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ABSTRACGCT

The aim of this monograph is to teach students at the Junior
high school level new methods and ﬁechniques useful in the study of
geography. Through active participation and involvement of the students,
data concerning time, passengers, distance, etc., were collected on the

bus routes serving the school,

The figures obtained served as a base for calculations of diff-
erences or similarities. Essentially, time-distance factors were studied.
However, the consideration of how many boys and girls were involved was
an interesting side observation as well as the number of students getiing
off at the various stops. The resulting compilations in graph (schematic,
histogram and ogive) and matrix form was a step by step outcome of the
project and all presented a comprehensive picture of a network analysis.

The matrices produced were similar to those on any road map,
with one important difference, namely, this was a road map produced by
the students themselves and relating to their own daily routes.
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PREFACE

The aim of this paper is tec introduce interesting methods to
excite, stimulate and effectively communicate content, skills and tech-
niques to students in the secondary II gecgraphy progrem. It is also an
attempt to present a change in curriculum content in reply to the challenges
set forth by the many critics of cur educational system discussed in the
introductory chapter.

Klthough a knowledge of mathematics and geography is useful to
teach the quantitative metheds outlined ir the text, it is not essential.
It is my hope that my outline of the work done by several quantitative
geographers will provide an interesting and useful foundation leading up
to the project itself. These techniques should also provide background
material to the teacher for either developing or expanding or modifying
the program to suit their individual needs and conditions.

’ The project could not have been effected withcut the active
participation of the students of Chomedey Polyvalent High School, Laval,
Quebec. They patiently co-operated although they were handicapped by a
severe winter creating adverse conditions and a teacher's strike which
hampered their timing and caused them to do several retakes in their field
work. These problems, indirectly, gave them the advantage of combining
the results of several observétions.

I have placed the data for the entire network in the appendix

in order to keep the description of the field work and classroom procedures

as brief as possible.



Finally, it is my hope that the techniques acquired by the

students will prove useful to them in pursuing advanced studies in the
discipline of geography. The collection of statistical data, mapping,

cartographic techniques, symbols, and the use of graphs, ogives, matrices,

etc., are all basic to quantitative geography.

J. Goldwater
April 1973



‘ CHAPTER I
THE CASE FOR THE STUDENT PROJECT

Schools are blinded by tradition. They are not relevant to
today'!s world. They perpetuate an ivory tower mentality. They are slaves
to society's economic demands. These are some of the charges made against
the present educational system by the discontent and radical element in
our student body of today's generation. This paper will not attempt to
defend the present school system. Rather, it is an attempt to be relevant
wherever it is possible,

Let us examine some charges made by a high school student
against the existing North American educational system. ieisleder (1972,
p. 175) voices the malaise and frustraticn spawned by today's high schcols.
The main cry is that boredom and apathy are the results of a rigidly
imposed conformity and discipline that pervades the system. The attitude
of authoritarian dominance and top heavy structure filtering ccudescendingly
down to the students is greatly resented. Putting it bluntly, Weisleder
calls the system "plainly boring, irrelevant, regimentary, brutal,
~insensitive, inflexible, stagnant, dulling, discriminatory, manipulative,
oppressive, repressive and suppressive." Complaints are made against
competition, in terms of student against student for marks, imposition cf

course content and overly rigid disciplinary action regarding issues of

lesser importance.

To place this in perspective, let us examine the goals of
education as set forth by various educators. Johnston (1963, p. 115)
states that "the specific goal of the school is the development of the
intellectual virtues in its students." The aim a teacher must have, he
says, is the aim to inspire a student to learn. A teacher can show the
student how to develop the ability to reason from principles to con-
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clusions through the use of a small part of the body of knowledge. The
aim tcwards which a teacher should strive is to effect the ability on
the part of the student to get knowledge on his own. Basically, one
might say that the teacher should strive to teach the learner how to learn.
Are schools reservoirs of data where the function of the
teacher is to pipe the effluent down the throats of a captive audience?
Gopsill and Beesley (196L) stress the point that students must be
personally involved in their learning. They contend that students should
be stimulated toc act or to do things which will lead them to acquire
information rather than to wait for information to be fed to them. Their
belief is that educators must emphasize those skills and activities that
help the student concentrate on basic knowledge. ™"Just as you cannot
teach something unless you teach it to someons, neither can you teach
someone without teaching him something. " (Johnston, 1963, p. 21L).

Frankena (1937) believes that education is essentially a
process of interaction between people, between teacher and student. His
value judgment is that education fulfills itself only insofar as it
inspires students to develop their own abilities, to develop their own
potential to the fullest possible extent. The basic tenet of Frankena is
that the érocess must be meaningful to the student if there is to result
that type of inspiration that can make such positive interaction possible.
vLike Dewey, he is student-oriented in his approach.

This appears basically sound and logical. However, it fails
to consider emotional influences which play an important factor in the
development of learning habits. On a one to one basis, given the rapport
between student and teacher, it may be possible to infuse the student
‘ with the love and knack of learning. In a classroom of 30 or more students,

it is difficult and sometimes impossible to reach each child at his owm
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level of ability, interest and emotional make-up as well as acquired
attitudes.

Goodman (1960) paints a picture of gloom when he refers to
the many fifteen-year olds despairing at their school work and waiting
to quit school so that they can do something meaningful. The New Ycrk
Times, September 7, 1959, quotes Rockefeller, the Governor of New York,
as declaring that "we have to constantly devise new ways to bring about
a challenge to these young folks and to provide an outlet for their
energies,"

Along these same lines of frustration, Quarter (1972) argues
that the role of the teacher in the classroom: is incompatible with
education. A teacher is obliged by the pressure placed by society on the
school system to socialize and evaluate students as well as teach them.
This is a formidable task. Byrne (1972) agrees that society places
priorities upon the educational system and that innovations attempted are
constrained by these primery considerations.

Quarter (1972, p.51) says that the "hidden curriculum" covers
such things as "Punctuality, neatness, diligence, ccompetitiveness,
achievement, and submission to authority..."® They are the characteristics
most relevant to the demands of society for a relatively standardized
human model who will fit into the great industrial machine smoothly. In
fact, it can be said that this hidden curriculum has more relevance to
the spirit of the world of work than the actual course content. Since
this is contrary to the spirit of human nature, it requires much coercion
on the'part of the teacher to effect the desired behaviour. This places
him in the unpopular position of an authoritarian. The classroom then
becomes "the arena in which the teacher performs the school's function

for society" (Quarter, 1972, p. 5k).



The situation being such that the evaluation by the teacher
determines the student's eligibility for various occupations, the role
of the teacher becomes a powerful and punitive cne, As long as the
teacher has to perform the_functions of socialization and evaluation
as well as education,‘only limited variations are possible.

Postman and Weingarten (1969) define the word "educate" in
its original context. Basing their definition on the Latin root, "educen,
educate means to draw out the latent or potential of a person. This can
only be done progressively in relation to what the person already knows.
The more a person gets to know, the more he has the capability of
learning. Bruner (196%) and Goodman (1960) agree that if a subject is
worth knowing, it will stimulate interest., Philosophically, while we
might question the categorical sweep of this generalization, we might
consider the inverse idea. That is, if a2 subject is not worth knowing,
then...? What is worth knowing? This must be considered from the point
of view of the student as well as the point of view of survival in &
rapidly changing world of the present and the future. (Postmen & Wein-
gartner, 1969). It is important to remember that each individual
perceives an object in his om and uniquely subjective way. There is a
great tendency on the part of educators to impose their own visions and
interpretations upon the students., These traditional methods can be
inadequate and arbitrary in achieving insight and understanding of
information and interpretation of a given situation. Students need to
be encouraged to ask questions and seek out answers for themselves.

To survive in a rapidly changing world, the most important achievement

in education is to make viable meanings, which should serve the student

in ever-changing situations.



While these observations are not new, it is obvious to many
educators that there is a large credibility gap between theory and practice.
Model lessons can be prepared to impress a visiting observer, but the
preparation of many of these lessons require time for creative thought
and time for execution and planning. Students of a class vary in intellect
and personality. Byrne (1972) states that keen perception and awareness of
these differences as well as a matching of content and teaching strategy to
meet these individual differences are imperative to help the teacher effect
innovation., It is important to keep the material being handled just
sufficiently ahead of each student's capacity.

However, in most school systems, teachers are substitute clerks,
members of vigilante groups roaming corridors to keep order, garbage pail
inspectors on cafeteria duty, suvervisors of bus loading, treasurers for
book or sweater sales, etc. In the schools of the future, it is hoped
that they will be released from these non-teaching tasks to the end that
the quality of classroom teaching can be improved.

It is recognized by many that schools are a reflection of the
existing society, transmitters of its culture and aims. Since it is felt
that our society is gearcd to a consumer-producer mentality, it follows

’that an objective critic of our educational system, Byrne, (1972, p. 87)
should state: "Given the assumption that schools are necessary for all
children and that modern technology provides an efficient mechanism of
production, education becomes the shotgun wedding of children and

technology. The teacher's role in the arrangement is to conduct the

marriage service between the child and technolegy."”
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This does not take the whole child into consideration. He

becomes an object to be molded according to the dictates of the needs

of society. Change must be sought within this framework. Bruner (1969)

observes that students should move ahead at their own speed. This is
quite valid. But, in actuality, teachers must compromise and adjust
their teaching tc¢ the reality of a syllabus which is imposed on them
by the School Board and which specifies a certain amount of content
which must be covered within a given period of tim2., Also, allowance
must be made for examinations to which all students are subjected in
spite of the fact that many educators agree that projects and other
tests of competence could be considered far superior to a formal
examination. For both the student and the teacher, the examination
becomes the goal of teaching, rather than the skills, techniques and
content of the subject area.

These observations are not only local. In the April 17th
issue of Time, David England, Executive Director of the Teachersf
Association of Baltimore, writes:

Job security in teaching, however, has all but dis-

appeared. Tha nature of teaching is overcrowded,

underequipped, urban-suburban and consolidated rural
schools, the continued dependence of local boards of
education on curriculum that are momentarily irrelev-

ant to students, the pressure of diverse groups to

make schools attentive to their separate needs, and

the continued invasion of drugs and acts of violence

-~all these today make teaching a hazardous and un-

predictable career, :

Under such conditions, it is little wonder that the creative teacher

is frustrated, his material is often second grade, and the young cry

cut for the promised land.
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What guidelines can be offered to up-grade teaching and,
particularly, the teaching of geography? Goodman (1969) claims that
people can be taught anything with the use of proper techniques. While
this statement is rather strong, we might well consider the point that
he is making. We can successfully motivate students in the classroom
providing the material we use makes sense and is useful. How do we
determine this? Bruner (1969) would answer that we must restructure
our teaching and we must key our efforts in terms of the way that the
child sees things. If the subject taught is presented honestly in this
way, effective learning can then occur in the student's development.

How does the teacher restructuvre his teaching in the way
that a student sees his world? It must be noted that whatever the
choice of the teacher becomes, his guideline still is the prevailing
philosophy cf the educationzl system he is in, the intended goal of
achievement. Brearley (1967) points out that Piaget feels that a
student must have a sound knowledge of spatial relationships to fully
appreciate geography. Secondary school teachers must be aware that
this mental development occurs at different levels with each child.

To be guided to the unknown, the studeﬂt nust be led from the known.
Therefore, it is essential for the teacher to be perceptive of how
much and what each students knows.

Bloom (1956, p. 33) states that "problem solving or thinking
cannot be carried on in a vacuum, but must be based upon knowledge of

some of the realities.™ It must, however, be remembered that knowledge
is never fixed nor finite. VWhat may be accepted in 1972 may be outmoded
or amended in 1982, A good example of this is the changing concept of

the structure of the atom. This is proof of change and revision.



Knowledge becomes either the material with which the problem solving
deals or it becomes the test of the adequacy and accuracy of the problem.
Bloom (1956) points out that it is generally understood that material
 learned in an overall and related manner is better retained and com-
prehended than specifics learned in an isolated manner. However, the
generalizations must be related to appropriate conerete phencmena. The
compilation and development of facts gathered by the students in the

bus route project which will be discussed fully in the following chapters
bear out these observations.

James (1958, p. 67) calls students "little pieces of
associating machinery", claiming that education consists of the organiza-
tion of determinate tendencies to associate one thing with another,
impressions with consequences, these with reactions, those with results,
and so on, In addition to learning through this process of association,
an object, even if it is not interesting in itself, may, through beccoming
associated with an object already stimulating interest, become more
interesting in itself. Timing buses, charting data, graphing, evaluating
and comparing schedules would be less interesting if learned one at a
time than in a complete and progressing project. Assimilation of the
material into more complex terms is more natural when done from point
to point.

In addition to setting up associative systems, the study of
the bus route exposes the student to an understanding of the organization

and inter-relation of analysis. It teaches him the pattern and precise
terms of applied graphing as well as a basic use of statistics. These

skills can then be applied to other areas of study.

#If a student really comprehends something then he can apply

it"® (Bloom, 1956, p. 120). Comprehension is essential before application.

Ge
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When a problem is presented, a student will look for familiar elements to
guide his actions. He then will restructure the problem along these
familiar elements until it falls into a classification to which he can
2pply a theory, principle, idea or method appropriate to the problem.

In using this method, he can arrive at a solution. Here the student has
transferred his training to serve him in the face of a new situation.

Bruner (1967) says that "human society is based on a response
through reciprocity to other members of one's species." Where reciprocity
is required for a group to attain an objective, there seems to be processes
which carry the individual along into learning, developing a competence
that is required in the setting of the group. This can provide a driving
force to learn; this applies to the joint effort required in a group
project. If the project relates to a situation which has real meaning
in his life, the student is motivated even further, can better understa:d,
remember longer, and more readily transfer what he has learned to new
situations,

The above is relevant to the project of the bus route study
explained in this monograph. Examining a route which the student uses
daily, the student becomes involved in a reciprocity to his fellow students,
the bus driver, the traffic (both pedestrian and driver) within the context
of a meaningful event of his daily routine.

The Parent Report (1967) suggests using the surrounding
environment as the starting point for many courses. This can provide a
meaningful comection between daily life and more abstract ideas. From
the familiar the student can be led to discover the unfamiliar. The
relatedness of a concept derived from the study at hand to another area
of a broader scope must be exploited. Exploring local regions presents

a problem to teachers inasmuch as there is no previous research material
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to utilize. Starting from scratch, the teacher must structure his program
to fit the needs of the students. He must mateh areas of endeavour to
meet the abilities of the students. He must be aware of side interests

which can result and must encourage these even if not being able to

adequately encompass them.

However, the teacher must have sufficient background in his
subject in order to effectively guide his students. The next two chapters
present some of the techniques and applications in quantitative geography.
Chapter III will describe the Kissling Model (Kissling, 1966) on which the

major part of the classroom project is based.



CHAPTER II
BACKGROUND, DEVELOPiENT AND APPLICATION
OF NETWORK ANALYSIS

- Introduced by William Garrison in 1960, network analysis
in geography, according to Haggett and-Chorley (1970), has focussed on
the structure and development of spontaneously developed networks.,
Hathematical problems are simplified using network theories. Many
subjects can be generalized to the shape of networks, such as river
norphology, transportation systems and repionalization. Haggett treats
a road network inteo a Portugal town from its hinterland as a river
svsten flowing into a sink.'

Abler, kdams and Gould (1973) define nebtworks as "slructures
designed Lo tie together various points which azre located in ons~, Lwo.;
and three-dimensional space." Unlike a map, the graphs and associated
matrices allow us to examine entire systems (such as bus routes, subvay
lines, intercity transport systems, etc.) and their psris in terms of
the vhole.

Yeates (1568) names three cemponents in vhich quantitative
analysis 1s involved:

(1) the network of linkages in the transport system,
(2) ihe interrelationship of the network and the flows,
(3) the flows themselves.

networlk system will hzave ihe greatest number of

o]
D
]
)
=
(o]
@]
0]
(o9

A highly
interconnectionsy quantitative geographers use the term "conncclivity.®
Yeates borrows from Kansky (1963) in arriving at a formula

for commectivity: &« £ | where B is the connectivity index (beta),
v
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FIGURE le  Connectivity Index in a simple network.
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After Yeates (1968) and Kansky (1963).
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e is the number of edges or links, and v is the number of vertices or
nodes., Figure 1 describes five simple networks and their connectivity
index. Diagram (e) has the best connectiﬁity (B = 1.50). It is obvious
that when B = O that there is no network system.

King (1969, p.10) shows how to convert a simple network into
a matrix (figure 2). He uses basic matrix algebra to arrive at a
'“connectivity" matrix. The matrix shows the direct two-way link in the
network e&s one. Where there is no link it is shown as zero. Since a
place is not connected to itself the matrix diagonal is obviously zero.
In transportation geography, the matrix is raised to a power, which is
the diameter of the matrix. Thus the square of the matrix gives the
nunber of two-link connections between the pair of nodes. In other
words, the exponent 2 in & matrix tells how rany different ways one can
go from one node to an§ther ncde in the network in exactly two sieps.
By powering and swrming the matrix until all zeros are eliminated from
the matrix we arrive at a solution, where all the nodes are connected to

each cther. (See Appendix A for the method -of how to multiply and add
matrices). By adaing the verticel columns in figure %4, it can be saen‘
that node C has the best connectivity with a totsl of three links.

An excellent descfiption of thé basics of ﬁatrices including a full

application of the above process is given in Abler, Adams and Gould

(197%, pp.256-263).

NODES A B C D
A ~B A 0O 0 1 0©
\\\\\ — B 0 0 1 o0
c Cc I 1 o0 1
\ D 0O 0 1 o0
D AR SRR ] R—
Totals 1 1 3 1
FIGURE 2.




The above principles are applied to transportation geography
to find the best one-step, two-step, or for that matter, any number of
steps, connectivity between nodes in a network. A matrix with a diameter
of one shows the connectivity of any point in a network ﬁo any other point
4in one step., By squaring the matrix,‘we can show how to connect points in
two steps. By adding the two matrices, we can show the connectivity of
any two points in the network by either one-step or two-steps. By
powering and summing matrices until all the zeros are eliminated we can
arrive at the solution matrix, That is, all points are connected. The
suming of rows in the solution matrix shows the best location within the
network (the highest total). This process could be used by industry to
find the most desirable location in a network of cities.

