange Volumes and Volumes Estimated 
with a Gravity Model using Sampled Zone Volumes and Estimated 
Interchange Factors.

Type of Interchange .1971
Year

1973

Class to Class + .96 + .92

Class to Home + .77 + .62

Home to Home + .61 + .48

All Interchanges + .89 + .76

The model, as shown in Figure 9, is conservative in its esti

mates. This can be seen in Table 15. The total number of estimated 

trips was lower than the total number of sampled trips. The average 

estimated volume was also lower than the average sampled volume. The 

lowest interchange volumes that the model predicted were slightly 

negative values. Altogether, there were three interchange volume 

estimates that were negative for both time periods. Each of these 

three interchanges was an H-H type of interchange. These negative 

estimates were primarily due to high negative FS factors. If the model 

were adjusted to result in a mean interchange volume equal to the
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mean of the sampled interchange volumes, four of the six negative 

values would become positive.

TABLE 15

The Results of the Model as Compared 
to the Sample Data

1971 1973
Sample Model Sample Model

Total of 150'
interchanges 31769 27145 30172 27020

Mean interchange 2 1 2 181 ' 2 0 1 180
Standard Deviation 254 182 2 1 2 142
Range 2136 1377 . 1348 1090

low 0 -28 0 -59
high 2136 1349 1348 1031

Estimate errors
mean 31 2 1
standard deviation 134 149
maximum negative error 787 1089

(estimate too low) 
maximum positive error 199 288

(estimate too high)

- Modal split. A modal split analysis was conducted by finding 

the percentage of trips by each mode by each type of interchange.

Only on-campus zones were included in this initial analysis for 

reasons that will soon become apparent. These results are shown in 

Table 16. It is clear that it would be reasonable to assume that all 

person trips between on-campus zones are pedestrian. This assumption
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is particularly reasonable in view of the fact that the model results 

are not accurate enough to attempt the proportional splits that are 

indicated in Table 16. That is, it would be misleading to say that 

10% of the estimated C-H trips on the campus will be by auto, if the 

model at best accounts for only 80% to 85% of the variation in the 

trips. Therefore, the assumption stated above was adopted, and the 

only interchanges that were modally split were those that involved an 

off-campus Home zone.

TABLE 16

Proportion of On-campus Trips that were Pedestrian

Year
Type of Interchange 1971 1973

Class to Class 98.7% 98.8%

Class to Home 96.2% 97.3%
iHome to Home 8 8 .6 % 94.9%

The proportion of pedestrian trips for each of the seven off- 

campus Home zones is shown in Table 17. The most noticeable differ

ence between the two years is zone 305. In 1971, 8 % of the trip vol

ume for zone 305 was pedestrian, whereas in 1973,, 34% was pedestrian. 

The primary cause of this difference can be attributed to the con

struction of several apartment buildings, just southwest of the campus, 

and to an increase in the size of several trailer courts, located in
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the triangle annexation section on the analysis zone map (Figure 3) . 

These housing changes resulted in an increase in the number of stu

dents residing within the urban portion of zone 305. In 1971, five 

of the six sampled students who resided in zone 305' lived outside the 

town. In 1973, that part of zone 305 within the city limits or ad

jacent to the campus accounted for 13 of the 23 students in the sample 

who resided in zone 305. Thus, one can see why the shift in the pro

portion of pedestrian trips occurred.

TABLE 17

Proportion of Trip Ends at Off-Campus Zones 
that were Pedestrian

Off-campus Zone 1971
Year

1973 . ’

301 ■ 59.8% 64.3%
302 35.1% 39.9%
303 83.6% 80.6%
304 39.5% 40.3%
305 ’ 7.7% 33.6%
306 ' 7.1% 2.4%
307 4.3% ' 1 0 ;3%

The decision was made to consider cycle trips, which accounted 

for 2 % of the trips, as pedestrian trips since the cyclist, especi

ally the bicyclist, can usually park relatively close to the building 

he wishes to enter. Passenger trips, which represented 5% of the 

total, were considered to be auto trips. A modal split was performed



for one building, the Library, for purposes of illustration. This 

split was done in conjunction with an aggregation of the estimated 

trips at the Library, according to the location of the other end of 

the trips. ■ That is, pedestrian trips between the Library and another 

zone were assigned to one of eight hypothetical sides of the Library. 

