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This study was conducted to ascertain whether or not the

opportunities for developing competencies in descriptive geometry

needed by draftsmen in the Dallas -Fort Worth area are being provided

in Texas junior colleges. Findings concerning the knowledge, skills,

and equipment associated with descriptive geometry as it is presented

in Texas junior colleges were compared w ith competencies in descrip-

tive geometry that representatives of industry believe are important

for successful draftsmen in companies in the Dallas-Fort Worth area.

The purpose of the study is to compile information which will

be of use to school officials and teachers in developing courses of study

that will enable students to acquire the knowledge and skills needed for

success in industry.

Analysis of the replies received from instructors in Texas

junior colleges revealed that the majority of Texas junior colleges offer

a course in descriptive geometry, usually at the second-semester

freshman level, in the drafting and design department or in the



engineering department. Usually only one section, ranging in size

from eleven to thirty students, is offered. A majority of the junior

colleges specify a course in engineering drawing as the prerequisite

for enrolling in descriptive geometry. Most instructors employ a

combination of the direct and revolution methods in teaching. A total

of eleven different textbooks are used in Texas junior colleges.

Instructors are in general agreement as to the importance of topics

of instruction that relate to a visualization of lines and planes. Dividers

and the drafting machine are the pieces of equipment most often used

in descriptive geometry courses, but there is a wide range in the type

of instruments used and also in the frequency with which they are used.

Analysis of the replies received from representatives of

local industry revealed that the greatest demand for descriptive

geometry is in the structural, electrical, and mechanical fie lds.

Sixty-one respondents, employing approximately two-thirds of the

draftsmen in the area, reported that a knowledge of descriptive geo-

metry is used by draftsmen in their company. Of the draftsmen

needing a knowledge of descriptive geometry in their work, only

about half have taken a course in descriptive geometry. Most of the

companies reported that they do not give a test in descriptive geometry

to applicants for the position of draftsman. The majority of the

respondents reported that a combination of the direct and the revolution



methods is used by draftsmen in their companys. Topics most fre-

quently used are those that relate to the visualization of lines and

planes. Instruments most often used include the engineer's scale,

templates, the 450 triangle, and the 300-600 triangle.

Based on the findings of the study, it was concluded that the

Texas junior colleges have developed curricula in the area of

descriptive geometry that are compatible with the needs of draftsmen

in the Dallas-Fort Worth area.
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CHAPTER I

INTRODUCTION

Drafting as an occupation has been classified as a "profes-

sion" by the United States Department of Agriculture, Bureau of

Labor Statistics. Present-day draftsmen have been elevated to posi-

tions as "engineering aides" and therefore have assumed greater

responsibility, which requires higher levels of knowledge, skill, and

ability in their daily work. They must know how and when to apply

the standards and specifications which govern production and construc-

tion procedures and which control the quality of the product or service

involved. In order to become an employable and successful drafts-

man or drafting technician, there are certain basic qualifications

which are rapidly becoming prerequisites for the person contemplating

entry into this profession.

Statement of the Problem

This study was conducted to find data concerning competen-

cies in the area of descriptive geometry needed by draftsmen which

are being taught in Texas junior colleges. More specifically, it will

attempt to gather data which will assist in answering the following

1
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questions:

1. What equipment and methods are used to teach descrip-

tive geometry in the Texas junior colleges?

2. What knowledge and skills have been identified and are

included in courses of studies in descriptive geometry in Texas

junior colleges?

3. What knowledge and skills in descriptive geometry are

needed by draftsmen in industry?

4. What changes can be made in the Texas junior college

curriculum to better satisfy the needs of industry in the area of

descriptive geometry?

Significance and Need for the Study

Since descriptive geometry is being taught in the expanding

Texas junior college system, a survey is needed to compile pertinent

information which will assist school officials and teachers in building

courses of study that will enable students to acquire the knowledge

and skills needed for success in industry.

School administrators and teachers who develop curricula

often do not change course content periodically to fit the pressing need

for new knowledge and techniques in industry. The way to combat

this is to keep in close contact with industry, set objectives, and
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evaluate educational programs at the end of each school year. The

teachers of subjects such as descriptive geometry which involve

current technological advances in rapidly growing junior colleges

find that the most significant factor to be dealt with is. change. Due

in part to the lack of qualified teachers in descriptive geometry, it

is taught in a limited number of secondary schools, primarily at the

senior level. For this reason, only a very small percentage of the

students feel capable or want to take the course in junior colleges.

Furthermore, teachers and other school personnel are often con-

fronted with the problem of developing new curricula immediately

prior to the beginning of a new semester. This eliminates any possi-

bility of in depth consultation with industries in the area served.