Abler, Adams and Gould (1971, p.262-263) uses a Llocation
network to illustrate the above principle. (figure 3). Ch is the lowest
powered matrix with all zeros eliminated and we might presume that it is
the solution matrix. This is true if all journeys must be done in exactly
four steps. Thus, in C"l there are two paths from Pi to P2 if we use only
four steps: P;—wP, —» Py —»P, —»P; and P)—»P, ;’Ph —»P, P .
In actual application there should be a choice. The actual solution
matrix cén be achieved by powering and summing matrices until all gzeros
have been eliminated (matrix T). Since matrix T is a combination of both
C1 and 02 we may arrive at the conclusion that it shows the connectivity
between points in either one or two steps. By totalling across the rows

- it may be seen that P2 (total 8) is the best location in the matrix while

Py (total L) is the most isolated.
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Ph Pl P2 P3 Ph
. Rkjo 1 o o
F
! P> ct= P,{1 0o 1 1
'P3 o 1 o0 1
Py PRlO 1 1 o
Togs ‘
P P als
Froms 1 5 P3 Ph - Row Totals
Py 1 0 1 1 3 (most isolated)
2 . % o 3 1 1 5
F 101 2 1
3 5
P
) 1 1 1 2 5
To: B
P b P P Row Totals
From: 1 2 3 )J-
Pl 0 3 1 1 5 (most isolated)
3 P2 2 L N 13 (best location)
C =
2
P3 b 3
1 2
Ph L 3
' To:
P P P P Row Teotals
From: 1 2 3 L S
P 3 2 L n 13 (most isolated)
1
L P, 2 1l 6 6 25 (best location)
C = .
P3 L 7 6 21
| 6 2
Ph N 7 3
Tos
From: Pl P2 P3 Ph Row Totals
P1 1 1 1 1 L (most isolated)
1 o P, 1 3 2 2 8 (best location)
C +C T =
P 1 2 2 2 7
3 ,
P, 1 2 oz 2 7

atrices.

FICURE 3. Oraph C and it svity
and bah]d ( 97L,p.262..263) .

it :
RN
After Abler,idams
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Kansky (1961, pp.31-32) and Abler, Adams and Gould (1971,p.259)
describe the degree of connectivity of a network as the ratio of the
existing number of routes to the maximum number of routes possible.

Figure l; illustrates Kansky's "degree of circuityfas defined

by the following formula:

n
| (E - D)°

Degree of Circuity =

v
Where:; E is the existing r6ute in miles (links)

D is the length of a "desire line" in miles

v is the number of vertices (nodes)
This formula compares an existing transportation system with an imaginary i
network. The latter network connects all vertices (nodes) by the shortest
possible links (air distance). Kansky refers to this line as a "desire
_line". It is obvious that if the actual road network follows Kansky's
desire line then the degree of circuity of the network would be zero. Thus,
the lower the degree of circuity the more efficient the network. Using
this system,transportation networks could be planned for maximum efficiency.
Not only could the best location be found within a regional network, but
the most desirable region could be arrived at using this model. However,
it should be realized that this index may be completely different if other
factors, such as population and economics are considered. That is, this

index could be applied to shipping costs, school buses, speed maps, and

other values.

Taéffe (1971) shows how network analysis developed from the
earlier studies in transportation and spatial interaction and uses the
Brazilian highway network as an example. Graph.theoretic methods were

used in the study of accessibility of different points, the effectiveness
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Desire
Line

Tt @ O wa CWD e ey ww—

Existing
Network

Desire Line Distance Existing Network in lMiles
. in Miles (Shortest Possible Route)
A B c D A B C i)
Al - 10 22 30 A - 12 31 L0
B| 10 - 15 22 B 12 - 19 30
Cl 22 15 . 10 C 31 19 - 15
Dl 39 22 10 - D Lo 30 15 -
Difference in Miles Difference in Miles
(Existing - Desire)
___A B C D 4B C D
A - 2 910 Af - W BL 100
B > _ L 8 Bl L - 16 6L
c 9 L - 5 cj|8 16 - 25
p| 10 8 5 - | Dpo o 2 _-
TOTAL 135 8L 122 189

DEGREE OF CIRCUITY

. 185 8L
Individual Vertices: A = "] = }6.25 B= ") = 21.00
122 189
C=" = 30.50 D=") =L7.25

The Network: b46.25 + 21.00 + 30.50 + 47.25
) A = 36.25

F . K3 13 - ,
IGURE L. Degree of Circuity, After Kansky (1963,p.31.32).
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of different network calculations, and the hierarchy of the various urban
centers. Each city in the Brazilian netwcrk was computed annually using
a matrix of connections and accessibility. By comparing changes in
accessibility to urban growth, they were able to minimize the transport.
ation costs while improving transportation.

King, et al (1971) used a network analysis model to determine
the optimal transpoftation patterns of coal in the Great Laskes region.
Using the coal producing or receiving centers as nodes, their study invest.
igated least cost flows from fifteen mining centers to nineteen receiving
centers around the Great Lakes to supply coal to 139 thermal plants and
21 steel plants. Transportation costs were rail.lake rates over a 104
link transportation network. The connectivity is illustrated in a matrix
table with fifteen coal nodes along the horizontal and nineteen receiving
nodes along the vertical axes. ‘

Herbert and Murphy (1971), using network analysis, derived an
index of accessibility dependent only upon the topological structure of
80 American cities for 193L, 1940, 1950, 1960 and 1970. The authors then
arrived at a generalization based on their results, which are qucted as

follows:

1) Accessibility surface created by drawing isolines
reveals a trend from a moderately peaked surface
in 193k, to a highly peaked and highly polarized
surface by 1970,

2) The highest peaks of accessibility have migrated
from the southwest in 1934 to the American Manuf=
acturing Belt by 1970.

3) Several regional peaks have stabilized as early as

193L.
Morrison (1970) refers to the introduction of quantitative
techniques as the ™most revolutionary change‘in the nature of geography
1n the last decade.® In his traffic study of four towns in Great Britain,

he illustrates the value of using quantitative methods in teaching
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geography in co-operation with mathematics teachers. He concludes that the
use of models in a network analysis study should be applied to the class-
room to make geography more interesting.

Burton (1968) refers to the impact of quantitative approach in
geography upon the curriculum of the North American Univesities. Courses
based on this approach are now requirements for the graduate studies program.
He illustrates the importance of mathematics in geography by showing how
geographers are using the mathematical approach to solve their problems.

He shows the application of network analysis on such studies as ndrainage
networks, highway networks, power distribution systems, flood problems,
airline routes, social organization, and the venation of leaves." The
application of graph-theory mathematics to analyze all manner of collection,
distribution, and communication systems is discussed at length,

Abler, Adams and Gould (1971, p.268) illustrate the use of
matrix and graph methods in plotting the centermost place in the mid-west
regional system of America, proving the unchallenged leadership of Chicago.
The effect of the removal of a link in the network is well illustrated.
(This will be discussed in Chapter IJI using the Kissling Model). Pcints,
lines, areas and volumes are basic to the study of movement in geography.
However, it is very difficult to map flows and changes in time using the
familiar techniques of geography. The quantitative methods,; especially the
use of matrices, open up a new and efficient method of solving transporta-
tion problems which were previously almost impossible to solve. The plan-

ning of bus and other transportation routes to connect points in a city or
region can be done quite effectively using quantitative methods. These
techniques can even be applied in small areas, such as eliminating dead ends
vin road networks, supermarket layouts (aisles and shelves), etce In the

modern urban rush to efficiency where time and costs are so important, we



must reach our objective by the least net effort. One of the classic
examples of least net effort is the "travelling salesman path" described
in Abler, Adams and Gould and in many other texts on quantitative methods.
The analysis of telephone messages between 12 cities (figure 5)
is an excellent examples of the use of a matrix to show how ", .«telephone
calls reflect the prevailing structure of linkages and dominance" (Abler,
Adams and Gould, 1971, p.265). This method has many uses in transportation
geography from studying shipping costs between points to assessing - the
traffic in a school building. As a field project, students could be spaced
along a bus route to record the number of passengers getting on and getting
off at each stop. This is similar to the school project Morrison used in
his study. (p.l1l8) However, this system could have a drawback as it would
require the students to question each passenger as to their point of origin.
Like Morrison's project, it would also require a certain amount of synchron-
ization. Ideally, the best time would be outside the rush hour to be able
to get more accurate results. By combining their results, the students
would be able to build up a population study on one bus route at a given
time. Simultaneously, other groups could be collecting data on other bus
lines. By combining their results (in the classroom) a complete network of

bus transportation could be developed in a matrix similar to the telephone

matrix described above.

Probably the easiest and moét desirable place to conduct such
an experiment with the least possible effort would be in the school corri-
dors. Through the use of prepared questiomnaires, data could be easily
collected on the points of departure and destination of each student within
the building, Following the techmiques described in Chapter IV, a complete
. network could be ccméleted, showing not only the traffic flow within the

building, but also the points of dominance. Most important of all, the
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To City"
a b ¢ d e £ g h 1 J k 1
a C 75 15 20 28 2 3 2 1 20 1 O
bt 69 O L5 50 58 12 20 3 6 35 L 2
¢ 5§ 61 ¢ 12 W O 1 315 0 1
d 19 67 1, 0 30 7 6 2 11 18 5 1
et 7 LO 48 26 0 7 10 2 37 39 12 6
From City £ 1 6 1 110 027 1 3 L 2 o0
g+t 2 16 3 313 31 0 3 18 8 3 1
h o L o 1 3 3 6 0 12 38 L O
i 2 28 3 6 L3 L 16 12 0 98 13 1
gt 7 WO 10 8 L0 5 17 34 98 O 35 12
K 1 8 2 118 0 6 § 12 30 0 15
1 0o 2 0 0 7 0 1 0 1 612 O
Column Totals®*™ 113 337 141 128 290 71 118 65 202 311 91 39

Largest flow in each row in boldface.

** Largest flow from these cities is to a smaller city;

thus they are dominant centers.

~

+++ A city's size is determined by the number of messages it receives
(column tctals). '

FIGURE 5. Telephone Message Flows Among 12 Cities per Unit Time.
After Abler, Adams and Gould (1971,p.265).




students will recognize that this is "their thing" and in the process will
learn some of the basic techniques of quantitative geography to prepare
them for more advanced studies in that field.

Kimball (1971) uses a similar technique but employs Electronic
Data Processing (E.D.P.) to arrive at the solution for routing of school
buses. However, this method is too complicated for the secondary students
involved in the project and will not be discussed further in this paper,

It is worthy to note that Kimball justifies the use of EZ.D.P. by the reali-
zation that it cuts time and costs involved in routing school buses.

Morgan and Kurtzman (1969) employ the use of quantitative
methods to study the effect of the students! travelling distance from school
against the students! participation in extra curricular activities. Weights
were assigned to each activity according to the response of the pupils and
a score was arrived at for each item. Since in most regional school
districts the distances from home to school were quite long, they were
categorized into three groups: less than one mile (walking distance), one
to ten miles (bicycle range), and over ten miles (bus:travel).

In summary, it is cbvious that there are many techniques that
can be adapted to the secondary school class room. One of the easiest to
employ, with modifications, is that used by Kissling, described in the

chapter that follows,.



CHAPTER III
NETWORK ANALYSIS IN PRACTICE - THE KISSLING MODEL

Kissling (1966) presents a good model for the student project.
Unlike Abler, Adams and Gould's model (page 13), he applies weighted factors
to an imaginary network (figure 6). He then carries his ideas one step
further by epplying the graph theoretic measure of network dispersion as
.outlined by Shimbel (1953) to a simplified version of the main highway
system of Nelson, New Zealand. (figure 7). (Kissling, 1966, p.56).
In Chapter II, the network was described in its matrix by either
a zero or a one. Kissling, however, places a number in the matrix denoting
the amount of steps (links) required to go from one node to another within
the network. (figure 6). For example, to go from node Pl to node P7
requires movement along three links. The number, then, is shown in the
matrix cell as three. This sample network can be applied to real life
models by placing the figures of the project being measured in the matrix.
Figure 5 (Chapter II) applies similar principles to measure telephone calls
However, using this type of model, many variables, such as

between cities.

time, distance, shipping costs, population flow, raw material flow, etc.,

can be measured.

In the imaginary network in figure 6, Kissling uses Shimbel's
measure of accessibility to locate the most desirable lccaticn in the net-
work in terms of minimum steps. The lowest total across the row provides
the best measure of accessibility within the network. Since all traffic is

two-way, the sums across the rows are the same as the sums down the columns,

and the network figures below the diagonal are an image of those above it.

23



2le

NETWORK GRAPH

NETWORK MATRIX

-3

a..

Network Graph and Matrix.

FIGURE 6.

After Kissling (1966, p.2l).
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Imagine that figure 6‘represents a road network and that the
link joining P3 and Ph is one-way (P3 to Ph). Then to go from Py to Py
would require four steps instead of three, but to go from Pl to PS would
still take three steps. By changing one or more of the links to one-way
it alters the matrix and its corresponding accessibility values.

Kissling uses the model described in figure 7 to illustrate the
effect on the accessibility and dispersion values of altering some of the
links in the network. In a 10 x 10 matrix, he shows how summing the rows
provides the "Shimbel" accessibility measure for each node. In the model
(figure 7), row 11 shows node 3 as the most accessible with a value of 271,
while node 6 is the least accessible with a value of 760.

He then shows the effect of cohsidering only nodes 2, L, 6 and
8. The result (column 12) shows node ) as the most accessible with a
reading of 122. Thus, by removing or adding links, an entire network can
be altered to obtain the optimum results. Kissling also shows the effect
of assigning different functions to each node, such as centres of popula-
tion, highway intersections, and air and sea transportation centres
(see Kissling, 1966, figure 2-3, p.26). '

Kissling then continues his analysis of the Nelson network by
applying "shimbel's (1953) graph theoretic measure of network Dispersion."
The network Dispersion index is obtained by summing the accessibility
values in row 11 (figure 7). It indicates the relative distance from each
other of all the nodes within the neiwork, A very low index would indicate
that the nodes are clustered together; conversely, a high index indicates
a widely dispersed system. Any changes within the network would alter the
Dispersion index and would show the relative value of any link by adding

or removing it, The relative value of removing different links is indic=-

ated by the change in the Dispersion index. That is, the greater the
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NELSON NETWORK GRAPH

S
10
A
@ 3 O
NELSON NETWORK MATRIX
1 2 3 L s 6 1 8 9 10 Q1) {12)
1 x 15 2 36 L9 103 3L 50 8k S0 ukd
2 15 x 9 21 34 68 19 35 69 35 325 1k
3 2l x 12 25 179 10 26 60_ 26 271
L | 36 21 12 x 13 67 18 3h €8 1y 283 122
s | 49 3, 25 13 x sk 31 36 70 16 328
6 |103 88 79 67 s x 8 9012k 70 T60 2LS
7 | 34 19 10 18 32 8 =x 16 50 32 295
8 | 50 35 26 34 36 90 16 x, 3 20 311 159
9 8, 69 6 68 70 12 50 34 = Sh 613
10 | 50 35 26 1 16. 70 32 20 sk x 317
Dispersion 3978

FIGURE 7. The Nelson, New Zealand, Network Graph and Matrix.

After Kissling (1966, p.57-58).
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positive change in the index by removing a link, the greater is the value
of that link, Conversely, the same conditioh is true by adding new links,
except that the Dispersion index is lowered. (Kissling,1966, p.58-62).

The above discussion is continued by Kissling (1967) using a
different sample network. He compares periphefal with central locations
and states that "centr#lly located places in a system tend to be more
accessible to all others than do peripheral locations because total
distances are minimized."® He then concludes that the Shimbel accessibility
measure may lead to false impressions.

In the chapter that follows, the gradual development of the
bus routes culminate in a series of matrices similar to the ones described
above. By using the Shimbel measure, it will be possible to ccmpare the
nodes within each bus route, taken separately, and finzlly culminating in

a comparison of the 1l bus routes using the Dispersion Index.



CHAPTER IV
NETWORK ANALYSIS IN THE CLASSROOM - THE STUDENT PROJECT

INTRODUGTION

When this project was carried out, in the spring of 1972,
Chomedgy Polyvalent High School contained about 3,000 students. About
half of these were Junior High School students, aged 12 to 15. Due to
the fact that the school could only accommodate about 1,800 students, it
was run on an overlapping system and serviced by a fleet of about 36
private schocl buses. The 38 students involved in this project were in
the Junior group and were bused in 1l buses up to distances of about.seven
miles. These buses traversed a network of roads, under varying conditiocus
of traffic, which resulted in achieving data which provided interesting
comparisons, As the students were quite young and about half of them were
non-academic, the project had to be well planned in advance to challenge
each student at his level of ability.

The class was divided into several groups, with the brighter
gtudents acting as team leaders. However, there were five students who
did not take buses and they were placed in one group. In order to give
them the same experience as the other students, they were taken by car
along one of the bus routes. ZEquipped with stop watches and the necessary
data sheets, each student in the car was allotted a job. One student
timed the distance between stops, two students counted the number of
students leaving the bus at each stop, one student read the odometer

(mileage indicator) in the car and the fifth student wrote down the inform-

ation as it was called out. Besides giving the students the feeling that
they too were doing their part, it alsc supplied the information for a

fairly accurate model. They were able to cover the entire route which

28.
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some of the bused students did not do unless they went to the end of the
line, Each student was dropped off at the bus stop nearest to his (or her)
home, This made provision for completing the walking data on the worksheet.,
Actually, this proved both interesting and enjoyable for the studenﬁs and

the driver,

PREPARATION

Prior to starting the project, it was important, on the part of
the teacher, to have some basic knowledge of network analysis to ably
handle the problems that arose as well as to give the project a definite
goal. A description of the various techniques used by quantitative geog-

raphers, taken from the texts listed in the bibliography, provided the

necessary material. These techniques have been outlined in the preceding

two chapters.
The second phase consisted of preparing the necessary materizls,
such as maps, blank data sheets, graph paper, bristol boards, for each

student in the project. Also, each student was given a labelled file folder

for his material. Printed flexible tapes (1/16 and 1/32 inch) were pur-

chased, quite inexpensively, to be used for clear routing and graphing.

This tape is very popular today in drafting and planning rooms. Its flex-

ibility allows for easy applicaticn to maps and graphs, and can be obtained
in many designs, such as stars, asterisks, various dotted lines, etc. MWaps
were obtained by xeroxing, in sections, a large scale map of the region

(City of Laval). These provided excellent base maps for each student (see

Appendix C, maps). As each phase of the project was completed, the material

was added to each student's file, At the same time, the resulting charts,

maps, diagrams, graphs, etc., were copied in the Xerox so that a master
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file was simultaneously printed for the entire network (see Appendix C).
The students were advised which type of equipment to purchase.
This included colored pencils, scotch tape, geometry sets, letraset shects

for lettering, and any other material which proved useful.

