o MODERNIZING THE SURVEYING CURRICULUM
by
Milton E. Bender*

The title of this paper may seem rather indefinite and per=
haps should be further clarified. One definition of "modern-
1zing" 18 "to make conform to". In this discussion I would like
to propose ways of making our surveying courses better conform
to their proper place in a progressive civil engineering curricu=
lum and to the needs of our students.

All of us are keenly aware of the growing dissatisfaction
with our present surveying courses =- particularly those required
of all civil engineering students, I agree completely with those
who say our surveying is being taught for technicians -- not for
professional engineers. The task of improving our courses rests
with the surveying teachers., If we cannot meet this challenge
and make our surveyin; courses really vital, then I for one am
willing to see surveying completely eliminated from the civil
engineering curriculum and left to the trade schools. In our
already over-crowded curriculum we have no room for deadwood --
every course nust contribute its falr share to the student's
education while in school and to his professional carser
afterwards,

What can we do to improve our surveying instruction? Many
worthwhile papers have been published on this subject during the
past several years, but apparently they have had little effect,
Possibly one reason for this is the fact that most of these
papers have been rather gensrélized and idesalistic, and, while
they stimulate the desire for improvement, they offer little in
the way of practical suggesticns for bringing it about. Although
this paper must be short, I weuld like to make this discussion
as detalled and as specific as possible.

The trend in engineering education seems to be toward the
basic seclences and away from the art and application courses,
It 1s beyond the scope of this paper to dlscuss the merits of
this trend, but if we accept it, ocur surveying courses sghould
conform if ‘possible, With this in mind I weuld like to suggest
that the following questions be used as a gulde in selecting
course material and deciding on teaching methads:

(1) Will 1t be useful in the student's professional
career?
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(2) Does it efficiently teach basic scientific and
engineering principles in such a way as to
directly contribute to the student's better
overall understanding of these principles?

I am sure that every surveying teacher is keenly aware that
meny engineers, both in industry and in engineering education,
feel that surveying should be either eliminated entirely from
the engineering curriculum or should be drastically reduced ==
that it is sube-professionsal work and, as such, should be left to
the subeprofessionals. Possibly the practice of surveying on
routine surveys is sub-professional, but I am sure that the direc-
tion and supervislion of surveys and the use of the end results in
planning, design, and construotion are professional. No large
project can be planned without surveys. The detail, accuracy,
and scope of the survey could hardly be outlined specifically by
a technician who has but little understanding of the methods of
planning. Certainly design must be based on data obtained in
surveys, and it would be impossible to construct amny project
without first staking it out on the ground, Therefore, the civil
engineer who is traditionally associated with planning, design
and construction is also directly associated with surveying. If
the primary functions of the civil engineer are so diractly
dependent upon surveying, is it then reasonable to assume that
this vital part of his work should be plannaed, directed, and per-
formed by technicians? Is it logical to assume that the plannsr
or the designer need have no concept of how his basic data were
obtained nor of the accuracy and limitations of these data,

If we grant that a knowledge of surveying is vital to the
professional engineer, the question then arises as to how much
he should know, Evidently his Job will not usually require him
to perform surveys. Does he need to be accomplished at the art
of surveying? I think 1t should be evident that he does not.
An engineer directs the work of technicians in many fields with-
out being able to perform efficliently thelr routine tasks, He
should, however, thoroughly understand the basic theorles and
concepts. ' -

Does surveying contribute in a worthwhile way to the student’'.
understanding of basic sclentific and englneering principles?
Surveying 1s essentlally a study of measurements. Engineering
is directly dependent upon measurements. Therefore surveylng
‘can teach a very fundamental and important prinecliple of enginesr-
Ing. I say "can" because I do not belleve we are stressing this
principle in our preosent courses -- we are obscuring 1t by too
meny details and applications.