Limitations of the Study

The study was limited to the forty-six Texas junior colleges

listed in the Texas Education Agency's Information Guide and Directory

of Vocational-Technical Programs in Post-Secondary Institutions in

Texas. The study included all companies that employ draftsmen as

listed by the Dallas and Fort Worth Chambers of Commerce. 2

1Texas Education Agency, Information Guide and Directory
of Vocational-Technical Programs in Post-Secondary Institutions in

Texas (Austin, 1971).

2 Dallas Chamber of Commerce, Dallas Manufacturers and

Distributors, January, 1970; Fort Worth Chamber of Commerce, Fort

Worth Manufacturers and Distributors, January, 1971.
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Definition of Terms

1. "Texas junior colleges" are those listed by the Texas

Education Agency.

2. "Descriptive geometry" is the study of graphic repre-

sentation and solution of three-dimensional space problems.

3. "Industrial arts" refers to general industrial education

that offers to students the opportunity to explore the materials, tools,

and processes of industry.

4. "Curriculum" is a term used to encompass all learning

opportunities provided by the school.

Source of Data

Data necessary to answer the questions involved in this study

were obtained from the following sources.

1. Pertinent information was secured from current litera-

ture which relates to descriptive geometry and junior college curricula.

2. Data and information concerning curricula, methods and

equipment in current use were secured from information forms

(Appendix B) completed by respondents from Texas junior colleges.

3. Data concerning the needs of industry in the area of

descriptive geometry were obtained from information forms

(Appendix D) completed by chief draftsmen from industries that
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employ draftsmen and are listed with the Dallas and Fort Worth

3
Chambers of Commerce.

Procedure of Study

A questionnaire which included three major areas,

(1) knowledge and skills needed in descriptive geometry,

(2) equipment commonly used, and (3) topics and methods used

in descriptive geometry, was developed to find what is being taught in

Texas junior colleges in the field of descriptive geometry.

Questions for the questionnaire were formulated after

examining the contents of college textbooks by the following authors:

Roveand McFarland, Pare and Loving, Hood and Palmerlee, 6

Slaby, 7 and Earle. 8

3
Ibid.

4 Charles Elmer Rowe and James Dorr McFarland, Engineering

Descriptive Geometry (Princeton, 1961).

5
E. G. Pare, R. O. Loving, and I. L. Hill, Descriptive

Geometry (New York, 1971).

6 George J. Hood, Albert S. Palmerlee, and Charles J. Baer,

Geometryof Engineering Drawing (New York, 1969).

7 Steve M. Slaby, Fundamentals of Three-Dimensional

DescriptiveGeometry (New York, 1966).

8 James H. Earle, Descriptive Geometry (Reading, Massa-

chusetts, 1971).
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Members of the staff of the Industrial Arts Department of

North Texas State University were consulted for additional items that

were used in the questionnaire.

The questionnaire was designed to obtain a "yes" or "no"

answer to most questions and short answers to the remainder.

The instructors in forty-six Texas junior colleges listed in

the Information Guide and Directory of Vocational-Technical

Programs in Post-Secondary Institutions in Texas were mailed a

letter of transmittal explaining the nature and purpose of the study

(Appendix A) and were asked for their assistance in completing

this study.

Accompanying the letter of transmittal and the questionnaire

(Appendix B) was a self-addressed, stamped envelope to be used

to return the completed form.

Replies were received from thirty-three instructors; twenty-

nine filled out the questionnaire, and four indicated they did not teach

descriptive geometry.

A similar questionnaire and letter of transmittal (Appendix

C and D) were sent to 268 companies that employed draftsmen in the

9 Texas Education Agency, Information Guide and Directory
of Vocational-Technical Programs in Post-Secondary Instituticns in
Texas, 1971.



7

Dallas-Fort Worth Metropolitan Area. These companies were iden-

tified by the Chambers of Commerce of both Dallas and Fort Worth

in response to letters asking for lists of companies that employed

draftsmen in their areas.10 Of the 268 firms contacted, 180

responded and returned the questionnaire. This represented a 67

per cent response.

A deadline of thirty calendar days was established for com-

pleted questionnaires to be returned. At the end of that period, a

75 per cent response had been received from colleges and a 67 per

cent response from companies. After the thirty-day deadline, data

received were compiled and presented in appropriate tables, charts,

summary, and conclusions.

Organization of the Study

Chapter I includes an introduction, a statement of the prob-

lem, need for the study, method of procedure, limitations of the study,

definition of terms, source of data, treatment of data, and related

research.

A description of what was being taught in Texas junior col-

leges in the field of descriptive geometry is presented in Chapter II.