DATA COLLECTING

Each student on the project was given at least three copies of
Worksheet No. 1 (p.,31). Additional copies were available if and when
required. Ideally, this type of project should be done in a concerted
effort during one observation. The best results can then be obtained;
eliminating the possibility of buses being switched, students changing
buses or students leaving late. In actual experience, it was almost
impossible to be accurate due to the irregularity of student departures
from school. Such interferences as after-school activities, absenteeisn,

visits with friends in different areas, etc., resulted in inaccuracies.

However, this enhanced the learning process inasmuch as it made the students

aware of some of the problems involved in collecting accurate data. This
can be applied to enumerations for an election, planning city bus routes,
picking a good business location according to population flow, etc. It
was agreed, therefore, to synchronize the activities as mich as possible,

The two items that were most affected by the variations in the
data collected were the number of students on the respective buses and the
time between the nodes. This was well illustrated when Route G was sub-
sequently examined, It showed that the time taken to cover the distance
was directly proportional to the number of students on the bus. (See

Comparison Sheet, p.bL7 ). Kissling (see chapter 3) showed that changes in

the network, by removing some of the links in his Nelson model, resulted
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WORKSHERT 110.1. POPILATION, TIME AND DISTANCE DATA ROUT s

BUS KO, DATE NAME OF STUDENT

F
3

ODULIETER] DISTANCE) DEPARTURES

TR

wn -3
=3

(@1

[92]

L ]

INTERSECTION (NODE) KEADING | i/ILES BOYS| CIRLS] TOTAL

.1, Chomedey High (start)

2.

3.

k.
5.
6. |
To :
8.

g.
10.

11.

12,
13.
1h.
15.
16. |
17 , | |
18. | |

19,

20.

WALKING DISTANCE (Bus to House) X =

No.oi paces Length oi pace Dislance
(feet ) in feet

WALKING TIME (Bus to Housa) SECONDS
WALKING RATE = Dist./Time = FEET PER SECOND.
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in a different accessibility rating and Dispersion Index.

The students were instructed to write down in the node column
all the key intersections on their route, especially those where school
" bus routes crossed. The reason became apparent later on in the project
when the overall network map (inset) was completed and they were able to
observe the intersections of the routes.

The most difficult job was recording the distances. A few of
the students were fortunate to have bus drivers who spoke English and were
willing to co-operate by calling out the odometer readings at each node.
Also, students not involved in the project willingly gave up the seat
behind the driver to make this possible, Unfortunately, this was the
exception rather than the rule. However, this problem was overcome with
the arrival of spring, when the students were able to cover the route on
the weekend on their bicycles or by car and use the odometers in the
vehicles to record the necessary information.

The time calculated included the stopping time at the nodes.
The students were asked to record the results in seconds so as to avoid
the use of decimals or fractions. Some of the students, however, recorded
only the time the bus was in motion. This created a delay in the progranm
to allow for retakes involving the same number of students. Some difficulty
in obtaining the readings, due .to human error in handling the stop watches
used, was another factor. However, one of the students suggested comparing
the results of the summation of the time column with the actual total time
\ taken to cover the entire route. If, for example, the summétion over ten
nodes was 500 seconds while the actual total time was 550 seconds. To

account for the difference of 50 seconds, five seconds can be added to

each node thus giving a more realistic figure. To avoid retakes, it was
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decided to take the figures of those students who showed maximum time.
¥inally, the students counted the number of natural steps to
their home from the bus stop as well as the time to do the distance.
The calculation of their length of pace and the walking rate provided
a useful exercise in the classroom although it had no actual place in
the project, as a whole.
The information collected on the bus was then processed at
home and all the necessary calculations were completed and neatly recopied,
onto the student's second sheet. =Zach group then met in the classroom
and arrived at a compromise on figures which did not agree. Thus the
data for each bus, which was finally recorded and xeroxed, was uniform.
The walking distance was easily calculated by using a 100 foot
length of the corridor. Since the floor was covered with tiles measuring
one foot square, it was a simple matter to count the number of paces over
a length of 100 tiles. Thus, if it took 37 steps to cover 100 feet, it
was easily calculated that the length of the pace was 100/37 or 2.7 feet.
A student who took 350 paces to walk home from the bus stop walked a
distance of 350 x 2.7 or 945 feet. The data thus calculated was then
placed on a data sheet (Worksheet No. 1) and then, by applying the formula
of rate = distance / time, the student's walking rate of 2.1 feet per

second was calculated. The results were posted on Worksheet No. 1 (See

Bus 32, Route E).
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KORKSHEET Y0.1. POPULATION, TD'E AND DISTANCE DATA

8 Samson
BUS NO, 32 DATE: Feb.28.1972.NAME CF STUDENT

C. Vyilson.

ROUTEE 0
~-Havre des lles

ODOLE ER] DISTANCE] T1UE || DiPARTURES
INTERSECTION (NODE) READING | MILES | SECS. || BOYS|GIRLS| TOTAL
.1. Chomedey High {start) . 22,2 .00 00 || 00| 00 | 00
2. Souvenir - Chomedey El. | 22.3 .| .10 20 || 00| oo| o0
3¢ Chomedey - Notre Dame 22,9 .80 85 00 00 00
L+ Notre Dame - Labelle 23.4 .50 90 ! 00 | 00 | 0O
S. Labelle - Tth | 23.7 .30 6 | o1 | 02| o3
6. Labelle - Samson 2l.40 .30 50 | 02| 01| 03
T+ Samsan - 85th 2he3 .30 o || oy | 07 11
8. Samson - 92nd 2L.5 «20 70 oL 02 06
Js Samson - 95th 2L.9 1 1o I A 114 03 05 08
10. samson - 100th -Levesque| 25.3 L0 65 03 01 oh
11l. Levesque - Prom.des Tles| 25.6 «30 L5 o1L! o1 02
12, Prom.des Iles-Havre Iles| 26.0 L0 | 30 02 [‘ 01 03
13, Prom.des Iles-Levesque 26.8 .80 30 00 00 00
1ho Prom.des Iles- Samson 27.1 | .30 20 || 00| 00| 00
15, . — stm——
16. TOTALS L.9 650 | 20| 20! Lo
17, ;
18, ' |
19,
20. é
WALKING DISTANCE (Bus to House) 350 X 2.7 = 95
Wo.or paces Lengull oi pace Listance
_ (feet ) ‘in feet
VWALKING TIME (Bus to House) LS50 SECONDS
cond.

WALKING RATE = Dist/Time = 2,1 feet
NG R
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DATA PROCESSING AND ANALYZING

This unit involved the processing of the data collected in the
field by transferring numerical figures on to maps, diagrams, graphs; and
finally the matrices themselves, the main objectives of the project.

Maps
' The base maps, which were prepared in advance, were now placed

- in the file folders and distributed to the students. They were required

to colour in all the nodes on the map with a red pencil. Working in teams,
and referring to the master map on the wall, the students placed the points
of reference, legend, scale and route identification on their maps. The

maps were then used as a guideline to draw a schematic diagram..

Schematic Diagram (VWorksheet No. 2)

— This diagram provided a useful experience in spatial design,

and proved to be one of the more difficult assignments. The students were
required to sketch a rough diagram in the classroom and to redraw it neatly
at home on 8-1/2 x 1li paper., It would have been much easier to use large
size drawing paper (or bristol board) especially for the weaker students.
However, even though in the latter group the work was poor, it still
provided a good learning situation in drawing within a specified area. The
students were able to see a fairly good representation of the route of their
bus with all the data placed in such a way as to allow them to visualize
graphically the information they had collected in their field work. The
students were then able to use both worksheets to complete their histograms,
ogives and matrices. Freund (1970, p.l8 - 2L) gives a good description

and definition of histograms and ogives to show frequency distributions.

He writes: "The number of ways in which frequency distributions can be
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WORKSHEET NUMBER 2
32

BUS NO.

CHOMEDEY HIGH

SCHEMATIC DIAGRAM ROUTE: E

Samsone
Havre des Iles

+1 mile
20 secs.
2 3) Chomedey-Notre Dame
Souvenire .6 mile .
Chomedey 85 secs. .5 mile, 90 secs.
Notre-Dame « Labelle
.3 mile, 60 secs.
oo+ (5) Labelle - 7th
«3 mile, S0 secs.
o++ (%) Labelle - Samson.
.3 mile, LO secs.
0000000++++ d’D Samson-85th
«2 mile, 70 secs.
00++++ d@ (1)) Prom.des Iles - Samson
Samson-92nd ' .3 mile, 20 secs.
i mile @ Prom des Iles-Levesque
L5 secs. «8 mile, 30 secs.
00000+++ (‘:9) o+ @ Prom.des Iles
Samson-95th -~/ Havre des Iles
Wl milé 0 secs.
I mile »3
65 seca. o+ (11) Levesque-Prom.des Iles
»3 mile L5 secs.
o+++ L10Y
Samson-100th-Levesque -EEEEEE.

+++ Each + represents 1 bOY

coo Each o represents 1 girl
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displayed pictorially is practically unlimited, and it depends only on the
imagination and the artistic talent of the person who is preparing the

presentation,t

~ Histograms and Ogives (Worksheet No. 3a and 3b)

The histograms presented very little difficulty for the students
as most of them had been taught how to interpret them in elementary school.
- When completed, they showed graphically the variations in the number of
students leaving the bus at each node. Some of the students questioned
the need to show boys and girls separately. It actually served no real
purpose other than to show three samples instead of one. The ogives on
the following page shows an almost normal curve for the buys but an
irregular one for the girls,

The ogives ware much more difficult tc draw since none of the'
students had ever seén one, These were drawn on separate graph paper using
flexible tape (see Worksheet 3b). Unlike the illustration, they were drawn
on a larger scale and showed the variations more effectively. The ogives
showed the number of students on the bus at any given distance from school
and at the same time showed the rate of disembarkation.

By comparing the histograms and ogives (seze following pages),
the students were able to arrive at the conclusion that the more uniform
the distribution of students along the route, the straighter the slope of
the ogive. TFor example, the girls' histogram of route E, between 3 and 3.8
miles, showed one student leaving the bus at each of three stops in a
regular interval. Therefore, the ogive showed a straight line between.
thess points. It also became clear that a éhange in slope indicated an

uneven distribution of students and/or distance,
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An even better illustration of irregularities is apparent in
the ogive of route K which shows continucusly changing slopes. By comparing
the ogives with their histograms, the reason becomes obvious.

An evaluation of the preceding exercise showed that most of the
students required a great deal of help in interpreting the graphs. Yet, it
was still a useful exercise to serve as an introduction to graphical
.analysis. The next phase of the program (matrices) proved to be the most

interesting.

Constructing the Matrix

The Kissling model described in chapter III provided ideal
background for building the matrices of distance and time. It was decided
to approach this phase of the program cautiously so as to avoid procecding
beyond the level of ability of the students. With this in mind, it was found
‘that completion of the matrices, followed by a comparison of the diSpersidh
indices for the 1l buses studied, provided a good terminating point for the
project. The method of building both matrices is identical, except for the

data used,

At this point in the program, each student's file had been
completed, The processed data now servéd as a base for constructing the
desired matrix. Each file now contzined two blank 18 x 18 matrices, which
had been mimeographed in advance, with extra copies available as required.

Since there is no connection between a node and itself, the
matrix was started by placing zeros in the diagonal. The second step was
to fill in the values along each horizontal row, starting at row one. This
process was not too difficult using the schematic diagram (Worksheet No.2).
By adding the values between the desired nodes, the value of the required
matrix cell was easily obtained. For example, the distance between nodes

five and eight is 0.8 (0.3 + 0.3 + 0.2 = 0.8). This value was then placed



L2,

in the cells of the matrix where row five and column eight and row eight
and column five intersected. Taking one cell at a time the matrix can be
easily constructed. However, this method can be time consuming since there
are 196 cells in a 1l x 1 matrix (route E). It also does not produce &
detailed 1list of calculations and iakes it difficult to check for errors.
Hewever, for the students taking part in the project the method was quite

. satisfactory as it is very simple and easy to understand.

A more efficient method to construct the matrix is dsscribed in
Appendix B, which provides a table of values which in itself is important
since it allows the results to be checked for errors., Once the idea is
understood it is superior to the method described above. However, it is
recormmended only for the more advanced students.

In the.analysis that followed it was noted that the figures
below the matrix diagonal were an image of those above the diagonzl. The
reason was not obvious at first. However, a comparison of the telephone
matrix described on page 21 and the preceding matrices provided the answer.
The conclusion was that they are an iniage of each other only if there is a
two-way traffic between the nodes. Since all the students travel two ways
along the same route, the resulting matrices are imaged. It was concluded
that, in any network, if even one of the links is a one-way route there is
no imaged network,

To complete the matrices, each row was totalied. Tﬁe sum of)
each row in the natrix shows the accessibility of the node in the network.
The lowest value (17.L) showed that nodes seven and eight were the most
accessible while the highest value (36.L) showad that node 1L was the least
accessible, At this stage each student was able to evaluate his own

~accessibility but only within his own bus route. However, by totalling the

accessibility column he was able to obtain Kissling!s Dispersicn Index,
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1 2 3 L 5 6 7 8 9 10 11 12 13 14 TOTAL
1 020 105| 195 | 255§ 305| 345 W15 L6O| 525| 570| 600 | 630| 650 5075
2 020 \\QQQ\ 085 175 | 235| 285 | 325| 395 | LuO| 505 550| 580 | 610 630 1,835
.

31105 | 085 | oo 090 | 150} 200 2LC| 310 | 355| L20| Lé5| L95 | 525| 5kS 3985
L X951 175 090 \900\ 050 | 110| 150 220 | 265 | 330 375| LOS | L3S| LSS 3265
s | 255 | 235 | 150 o6o | ooal ogo| oso| 160 | 208 | 270 318| 35| 378| 395 || 2s0s
6 1305 | 28| 200 110 | 050 \\sqg\ Oho | 110 | 155 | 2201 265| 295 | 325| 3LS 2705
7 Y345 1 325 20| 150 { 090 | ohOo| Ovey 070 | 115 | 180 | 225| 255 | 285| 305 2625

' 8 Jlas | 395] 310 220! 160 | 110| 070 0| o461 110| 155 185 | 215| 235 2625
9 § 460 | LhO| 355 | 285 | 205 | 155 | 115 | OLS \coe\ 065 | 110 | 1LO | 170| 190 2715
10 {525 | 505 | 420 | 330 | 270 ¢ 220 | 180 | 110 | 0¢S \\sqg\ ohs | o7s | 105| 125 2975
11 §570 | 550 | Lés | 375 | 315 | 265 | 225 | 155 | 110 | OLS \\Boe\ 030 | 060| 080 3245
12 § 600 | 580 | L95 | LO5 | 345! 295 | 2551 185 | 1ko | 075 | 030 030 050 3L85
13 1630 | 610 | 525 L35 375 325 285 215 | 170 | 105 | 060! 030 \\560~\ 020 3785
1, §1650 | 630 5451 LSSt 3951 345 305 2351 190 125} 080 050 | 020 Lo25
DISPERSION L8250

BUOS NO. 32. SAMSON ~ HAVRE DES ILES

MATRIX OF TIME IN SECCNDS

ROUTE: E

*m
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Up to this point, each group of students operated independently,
processing and analysing data pertaining to its own bus. This also applied
to the four Notre Dame buses (route G). Although it might be argued that
this resulted in different mileage figures for the same route (2.8, 2.8, 2.9,
and 2.9 miles), it served a useful purpose when the results for all 1l buses
were posted. It was pointed out to the students that, for greater accuracy,
odometer readings were best when taken to the nearest hundredth. The average
for route G was calculated as 2.85 miles.,

Each student was given a blank summary sheet of the total network.
The team captain of each bus called out the completed data which included the
calculation of the rate of speed, in miles per hour, of his bus. With the
summary sheet completed, (page L6), it was a relatively simple matter to draw

the histograms (page L47) in preparation for an oral analysis of the total net-

work.

ANALYSIS

Due to the time element and other factors mentioned in the preface,
it was necessary to limit the final analysis to one period. The students were
asked to prepare a brief list of questions to be used in an oral presentation,
Some of these questions are listed in appendix D. It would serve no real
purpose to answer these questions in detail as most of them were covered during
the data processing phase. The important thing to note is that the students
did ask questions. Although some of these questions had no bearing on the
project, they were of a geographic nature. A limited retentive ability on

the part of the weaker students was apparent in some of the questions asked.
The questions that had a direct bearing on the analysis of the project were

discussed,
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THE TOTAL NET:ORK SUMLARY
ROUTE | TOTAL|TOTAI] TOTAL || ACCESSIRILITY IMiX || DIspaasIon IiDay[liILao
AND | DIST.| TIMS | POPU- || DISTAYCE Tiin_ || _DISTANCH] _ Ti.s| PER
BUS NO.| Miles|Secs.| LATION || Lo JHiGd| LOd | HICE HOUR
A - 33| 7.2 1337 56 29.0]6L.C | sh7L|11668) 637.0 120576(119.4
B-30| S.Lu| 609| 55 | 22.557.9| 2586| 6L6Z| 5LL.2 63808|31.9
C-L2| 2.6| L70| 50 9.2| 26.8| 1770| L220| 206.5 391h0[[19.9
D-56| 7.4 1207 | 51 [ 31.8[82.0| 5135|12697|| 802.9 128993||21.9
E~32| Lo ésc| 40 ||17.L|35.L| 2625| 5075|| 33L.38 L8250) 27.1
F-55| 3.0 537 63 | 11.3/28.1| 2318| L67L|| 268.6 529L5]20.1
G-38 2.81 22| 37 [ 11.1125.8 1607| 3631 223.2 32892l 23.9
G -LO| 2.8 601 57 11.1)25.8 | 2587 | Loshj 223.3 507LL]1E.8
G- L5 2.9 | 599 57 11.8[26.3 | 2680 | LB97| 23L.8 51604417.7
6-501 2.9 605| 60 Il11.3]26.2! z627| so32)l 227.6 | 51976/17.k
H~- 61| 1.6 | Lé5 50 L.3| 9.9|1367| 2768| 66.L 20312412.4
J- 5| 2.0 | 569 38 5.9]13.3 | 1578| 3638|| 99.0 26802812, 7
J-12| 1.9 | 5hk2 la 5.9/13.21 1543 3581 97.5 26278112.6
K=-2h| 5.7 922 L3 22.3|50.4 | 3925| 9639| 51kL.L 89688 22.3

SAMPLE CALCULATION

The figures in the

Rate

(for Route A)

miles per hour column are calculated as follows:

- Distance X 3600
Time

I
1337

19.h miles per hour.
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The ideal starting point for the analysis proved to be the
Summary and Graphical Comparison sheets (pp. L46-47) since it inspired the
students to interpret the total network. They could also see the value of
graphs as compared to pure numbers in analysing their project. For example,
one of the questions concerned the disparity in the time and distance Dis-
persion indices on route G. It was easily noticed that while the distances
were identical, the time of bus number 38 was considerably lower compared
to numbers 4O, LS and 50. In the discussion concerning this, it was also
noticed that the number of students on bus 38 was considerably less than
the other three. The students learned from this that time and population
are directly proportional. It was concluded that unloading time directly
affected the time values, regardless of the distances involved., It was
easily understood, without referring to the graphs, that the distance and
time were also directly proportional.