The trips were assigned to the side that would be intersected by a 

straight line from the Library to the other zone. This type of aggre

gation, would enable the designer to plan the entrances and exits for 

a building by giving him circulation volumes at specific sides and 

corners of the building. The gravity model estimates for the 150 

interchanges were used, which meant that the interchanges between the 

Library and 17 other zones were aggregated. Three of these zones 

were off-campus and were split into auto and pedestrian trips. All 

other interchange volumes were assumed to be wholly pedestrian. The 

sample data for the same interchanges were also aggregated in the 

manner described above. The modal split of the sampled trips was 

based on the actual travel mode reported on the questionnaire. Thus, 

by comparing the sample aggregation with the estimate aggregation, 

one can evaluate not only the accuracy that is achieved by aggregating 

the estimated interchanges, but also the modal split procedure. The 

trips to the Library from parking lots were grouped together rather 

than assigning them to a side of the Library. This was done because

87
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there was not enough data on parking locations to evaluate a method 
of assigning auto trips to parking lots.

The results of this aggregation and modal split of person trips 

at the Library are shown in Figure 10. The sum of the interchange 

volumes is indicated within each octagon in Figure 10. In 1971, the 

sum of the estimated interchanges was larger than the sum of the sam

pled interchanges, whereas in 1973, the opposite relationship held.

One possible reason for the underestimates in 1973 was that the sample 

was taken at the end of the school quarter, when use of the Library 

is likely to be heavy. The sum of the estimated interchanges de- ■ 

creased from 1971 to 1973, even though there had been an increase in 

the size of the student body. This was the result of a lower esti

mate of the trip end volume for the Library in 1973 as compared to 

1971. Since this lower estimate of the trip end volume was used in 

the numerator of the final model, it would have resulted in lower 

interchange estimates for the 17 interchanges aggregated in Figure 10. 

•This lower trip end volume resulted primarily from the fact that since 

the total floor area on the campus increased from 1971 to 1973, the 

Library would account for a 'smaller proportion of the campus floor 

area in 1973. Therefore, according to the model, the Library would 

generate a smaller proportion of the total number of trips. In one 

sense, this is reasonable because there were more places to attract
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Figure 10. 1971 and 1973 pedestrian trip .volumes between the Library
and 17 other zones., at eight hypothetical sides of the 
Library, as aggregated from the sampled interchange 
volumes, by mode, and from the modally split estimated 
interchange volumes.
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trips in 1973. But, the Library would probably attract a constant 

proportion of the student body regardless of the number of other 

places on the campus, and thus its trip generation rate should not be 

tied to a proportion of the campus floor area. This may also be true 

of other buildings on the campus, such as the SUB and Montana Hall, 

the administration building. Further work should examine this possi

bility.

One can also see in Figure 10 that in 1971, the estimated num

ber of trips from parking lots was greater than the sampled trips from 

parking lots. In 1973, the opposite relationship occurred. These 

relationships occurred because the number of trips between the 

Library and the off-campus zones 302 and 306 were overestimated in 

1971 and underestimated in 1973. Since zones 302 and 306 accounted 

for most of the auto trips, over- and underestimates before the modal 

split carried through to the results after the modal split. Thus, it 

is apparent that a modal split is only as accurate as the estimates 

that are to be subdivided.

There were actually more trips reported to the Library than 

indicated in Figure 10. This is because only 17 interchanges were 

aggregated to produce the results in Figure 10, whereas approximately 

50 interchanges could be aggregated. However, the 17 interchanges 

accounted for approximately 75% of the trips to the Library. The

\



remaining 25% were trips between, the Library and zones that were spe

cific to one of the time periods, or zones that accounted for too few 

trips to be included in the model development. The zones that were 

specific to one time period could simply be added to the aggregation. 

The remaining low volume zones are in every direction from the Library, 

and thus the trips from these zones would approach the Library from 

every direction. Therefore, it would be reasonable to distribute and 

aggregate these trips equally among the eight hypothetical sides of 

the Library. This equal aggregation would maintain the effects of the 

zones that account for most of the trips to the Library, and would 

also introduce an equal error distribution and perhaps reduce the ef

fects of systematic error. This equal aggregation of the unmodeled 

interchange volume would only be appropriate for zones that are to

ward the center of the campus, as is the Library. If a zone is on the 

periphery of the campus, an aggregation of the unmodeled interchange' 

volume for that zone should reflect the location of the other ends of
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the unmodeled interchanges.



DISCUSSION

Generally, it was found that person and pedestrian traffic on 

the MSU campus can be modeled accurately. The model that was devel

oped could be used to forecast the circulation on the campus for a 

future time period without too much effort. But the author is reluc

tant to recommend this because it was found that the estimates for 

recently constructed buildings were high in almost every instance, and 

further work should be done to correct this systematic error. For- 

older buildings, the projections made by the model would probably be 

satisfactory.