1 0 Dallas Chamber of Commerce, 2, cit. ; Fort Worth

Chamber of Commerce, 2p. cit.
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Chapter III is concerned with knowledge and skills consid-

ered necessary for draftsmen to possess and the equipment needed

in the field of descriptive geometry.

Chapter IV includes the summary, findings, conclusions,

and recommendations.

Related Research

Randel's study in 1957, entitled "A Comparison of Drafting

Practices in Industry with Drafting as Taught in Engineering Schools,

determined the status of drafting and compared the content taught in

engineering colleges with the drafting practices followed in selected

machinery manufacturing companies. His findings were based on

data secured from drafting instructors in engineering schools and

chief draftsmen in machinery manufacturing companies throughout

the nation. He concluded that considerably more lettering devices

and machines were used in industry than in schoolsfor improving let-

tering and drawing techniques. Simplified drafting procedures were

not practiced to any great extent by either group. Differences in

dimensioning practices in schools and industry appear to be only

moderate. Respondents from engineering schools advocated more
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fundamentals of drawing theory and projection and less time and

11
effort in developing drawing skills and techniques.

In 1959, Robert Eugene Capp conducted a study to compare

the drafting procedures taught in selected high schools of Missouri

with practices in selected industries of that state. Data were col-

lected by means of questionnaires directed to one hundred drafting

teachers employed in class AAA schools of Missouri and to one hun-

dred chief draftsmen employed in a variety of industries within the

State of Missouri. Capp found that drafting teachers should provide

for more experiences in shop processes, improve instruction in

drafting techniques and lettering skill, develop student efficiency and

speed in drafting procedures, and broaden the background of students

through the study of mathematics and the sciences. 12

A study by Jane E. Craghead in 1967 was similar to Capp's.

The findings of her study are important for the enlightenment of per-

sons involved in the teaching and learning aspects of drafting.

1 1 Stephen Vincent Randel, "A Comparison of Drafting Prac-

tices in Industry with Drafting as Taught in Engineering Schools, "

unpublished doctoral dissertation, School of Education, University of

Missouri, Columbia, Miss ouri, 1957.

2 Robert Eugene Capp, "A Comparison of Drafting Tech-
niques and Practices as Taught in Selected High Schools in Missouri

with Those Practices Found in Selected Industrial Concerns, unpub-
lished master's thesis, Northeast Missouri State Teachers College,

Kirkville, Missouri, 1959.
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Conclusions were based on data secured from questionnaires com-

pleted by Dallas-Fort Worth firms. The study included four main

areas: (1) general qualifications and duties of draftsmen, (2) draft-

ing equipment commonly used, (3) principles and concepts of

drafting, and (4) methods used to reproduce drawings. The sample

was representative and included data from fifty companies employing

from one to 350 draftsmen.

The findings and conclusions of the study were supported by

the data presented. Her findings were broken down to show how the

respondents from industry felt about the various drafting techniques.

Numerous tables and graphs were used throughout the study. These

tables and graphs are easily read and add much to the understanding

of the thesis content.

The study was of great importance in the sense that it will

benefit the designers of curriculum for future draftsmen. It will

assist the teacher in deciding what should be taught, and it will aid

the student by clarifying what he should know. Furthermore, it is

useful in opening a gateway for further research in the fields of

descriptive geometry and technical illustration. 13

1 3 Jane E. Craghead, 'A Study of the Knowledge and Skills
Required of Draftsmen in the Dallas-Fort Worth Area, " unpublished
master's thesis, School of Education, North Texas State University,

Denton, Texas, 1967.
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Roy G. Trapp conducted a study in the spring of 1967 to

determine the status of descriptive geometry in the AAAA high

schools of Texas. Data collected by questionnaire from 166 AAAA

Texas high schools showed that only a small number of students

qualify for the course in many schools, since the subject is primarily

for twelfth-grade students who have completed two years of algebra

and one year of geometry.

The prerequisites of the course and the technical nature of

the content make it a subject in which enrollment will remain rela-

tively low in contrast with total school enrollment. However, there

will be increased demand for descriptive geometry as technology

increases and when the subject is placed at lower grade levels in the

curriculum sequence. There will also be increased demand for

qualified descriptive geometry teachers in the secondary schools. 14

14 Roy G. Trapp, "Status of Descriptive Geometry in the
AAAA High Schools of Texas, " Texas Industrial Arts Association
Bulletin, 12 (April, 1968), 17-18.



CHAPTER II

THE CONTENT OF DESCRIPTIVE GEOMETRY COURSES

OFFERED IN TEXAS JUNIOR COLLEGES

Descriptive geometry is beneficial to the student planning a

career in drafting, as well as to one planning to enter the engineering

profession. In addition to mathematical and drafting skills, the study

of descriptive geometry is a means of introducing a student to

problem-solving methods and developing his ability to use such

methods effectively.