It was also observed that the buses closest to the high school
had a much lower rate of travel than the more distant ones (p.46). For
example, bus 61, the shortest route (1.6 miles), travelled at the average
rate of 12.h miles per hour while bus 56, the longest route (7.L miles),
covered its distance at the rate of 21.9 miles per hour. This was an
interesting comparison and led to quite a heated discussion. When the
students were asked to refer to their map of the total network, (inset),
they realized that the latter bus travelled over almost four miles of high
speed highway (Boulevard Levesque), with a speed limit of 50 miles per hour,

in a sparsely settled area. This had a great effect on the average rate.

In contrast to this route, bus 61 passed through two school zones, numerous

stop signs and traffic lights and, at no time, could exceed 30 miles per

hour.
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Studying the graphs (p.L7), it was found that when the disfance
graph (yellow) and the time graph (red) were in closer ratio, a higher
speed was indicated. For example, bus 30 (31.9 m.p.h.) showed time and
distance graphs as almost the same length but bus 61 (12.L m.p.h.) showed
a distance graph of less than one third of the time graph.

It was pointed out that the number of buses in the area west of
the school far outnumbered those in the eastern area. Population con-
centrations were given as one of the answers. This was disputed by in-
dicating that Laval des Rapides and Pont Viau-Duvernay also had high popu-
lation concentrations. Further discussion led to the conclusion that the
Chomedey area, western section, had a large Jewish population who attend
the Protestant schools whereas the eastern sections had a large French
population who attend the Catholic schools.

Another question concerning the validity of the matrices was
discussed. It was felt that a 1l node matrix should not be compared with
an 18 node matrix since the accessibility figures are obtained by cumulative
sumning of the individual figures. This may be true regarding the distance
values since they are fixed, regardless the number of nodes. Since the
Dispersion index is directly affected by the accessibility figures, it was
agreed that, provided all the bus routes were the same length, there would
be a variation in the Dispersion indices if some routes had more stops than
the others. It was concluded that the fewer stops made to take on passengers
or to let them off, the more efficient the system., It was realized that
even the distance comparisons were valid since the number of nodes had an
effect on the accessibility index and, although the actual mileage of the

route was constant, the effect was similar to increasing the mileage.

The above question covered a difficult concept and only involved

a small number of students in the discussion. The matrices had more meaning
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to most of the students when a number of Esso Imperial road maps were pro-
duced. They then noticed the similarity between the mileage matrices on
the road map and the ones they had produced. They then were able to read
their own product in order to find out the distance as well as the time
between two points within their matrix. By crossing over from one matrix
to another, by finding a common point of intersection through using the
total network map, they were able to connect their own node with any other
node within the total area., This part of the project became a game to find
out the shortest distance and least amount of time between two points.

For example, calculating the time to go from node 8 on route J to node 8

on route K would present little difficulty if we use the high school, node 1
on all matrices, as the "cross over" point. Since the distance from node 8
to node 1 on bus 12 is 367 second and from node 8 to node 1 on bus 24 is
692 seconds, the time to travel between these two nodes is 959 seconds.

In a concluding discussion of the value of network analysis, it
was pointed out that, although the values represented in the project were in
miles and seconds, other values, such as population numbers, costs of mer-
chandise shipments, traffic numbers, movement of students, both within and

outside the school, etc., could be easily substituted.

EVALUATION
Chapter I referred to the apathy and problems in our school

systems. If this project, involving student activity, made them more aware

of their surroundings and, in an interesting manner, taught them techniques
of geography, it achieved the intended aim. It also had the value of being
a group activity and a departure from the "lecture " type of lesson so

common in the classroom. Mathematically, it tamught the students the use of

dimension, the method of handling drawing equipment, such as rulers, com-
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passes, colouring pencils, etc. It taught them a systematic approach to
arrive at a completed product.

One of the negative aspects was that a small number of students
had little or no interest in the work. They were not pressured but allowed
to pick out the area that interested them in the group work. In a class of
38 students, this was most expedient. It was possible that these students
"were not capable of doing work involving a quantitative approach since they

were either non-academic students or simply placed in this class because

there was no other place for them in an overcrowded schocl. They did show
more interest in the project than normally in regular geography classes.
Possibly, & much simpler program including simulated games could have in-

volved them even more.

In review, the data collection phase was relatively simple. It
muét be emphasized that, in order to get reasonably good results, this phase
of the program, more than any other, must be synchronized. It was already
pointed out that we had no control over the transferring of buses from one
route to another thus leading to some confusion in the processing phase.

On the other hand, it did have some value in that it proved how important
it was to work together in data gathering, and that, in a way, it was
similar to a real life situation where it is not always possible to syn-
chronize efforts. It is, however, reccmmended that a concerted effort is
made to synchronize the data collecting phase in a project of this nature.

Finally, it proved that most students are capable of producing

a reasonably good piece of work if it is made interesting and is well

6rganizedo
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APPTNDIX A
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MATRIX
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MULTIPLICATION
A n 2 3
4 5
2 3
£2 =

%

(2 3\
5 lef

2x2)+ 3xL)
(L x 2) + (5 x L)
]
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APPENDIX B ROUTE E MATRIX CONSTRUCTION
Instructions

Starting at the top of the distance column (Worksheet No.l)
and successively adding values it is quite simple to complete row one.

For example, the values placed in the matrix cells can be calculated as

followss
a + b = ¢
from node 1 to node 1l: 0.0 + 0.0 = 0.0
n n l " " 2: Ooo + Ool = Ool
n " 1 " n 3: Ool + 006 = 007
n L . " L: 0.7 + 0.5 = 1.2
n L] 1 » u 5: 1.2 + 0.3 = 1'5
This process is continued until:
from node 1 {0 node 1L: 4.6 + 0.3 = 4.9,

As a starting point, the diagonal value (0.0) is placed in column c.
Column b is an exact replica of the distance column. The value obtained
in column ¢ is placed on the next line in column a and, by adding the
value already in column b to this value, the next value is obtained for
column c. This process is repeated until the row is completed. The values
obtained in column ¢ is then placed in its row in the matrix. For example,
the value of }.9 is placed in the intersection of row one and column 1k.
This process is continued for rowrtwo. As above, the starting
point is the diagonal value of 0,0 in column c. The following page
illustrates the stevs in the calculation of the values of the first 12
rows of the matrix. It should be noted that the values of column b is
identical in all 12 calculations except where the diagcnal value of 0.0
replaces the value obtained in the workshes=t (shown in boldface). That is,

the line of 0.0 + 0.0 = 0.0 moves down the rows., For example, row 6 shows
the 0.0 on the sixth line. The values for row a are then obtained by

_ placing the row ¢ value in the row a column immediately above end below

the diagonal vslue. This process is repeated until all values are obiainead.
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ROUTE E

APPENDIX B

MATRIX CALCULATIONS
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WORKSHERT NO.1, POPULATION, TIME AND DISTANCE DATA

ROUTE: A

Pont Viwi-Luavernay
BUS NO. 33 DATE-March 2.,1972,NAME OF STUDENT . _ G. Gosselin . |

SUUETER) DTS TRieT] T T D pa T on s
TNTERSECTION (NCDE) READING | MILES ' SECS. I BOYS| GIRLS| TOTAL
.1. Chomedey High (start) 70.7 .00 00 00 00 00
2. Souvenir IeCorbusier - TL.6 .90 123 co 00 00
3. LeCorbusier -St.Martin 72,0 Lo 63 co| o0 | 00
Lo St.Martin - McNamara 72.6 40 | 160 0| oco0| 00
5¢ St.Martin - Valliere 73l .80 || 163 00| 00| 00
6. St.Martin - Laurentide 73.7 .30 &0 00| 00| 00
Te Laurentide -Souvenir Thaly .70 98 02| 00| 02
8. Laurentide - Concorde Th.7 .30 30 02 o1 03
9, Concorde - Goineau 75.1 .0 55 101 06 16
1C. Concorde.N.D.de Fatima 75.5 10 105 08 05 13
11. Concorde - J.J.Joubert 75.7 .20 65 021 02 Ch
12. Concorde - Leblanc 76.0 30 55 03 03 06
13, Concorde - D!Auteuil 76.9 <90 170 0l 03 ol
1l Concorde - Lesage 77 | .50 | 120 03| 02| o5
15. Concorde-Rose de Iima 77.6 20 L5 01 c1 ‘ 02
1.6, Concorde - Levesque 779 230 25 00 ol } o1
17, |
18, TOTALS
19,
20,

WALKTNG DISTANCE (Bus to House) L50 Y
R0.0L paces

WALKING TIME (Bus to House) 530 SECONDS
WALKING RATE = Dist/Time = 2so foot per second.

" 2.6 |
TenG L o6 pace Disvance
(feet) in feet

= 1170
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| WORKSHEET NO.l.  POPULATION,

TR AND DISTANGE DATA

BOULE.

B

BUS NO, 30 DATE:March 2,1972.MANE OF oLUP?"T'

TLaval aes Hapides (Bast

G D 'ﬁmu‘o

SEchylt o TUNNE——

. [ODOLRTER] 518 TG | DEpARTY )

} INTERSECTION (NODE) READTHG | MTIES | SECS. {I BOYS! GIRLE[ TOTAL
1. Chouedey High (start) 79.5 -00 00 co Q0 00
2. Souvenir - LeCorbusier | €0.L 90 8l 00 | co| ¢CO
3¢ Souvenir - Laval 81.0 60 & 02| o1 03
b. Laval - Concorde 81.3 .30 Lo oh | o3| o7
5. Laval - D'Argenteuil 81.6 .30 60 02| 02| O
6. D'Argenteuil - Brien 82.0 Lo 30 | o3| o1] oy
Te Brion - Cartier 82.2 20 |25 | 02| o2 on
8. Cartier - Laval 82.5 .30 26 i 03| Oh{ O7
9« Cartier - Dunoulin 62.7 .20 20 | o1 co o1

10. Cartier - 15th St. 83.2 .50 | 30 00l o1| o1

11, 15th Ste. - Robin 83.3 .10 20 03 ! oy | o7

12, 15th St. - Bth Ave. 83.9 2 | b | o2l o2 o

13, Meunier - Tth St. 83.8 +30 35 oL 02 06

1ho 7th St. - 8th Ave. 84,0 | .20 | k5 E oL| oL| 02

1S, Bth Ave. - Cartier 8k.1 .10 20 o0 oL! 01

16, Cartier - Major €h.3 .20 | 22 0l oog 01

17. Major - Des Prairies 8L .6 .30 f 20 00| 02! 02

18. Des Prairies -Anse Bleue| 8l4.9 307} 25 | o] co; o1

20. TOTALS I

VALXING DISTANCE (Bub to House)  2LO y 2.6 = 62h

fovorneer Tonpun ol pace Distence.
. {(feet) in faev
WALKING TIME (Dus to House) _ 200 SECOHDS
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AORKSHELT 101, POPULATION, TIME AND DISTANCE

DATA

ROUTSs
Ee

Laval des namide
+

(WesET

BUS N0, 2 VATE:Feb.13,1072. WALT OF STUDTNT @ G, S
OO DISTANG LS er““A S
INTERSECTION (NODE) READING | MITLES | SECS. || BOYS] GIRLS| TOUTAL |
1. Chomedey High (stari) Ll.7 .00 00 00 00 00
2. Souvenir - Chomedey Bl. 41.9 020 35 c0 00 00
3+ Chomedey - Perron 12,7 .80 50 03 | or| ok
i« Chomedey - Cartier 43.0 .30 50 co cO co
5. Cdartier ~ 68th L3.1 .10 20 02 | 02| Ok
6. Cartier - 66th b2 0 | 15 | o] oo o
T+ Gartier - Ghth b3.3 10 | 15 | o7 | o8] 15
| 8. Cartier - Marois h3.5 «20 E 35 06 06 12
r 9. Cartier - 58th L3.6 .10 20 ol ool oo
10. 58th - Lth h2.7 20 |20 03! 02! o5
1l. 58th - Sth 43.8 10 | 25 03 1 00 03
12. 58th - 6th 43.9 .10 10 02| or| 03
13. 6th - Marois L0 .10 25 oL] 02| 03
1lo Marois - Sth Wl L0 | 30 | ool ool o0
15. Marois - lth k.2 .10 25 60| 00! co
16. Marois - Cartier hli.3 10 | 25 00 | 00 % 00 !
18, TOTALS 1 2.60 ’? wio | 28| 221 <o
19, | | |
20. L?

TALKING DISTANCE (Bus to Hcuse) 550

WALKING RATE = Dist/Time = 2.3 feot po

AR E AR AR RS

Weol paces  Ler

X 2.6 - 1L40hL
tm' me 4 TN
Zuh 0X pace  listance
Teety in feet

WALKTHG TIME (Bus %o fouse) _ 032 SECONDS




62.

TORKSHERET NOJL1. POPULATION, TIME AND DIVST}\NCE DATA ROUTE . Dm
. . S .- St.Dorothee
BUS NO, 56, DATE sEaP;131972, WA OF STUDGNT: . Prol
ODULETER} DISTANCE] TIN || DEPARTURES
INTERSECTICN (NODE)  READING VLR SECS. || BOYS!| GIRLS[ TOTAL
.1, Chonedey High (start) 22,2 .00 0] 00 | 00 00
2. Chomedey Bl.- Perron 23.1 20 | L1 0O | 00 | 00
3« Perron-Labelle-Samson 23.7 60 121 00 | 00 Co
be Samson - 92nd 2l.2 »50 67 00! 00 | oo
5. Samson-100th~Levesque 2Le7 .50 82 || 00| 00 00
6. Levesque - Carleton 25,1t 70 | 85 | or| 01 | 02
T+ Levesque - Mamel 26.9 | 1.50 | 160 || 13| 12 | 28
8. revesque-Jardin St.Dor'e| 27.3 .10 73 00| 00 | 0o
9+ St.Dorothee~Huberdeau 274 »10 | 13 021 05 07
10. Huberdeau -Maisoneuve 275 +10 30 Co | 00 00
11. Maisoneuve-Place George 277 .20 35 03! 03 06
12, Maisoneuve - Samson 27.9 0 20 J 58 oh | 01 oS
13, Samson - Hotel de Ville 28.1 20 57 01| 02 03
1h. Hotel de Ville-Principall 28.5 |  .LO 75 00| 00 | 00
15. Principal - Gravel 28.9 .10 50 CO | 0L 0L
16. Gravel - lth 29.2 .30 1 175 00| 01 | o1
| :
17. Gravel - Samson 29.3 .10 30 co| 01 | oL
18. Gravel - Levesque 29,6 430 65 00| 00 | 00
19, |
204 TOTALS | 7.h0 1217 b 2h| 27 | 81
WALKING DISTANCE (Bus to House) 25 X 26 - 637
No.cI paces Jéﬁﬁgh of“paco Listance
(feet) in feet
WALKING TIME (Bus to House) _ 280 GECONDS

WALKING RATE = Dist/Time = 2.% feet, per second,




63.

WORKSHEET 170.1. POPLATION, TIME AND DISTANCH DATA ROUTE . F*
' Samson -pavre "des lles
BUS NO,,32. DATH: Feb.28,1972,nmm or STUDENT _C. Wilson,

il B Lt s e it N s o it o Bt et 1 R0 0 B Ay

st e, 4B e £ v B S e s e R e o

DO ] DISTANO ] Tl RTURES
INTERSECTION (NODE) READING | MILES | SECS. |[ BOYS|GIRLS| TOTAL |
.1+ Chomedey High (start) 22,2 .C0 00 0o 00 00
2+ Souvenir - Chomedey Bl, 22,3 »10 20 00 00 00
3+ Chomedey - Notre Dame 22,9 .60 85 || oo | 00| @0
Lis Notre Dame - Labelle 23.h .50 90 | O | 00 | 0O
5. Labelle - Tth 23.7 .30 60 ol 02 03
6. Labelle - Samson 21,0 030 50 02 o1 03
T+ Samson - G85th 2li.3 .30 o || oh | o7 ] 11
8, Samson - 92nd 2h.5 o 20 70 ol 02 06
. Samson - Y5th 2h.9 U0 ! LS 03 ! 05 08
10. Samson - 100th -Levesque| 25.3 Jo |65 | o3| o1| on
1l. Levesque - Prom.des Iles| 25.6 «30 L5 0l 01 02
12, Prom.des Iles-Havre Iles| 26.0 DO | 30 ] 02] 01| 03
13, Prom.des Iles-Levesque 26.8 .80 l 30 00 00 00
1ho Prom.des Iles- Samson 271 .30 | 20 [ 00| CO| 00
15, - “jf o R S
16. TOTALS b9 | 650 | 20| 20! Lo
17, | |
18, b |
19, !
20. A : E
WALKING DISTANCE (Bus to House) 350 X 2.7 = 9hs
No.oi peces Lengih o1 pace Distance
(feet ) in feet

ViALKING TIME (Bus to House) 450 SECONDS
WALKING RATE = Dist/Time = 2.1 feet ner second.
RS, N A SR L R
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VORKSHTEET NO.L, POPILATION, TIMEW AND DISTANCE DATA QHUfgka;m

BT

Perron—{ﬁh-?tn
BUS NO. 58 DATH: Feb.16,1972 ymME OF STUDENT . s nel

U DTS TAGE T ARTURES
INTERSECTION (NODE) READING | MILES | SECS. (| BOYS|GIRLS] TOTAL
.1. Chomedey High (start) 9h.6 .00 00 00 00 Cu
2. Souvenir - Chomedey Bl. 9heT .10 L3 00 co 00
3¢ Chomedey - Notre Dame 95,1t o 70 63 00| 00| 00
Lo Chomedey - Perron 95.7 30 17 00| 00| ¢oO
5. Perron - 75th 95.8 .10 2l oL 0L 02
6. Perron - 8lst 95.9 0 | 17 01| 01| o2
7+ perron - Labelle - Tth 9641 20 | 32 | oo| oo o0
8. Tth - 8lth 96.2 .10 6l oL| oo| o1
9. Tth - 85th 96.3 .10 18 02! 00| o2
10. 85th -~ gth 96,1, .10 27 02 J 02| Ok |
11, 9th - 88th 96.6 20 29 o1 ‘ 0L| o2
12, 9th - 92nd 96,7 .10 L0 07 ]. 05| 12
13, 9th - Sherwood Flace 96.8 0 | 29 | o2] o1 03
e 9th « 95th : 96,9 .10 16 06| 06 12
15. 9th - 100th 97.2 .30 i 53 08| 09: 17
16. 100th - Mentcalm 97.h 20§ Ml o | 01! 05
17, 100th < Notre Dame 97.6 » 20 24 01 00 ; o1
18. | i ‘ |
19, TUTALS 3.00 1537 | 36| 271 63
20. ‘
| BALKTHG DISTANCE (Bus to House) 150 X 2. = 360
Koo vaces  fencun of pace frstance
(feet ) in feet
WALXING TIME (Bus to House) 165 SECONDS | ,

WALKING RATE = Dist/Time = 2,2 feet er senond.