Both of our objectives point to the fact that the sclence
of surveying rather than the art should be stressed. This 1dea
is nothing new. It has been expressed in a number of papers.
I believe most of us agree with this idea but we haven't done
much about it. Why? For two very good reasons. First, this
statement really doesn't say a whole lot =- it doesn't propose
specifically what should be included and what should be elimin-
ated, nor does it shed any light on how it should be taught.
Secondly, the easiest way to set up a course, and the easlest
way to teach one, 1s to choose some good textbook and then follow
it. This, unfortunately, fixes both the course content and the
order of presentation. There i1s a very real objection to this
method as far as our present surveying courses are concerned.
Our textbooks on this subject have changed very little in the
past fifty years == all are remarkably uniform as to material
covered and as to the order and method of presentation. We are
actually teaching our surveying courses in much the same manner
they were taught fifty rcars agoe As long as we try to conform
to our present texts we may as well resign ourselves to the fact
that any progress we make will be very limited and probably only
temporary.

Our maln difficulty then i1s that we are tied by tradition =~
the traditional approach to surveying instruction.

Perhaps the best way to present my ideas on what should be
included in a course snd how it should be taught 1s to discuss
in as mmch detall as time will permit, the surveying curriculum
that will be initiated at Colorado A & M College this fall.
This course ‘== I prefer to think of it as one integrated course ev:
though it exténds over two gquarters and a three-wesk summer camp «-
has heen developed during the past three ywars and much of it has
already been tried in the classroom with what I believe to be
considerable success. This course will replace our conventional
program of elementary and advanced surveying, and curves &and
earthwork. The course material has been divided into the four
rather broad classifications of:

l. Basic theory and concepts
2. Methods of measurement
a. Applications

o Mlscellaneous

Basiec theory and concepts:

The purpose here 1s to precent as a unit those
fundemental concepts, theories, and definitions, that
are the bases on whlch surveying is bullt. This
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.‘t.’1r has been sub=divided into four topics: the
gncnl of the earth and related definitions, the

aslc theory of surveying, errors, and significant
figures.

Qﬁler the first topic the geometry of the earth
and the definitions denoting the locations of points

and the directions of lines on or near the earth's
surface will be thoroughly covered. Our textbooks
and * present courses present each new concept or

definition at the time it is first applied. The stu-
dent iz faced with these new definitions and concepts
at the time he is primarily concerned with learning
new méthods end applications. He never ron}tl under-
stands their interrelationship nor does he ly
appreciate their importance

The next logiocal step is to introduce the basic
theory of surveying =~ the location of points on or
near the earth's surface by the measurement of angles
and distances., The methods of locating a point in
both the vertical and horizontal will be carefully
explained and emphasized., This, ] belleve, will give
the student a much better perspective when methods
and applications are discussed later on.

The third topic will be a thorough discussion of
errors, This 1s one of the most important subjects
covered in the course as far as englineers are concerned
and yet in the past we have skipped over it in a
lecture or two giving the student some formulas and
some rather vague ldeas of what we have bsen talking
about, The theory of errorsshould be thoroughly
covered as shoulc the derivations of all formulas.

The last topic under this section will cover
significant figures. No course in theé engineering
curriculum affords a better opportunity to develop
the concopt of significant figures than does survey-
ing, I am afrald that the average graduating senior
knows fer too little of this concept.

The above sequence leads logically from one
subject to another, All of this material can be
understood thoroughly by the student before he has
the slightest idea of how to make a measurement, It
is a clean, concise presentation of basic thsory
unobscured by detalls, methods, or applications. It



should give the student a good, clear understanding
of these basic fundamentals and by properly stressing
them ﬁyﬁoughout the remainder of the course they can
bocqnt't part of his way of thinking,

mnws

The basic measurements of surveying consist of
the measurement of horizontal distances, vertical dis-
tances, and angles. This section of the course 1is
divided into three topics each discussing a basic
measuprement, Since the method of teaching each will
be assentially the same, it doesn't seem necessary to
discuss them 1nd1v1duully in this papere.