School administrators and instructors in junior colleges

confronted with the task of planning the course of study to be followed

in descriptive geometry face the same problem encountered by all

who must choose what shall and shall not be covered in any course.

That problem, of course, is the fact that there is never time enough

to cover all the material to which an instructor would like to expose

his students. Planners of descriptive geometry curricula, however,

face a second problem occasioned by the fact that they teach in an

area which is constantly changing because of rapid technological

advances. They face, finally, a third problem which is again common

12
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to all areas; that is, curriculum planning ordinarily occurs just

before or just at the beginning of a semester so that time is of the

essence. As a result, time does not permit the instructor to consult

with representatives of industry to ascertain those areas of study

deemed important.

In order to find out how closely descriptive geometry as

offered in Texas junior colleges coincides with what industries in

Texas believe necessary to meet their needs, questionnaires were

sent to forty-six Texas junior colleges and to 268 companies employ-

ing draftsmen in the Dallas and Fort Worth area. The questionnaires

included the areas of knowledge and skills believed to be needed in

descriptive geometry, equipment commonly used, and topics and

methods used in descri-ptive geometry. This chapter will present the

data describing the course offerings in descriptive geometry in Texas

junior colleges as gathered from the thirty-three questionnaires which

were returned.

Table I presents the data secured from the answers to

Question One of the questionnaire sent to the junior colleges: "Is

descriptive geometry taught in your junior college? " As is readily

apparent, twenty-nine colleges, or 87. 9 per cent of those answering,

responded affirmatively, whereas only four colleges, or 12. 1 per

cent, reported that descriptive geometry was not offered.
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TABLE I

JUNIOR COLLEGES THAT OFFER DESCRIPTIVE GEOMETRY

Descriptive Geometry Number of Per Cent of
Offe red Respondents Respondents

Yes 29 87.9

N o 4 12.1

Total 33 100.0

Question Two was as follows: "How many sections of

descriptive geometry are scheduled in your institution in each of the

following class size categories: 1-10, 11-20, 21-30, and 31 and up?"

Tables II and III present the data secured from the answers to this

question.

Table II classifies the thirty-six sections offered by size of

class. A class size ranging between 11 and 20 was the most preva-

lent, with seventeen sections, or 47.2 per cent, falling in this group.

The second most common class size was between 21 and 30, with

eleven sections, o 30.6 per cent of the total, in this group. These

two groups include almost 78 per cent of the sections offered. With

only five sections, or 13. 9 per cent, having less than 10 students

and only three sections, or 8. 3 per cent, having 31 or more students,
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it would appear that sections this small or this large occur only when

it is not possible to achieve the more desirable class size.

TABLE II

NUMBER OF SECTIONS OF DESCRIPTIVE GEOMETRY OFFERED
BY TEXAS JUNIOR COLLEGES AND VARIOUS CLASS-SIZE

CA TEGOR IES

Class Size Number of Sections Per Cent of Sections

1 - 10 5 13.9

11 - 20 17 47.2

21 - 30 11 30.6

31 and up 3 8.3

Total 36 100.0

Table III presents additional data received from the

answers to Question Two. This table shows the number of

sections offered by each institution. Thirteen colleges, or 44. 8

per cent of those reporting, offer only one section. That only one

section was offered might be considered as confirmation of the data

1
presented in the study by Roy G. Trapp in which he determined

Trapp, op. cit., p. 17.
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TA BLE III

NUMBER OF SECTIONS OF DESCRIPTIVE GEOMETRY
OFFERED BY TEXAS JUNIOR COLLEGES

FALL, 1971

Number of Sections Number of Per Cent of
Respondents Respondents

0 8 27.6

1 13 44.9

2 4 13.8

3 3 10.3

4 0 0.0

5 0 0.0

6 1 3.4

Total 29 100.0

the status of descriptive geometry in AAAA high schools in Texas.

It will be recalled that his study showed that only a small number of

students qualify for the course since the subject is primarily for

twelfth-grade students who have completed two years of algebra and
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one year of geometry. These conditions, the prerequisites of the

course and the technical nature of the content, which cause enroll-

ment in descriptive geometry to be low in high school would seem

to have the same effect on Texas junior colleges. Descriptive geo-

metry appeals to and demands a student who is capable in mathema-

tics and one who has a substantial mathematical background; there-

fore, it draws its class members from a limited group. Four

junior colleges, or 13. 8 per cent, offered two sections, and three

junior colleges, or 8. 3 per cent of the Texas junior colleges

responding, offered three sections. One junior college, or a

mere 3.4 per cent, offered more than three sections; this institution

offered six sections.