655

VIORKSHEET NC.1,

POPITLATION, TIME AMD DISTANCRE DATA

ROUTE; G

Notrgdiang,

WALKING TIME (Bus 4o House) 230 SECONDS

BUS NO. 38  DATE: Feb,18,1972, NAME OF STUDEUT: R .Gaodos
N R e B I8 Sy - A R e e St Sligaa
UDULETERN DISTANCE] TOE | DEPARTURES
INTERSECTION (NODE) READING | MILES | SECS. || BOYS| GIRLS] TOTAL
1. Chomedey High (start) 58,1 .00 00 00 00 00
2. Souvenir - Chcmedey Bl. 58,5 10 30 Co 00 0o
3+ Chomedey - Notre Dame 5902 270 65 co 00 00
Lio Notre Dame -~ St.Charles 59,3 .10 20 CO co o0
S+ Notre Dame - Labelle 59,7 210 61 02 06 | 08
6. Notre Dame - Haifa 60,0 «30 50 00 03 03
Te Notre Dame - Dover P (0.1 .10 15 03 | o0 | 03
8. Notre Dame - Elizabeth 60.3 .20 20 01 06 07
7+ Notre Dame - 100th 6006 .30 35 02 03 05
L 10. Notre Dame - 101st €0.7 .10 18 | o3 | 00 | 03
11. Notre Dame - Dusablon €0.8 010 18 00 01 01
12. Notre Dame - Ducalvet €0.9 010 10 00 |- Q0 00
13, Notre Dame - Chatelaine 61,0 .10 Lo ol 03 07
1lhe Chatelaine - Charlevoix 6.1 | .10 20 00 00 00
15. chatelaine - Souvenir 61.2 ,10 20 ) 00 00
1
16. !
17. TOTALS 2,80 L2 |15 | 22 1 37
18. ’ 1
19,
3
20.
WALKING DISTANCE (Bus to liouse) 215 X 209 = 62L
No.or paces lLeugih ol psce Instance
(feet in feet

Walking Rate = Dist/Time = L.8 feet per second,



66.

VORKSHEET 0.1,

PODILETTON,

TN ANMD DISTANCE I

ROUTE: G

WALKING TIME (Bus to Houses)
WALKING RATE = Dist/Time = 2,2 feel per second,

420

SECONDS

BUS NO. LO DATR March 9,197210Ai1 OF STUDENT : _
ODULUETER] DIETLNCE :,RTURES
INTERSEGTION (NODE) READING | MILES GTRLS Tomr,
1. Chomedey High (start) 58.4 .00 c0 00 00 00
2. Souvenir - Chomedey Bl. £58.5 -10 30 00 00 00
3+ Chomedey - Notre Dame 59.2 .70 72 o | 00 00
lie Notre Dame -~ St.Charles 59,3 .10 I 39 00 | 60 | ©co
5. Notre Dame - Labelle 59.7 .10 €5 00 01 01
6. Notre Dame . Heifa 60,0 30 55 05 02 08
7+ Notre Dame - Dover €0.1 0 [ 33 o7 | 02| 09
8. Notre Dame -~ Elizabeth 60.3 020 L5 05 02 07
9. Notre Dame -~ 100th £0.6 +30 73 06 ol 10
10. Notre Dame - 101st 60,7 J10 | 39 05 | 03 08
11. Notre Dame - Dussblon 60,8 010 L 01 01 02
12. Notre Dame - Ducalvet 60.9 J10 ¢ 28 02 01 03
13¢ Notre Dame -~ Chatelaine 61,0 «10 | 35 L 02 02 Qly
) {
1l Chatelaine - Charlevoix | 61.1 20 | 23 o2 | 00 | 02
15. Chatelaine - Souvenir 61,2 .10 % 20 l 02 01 i 03
H + {
16, | | ,%w R
(17, T0TALS 2.8 Jeow |38 | 19 | g7
ﬁ180 ' g
19, I
20. E
NALKING DISTANCE (Bus to louse) 357 T 2.6 = 936
N v SRTINRER ; TN
fo 67 paces fengon 01 pace Blstance
(feet ) in feot




67.

TORKSHERT NO.1, POPULATION, TIME AND DISTANCE DATA BOUTE: G

Notl e .;am"‘

1 O TR i AL R R

BUS MO LS DATS: Feb.29,1972.M4NE OF STUDENT:

UDULETER DISTANCE NGRS
INTERSECTICH {NODE) READING | JILES | Srr* f BOYS CﬁLu TOTAL
.1. Chomedey High (start) 32,7 .00 00 00 co | CO
2. Souvenir - Chomedey Bl. 32,8 .10 20 Co 00 | 00
3¢ Chomedey - Notre Deme 33.5 .70 70 o0 | ©o | 00
L+ Notre Dame - St.Charles | 33.6 .10 35 00 | €O | 00
5. Notre Dame - Labelle 34,0 L0 56 0 | 00 €O
6. Notre Deme - Haifa 3h.2 .20 Lk 02 | 02| oy
7. Notre Dame - Dover 3h.h .20 70 10| 00| 10
8. Notre Dame - Eligzabeth 3h.6 «20 50 05 ch | 09
9. Notre Dame - 100th 3kL.9 30 | 8o ok ! 00| Ok
10. YNotre Dame - 101lst 35,1 .20 E 33 06| €2 08
1l. Notre Dame - Dusablon 35.2 .10 35 oh 02| 07
12, Notre Dame - Ducalvet 35,3 .10 30 oy |- oL} o5
13, Notre Dame -~ Chatelaine 35.h .10 ,I 23 ol 0l ©5
1l Chatelaine - Charlevoix | 35.5 | .10 3l o5 | 00| 0%
15. Chztelaine - Souvenir 35.6 .10 11 00| C0! 00
16. % |
17. TOTALS 2.90 1591 Ly | 13 | 51
18, d f
19.
20.
WALKING DISTANCE (Bus to liouse) L7s X ‘3.8‘ - = 1330
To.01 paces Lengon of pacc Uistance
(feet ) in feet
WALKING TIME (Bus to House) 570 SECONDS

WALKING RATE = Dist/Time = 2.3 feet per second,
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68.

VORKSHEDT 10.1. POPTLATION, TIME AND DISTANCE DATA FOU;uA G

’\I eDri
| BUS NO. 50, DATE: March 2,1972ya1m OF STUDENT: K, Svoon Notre Dame,

SoRUEE Y W |

OUDOLETRA] LISTANG ¢£'¢ﬂm ' D“pnﬁmnv“
INTERESECTION (NCDE) READING | MILES |' SECS. || BOYS|CIRLS[] TOTAL
1. Chcmedey High (start) 21.6 .00 00 00 09 co
2. Souvenir - Chomedey Bl. 2l.7 .10 20 0] 00 00
3+ Chomedey -~ Notre Dame 22.5 .80 80 00 00 00
lie Notre Dame - St.Charles 22.6 .10 ‘ 20 00 00 co
S. Notre Dame - Lebelle 22,9 30 | b | 02| 03| os
6. Notre Dame . Haifa 23,1 .20 97 ol ol 08
T+ Notre Dame - Dover 23.3 .20 15 02| 02| Ob
8. Notre Dame - Elizabeth 23.5 .20 37 10 ol 1L
9. MNotre Dame - 100th 23.8 30 | 57 o1 05| 06
10. Notre Dame - 10lst 23.9 210 |70 oy | 02| 06
11. Notre Dame - Dusablon 2.0 .10 ! 27 | o061 ou| 10
12. Notre Dame - Ducalvet 2h.1 »10 32 g2 |. 01 | 03
13. Notre Dame - Chatelaine | 24.3 | .20 | 35 | 02| o2 o
1he Chatelaine - Charlevoix | 2k | .10 e I 00| 00| 00
15. Chatelaine - Souvenir 2h.5 .10 20 00 00 00
16. | | | |
, e e e S
17. TOTALS 2.9 | 609 33| 27! 60
18, | {
19,
20.
WALKING DISTARCE (Bus to House) 31h X 2.5 = 185
sorTieey DT ol pace Distance
(feetp in feet
WATXING TIME (Bas to House) 300 SECONDS

WALKING RATE = Dist/Time = ? 6 faet per second.
ST Y R T TS



http:aJL'.'.II

69.

WORKSHEDT NO.1.

POPULATION, TIME AND DISTANCE DATA

ROUTE: H
URAZSHORRAIGRD:

e s s

b mar

 BUs N0, 6, DATE 2Feb 1S 0072, Ak OF STUDINT : M. Ber
‘ OLETERY BISTANCE] WIS | DRoAl

INTERSECTION (NODE) READING | MILES [ SECS. [ BOYS|GINLS] TOTAL
... Chomedey High (start) k.3 .C0 00 00 00 00
2+ Souvenir - Chomedey Bl. 1h. .10 37 00 00 C0
3¢ Souvenir - Labelle 1.8 | .0 98 | o0 | oo | oo
Ls Souvenir - Jarry 15.1 .30 [ 15 || 00 ; 00 | 00
5. Jarry - McKenzie 15,2 0 || 105 | 0o | 00| oo
6. McKXenzie ~ Hennessy 15.3 .10 12 10 05 15
T loKenzie - Ridgewood Cr. | 1S.) | .10 50 || oh | 02| 06
8. McKenzie -~ McKenzie Crt. 15.5 .10 L0 02 0l 03
9. McKenzie - Maria Cresc,. 15.6 .10 t 28 02 03 05
10. MeKenzie - Elizabeth 15,7 .10 % 35 05 ol 10
1l. Elizabeth . Ridgewood Cr. 15.9 «20 § L5 06 }' 05, 1

12. | L
13, TOTALS 1.60 ws | 30 | 20| so0
1o ’

15,

16. |

17,

18, i

19, |

20.

VALKING DISTANCE (Bus to House) 1O ¥ 2.h = 336

. — PSRRI S
fo.0l paces Lenguh or pace Lisiance
in feet

-

WALKING TIME (Bus to House) 150 SECONDS

WALKING RATE = Dist/Time = 2.2 feet, per second,

(feet)




70.

WORKSHEET HC.1. POPULATION, TIM® AND DISTANCE DATA ROUTE: o
BEIVEIG RN

BUS NO. 5 DATH: Feb,20,1972.WaE OF STUDENT ¢ G, wrnst

S RS LR

INTERSECTION (NODE) ggk\‘nﬁ;b?l? ? Li%{igwhi é;{’ég,, “gg%{%%%g TOTAL
.1. Chomedey High (starb) 88,3 .00 00 00 00 00
2. Souvenir - Chomedey Bl. 83.L . <10 L9 00 0 00
3+ Souvenir - Labelle 88.8 10 i 00 00 Co
L. Souvenir - Elizabeth 89.1 30 120 03 06 09
5. Souvenir - Lynn 89.L .30 50 02 00 02
6. Souvenir - Webb 89,5 01D 25 05 00 05
T+ Souvenir - 100th 89.6 .10 28 02 | ok | 06
8. Souvenir -~ Emerson 89.7 .10 30 01 00 01
9. Souvenir - Effingham 89,8 20 | zo jool o1 o

10. Souvenir - Helville 89.2 .10 32 02 00 02

11. Souvenir - Chatelajne 90,1 .20 60 06 ! 031 09

12, Chatelaine - Notre Dame 90.3 .20 80 oL . 02 03

13, |

b TOTALS | 2.00 | 569

15, !

16.

17.

18. : 1 i

1%, |

20,

WALKING DISTANCE (Bus to House) 180 x 2.8 = 150

fioeot paces LengEhASF%F§§§ T stance
(fect p in {eet

WALKING TIME (Bus to House) 200 SECONDS
WALKING RATE = Dist/Time = 1.8 feet per second,
Pt o T IR T, B R




e

WORKSHELT NO.1.  POPULATION, TIME AND DISTANGE DATA  ROUTH: J
souvenir
BUS NO, )2 —DATE sFeb,25 1972, HAME OF‘ STUDENT : B, Kirk ~==—-=
STODTHETER] DISTANCEY L itis || DRFIETURES
INTERSECTION (NODE) READING MILES | SEGS.|[ BOYS! GIRLS| TOTAL
1. Chomedey High (start) 66.9 .00 00 co| o0ol| 00
2. Souvenir - Chomedey Bl. 67.0 .10 Y 00 00 co
3. Souvenir - Labelle 67.1 10 72 00 02 02
L. Souvenir - Elizabeth 67,7 .30 132 06! 01| 07
5. Souvenir - Lynn 67,9 .20 34 01| o1| o2
6. Souvenir - Webb 68.1 .20 32 01| 10 11
7+ souvenir - 100th £8.2 .10 25 03| 03! 06
8. Souvenir - Emerson 68.3 010 25 03 01 ol
%. Souvenir - Effinghanm 68.h .10 20 62 00| 02
10. souvenir - Melville 68.5 .10 30 oL o1| o2
11. Souvenir - Chatelaine 68.7 +20 90 00| 03 03
12. Souvenir - Carnel 68.8 .10 35 0L 0l 02
13, |
1'.[ o TUTA_LS 1 o 90 Sh? .1.8 23 hl
15,
16. !
17, i
18, ‘ f
19.
20.
TALKTHG DISTANCE (Bus to House) 195 X 26 = 517
foeor paces Lengull of pace Distance
(feet ) in feet
YALYING TIME (Bus to liouse) . 2LO SECONDS
WALKING RATE = Dist/Time = gflkfeef perdseqond.
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WORKSHEET NO.1. POPULATION, TDMY AND DISTANGE DATA Agg&g}g'{:ﬁ‘;@ " qgam&wu
BUS N0, 2  DATE:March 1,1972.NALE OF STUDENT: L, Iarr};(ﬂmu-unono
- DO TR TS TANCE s pin 15S
INTFRSEGTION (NCDE) READING | MILES | SECS. | BOYS|GIRLS[ TOTAL
.1. Chomedey High (start) 50.8 .00 00 00 00 00
2. Souvenir . LeCorbuszier 51.7 .90 10l 00 00 00
3¢ LeCorbusier- St.Martin 52.1 40 109 00 00 00
. st.Martin - Tessier 52.k .30 120 || 00| CO| ¢CO
5. Tessier - Quebec 52.6 +20 50 05| 03| o08
6. Quebec -~ Maisoneuve 52.7 .10 | LS ! oL 01 cs
7+ Maisoneuve-Lang 'r-Laplant] 53.1 L0 50 02 co 02
8. Laplant~-Wilfred-Lorraine 53.5 .10 11l 06 03 09
9. Lorraine-louise-licNanara She0 ‘ «50 60 011 02 03
10. McNamara - Pine 5h.1 .10 L0 i O:i_’;l ol 06
11. McNamara - Maple I .20 30 c2 00 02
12, NelNamara - St.Martin si | .10 | 20 | ool oo oo
13, SteMartin . Vallisre 54.9 <50 &0 02 02 ok
1ho St.Martin - Laurentids 55.2 | .30 20 00| 00| 00
15. Laurentide - Richard 55.5 «30 30 Ccl 00% 01
16. Laurentide - 10th 56.2 | .70 50 | 01| o1l o2
17. Laurentide -~ St.Flizear 56,5 +30 20 00 Ol? 01
18. '
19, TOTALS |
20.
WALKIRG DISTANCE (Bus to Housge) 200 ¥ 2.k
ﬁm,w f.engt.h oY p?g:
(feetp
WALKING TIME (Bus to House) __ 2h0 _ SRCONDS
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Nt 3 b B o b b A~ 2 oot B

WORKSHEET. NUMBER, 2

BUS NO. 33

SCHEMATIC DIAGRAM ROUTE: A

Pont Viau~Duvernay

Goncorte- o+ (15— BE=—(TD) o
Rose de Lima - goncorde—
»2 mile,LhS secs. Levesque
Concorde~ 1) oo+++
Lesage
o5 mile,120 secs.
Concorde- 13) oco+

DrAuteuil
9 mile, 170 secs.
Concorde- (ig)000+++

Leblane
o3 mile,55 secs,
Concorde- 11) oo++
J.J.Joubert
.2 mile,b5 secs.
Concorde- 10\ 00000+ +++++++
N.D.de Fatima
.l mile,105 secs.
Concorde~ (é)oooooo++++++++++
GGoinean
St-.Martin— Laurentide_ .h mile,ss SeCS..
aurentide ~“Souvenir 1 O+
6} (Z} {8} Laurentide-
-7 mile,98 secs. 3 .3 mile,30 secs,  Concorde
.3 mile,60 secs.
5) St.Martin- -
Valliere LEGEND

.8 mile,163 secs.

(P St.Martin-
HcNamara

.6 mile,160 secs.

(3} oli mile

+++ Fach + represents 1 boy

ooo Each o represents 1 girl

LeCorbusier- 63 secs.
St.Martin

ig) Souvenir-
LeCorbusier

1.9 mile
123 secs,

1) CHOMEDEY HIGH
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WORKSHEET NUMBER 2

SCHEMATIC DIAGRAM

ROUTE: B

BUS NO. 30

+ (8

2 nile 444
15th Ste-A5y kO secs_.@_ 20 _secs

8th Ave,

Laval des Rapides (Fast)

Cartier-
Major

Major-
Des Prairies

3 mile,20 secs.

S Cartier-~
‘@wm St.