The model that was developed was clearly not a control model, 

and does little to explain the complete dynamics of pedestrian traf

fic. In particular, although the generation equations indirectly ex

plain why a zone attracts trips, the product of two zone volumes 

(the numerator of the gravity model) does not explain why trips occur 

between the zones. This product simply says that an interaction is 

the result of the product of two values. The interchange factor con

tributes most to the understanding of why trips between two points 

occur. In this study, it was found that an interchange factor could 

contribute very little in estimating the number of trips between Class 

zones. This is a situation in which a "random flow" gravity model is 

appropriate, meaning that the interchange factor is near zero (Black, 

1973). This implies that there is no special interaction between any
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pair of Class zones that would cause trips to occur between the zones. 

Overall, student traffic on the MSU campus is not limited to particu

lar combinations of buildings. The buildings are used homogeneously 

by the student body. At the level of a single student, there is a 

particular combination of buildings that is used. But aggregation 

of trips over the student body indicates that there is very little 

specificity of use. Because of this, it is unlikely that the model 

could ever be used to evaluate alternate methods of class scheduling. 

There simply was not enough variance accounted for by the functional 

similarity factor to be experimentally manipulated. And, because 

there was so little variance that was unaccounted for by a gravity 

model without an interchange factor, there is little to be gained by 

developing a different type of measure that would be sensitive to 

class scheduling.

There was a specificity of use when a Home zone was involved.

The best example was trips between dormitories and cafeterias. How

ever, the variables that were used in this study to estimate the 

interchange factor, trip time and the FS factor, did not work well 

with trips involving a Home zone. Trip time probably was not effective 

because of the small variability in the length of most student trips.

It may be appropriate to use a time measure that is sensitive only to 

larger differences in trip times. This would simplify the computations
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involved in using trip time as,an interchange variable, and avoid many 

of the problems that arise when a person trip model is used. ■

The functional similarity measure only evaluated the academic 

function of a zone and, consequently, was not sensitive to the func

tions of Home zones. Further work should examine, and measure the' 

functional attractiveness of Home zones.in detail. Most of the off- 

campus zones include shopping, recreational, and business districts 

that will attract trips. Modeling trips by purpose would be the most 

direct method to define the functional attraction of a zone. The 

drawback to this approach is the relatively small samples and the 

relatively small volume of trips that one is attempting to model on 

the MSU campus. Morris (1962), in illustrating the accuracy of the 

model of pedestrian traffic in downtown Washington, D.C., compared an 

estimate of the pedestrian volume.at a particular sidewalk corner to 

a manual count made at the actual site. Both the estimate and the 

count were approximately 150,000. The total daily volume of traffic 

for MSU students is approximately one-third this size, and the model, 

ideally, is supposed to estimate the individual values of 780 inter

changes that make up the total. This is a micro-system compared to 

the systems of pedestrian traffic that have been reported in other 

studies.

Developing a model for a system that is small in comparison to■ 

other systems requires an increased attention to the detailed aspects
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of the system. This might best be done by using a dynamic computer 

simulation to model the system. Such a simulation would give the re

searcher a greater flexibility in choosing and trying new variables, 

and in combining the variables into different types of models. This 

would also make it easier to incorporate more of the detailed data 

that are available on the computerized inventory of the MSU campus.

Another strategy for future work would be to continue using the 

gravity model, and isolate the interchanges that are not accurately 

modeled. This may be especially profitable if. a different approach is 

used for the numerator terms of the model whenever a Home zone is in

volved. Rather than using the total zone volume as estimated from 

the proportion of the student body residing in the zone, one could 

develop trip production/attraction factors that would be estimated by 

variables that describe the function, size, location, and other char

acteristics of the zone. In a sense, this would be moving.part of 

the interchange factor "upstairs" into the numerator. One possible 

variable that might be used to estimate these production/attraction 

factors is the degree to which residents of a particular zone will 

stay on the campus- between classes rather than go home. The objective 

in developing these production/attraction factors would be to elimi

nate the need for an interchange factor in the model. Trips between 

Class zones were accurately modeled without any interchange factor.
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If this could be done with other types of trips, it would greatly 

simplify the model,and encourage its application to other campuses. 

With this approach, using an interchange factor would be the exception 

rather than the rule. A benefit of.this approach would be a better 

understanding of the dynamics of pedestrian traffic by being able to 

identify those interchanges that require an interchange factor due to 

some type of unique interaction between the two zones. Identifying 

these unique interactions would be a substantial step in the under

standing of pedestrian circulation systems.
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