Question Three of the Questionnaire was as follows: "How

many sections of descriptive geometry are scheduled for the 1972

spring semester?" Answers received indicate that forty-three

sections, seven more than were offered in the fall of 1971, were

scheduled for the spring of 1972. Obviously specific data relative to

the 1972 spring offerings were not available in December of 1971.

The fact that more sections were scheduled during the spring, not

usually considered the semester during which most students enter

the junior college, would again seem to indicate the difficulty of the
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course, thus making it necessary more often than not for an entering

freshman to take some other course in mathematics or drafting

before he can enter a section in descriptive geometry.

Table IV presents the data involving the answers to Question

Four of the Questionnaire, "At what classification is the course

TABLE IV

LEVELS AT WHICH DESCRIPTIVE GEOMETRY IS TAUGHT
IN TEXAS JUNIOR COLLEGES

Classification of Students Number of Per Cent of
Respondents Respondents

Freshman 21 65.6

Sophomore 11 34.4

Total 32 100.0

taught? As can be seen, twenty-one sections, or 65. 6 per cent of

those offered, were available at the freshman level, whereas eleven

sections, or 34.4 per cent, wereoffered at the sophomore level. The

offering at the sophomore level also suggests the level of difficulty of

the course, as well as the possibility of prerequisites for enrolling in

descriptive geometry.
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Question Five of the Questionnaire was, "What are the

prerequisites?" Table V shows the prerequisites for enrolling in

TA BLE V

COLLEGE-LEVEL PREREQUISITES FOR DESCRIPTIVE
GEOMETRY IN TEXAS JUNIOR COLLEGES

Prerequisites Number of Per Cent of

Respondents Respondents

N one 0 0.0

Algebra 3 7.3

Plane Geometry 1 2.4

Drafting 14 34.1

Engineering Graphic 23 56.2

Total 41 100.0

descriptive geometry at the junior colleges in Texas. All of the

institutions responding have prerequisites for the course. Three

of the colleges, or 7. 3 per cent, require algebra, and one

college, o4 2.4 per cent, requires geometry. By far the

greater number of colleges, or approximately 80 per cent,

however, require some form of engineering drawing as a pre-

requisite for descriptive geometry. Twenty-three junior colleges,
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or 56. 1 per cent, require a course in engineering graphics; fourteen

colleges, or 34. 1 per cent, require drafting as a prerequisite. This

indicates that the preponderance of the junior colleges responding

regard skill in engineering drawing, in addition to skill in mathema-

tics, as necessary for success in descriptive geometry, thereby sug-

gesting their interrelatedness and the complexity of capabilities neces-

sary in descriptive geometry.

Question Six of the Questionnaire was as follows: "By which

method is descriptive geometry taught? " Answers to this question

are set forth in Table VI. Eight of the respondents, or 27.6 per

TABLE VI

METHOD OF TEACHING DESCRIPTIVE GEOMETRY IN
TEXAS JUNIOR COLLEGES

Methods Number of Per Cent of
Respondents Respondents

Direct 8 27.6

Revolution 1 3.4

Direct and R evolution 20 69. 0

Total 29 100.0
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cent, use the direct method; one respondent, or 3. 4 per cent, reported

the use of the revolution method only. By far the majority of the

junior colleges, however, use a combination of the two methods.

Twenty respondents, or 69 per cent, make use of both methods.

Figure 1 presents graphically the results of the data

received in answer to Question Seven of the Questionnaire, "In which

Department

Math and Science (6. 1)

Engineering (36.4)

Drafting and Design (48. 5)

Industrial Arts (6. 1)

Others (3.0)

Per Cent of Schools 0 10 20 30 40 50 60

Fig. 1--Departments in which Descriptive Geometry
Is Taught in Texas Junior Colleges

department is descriptive geometry taught?" At most of the junior

colleges, or approximately 85 per cent of those reporting, descriptive

geometry is taught in a technical department. At 48. 5 per cent of

the junior colleges descriptive geometry is taught in the drafting and

- -11-_m

-U-
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design department, whereas 36.4 per cent reported that descriptive

geometry is offered in the engineering department. Such placement

probably reflects the fact that the course is primarily studied by

potential draftsmen or engineers. However, its mathematical

nature is reflected by the fact that 6. 1 per cent of the junior colleges

offer descriptive geometry in the mathematics and science department.

At 6. 1 per cent of the junior colleges descriptive geometry is offered

in the industrial arts department as an optional course. An

industrial arts department usually attracts students who plan to

teach, and descriptive geometry may be viewed as an area of

specialization for teaching purposes. Three per cent of the colleges

responding reported that descriptive geometry is offered in some other

department but did not specify the exact department in which it is

taught.