.2 mile +3 mile
22 secs. 25 secs.}
Tth Ste~ /=5 OF 79) o ; +
: 1 = .
Sth Ave. -1 mile,20 secs. 8th Ave-~ Des Prairies-
«2 mile Cartier Anse Bleus
L5 secs.
03 mile
35 secs. 0000
«l mile ©

o++ 15th St.-
Robin .5 mile
30 secse.
+{9) Cartier-
<:) Dumoulin
.2 mile
Souvenir- Laval- - Laval- 20 secs.,
Laval Concorde DiArgenteuil 3, 0Coo+++
(3\ o++ {11000+ ++ (2 0ors (é) Cartier-
4 113 mile 63 mile ™ Laval -
0 secs, secs. § .
i 30 secs. 28 secs.
é6 mile
secs.
S .2 mile 00 ++
Souvenira 2..Secs. Brien-
2 . O+++ {7
<:)LeCorbu51er DtArgenteuil- =/ Cartier
Brien
LEGEND
«9 mile
8L secs. +++ Fach + represents 1 boy
000 Each o represents 1 girl

(2) ciomeDEY HIGH
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WORKSHEET NUMBER 2

BUS NO. L2

SCHEMATIC DIAGRAM

ROUTE: C

Laval des Rapides (West)

58th-6th 1 mile 58th-Sth .l mile c8th-lth

25 secs,

Cartier-58th

©)

o++® L0 secs. e @

oo+++®

+++ Kach + represents 1 boy

0oo Each o represents 1 girl

.drmile
20 secs.
25 e .1 nile
5ees. 20 secs.
i i Cartier-
.1 mile 01 mlle 91 I!llle A
: 25 secs, 25 secs. Marols
B () W (JEPEE PO ) W o) 1Yo
6th-Marois Marois-Sth Marois-Lth ;ooobo
«2 mile
35 secs.
Cartier-6Lth i)
00000000+ ++++++ N
LEGEND

CHOMEDEY HIGH

ol mile
15 secs.

Cartier.66th
rier . \{FL) .

.1 mile
15 secs.

Cartier-68th (5)

oO++

2 mile
35 secs. .1 mile
20 secs.
> +8 mile,90 secs. <z}0+++. 3 mile 50 secs. ‘s
Souvenir-Chomedey Chomedey-Perron Chomedey Cartier
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WORKSHEET NUMBER 2

BUS NO. 56

CHOMEDEY HIGH (L)

LEGEND

+++ Fach + represents 1 boy

ooo EKach o0 represents 1 girl

) Levesque~iiamel .
i{faisoneuve- Maisoneuve- Huberdeau- %gosflie
Samson Place George leisoneuve 8CS.
' 717\ 000 +++ ,
O+++ 11 . o)
57 secs. 8 secs. 35 secS. .1 m1}e,30 secs.
13 00000++ {G) -1l mile,l
gopel.d:lVille- Samson- St.Dorothee. Levesque
rincip _ Hgtgl de Ville Huberdeau Jardin St.Dor'e
0
G!D L ”€!§ -
{ 75 secs.
! .h mile,50 secs.
o %g mile o <3 mile o él mile
’ secg. 30 secse secse.
5 (1.8 17} 2 {18)
Principal- Gravel- Gravel Gravel -
Gravel hith ‘Samson Levesque

SCHEMATIC DIAGRAM ROUTE: D
ST.DORCTHER
: 2
4 mlle,lh} SEeCSe Chomedey-Perron {:)

.6 mile, 121 sgecs.
Perron-Labelle-Samson (3
.5 mile, 67 secs.

Samson-92nd (L
o5 mile, 82 secs. -

Samson-100th-Levesque (5)
«7 mile, 85 secs.

o+ (6
Levesque-Carleton

1.50 miles
160 secseo

00Q0000VCO00+++++++++++++ G)
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b

WORKSHEET NUMBER 2 SCHEMATIC DIAGRAM RCUTE: R
BUS NO., 32 Samson-

Havre des Iles

(1) CHOMEDEY HIGH

o1 mile
20 secs.
L2 - {3) Chomedey-Notre Dame
Souvenir- .6 mile.
Chomedey 85 secs. .5 mile, 90 secse.

Notre~Dame « Labelle
o3 mile, 60 secs.

oo+ Labelle -~ 7th
3 mile, 50 secs.

o++ {86) Labelle - Samson

.3 mile, LO secs.
0000000++++ (%) Samson-85th
«2 mile, 70 secs.
CO++++ (g}; ) Prom.des Iles - Samson
vSamson-92nd .3 mile, 20 secs.
oA mile @ Prom des Iles-Levesque
b5 secs. .8 mile, 30 secs.
00000 +++ gﬁ) Prom.des Iles
Samson-95th | Havre des Iles
A milé 0 secs.
b mile )3
65 secs. :
5 11) Levesque~Prom.des Iles
| .3 mile L5 secs.
O+++ (i@

LEGEND

Samson-100th-Levesque
+++ Each + represents 1 boy

ooo Each o represents 1 girl
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WORKSHEET NUWMBER 2 SCHEMATIC DIAGRAM ROUTE: P .
BUS NO. 55 Perron.-7th-9th
1) CHOMEDEY HIGH

.1 mile

L3 secs.

' wSouvenir.Chomedey Bl.ﬁghomedey Notre Dane
2 ié? fg? Chomedey-Perron

.7 mile .3 mile .1 mile; 2l secs.
63 secs. . 17 secs. ) :
o o+ {5) Perron - 75th
T o1l mile; 17 secs.
o+ Perron - 81st
LEGEND 02 mile; 32 secs.

(1) Perron-Labelle-Tth

+++ Each + represents 1 boy 1 mile: 6l secs
. H .

0oo Each o represents 1 girl

+ (&) 7th - 8uth
.1 mile; 18 secs.

s+ (9) 7th - 85th
e .1 mi%e; 27 secs,

10) 85th -~ 9th
.2 mile; 29 secse

00++

9th - 88th
.1 mile; LO secs.

o+

3th -~ 92nd
.1 mile; 29 secs.

00D00+++++++

9th - Sherwood Place
.1 mile; 16 secs.

O++

9th - 95th

000000 ++++++
.3 mile; 53 secs.

9th ~ 100th

000000000 ++++++++ @
" .2 mile; 41 secs.

o++++ (16} 100th - Fontcalm
d .2 mile; 2k secs.

(17) 100th - Notre Dame
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WORKSHEET NULBER 2 SCHEMATIC DIAGRAM ROUTE G

BUS NO. 38 - Notre Dame
' CHOMEDEY HIGH
«l mile
30 secse.
2 Chomedey-Notre Dame

Souvenir-Chomedey o1 mile

«7 mile 20 secs.
65 secs.

Notre Dame- St.Charles
Jy mile
6l secs.

000000++ ﬁ’ Notre Dame - Labelle
«3 mile
50 secs.

000 {6) Notre Dame - Haifa
.1 mile
15 secs.

+++»‘§ Notge pime - Dover
- Y mile

20 secs.

000000+ l}f Notre Dame - Elizabeth
03 mile

35 secs.

LEGEND
Notre Dame - 100th
+++ Each + represents 1 boy .1 mile
18 secs.

000 Each o represents 1 girl
101st

++ @ Notre Dame
; ol milas
18 secs.

o €!§ Notre Dams - Dusablon
[ .1 mile

10 secs.

Notre Dame ~ Ducalvet
ol mile .

0 ®
q?ouvenir-Chatelaine O secs

©

OCO++++ |

Ll '
ol mile ol mile -
20 secs. 20 secs,
Chatelaine«Charlevoix

Notre Dame - Chatelaine
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WORKSHEET NUMBER 2,

SCHEMATIC DIAGRAM

ROUTE: G

BUS NO. 4O
(1) CHOMEDEY HIGH

.1 mile
30 secs,

Notre Dame

= Svuvenir -Chomedey
o7 mile
72 secs.

‘iED Chomedey-Notre Dame
o1 mile
30 secs.

(E} Notre Dame-St.Charles
o4 mile
65 secs.

a {g) Notre Dame-labells
+3 mile
55 secso

uu+~++4~++f§) Notre Dame-laifa

.1 mle
33 secs.

0o+ttt ('b Notre Dame-Dover

) mile
L5 secs.
R A é}t} Notre Dame~Eligabeth
-3 mile
73 secse

LEGEND

Boau++ 44 +,,+(9:) Notre bame-100th

+++ Each-+ represents -1 mile
—L boy 39 SeCSe
i; aa FBach o represents 0aon+ ++++€(§} Notre Dame-10lst
L 'gll:l‘ ] 01 mile
e Ll secs,
u+€]} Notre Dame.-Dusablon
.l mile
28 secs.
T8+ 4+ ﬁ@ Notre Dame-lucalvet
.l nite
Souvenir-Chatelaine : 35 sees.
{15} e {1 nufi}g:ﬁ Notre Dame-Chatelaine
. T e :
o+ 20 secs. +“FChate1fine"Charlevoix

mile

20 secs.
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WORKSHERT NUMBER 2,

SCHEMATIC DIAGRAM

BUS NO. L5
(1) CHOMEDEY HIGH

.1l mile
20 secs.

"'Souvenir_Chomedey
.7 mile
70 secs.

LEGEND

+++ Fach + represents 1 boy

ooo Fach o represents 1 girl

O0++ §

N R nasass

oooo+++++ (8

++++ {

Souvenir-Chatelaine
++++4
@ ©
.1 mile
11 secse. C

ol mile

3L secs.

1} Notre
L mile

1
35

Notre
ol
35
Notre
o1
30

Notre

ROUTE G
AR TR NTISCN

Notre Dame
CRERATETE RN

’3) Chomedey-Notre Dame

mile
Secs.

Dame-St.Charles
secSe.

Dame - Labelle
mile
secs.

Dame - Haifa
mile
SeCSe

Dame - Dover
mile
SECS,

Dame -~ Elizabeth
mile
SECSe

Dame - 100th
mile

S€CSe

Dame - 101st
mile

SECSe

Dame - Dusablon
mile

SECSe

Dame - Ducalvet

) mile
23 secse.

Notre Dame - Chatelaine

Chatelainse-Charlevoix
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WORKSHEET NUMBER 2

SCHEMATIC DIAGRAM

BUS NO. 50

CHCMEDEY HIGH
ol mile
20 secs.

2/
“Souvenir-Chomedey
.0 mile
80 secs.

000++

00CO++++

00++

0000++++++++++

LEGEND

+++ Each + represents 1 boy

ooco Each o represents 1 girl

fE‘Souvenir»Chatelaine
15 {113

00000+

00++++

CO0O++++++

O++

oo++

ol
20

(E) Notre
i
(g) Notre

o2
97

(§) Notre

2
15
7} Notre

o2
37

8) Notre
3
57

Ga Notre
o

(g.o) Notre
01
27

11) Notre
ol
32

Notre

'2
35

.1 mile )ug
20 secs.

.1 mile
25 secs.

4
\:3 Notre

Chatelaine~Charlevoix

ROUTE: G

IRV £ DPETITLNG

Notre Dame

{E) Chomedey - Notre Dame

mile
Secs.

Dame~St.Charles
mile
sSecSe

Dame-Labelle
mile
S€CSe

Dame -~ Haifa
mile
secs.

Dame -~ Dover
mile
SeCSa

Dame-Elizabeth
mile
SeCSe

Dame - 100th
mile
SecSe

Dame - 10lst
mile
SeCSs

Dame - Dusablon
mile
secs.

Dame - Ducalvet
mile
SEeCSe

Dame-Chatelaine



http:souvenir-chatelai.ne

93.

WORKSHEET NUMBER 2

BUS NO, 61

(1? CHOMEDEY HICH
o1 mile :
37 secs.

(é) Souvenir-Chomedey

A mile
- 98 secs,

(é Souvenir-Labelle

SCHEMATIC DIAGRAM ROUTE: H

St

McKenzie

SRRSO A 2 IR

«3 mile
15 secs.
N\
b - 5
(;J Souvenir- o1 mile Jarry-McKenzie <:)
Jar 105 secs.
ry .
«1 mile
12 secs.
COO00++++++++++ (é)
McKenzie-Hennesy
o+l mile
50 secs.
00++++ (z)
McKenzie-Ridgewood Cr.
01 mile
LEGEND LO secs.
+++ Bach + represents 1 boy o++ (g)
‘ McKenzie-McKenzie Cri.
000 Each o0 represents 1 girl
01 mile
28 secs.
000++ (%)
McKenzie~Maria Cresc.
.l mile
35 secs.
O. e m e 20000 Y 0000++++++ /l
Flizabeth- Elizabeth- McKenzie-
Seuvenir Ridgewood Cresc. Elizabeth
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WORKSHEET NUVBER 2 SCHEMATIC DIAGRAM

BUS NO. §
o (1) CHOMEDEY HIGH

.l mile
L9 secs.

(2) Souvenir -Chomedey Bl.
Al mile
T4 secs.

Souvenir.labelle
03 nile

120 secs.

000000+++ Souvenir-Elizabeth
«3 mile '
50 secs.

ROUTE. J

souvenir

++ Souvenir - Lynn

25 secs.

LEGEND

1 mile +++ Fach + represents 1 boy

000 Each ¢ represents 1 girl

Souvenir-Webb
«l mile
28 secs.

+H+E+

Souvenir-100th
01 m.ile
30 secs.

0000++

Souvenir - Emerson
.1l nile
20 secs.

Souvenir - Effingham
»1 mile

- 32 secs,

++ Souvenir - Melville
02 mile
60 secse.

Souvenir - Chatelaine
«2 mile
80 secsy.

oo+{19) Chatelaine - Notre Dame




WORKSHEET NUMBER 2 SCHEMATIC DIAGRAM ROUTE : J

BUS NO., 12
S S

@ CHOMEDEY HIGH
1 mile
L7 secs.

ol mile
72 seconds

oo ’5} Souvenir - Labelle
r «3 mile

132 seconds

Q} Souvenir -~ Elizabeth
i 22 mile
3L seconds

O++++++

‘3 Souvenir - Lynn
K| o2 mile
32 seconds

o+

000000C000+ é& Souvenir - Webb

SOUVENIR

(@) souvenir- chomedey BL.

.1 mile
25 seconds

LEGEND
L S e 4

+++ Each + represents 1 boy

ooo Fach o represents 1 girl

ooo+++ {7) Souvenir - 100th
.1 mile
25 seconds
O+++ C} Sourenir - Emerson.
‘ .1 mile
20 seconds
++ ‘% Souvenir - Effinghanm

oL mile
30 seconds

o+ @ Souvenir - HMelville
«2 mile
20 seconds

00o{l1) Souvenir - Chatelaine
' ol mile
35 seconds

o+ Souvenir - Carmel




WORKSHEET NUMBER 2 SCHIRIATIC DIAGRAM ROUTE: K
BUS NO. 24 Renavd-Yimont
o »3 mile o+ §7 mile + «3 mile
20 secs. g 0 secs, 30 secs.
i) Qe @) @
aurentide- Laurentide~ Taurentide- St.Mertin-
St.Elgear 10th Richard Laurentide
03 mile
20 secH
00++
St.Martine @3
Valliere
.5 mile
€0secs.,
oo+ .1 mile 0000++ .2 mile e .1 mile
5 L0 secs, (0N 30 secs, ffb 20 secs. 525
Lorraine~ - McNamara- McNamarae MeNanara.
Louise~ Pine Maple St.lartin
McNamara
i mile i mile
il)y secs * 50 secs
000+ +++++(3 s LI g SeC3, 4§)o++++
Laplante- Malsoneuve- Quebeca
Wilfred- Langelier- Maisoneuve
Lorraine Laplante 1 mile
LS secs.
.2 mile
000+++++ /5\' 50 secs, f&)
Tessier- St Martin-
Quebec Tessier
<3 mile
120 secse.
LEGEND
. r~>63)
+++ Fach + represents 1 boy LeCorbusier-
St.Martﬁn )
000 Each o represents 1 girl ol mile
P g 109 secs,
)
Souvenire
Leccrbusier

.9 mile 10l secs.
CHOMEDEY HIGH
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SHEET NO. 3(b)

ROUTE: A.

OGIVES
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HISTOGRAMS
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1 2 3 b 5 6 7 8 9 10 11 12 13 1k 15 TOTAL
1} 0% 0.1 ] 0.8% 0.9! 1.3] 1.6} 1.7] 1.9] 2.2 2.3} 2.4 2.5] 2.6 2.7} 2.8}25.8
2l 0.1 “s\g\. 0.7 0.8 1.2} 1.51 1.6] 1.8] 2.1} 2.2! 2.31 2.} 2.57 2.6} 2.7¢ 2L.5
310.8 ] 0.7 \\O>Q\ 0.1/ 0.5] 0.8] 0.9} 1.1} 1.b| 1.5| 1.6] 1.7| 1.8 | 1.9 | 2.0}|16.8
j0.9] 0.8 0.1 ‘\e*g\ o.h| 0.7| 0.8] 1.0 1.3| 1| 1.5 1.6} 1.7 1.8 1.9115.9
51,3 1.2 | 0.5 O.L \\me\ 6.3} o] 0.6 0.9} 1.0] 1.1} 1.2] 1.3 1.4 1.5413.1
6]1.6| 1.5 | 0.8 0.7| 0.3 ‘\s‘g\ 0.1 0.3] 0.6} 0.7 0.8 0.9| 1.0| 1.1 | 1.2}{11.56
711.71 1.6 | 0.9 0.8] 0.4 0.1 \\D}Q\ 0.2 0.5] 0.6 0.7} 0.81 0.9 1.0] 1.1}11.3
8l1.9 1.8 | 2.1 | 1.0} 0.6 0.3] 0.2 \\a*g\ 0.3 o4} 0.5| 0.6] 0.7 0.8 0.91j11.1
912.2| 2.1 | 1.h] 2.3 0.9 0.6 0.5} 0.3 \\D»Q\ 0.1} 0.21 0.3} 0.4] 0.51 0.61j11.L
10§ 2.3 2.2 | 1.5| 14| 1.0{ 0.71 0.6} 0.4 | 0.1 \%aqg\ 0.1 0.2] 0.3} 04| 0.51111.7
1ol 2.3 | 1.6 1.5 1.1} 0.8 0.7 0.5} 0.2 0.1 \\D>Q\ 0.1{ 0.2{ 0.3 0.h{{12.2
12{ 2.5} 2.4 | 1.7| 1.6| 1.2] 0.9 0.81 0.6] 0.3] 0.2} 0.1 \waig\ 0.1] 0.2 0.3({12.9
1342.6 | 2.5 | 1.8 1.7| 1.3} 1.0| 0.9} 0.7} O.b}{ 0.3] 0.2] 0.1 \\S\Q\ 0.1 0.2;13.8
iby2.7| 2.6 | 2.9 1.8} 1.4} 111 1.0] 0.8} 0.5| 0.L| 0.3| 0.2 O.1 \\Qig\ 0.1]] 15.0
15{2.8] 2.7 2.0f 1.9} 1.5| 1.2} 1.1| 0.9} 0.6 0.5§ O.k| 0.3] 0.2| 0.1 \\e‘gh 16.2
DISPERSICHN 223.3
BUS NO. L4O. NOTRE DAME ROUTE: G
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1 2 I 5 6 7 8 9 10 11 TOTAL
1] 0.1] 05| 0.8 0.9 1.0] 1] 1.2] 13| 14| L.6] os.9
2| 0 \e,o\ 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.5 { 09.0