Our present texts and our present courses cover
all of the points that are significant here, but they
include too muoch detail. The material ahou:[d be care-
fully considered and only that material which contri-
butes directly to the theory of making the measurement
should be includeds The non-essential detail usually
included in these disoussions should be completely
eliminated. These details serve only to obscure the
basic considerations and to confuse the student. The
explanation of instruments should be condensed to its
simplest elements. For instance, instead of describ-
ing in detail the dumpy level, the wye level, the
precice level, the hand level, etc., it would be much
simpler to point out to the student that the essential
parts of a level are a bubble and a means of fixing
the 1line of sight with respect to this bubble and that
all of the nuts, bolts, etc., are for convenience
only. The instruments we explain in so much detail
today may be obsolete tomorrow.

In other words, while we have always covered
those aspects of making measurements that are lmpor-
tant to the engineer, we have also included 80 much
detail that the basic theory has been obscured. The
main problem herc 1s one of elimination == the elimin-
ation of insignificant detail, procedures, instrument
descriptions, alternate methods, etc.

Application:

It is the application part of our surveying that
seems to be catching the brunt of the criticism. 3Sur-
veying is an art as well as a scisnce. Perhaps, as
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many claim, it is more art than science., If we elim=
inate 2ll application we may as well eliminate survey-
ing as such and teach a course in measurements,
Probably it is the method we have used in teaching
applications rgther than the fact that they are taught
that g. at fault, We teach far too many detalls and
proc 8e

Traverses, topographic surveys, field astronomy,
curves, hydrographic surveys, and triangulation will
each be covered. To what extent? Only the basic con-
cepts and theory could or should be covered. No two
aur:;:: are alike in practice. If the student is well

d on the fundamentals he will have no difficulty
oxtrnpolating‘to a new situation,

Miscellaneous:

This section would include land surveys, photo-
grammetry, and earthwork.

Some knowledge of land surveying is essential to
the engineer., I believe the legal aspects of land
surveying should be given greater emphasis aend the
time devoted to the rectangular land survey aystem
reducad.

The use of aerial photographs is becoming increas-
ingly important but I do not believe it 1s necessary
to understand all phases of photogrammetry to be able
to use aerial photographs intelligently. The inherent
errores and limitations of aerial photographs should be
presented in details The principles of photogrammetry
insofar as they 1llustrate and clarify these points
should be coversd,

Earthwork could be covered in this section but we
will cover it in our senior highways course where it
has more significance.

There are two ma jor difficulties encountered in using this
proposed course outline; both stem from the traditional approach
to surveying instruction.

The first of these is our fleld laboratory which has always
accompanied at least our first course in surveying. What will
the student do in the lab while the basic theory and concepts of



surveying are being discussed in the lecture® The laboratory
should be for one purpose -- to acquaint the student with the
various moqguring devices and to give him some experience in
meking measurements. Much of the second section of this course,
the methods of measurement, could be taught much more efficiently
in the laboratory than in the classroom. The balance between
classroom and laboratory on this seécond section will have to

be worked cut in detail but I can foresee no difficulty. This
procedure would, however, require a competent laboratory instruc-
tor -~ not a graduate student,

The second difficulty is not so easy to solve., If we use
this approagh, there is no textbook that will fit the course.
I have found it impossible to make assignments from the text.
This fall I will furnish the student with a very detailed out-
line of the course and assignments will be made to cover sections
of the outline. Ths student will use his text strictly as a
reference.

In coriclusion I would like to summarize briefly some of the
advantages which I belleved can be achieved by this new course.

l, It would pull together the basic concepts into
one section where the student can better undere
stand their importance and relationship.

2. It would avoid much of the undesirable repetition.

3, It would eliminate many of the frills and much of
the art that are not important to the engineer and
that have a tendency to obscure the basic concepts
and theory.

L, It would condense the subject so that it can be
taught in a shorter time and, if the first three
coneclusions are correct it would thereby increase
the efficiency of the course.

As I mentioned at the beginning of this paper, the challenge
of improving our surveylng course is to the surveying teachers,
Can we meet it?