Information relative to textbooks used in the junior colleges

responding to the questionnaire was secured from answers to Question

Eight, "What textbook are you now using? " The textbook most used

is Descriptive Geometry, by James H. Earle. It is in use at eight,

or 27. 6 per cent, of the junior colleges in Texas. The textbook used

in three, or 13. 8 per cent, of the junior colleges reporting, is Technical

Descriptive Geometry, by W.E. Street. Used also in three junior

colleges is Fundamentals of Three -Dimensional Descriptive Geometry,
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by Steve M. Slaby. Engineering Descriptive Geometry, by Rowe

and McFarland, is also reported as the text by three junior colleges.

Two colleges, or 6. 9 per cent, report as their text Descriptive

Geometry, by Pare, Loving, and Hill. Also used by two colleges

is Applied Descriptive Geometry, by Warner and McNeary. Each

of the following textbooks is currently used by one junior college:

Geometry of Engineering Drawing, by Hood, Palmerle, and Baer;

Practical Descriptive Geometry, by Hiram and Grant; Descriptive

Geometry, by Douglas and Hoag; Engineering Graphics, by Mitchell

and Giesecke; and, finally, Graphic Science, by French and Vierck.

Question Nine of the Questionnaire was as follows: "Please

check the degree of emphasis you place on the topics included in your

course." Table VII reveals the importance of particular topics in

the area of descriptive geometry as reported by the respondling junior

colleges.

A total of twenty-four specific topics was presented on the

Questionnaire to be rated by the respondents as of great, moderate,

or no value. Of these twenty-four topics, eight are considered of

paramount importance in the study of descriptive geometry.

These topics include true length lines, auxiliary views, edge view

of a plane, true shape of incline planes, true shape of oblique planes,

angle between a line and a plane, angle between two intersecting
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TABLE VII

IMPORTANCE OF SELECTED TOPICS AS VIEWED BY DESCRIPTIVE
GEOMETRY TEACHERS IN TEXAS JUNIOR COLLEGES

Importance of Topics

Topics Great Moderate No

No. % No. % No. %

True Length Lines 24 82.8 5 17.2 0 0.0

Auxiliary Views 24 82.8 5 17.2 0 0.0

Slope of a Line 13 44.8 16 55.2 0 0.0

Bearing of a Line 11 37. 9 18 62.1 0 0.0

Perpendicular Lines 18 62.1 11 37. 9 0 0.0

Parallel Lines in Space 14 48. 3 13 44. 8 2 6. 9

Non-intersecting lines 12 41.4 15 51.7 2 6. 9

Cutting Planes 13 44.8 14 48.3 2 6.9

Edge View of a Plane 23 79.3 5 17.2 1 3.4

True Shape of Incline Planes 22 75. 9 7 24. 1 0 0. 0

True Shape of Oblique Planes 23 79. 3 6 20. 7 0 0. 0

Shortest Distance from a

Point to a Line 17 58.6 12 41.4 0 0.0

Shortest Distance from a
Point to a Plane 18 62.1 11 37. 9 0 0.0

Shortest Distance from a
Line to a Plane 17 58.6 12 41.4 0 0.0- - a -
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TABLE VII (Cont'd)

Importance of Topics

Topics Great Moderate No

No. % No. % No. %

Shortest Grade Line from a 8 38. 1 19 65. 9 2 6.9
Point to a Plane

Piercing Point of a Line and 18 62. 1 10 34. 5 1 3.4
a Plane

Shortest Distance between 13 44.8 15 51. 7 1 3.4
Two Skew Lines

Grade Line between Two 8 27.6 20 69.0 1 3.4
Skew Lines

Angle between a Line and a 22 75. 9 6 20. 7 1 3.4
Plane

Angle between Two 21 72.4 7 24.1 1 3.4
Intersecting Lines

Angle between Planes 20 69.0 8 27.6 1 3.4

Strike and Dip of a Plane 11 37.9 17 58.6 1 3.4

Axonometric Projection 1 3. 4 14 48. 3 14 48. 3

Vector Analysis 10 34.5 13 44.8 6 20.7

Others (Intersection and 10 47. 6 8 38. 1 3 14. 3
Developing)
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lines, and angle between planes. Of these eight topics, true length

lines and auxiliary views were considered most important, each being

checked as of great importance by twenty-four, or 82. 8 per cent, of

the respondents. Both of these topics were ranked as of moderate

importance by the remaining five respondents, or 17.2 per cent of

those reporting. Two other topics, true shape of incline planes and

true shape of oblique planes, were considered as of great importance

or as of moderate importance by all those responding. The remain-

ing four topics in this group were each rated as of no importance by

only one respondent. All the topics in this group of first importance

were checked as of great importance by at least twenty, or 69 per

cent, of the respondents.