0.5 0.L \0\0\ 0.3 0.! 0.5 0.6 0.7 0.8 0.9 1.1 06.2

Lj 0.8 0.7 0.3 \Q& 0.1 0.2 0.3 0.h 0.5 0.6 0.8} Oh.7
0.9 o0.8| ol 0.1 \ 02| 0.2 | 0.3 o0di| 0.5) 0.7 Okl

1.0 0.9 0.5 0.2 0.1 \& 0.1 0.2 0.3 0.k 0.6l OLd3

71 1.1 1.0 0.6 0.3 0.2 0.1 \ 0.1 0.2 0.3 0.5 || Oh.k
8} 1.2 11| o7 o | 03] 02| 0. \% 0.1 | 0.2] 0.l O4.7
91 1.3 1.2 0.8 0.5 0.k 0.3 0.2 0.1 \BO\ 0.1 0.3 05.2
10} 1] 1.3 0.9 0.6 0.5] o] 03| 02| 0. \z{ 0.2l 05.9
111 1.6 1.5 1.1 0.8 0.7 0.6 0.5 0.4 0.3 0.2 \8{ 07.7

ammmmmﬂ
DISPERSION 66,1
BUS NO. 61, McKENZIE. MATRIX OF. DISTANCE IN MILES ROUTE: H
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1 2 3 L 5 6 7 8 9 10 11 12 TOTAL

1 ol 01| os5| 0.8 22| 1.2 | 1.3 | 24| 15| 1.6 ] 1.8 | 2.0 |} 13.3
2] oa \c& obl 0.7) 2.0f 22| 21e2) 23] 2.4 2.8 2.7 1.9 || 12.3
31 0.5 ou \Stngl\ 03| 0.6 0.7! 0.8 0.9! 1.0 2.1} 1.3 | 1.5 || 09.1
b] o8| 0.7 0.3 \\%Lél\ 03] o | 0.5] 0.6 0.7 0.8 1.0 1.2 | 07.3
s 12| 210! 0.6 0.3 \bm\ 0.1 | 0.2 0.3 oi | 0851 0.7 | 0.9 || 06.1
61 1.2 | 1.1 | 0.7] o | 0.1 r\\e‘g\\ 0.1| 0.2] 0.3| os| 0.6 ] 0.8 | 05.9
7| 13| 12| 0.8 0.5 0.2 o0a \o.o\ 01| 02| 03| 0.5 | 0.7 089
81 1.4 23! 0.9 0.6 0.3 0.2 | 02 i\\b\g\ 0.1 | 0.2 0.4 | 0.6 || 06a1
9{ 15| 1| 1.0| 0.7 0| 0.3 ] 02| ca1 \\\Bts\\ 0.1 | 0.3 | 0.5 || 06.5
10 2.6 2.8 1.2 | 0.8] 0.5 o.i | 0.3] 0.2 0.1 .\\0>QW 0.2 | o.h || o7.1
11| 1.8 1.7| 1.3 1.0] 0.7 0.6 | 0.5 os| 0.3 0.2 \\\5?0\\ 0.2 || 08.7
12| 2.0 2.9} 1.8] 1.2 | 0.9 0.8 | 0.7 0.6| 0.5| o.i| 0.2 > 10.7
DISPERSION 99.0

BUS NO. 5. SOUVENIR. ROUTE: J

MATRIX OF DISTANCE IN MILES

*l21



1 2 3 L g 6 7 8 9 10 1 12 TOTAL
1| o. o1 | 0.5 | 08| 1.0 1.2 | 2.3] 2.4 | 1.5 1.6 | 1.8 | 1.9 | 13.2
2| oa \\o\ oy | 0.7 0.9 | 21| 1.2] 1.3 2.4 2.8 1.7 | 1.8 12.1
0.5 | 0.b No.o\ 0.3 | 0.5 | 0.7 ] 0.8| 0.9 1.0 | 1.1 | 1.3 | 1.4 || 08.9
L) o8] 0.7 0.3 \o.o\ 02 | oy | 05| 0.6] 0.7 0.8 1.0 1| o072
1.0 0.9 0.5 0.2 \0.0\ 0,2 C.3 O.h 0.5 0.6 0.8 0.9 06.3
6 1.2 1.1.| 0.7 Ol 0.2 0N 0.1 0.2 0.3 0. 0.6 0.7 05.9
71 13| 1.2 | 0.8 | 0.5 | 0.3 0. \o.o\ 0.1 | 0.2 0.3 0.5 | 0.61 05,9
81 1.k ! 1.3 0.9 | 0.6 | 0.k | 0.2 0.1 \o.\ 0.1 | 0.2 0.4 | 0.5 06.1
ol 1.5 2.4 | 2.0 | 0.7 ] 0.8] 0.3] 0.2] 0.1 Noo.o\ 0.1 | 0.3 ] 0.4 || 06.5
10 1.6 1.5 1.1 0.8 0.6 O.L 0.3 0.2 0.1 \ 0.2 0.3 07.1
12{ 1.8 1.7| 1.3 | 1.0 | 0.8| 0.6 0.8 o4 | 0.3 | 0.2 %\ 0.1 || 08.7
12] 1.9 1.8 1.4 | 1.1 ] 0.9 0.7| 0.6] 0.5 0.k 0.3 ] 0.1 : 09.7
DISPERSION 97.5

BUS NO. 12. SOUVENIR. MATRIX OF DISTANCE IN MILES

ROUTE: J

Tl
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ROUTE:

ANCE IN MILES

T.

MATRIX OF DIS

RENAUD.VIMONT

BUS NO., 2L.

129.



1

2

3

L

5

6

7

8

9

10

1

12

13

1

15

16

TOTAL

1

2 {0123
3 10186
L {o3u6
5 10509
6 {0569

7 10667
8 0697
9 10752
0 10857

11 jog22
12 j0977

13 131147
1L {1267

15 {1312
16 j1337

doea | 0923

6000

0063
0223

0386
oLL6

o5Lk
057k

0629
073L

0799
085k

102l
11hh

1189

121k

0186
0063

0323
0383

0L81
0511

0566
0671

0736
0791

0961
1081

1126

3L6
223

160

KQng
163
223

321
351

.06
511

576
631

801
921

966

1151

50
386

323
163
00

158
188

243
318

113
L68

638
758

803

991

838

569
LL6

383
223
060
\ng\
098
128

183
288

353
108

578
€98

743

768

667
Sik

Ld1
321

158
098

008

030

085
150

255
310

180
€00

L5

670

€97
574

511
351

188
128

030
055
140

225
280

450
570

615
640

752
629

Y4

566

406

2L3
183

085
055

s

105

170
225

295
515

560

857
734

671
511

348
288

190
160

105
065
120

290
110

455

585

L80

0%,

922
799

736
576,

I3
353
255
225
170
065

00Q
055

225
3h5

390
115

977
854

791
631

L€8
L08

310
280

225
120

B3

170
290

335

360

11L7
102k

0961
0801

0638
0578

0L80
0u50

0395
0290

0225
0170

1267
1LY

1081
o921
0758
0698

0600
0570

0515
0L10

03L5
0290

Co00T~0Q120

012C

0165
0190

O

O0L5
0070

1312
1189

1126
0966

0803
07L3

06L5
0615

0560
oL5s
0350
0335

0165
CoLS

P

1337
121

1151
0991

0838
0768

0670
C6L0

0585
oL30

0415
0360

0190
0070

0025

0025

11658
099Ls

09190
07590

06296
05926

05534
0547k

054 7h
0548l

o59LlL
0627k

0763k
0883l

09374

000g |

09734

DISPERSION

120576

BUS NO., 33. PONT VIAU - DUVERNAY

MATRIX OF TIME IN SECONDS

ROUTE: A -

I BT Sl BT e RS A R R e

*OfT



o, i

2 B T A VR R o

@y OVl W

1
12

13
1k

15
16

17
18

1

2

3

6

7

8

9

10

11

12

13

1l

15

16

17

18 TOTAL

084

1L9
189

2L9
279

30k
332

352
382

L02
LL2

LWT7
522

Sh2
56l

o8l

08,
o

065
105

165
195

220
2L8

268
298

318
358

393
L38

L58
L80

500

€09

=25

149
065

ooe

(o} I10)

100
130

155
183

203
233
253
293
328
373

393
L15

060
050

115
143

163
193

213
253

288
333

353
375

395

1:35
160

120

335

279
195

130
090

025
053

073
103

123
163

198
2l3

263
285

305

360

330

304
220

155
115

055
025

e
006~

026

ohL8
078

058
138

173
218

238
260

280
305

332
28

183
143

083
053

028
020
050

070
110

1hS
190

210
232

252

277

NTK&Q 020

352
263

203
163

103
073

0oL8
e
030

050
090

125
170

190
212

232

352
298

233
193

133
103

078
050

C30

530
020
060

095
140

160
182

202

257

102
318

253
213

153
123

098
070

0c0
020

o~

0oLO

075
120

140
162

12

Lk2
358

293
253

193
163

138
110

g0
080

 0L0

06Q

035
080

100
122

12

227

207

167

L77
393

328
288

228
198

173
1.5

125
095

075
035

000~
oL5

065
087

107

522
L38

373
333

273
2h3

218
190

170
140

120
€80

0L5
R

'020
0L2

062

132

087

\4

ch2
L58

393
353

293
263

238
210

190
160

140
100

065
020

0CON
022

OL2

Sél
L80

s
375

315

285

260
232

212
182

162
122

087
oL2

Qz2

0sq

020

067

58l
500

L35
395

335
305

280
252

232
202

182
L2
107
062

oL2
020

B

oLs

025

609 {| 6L62
5251l 5118

160 |} 1,208
4201} 3728

3601 3128
3301 2888

305 i 2738
2771 2626

2574 2
2271 2586

207 || 2625
167 (| 2786

132 2996
087 335

0671 3556
OL5 || 3820

025 1} L2103

DISPERSION

0sQ.| L5Co
63808j

BUS NO.

30, LAVAL DES RAPIDES (EAST)

MATRIX OF TIME IN SECONDS

ROUTE: B

*1€T



1 2 3 4 £ 6 7 8 9 10 1 12 13 1 15 16  TOTAL
1 K\Ekﬁk 035 | 125! 175 | 195 | 210 | 225 | 260 | 280 | 300 | 325 | 365 | 390 | L20 | LLS | 470 4220
2 035 090{ 1Lb0| 160|175 | 190 | 225 | 2445 | 265 | 290 | 330| 355 385 | L1iC| L35 3730
3 125 | 050 \Bbe\ 050 | 070 { 085 | 100 | 135 | 155 { 175 | 200 | 240 | 265 | 295 | 320 | 3u5 2650
L 175 | 140 | 050 020 | 035 | 050 | 085 {105 | 125|150 | 190 | 215 | 2L5 | 270 | 295 2150
5 195 | 160 | 070 | 020 | OC \915 030! 065 | 085 105 | 130 | 170| 195 225 | 250 | 275 1990
6 210 | 175 | 085 | 035 | 015 OSQw 015 | 050 |©70 | ©90 | 115 | 155 ; 180 | 210 | 235 | 260 1900
NG

7 2251 190 | 100 | 050 | 030 | 015 | OO 035 | 055 | 075 | 100 | 140 | 165 | 195 | 220 | 2L5 18140
8 260 | 225 | 135 | 085 | 065 | 050 | 035 | 020 OkO| 065 | 105 | 130 | 160 | 185 | 210 1770
9 280 | 245 | 165 | 105 [ 085 { 070 | 055 | 020 \BDSN 020 O4S | 085 110 | 14O | 165 | 190 1770
10 300 265 | 175| 125 { 105 | 90 | 075 | OLO | 020 025 065| 090! 120 | 1k5 | 170 1810
11 325 290 | 200 | 150 | 130 | 115 | 100 | 065 | OL5 | 025 \Bbe\ o4O | 065 | 095 | 120 | 145 1910
12 3651 330 240} 190 | 170 {155 | 1Lo | 105 | 085 | 065 OLO KS?S 055 | 080 | 105 2150
13 390 355 | 265 215 | 195 | 180 | 145 | 130 | 110| 090! 065| 025| C08 030 | 055 | 080 2350
1L L20{ 385 | 295 25 | 225 | 210 | 195 | 160 | 1LO| 120| 095 055 030 025 | 050 2650
15 Lhs | k10| 320 270 | 250 | 235 | 220 | 185 | 165| 145} 120| C80| 055 | 025 \Bbs\ 025 2950
16 470 | L35 | 35| 295 | 275 | 260 | 245 210 190| 170} 1L5| 105| 080 | G50 | 025 0 3300
DISPERSION 39140

BUS NO. 2. LAVAL DES RAPIDES (WEST) MATRIX OF TIME IN SECONDS ROUTE: C

*2fT



1 2 3 4L v 6 7 8 9 10 11 12 13 14 15 16 17 18 TOTAL

1 Q00 [01h1] 262] 329! L11| 96| 656 729| Th2} 772! 807| 865|922} 997110L7| 1122|1152{12L7 | 12697
21 01k ~Q983‘121 188| 270! 355) 5151 588! 601 631| 666| 724L] 781| 856|0506] 0981110111076 || 10L1L
3§ 0262 0121~e%g‘067 19| 234] 394! 167| L8O} 510| 5L5| 603 | 660| 735 |0785} 0840108900955 | 08717
L} 0320188(0 ~Q98.082 157|327| Loo| k13| LL3| k78| 536} 593| 66810718} 0793082310888 || 08913
51 oh1110270]1L9| 0821080! 085| 2145 | 318| 331| 361] 396| L5k 511| 58610636] 0711]10741{0806 || 07093
61 0L95{0355| 2341167 OB;*@QQ\I&O 233| 2L8| 276] 3111 369| L26| 501 {0551| 0626{0656{0721 || 06L13
71 0656|0515| 394 327 2L5 160\BDQ\073 086 116|151 209| 266 311{ 0391} 0L&6]0L96{056L i 05LL3
81 07290588467 LCo! 318|233 073\BQQ.013 Oi3| 078/136|153 | 2681031810393 |CL23 {0488 || 05161
9F 07L42{0601| L4180} 4113] 3312461086 013\55®~03o 065]123|180| 255{ 0305} 6380|0410 0LT5 || 05135
101 0772]0631{510{LL3]|361]276{116! 043 030\569\935 093]150| 225{0275| 0350[038010LL5 || 05135
11§ 0807[0866]5Ls5| L178]396|3111151{078| 065! 035 &Sb\Qgg~115 190{02L0! 0315103451 0L10 I} G5205
12} 086510724 603|536l sk 369! 2091136 123| 0931 058! 008 057|132 0182] 0257|0287] 0352 || 05L37
13| 09220781 660|593|511{1:26! 266]193| 180} 150{115|057!000]875| 0125 0208]0230{0295 || 05787
1t 095710856| 735! 668] 586| 5O1! 341l 268| 2551 225|150 132| 075] 000RQ05C) 0125 0155] 0220 || 06379
15 | 10L7|0506| 785| 718 636|551} 381} 318| 305| 275| 21,0 182|125 050| 0000[Q751 0105| 0170 | 06869
161 1122|0981 860| 793| 711| 626! 1:66] 393| 380| 350] 315| 257{ 208! 1.25( 0075| 0CVQL 0030| CO95 || 07787
17§ 1152{1011] 890|823| 7L1| é56]L96] L23 k10! 380| 345|287 230| 155| 0105} 00301 00CTRQ055 | 08172
181 12L7/10761 9551 888| 806 721} 561 L86] L75) LLS| L10] 352] 295] 22C{ 0170] CC95| GOES| OCQQ i 09239
DISPERSION 128993

S NO. 56. ST.DOROTHEE. MATRIX OF TIME IN SECONDS ROUTE: D

AL R T

*€€1



1 2 3 L 5 6 7 8 9 10 11 12 13 1L TOTAL

1 020 | 105| 195 | 255 305| 3LS5| W15 | L6O| 525| 570 600 | 630) 650 5075
2 § 020 \QQ 085} 1751 235| 285 325| 395 | LWO| 505| 550| 580 610| 630 L835
3 | 105 | 085 \oeo\ 090 | 150 | 200 | 2LhO| 310 | 255 | L20| Lé5| L95 | 525| B5u5 3985
L §I95 | 175 | 090 \SQ 060 | 110| 150| 220 | 265 330| 375| LOS | L351 LS55 3265
5 1255 | 235 | 150 | 060 \ODO\ 050! 090 | 160 | 205 | 270 | 315, 3Lk5 | 375! 395 2905
6 1305 | 285 | 200| 110 | 050 \ch OLO| 110 | 155 | 220 | 265| 295 | 325! 345 2705
7 345 | 325 | 2L0| 150 | 090 | OLO \00@@\ 070 | 115 | 180 | 225| 255 | 285! 0% 2625
8 ¥ 415 | 395 | 310| 220 | 1601 110 | 070 \sao\ Oh5 { 110 | 155 | 185 215| 235 2625
9 { L0 | 4o | 355 | 265 | 205 | 155 | 115 | OLS \ooe\ 065 | 110 | 1LO | 170| 190 2715
10 § 525 | 505 | 420 ] 330 | 270 | 220 | 180 | 110 | 065 \GQ oLs | O75 | 105 125 29175
11 570 | 550 | Lé5 | 375 | 315 | 265 | 225 | 155 | 110 | OLS \oos\ 030 | 060| 080 3245
12 { 600 | 580 | 495 | LOS | 345 | 295 | 255 ( 185 | 1LO | 075 | 030 \sao\ 030| 050 3L85
13 §630 | 610 | 525 | L35 | 375 | 325| 285 | 215 | 170 | 105 | 060 | 030 \000~ 020 3765
1L j 650 | 630 | 5L5| LS5 | 395 | 3L5 | 305 | 235 | 190 | 125 080 | 050 | 020 Lo25
DISPERSION L8250

BUS NO. 32. SAMSON . HAVRE DES ILES MATRIX OF TIME IN SECONDS ROUTE: E

*nNet



1 2 3 b 5 6 7 8 9 10 11 12 13 1k 15 16 17 TOTAL
1 oﬁ 0L3| 106|123} 147 | 16k} 196 260 278 305 | 33k | 37h| LO3 | k19| k72| 513| 537 L67L
2 {oL3 \BQQ\ 0631080} 10L | 121 | 153} 2171 235 2621 291 | 331t 360| 376} L29 ﬁ?@ LoL |} LO29
[~

3 |106| 063 609\‘017 oll | 0581 0901 15L{ 2721 199 2281 2681 297! 3131 3664 LO7y L2Li{l 3210
L 11231 0801 0177©00! C2L j Ol | 0731 137 155} 182 211 251 | 280 2961 3L9 | 390] LlLly 3023
5 1147|104k oLl ozu.\Bce\ 017| OL9 | 113 | 131 158 187 227 256| 272 325 | 366] 390} 2807
6 §16h ]| 121 058 Okl 017 WXKLLS;;\ 096 | 114 | 141 | 170 210} 239! 255 | 308 | 3L9| 373 || 2688
7 §11961 153} 0900731 049 | 032} C 06l | 0821 109 | 138 178 | 207! 223 | 276 317} 3L1 |l 2528
8 §2601 2171 15k {1371 113 | 0g6 | 084 0} 18| ohs| oL} 11k} 1h3 ) 1591 212 | 253 277 || 2336
9 §2781 2351 1721155 131 |11L| 083 018 \Bh@\ 027] 0861 0561 125| 141 | 19k | 235 259 | 2318
10 {305 262} 199|182 158 | 1hi | 109 | OL5 | 027 QQ\ 029 | 069 | 098] 11L | 167 | 208} 232 | 23L5
11 |33k 291 228 {211 | 187 |170| 138! O7L | 056} 029 KBba\ouo 0691 085 | 138 | 179 203 {| 2L32
12 3741 331 268 { 251 | 227 | 210 | 178 | 114 | C96| 069 | OLO @Qg\l 0291 OL5 | 098 | 139 163 || 2629
13 {103 | 360 297 { 280! 256 | 239 | 207! 1h3 | 125 098 | 069 | 029 016 | 069 | 110} 134k || 2835
1l V9| 3761 313 ] 2961 272 | 2851 2231 159 ikl | 11L| 085 OLS 016‘\9Q9\ 053 | 09| 118 || 2979
15 Jur2| b2o| 366 3u9 | 325 | 2081 276| 212 191 | 167| 138 098 | 069 053 [ea okd| 085 || 3562
16 {513 | L70| Lo7 | 390 | 366 | 349 317| 253 | 235| 208| 179 139 | 110 O9L | Ol ~<@§L 02k ji LO95
17 1537] ou| 131 | 1k | 390 | 373) 31| 277| 259| 232] 203} 163] 134] 118 | 065 | 02| wsq || LLss
DISPERSION 529L5

_ BUSNO. 55. PERRON - 7th — 9th MATRIX OF TIME IN SECONDS ROUTE: F

<

ST R LR CSRRT

*G€1



1 2 3 L 5 6 7 8 9 10 11 12 13 14 15 TOTAL
110 030 | 095 | 115 | 176 2261 241} 261 296| 31L| 332} 3h2} 3821 LO2| L22{i 3634
21030 | 065 | 085 | 1u6| 196| 211| 231| 266| 28L4| 302| 312 352 | 372 392 3244
3 {095 | 065 K\Bbs\, 020 | 081 131 | 1L6| 166 201 | 219 | 237 2L7 | 287 | 307 | 327} 2529
L {115 | 085 | 020 \\D@Q\ 061 | 111] 126] 1L6| 181 | 199| 217 | 227 | 267 | 287 | 307 23Lk9
58176 | 146 | 081 | oA \\60@\ 05| 065] 085) 120 138 | 156 166 | 206 | 226 | 246| 1922
61226 | 196 ] 131 | 111 | 050 \\OQQ\ 015| 035| 070| 088 106 | 116 | 156! 176| 1961672
7121 | 211 | 16 | 126 | 065 | 015 \\CSQ\ 020! 055! 073 | o091 | 201 | 1Ll | 161 | 181 1627
81261 | 231 | 166 { 146 | 085 | 035 | 020 \\QQQ\ 035| 053] o711 ©81 | 121 | 1L1 | 161} 1607
93296 | 266 | 201 | 181 | 120 | 070 | 055! 035 018 | 0361 OL6 | 0861 106 | 126} 16L2
10§31L | 284 | 219 | 199 | 138 | 088 | 073 | ©53| 018 \\Qgg\ 018 | 028 | 068 | 0881 1081} 1696
11§332 | 302 | 237 | 227 | 156 | 106 | 091 | 071! 036| 018 \\UQQ\ 010 | 050 | 070 | 090 1766
124342 | 312 | 2u7 | 227 | 166 | 116 101 | 081 | oLS| 028 010 00| oLo! 060 | 0801} 1856
13§382 | 352 | 287 | 267 | 206 | 186 141 | 121 | 086| 0&8| 050 | OLO \\GQQ\ 020} OhO}Y 2216
| o2 | 372 | 307 | 287 | 226 | 176 161 | 141 | 106| 088 | 070 | 080 | 020 \\Qgg\ 020 2L36
15| ko2 | 392 | 327 | 307 246 196 | 181 | 161 | 126 108 | 090| 080 | OLO| 020 \\SQQJ 2696

e
DISPERSION 32892
BUS NO., 38. NOTRE DAME MATRIX OF TIME IN SECONDS ROUTE: G

*9fT



B

1 2 3 L 5 6 7 8 9 10 11 12 13 1l 15 TOTAL
110 030} 102 | Q| 206} 2611 294} 339 hi2| Ls1 ! 495 | 523 | 558 SBL| 601| L9Sh
2§ 030 \\bsq\ 072 | 111} 176 231 26L| 309| 382| L2l | Lés | L93| 528 551| S5T7Li| LEOL
S
3] 102 072] ©08.| 039 1Ck | 159 192| 237] 310| 349! 393 | L2l | Ls6é| L79| L99| 3812
Lila | 111 039 0651 1201 153 2198] 271! 310 35h, 3821 17| LLO} L6CI 3uéL
gl oc6| 176] 104 | o065 \\509\ oss| 0881 133 206! 245! 289 | 317 332 373! 395 3006
6§ 261 231{ 159 | 120 OS5 0| 033| 0781 1511 190 | 234 | 262 | 297{ 320! 34LO{ 2731
7T§294 ) 264| 192 153 083 | 033 \\DGQ\ Obs i 118 157 201 | 229 | 26L| 287} 307l 2632
81339 309! 237 198 133} 078 oLs5 \\sag\ 0734 1312 | 156 | 184 | 219 | 2i2| 262} 2587
98 Li2 | 382} 310 271 | 206 151 | 1181} 073 \\beo\ 03¢ | €83 | 131 | 1Lh5| 169 1891 286D
103 L51 | L21 | 349! 310f 245§ 190 157 112 | 039 \\ng\ ohly | ©O72 | 107! 130§ 150( 2777
118 L9 | W65 393 35L | 2891 23h| 201 | 156 | ©083] oLk h\DSQ\ 028 | 063 | 086 106i 2597
n2t523 | Lo3| L2y | 382 3171 262 229 184 111| o72| 028 \\ng\ 035 | 058] 0781 3193
131558 | 528, Ls6 1 Li7| 352 297| 264 219 | 1k6| 107! 063 | 035 \\DSQ\ 0231 0L3ji 3508
1l § 5814 551 L79 | LLO | 375% 320 287 2h2| 169 130 | 0B86] 058 | 023 \\GQQ\ C20} 3761
hs i 601 | sTLi uo9 | Léo | 395 | w0 | 307| 262 | 189 | 150 | 106 | 078 | ok3| 020 [ oeqlf Loz
DISPERSION 507Lh
BUS NO. LO. NOTRE DAME MATRIX OF TIME IN SECONDS ROUTE: G

*LET



1 2 3 L 5 6 7 8 9 10 11 12 13 1y 15 TOTAL
1[Gosd_o020| o90| 128 18| 225 295| 3us| Les| S8 | 93| 523 | Su6| 580 | ©9Ll|ho97
2| 020| veq| 070| 05| 16| 205| 275| 325! Los| 38| u73| 503 | 526| s60| 571 || U637
3 090 070 \\BDG\ 035! 091 135| 205| 255| 335] 368 | LO3! 433 | LS6| L9O| 501 3867
b} 125} 105| 035 056] 100|{ 170 220 300{ 333 368| 393| L21| L55| L66] 3552
51181| 161| o91| 056 f\b'csaw Obly | 11L| 16L| 2bh| 2771 312 3L2| 365| 399 Ll1O| 3160
6] 2251 205! 135! 100| oOLbL \\ng\ 070 | 120| 200| 233 | 2681 2981 321| 355| 366! 2940
71 295! 2751 205| 170| 11k | 070 \\bsq\ 050| 130] 1631 1987 2281 251 | 285| 2961 2730
8| 3L5| 325| 255 220 16L!| 120| 050 \\GQQ\ 0801 113 | 1L8} 178 | 201 | 235 2uL6| 2680
9lL25| KOS | 335| 300| 2kh{ 200| 130} 080 \\tmmL 033 | 068| 098 | 121 | 155| 166| 2760
10§ L58 | L38| 368| 333| 277| 233| 163| 113| 033 \\QQQ\ 035| 065 088 122 133| 2859
11§ b93 | L73| LO3 | 368 312 | 268| 198 | 1L8] 068| 035 030 | 053 087 098] 3034
1241523 5031 L33 398) 3L2| 298| 228| 178 098| o065 | 030 \\Qgg\ 023 | 057| 0588} 32LL
13 |5Lhé6| 526 Ls6| L2l | 365 321 | 251 | 201 121| 088 | 053 023 \\GQQN 034 | OLs|| 3L51
1L {580 560 kW90 | Ls5| 399 355| 285 235| 155| 122 | 087 057 | 03L k\QQQ\ o1l ! 3825
15§591| 57| SOL| Lé6| L10| 366 | 296 2u6| 166| 133 | 098] 068 | OLS | OL1 0|l 39

DISPERSION 51604

BUS NO, h5. NOTRE DAME MATRIX OF TIME IN SECONDS ROUTE: G

*gf1



13

10 n 12 W 15 TOTAL B
W7o | Lo7| 529 L] sB9| 6095032 §
k5o | 7T} 509| Shbi 569 | 5891 L772 §
370 | 397 | Leo| Lék| L9 | 509 3892 §
350 | 377 | Log| Lik| Lé9| 89|t 3712 §
276| 303 | 335| 370| 395! 15| 315k §
179 | 206 | 238| 273 298| 318 2709 §
16L | 191 | 223| 258| 283 | 303} 266L
127| 1ok | 186] =221 26| 266 2627 §
| o] o097 129| 16| 189| 209 266k §
07000 027 | 05y| O9h| 119 139 2894 §
027|600 | 032| 067| 092| 112|| 3029
039 | 032 [™SGQ0[ 035| 060| 080 3253 ¢
osk| o67| 035] wco| o25| oks| 3568 §
119| 092 | 060 025\@ 020 3843 §
139| 122| o8o| ous| 020|eqol| 1103 §
R
BUS NO. 50, NOTRE DAME MATRIX OF TIME IN SECONDS ROUTE: G

*6€T



1 2 3 L 5 6 7 8 9 10 11 TOTAL
1 '\080\ 037 | 135 | 150 | 255 267 | 317 | 357 | 385 | L2o| Lés|| 2768
2 | 037 \QIOK 098 113 218 230 280 320 3i8 383 L28 || 255
135 098 \JSK 015 120 132 182 222 250 285 330 1769
150 113 015 \% 105 117 167 | 207 |- 235 270 315 || 1694
5 | 255 218 120 105 \OK 012 062 102 130 165 2101 1379
61267 | 230 | 132 | m7 | o012 \% 050 | o090 | 118| 53| 198 1367
7 | 317 280 182 167 062 050 \ao\ oLo 068 103 18 || 1427
8 | 357 | 320 | =222 | 207 | 102 | o030 | oo \ooo\ 028 | 063 | 108l 1537
9 | 385 383 285 270 165 153 103 063 \ss\ 000 OLS It 1677
0040 | 383 | 285 | 270 | 165 | 153 | 103 | o0é3 | o35 .\f{ oLs || 1922
11 | Lés 128 330 315 210 198 148 108 080 oL5 \@Q 2327
Vo A NRELR i St it riR
DISPERSION 20312
BUS NO, 61. WMcKENZIE, MATRIX OF TIME IN SECONDS ROUTE: H

*ont



1 2 3 L 5 6 7 8 9 10 11. 12  TOTAL

1 obo | 224 | 2| 20n | 39| 3u7| 377 | 397 | beo | L8y | 569 | 3638
2 | oLo \\wqu\ 075 | 195 245 270 298 358 348 360 LLo 520 |[ 31L8
3§ 12| o5 \osc{ 10| 170 195 | 223 253 | =273 | 305 | 365 | Lbs|| 25L8
k 2kl 195 | 120 \\wxgz\ 050 { 0715 103 133 153 185 2Ls 325 || 1828
5 29 2L5 170 oso'\\\bso\‘ 025 053 083 103 135 195 275 1628
6 | 319 270 | 195 | o075 | 025 k\\sqg\* 028 058 078 | 110 | 170 250 || 1578
7 1 347 298 223 | 103 053 028 \\\bsq\ 030 050 082 | 1h2 222 1578
8 377 328 253 133 083 058 030 \\\eo@L\ 020 052 112 192 1638
g | 397 3L8 273 153 103 078 050 020 \\?kxk\ 032 092 172 1718
10 L29 380 305 | 18% 135 | 110 082 | o052 032 7\\GQQ\ 060 140 || 1910
12 | 89| | 365 25} 195 | 176 | 12| 112 | 092 | 060 \\\Bbe\ o8o || 2390
12 569 520 LL5S 325 275 250 222 192 172 140 080 3190
DISPERSION 26802

MATRIX OF TIME IN SECONDS ROUTE:

BUS NO. 5. SOUVENIR.

om-[



1 2 3 b 5 é 7 8 9 10 11 12 TOTAL

1 ohL7 119 251 285 317 342 367 387 h;? 507 sL2 3581
2 OL7 \% 072 20L | 238 270 295 | 320 340 | 370 L60 | L9S 3111
119 072 \m\ 132 166 198 223 248 268 298 388 L23 2535

L | 251 | 20k | 132 \ooo\ o3, | 066 | o091 | 116 | 136 | 166 | 256 | 291 || 17h3
285 | 238 | 166 | O3L \00&\ 032 | 057 | 082| 102 | 132 | 222 | 257 || 1607

6 317 270 198 066 | 032 \)&Q 025 050 070 100 190 225 1543

RN

7 342 295 223 0951 057 025 c%o\ 025 oL5 075 165 200 1543
8 367 320 21,8 116 | 082 050 025 G20 050 140 175 | 1593
9 387 340 268 136 102 070 oL5 020 \ooc\ 030 120 155 1673
10 117 370 298 166 132 100 o175 050 030 \O@(k €90 125 1853
11 507 Lé0 388 256 222 190 165 1,0 120 090 0o0b~ 035 2573
12 | sw2 | L9s | Le3 | 291 | 257 | 225 | 200} 175| 1554 125} 035 \oc@. 2923
DISPERSICN 26278

BUS NO. 12. SOUVENIR. MATRIX OF TIME IN SECONDS ROUTE: J

*2nt



1 2 3 L 5 5 7 8 9 10 11 12 13 14 15 16 17 TOTAL
13008 10L | 213 | 333383 | L28| L78 {592 652 692 | 722 7L2| 802 822 852| 902| 922 || 9639
2 1 10L 109 | 229 12791 32L 1 37Lh 1 LB8 | 548 £88 1 618 638 | 698 718! TL8| 7981 818 8079
342131109 \Bbs\ 120 |170 | 215 265 1 379 | L39! L79 |1 509 | 529 | 589 | 609 | 639 | 689| 709 6662
L{333(229 {120 \SQQ\ 050 {095 | 115 | 259 | 319| 359 | 389 | LO9 | Lé69 ! LB | 519 | 569 589 5342
51383279 |170 | 050 \OMS 095 | 209 | 269 | 309 | 339 | 359 | k19| L39| L69| 519| 539 1892
- 6§ 128 | 32L | 215 | 095 |oLS fxxLLgéo 16L | 22L | 26L | 29k | 314§ 37k 394 Lokl L7kt Lok L5577
71047837k | 265 [145 [ 095 | 050 | 009 11k | 174 | 21L | 2uk | 264 | 324 | 3Lk | 37h| Lol Luk i 4327
81592 {488 |379 |259 (209 | 164 | 11L \sqg\ 060 100 {130 | 150 | 210 | 230 | 260 | 310} 330 3965
91652 | 5L8 | 439 | 319 |269 | 22l | 17k | 060 cLo | 0701 090 | 150 | 170} 200 250} 270 3925
10 § 692 | 588 | L79 | 359 (309 | 26L | 21k | 100 | OLO \ng\ 030 | 050 | 110 | 130| 160} 210} 230 || 3965
11§ 722 | 618 | 509 | 389 {339 ] 294 { 2Lk | 130 ] 070| 030 020 | 0680 | 100| 130 180| 200 5055
12 7h2 | 638 | 529 | L09 {359 | 31L | 26L | 150 | 090 050 | 020 \ng\ 060 | 080 110{ 160 180 1155
13 § 802 | 698 | 589 | L69 | 119 | 371 | 324 | 210 | 150} 110 | 08O | 040 \USQ\ 020| 050| 100} 120 I LL75
141822 718 | 609 [ 189 1439} 39L 1 34k ! 230 170| 130 | 100 | 080 | 020 \QQQ\ 030} 080{ 100 L1755
15 8852 | 7L8 | 639 | 519 | L9 | L2k 374 | 2601 200 160 | 130 | 110 | 050 | 030 050| 070 5085
16 {902 | 798 | 689 | 569 | 519 | L7hL| L2k | 310 250 210 [ 180 | 160 | 100 | 080 | 050 \ﬁ&ﬁl 020 5735
17 | 922 | 818 | 709 | 589 [ 539 | LSk | Lk | 33C| 270 | 230 | 200 | 180 § 120 | 100 | 070 | 020 \DSQ\ 6035
, | . |
DISPERSICN 8988
~ BUS NO. 2L. RENAUD-VIMONT MATRIX OF TIME IN SECONDS ROUTE: K

*eNT
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APPENDIX D SAMPLE QUESTIONS

Which is the busiest bus route?

Which node is furthest from school? In miles? In seconds?
Which buses go directly to school?

‘Which route requires the bus to make the most stops?

Do the speed limits have an effect on the bus routes?
Which routes have the fastest and slowest speed limits?
Which trip is faster, the trip to schoo], or the trip home?
Do stop signs have an effect on the timing?

What effect doeshweather have on the trip?

Does the size of the bus have any effect on the timing?
Was the time the bus was stopped included in the timing?
What topic was most useful in the project?

Why bother to separate the sexes in the statistics?

¥Why is there a line drawn diagonally across the matrix?
Why are there zeroes in the matrix diagonal?

Why are most buses concentrated in one section, less than
three miles from schoal?

Where do you find matrices similar to the one in the project?

Are graphs adequate?
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