Five topics, perpendicular lines, shortest distance from a

point to a line, shortest distance from a point to a plane, shortest

distance from a line to a plane, and piercing point of a line and a plane,

form a second group that were rated just slightly less important than

the eight topics just discussed. Three of these, perpendicular lines,

shortest distance from a point to a plane, and piercing point of a line

and a plane, were rated as of great importance by eighteen respond-

ents, or 62. 1 per cent of those reporting. Perpendicular lines and

shortest distance from a point to a plane were rated as of moderate

importance by the remaining eleven respondents, or 37. 9 per cent.
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The piercing point of a line and a plane, however, was checked as of

no importance by one respondent. The shortest distance from a point

to a line and the shortest distance from a line to a plane were rated

equally, each being seen as of great importance by seventeen, or

58. 6 per cent, of the respondents and as of moderate importance by

twelve, or 41.4 per cent, of the respondents.

Six topics were rated important by most of the respondents,

with the degree of importance varying but approximately equally

divided between great and moderate. This third group included

slope of a line, bearing of a line, parallel lines in space, non-

intersecting lines, cutting planes, and shortest distance between two

skew lines. Two of these,slope of a line and bearing of a line, did

not receive a ranking as of no importance from any of the respondents.

Receiving the greatest number of rankings as of great importance in

this group was parallel lines in space with fourteen, or 48. 3 per cent.

The fourth group of topics appears to be seen as considerably

less important. This group was checked as of moderate importance,

with a few respondents considering them as of great importance and

a few others considering them as of no importance. This group

included shortest grade line from a point to a plane, grade line

between two skew lines, strike and dip of a plane, and vector analysis.

Of these four topics, strike and dip of a plane, with eleven, or 37. 9
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per cent, of the respondents reporting it as of great importance, with

seventeen, or 58. 6 per cent, of the respondents reporting it as of

moderate importance, and with one respondent considering it of no

importance, appears most important. Vector analysis, on the other

hand, ranked as of great importance by ten, or 34. 5 per cent, of the

respondents, as of moderate importance by thirteen, or 44. 8 per cent,

of the respondents, and as of no importance by six, or 20. 7 per cent,

of the respondents, falls at the bottom of the group.

The final topic, axonometric projection,wasranked as of great

importance by only one respondent, with the remaining twenty-eight

respondents divided equally in their opinion between moderate

importance and no importance; fourteen, or 48. 3 per cent, of the

respondents chose each category.

A twenty-fifth area, listed as "other, " was provided on the

Questionnaire. Eighteen respondents inserted intersection and

development; of this number, ten, or 47. 6 per cent of those reporting,

ranked it as of great importance, whereas eight, or 38. 1 per cent of

those responding, ranked it as of moderate importance. The fact

that almost 85 per cent of the respondents inserted this topic might

lend it an importance above its actual rank.

The final question was as follows: "The following is a list

of equipment commonly used in the field of descriptive geometry.
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TAB LE VIII

FREQUENCY OF USE OF SELECTED INSTRUMENTS

Importance of Topics

Often Occasionally Seldom Never

Instruments Used Used Used Used

No. % No. % No. % No. %

Divide rs 27 93.1 1 3.4 1 3.4 0 0. 0

Proportional 0 0.0 6 20. 7 11 37. 9 12 41.4
Dividers

Bow Compass 22 75. 9 6 20. 7 0 0.0 1 3.4

Beam Compass 2 6.9 13 44.8 5 17. 2 9 31.0

T-Square 6 20.7 2 6.9 7 24.1 14 48.3

Drafting 26 89.7 2 6. 9 0 0.0 1 3.4
Machine

450 Triangle 13 44.8 6 20. 7 9 31.0 1 3.4

30O-60O Triangle 13 44.8 6 20.7 9 31.0 1 3.4

Adjustable
Triangle

Protractor 9 31.0 7 24.1 8 27.6 5 17.2

Engineer's Scale 23 79.3 5 17.2 0 0.0 1 3.4

A rchitect's Scale 20 69.0 6 20. 7 2 6.9 1 3.4

Electric Eraser 7 24. 1 8 27. 6 4 13.8 10 34.5

Templates 9 31.0 10 34.5 9 31.0 1 3.4
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Please check the appropriate space indicating the frequency of use

in your course." Table VIII shows the extent to which various

instruments are used in descriptive geometry courses in Texas junior

colleges.

It was found that no one instrument was unanimously

reported as often used; however, five of the instruments, dividers,

bow compass, drafting machine, engineer's scale, and architect's

scale, were reported as widely used, with at least twenty, or 69 per

cent, of the respondents reporting each of these instruments as often

used. Dividers head the list with twenty-seven, or 93. 1 per cent, of

the respondents reporting them as often used; one respondent reported

dividers as occasionally used; one respondent reported them as seldom

used; and no respondent reported them as never used. Dividers appear

to be the only type of equipment which were used unanimously, although

with some variation in frequency, by all respondents. The other

instruments in this widely-used group received at least one rating

of never used.

Four instruments comprised a group which were used some-

what less frequently than those just described. This group included the

450 triangle, the 300-600 triangle, protractor, and templates. The

distribution of their rankings among the four possible extent-of-use
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categories varies, thus making it difficult to generalize about the

frequency of their use. It is interesting to note, however, that the

protractor, although receiving a high ranking overall, was marked

as never used by five respondents, or 17.2 per cent of those reporting.

The remaining four instruments, beam compass, T-square,

proportional dividers, and electric eraser, were ranked quite incon-

sistently. Rankings ranged from zero respondents assigning propor-

tional dividers a rating of often used to seven respondents, or 24. 1

per cent of those reporting, assigning the electric eraser a rating

of often used. Similarly, the rankings range from nine respondents,

or 17. 5 per cent of those reporting, assigning the beam compass a

rating of never used to fourteen respondents, or 48. 3 per cent of

those reporting, giving the T-square a rating of never used.

Summary

Analysis of the data revealed that the majority of Texas

junior colleges offer a course in descriptive geometry, usually

at the second-semester freshman level, in the drafting and design

department or the engineering department. Usually only one sec-

tixm, ranging in size from eleven to thirty students, is offered. A

majority of the junior colleges specify a course in engineering draw-

ing as the prerequisite for enrolling in descriptive geometry, and most
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instructors employ a combination of the direct and revolution methods

in teaching. A total of eleven different textbooks are used in Texas

junior colleges. Instructors were in general agreement as to the

importance of visualization of lines and planes as topics of instruc-

tion. Dividers and the drafting machine are the pieces of equipment

most often used in descriptive geometry courses, but there is a wide

range in the type of instruments used and also in the frequency with

which they are used.



CHAPTER III

KNOWLEDGE AND SKILLS CONSIDERED NECESSARY FOR

DRAFTSMEN IN DESCRIPTIVE GEOMETRY AND THE

EQUIPMENT NEEDED

The discussion of the Texas junior college course offerings

presented in Chapter II gives only one-half of the information needed

by those seeking to prepare, modify, or completely redesign a course

in descriptive geometry. Complementing the information gleaned from

the survey of Texas junior colleges was information furnished by local

industry as to its need for and use of draftsmen possession knowledge

and skills derived from the study of descriptive geometry. In this

chapter, an analysis of data received from supervising engineers

employed by industries in the Dallas -Fort Worth area will be pre-

sented. The industries in the Dallas -Fort Worth area will be pre-

sented. The questionnaire sent to the engineers sought answers to

relatively the same questions, somewhat modified as necessary, as

did the one sent to the Texas junior colleges. It provided informa-

tion needed for the comparison between what is being taught and what

is needed by industry which will be presented in Chapter IV.

33
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The same format w a s utilized in this chapter as was used

in Chapter II, thereby making the comparison of the data received

from the Texas junior colleges and that received from local industries

more easily made. Question One on the questionnaire sent to indus-

tries was, "What kinds of drawings are done by your company? "

Figure 2 presents information concerning the types of drawing that

companies in this area require in their operations. The figure

reveals that the companies employing draftsmen in the Dallas-Fort

Worth area engage in structural drawing more than in any other type

of drawing. Almost 80 per cent of the companies which returned the

questionnaire reported that their draftsmen do this type of drawing.

The incidence of electrical and mechanical drawing is just under that

of structural drawing, as almost 70 per cent of the companies reported

their use. Third in demand are mapping and technical illustrations,

since 60 per cent of the companies reported that their draftsmen do

architectural, piping, and sheet metal drawing. Just under 10 per

cent of the companies in this area reported that their draftsmen per-

form aeronautical drawing, and about 7 per cent of the companies

reporting checked that their employees did other types of drawing.

These companies, however, did not indicate the specific nature of

the drawing referred to in the "Other" classification.
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Fig. 2--Types of Drawing Used in Industry in the Dallas-
Fort Worth Area
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Question Two on the questionnaire was, "How many drafts -

men do you employ at this location? " The third question was, "Is

Descriptive Geometry used in yourcompany?" Table IX reflects

the information gathered from the replies to Question Three

TA B LE IX

NUMBER AND PER CENT OF COMPANIES IN THE DALLAS-
FORT WORTH AREA THAT USE DESCRIPTIVE GEOMETRY

Companies which Use Number of Per Cent of

Descriptive Geometry Respondents Respondents

Used 61 33.9

Not Used 119 66. 1

Total 180 100.0

Questionnaires were sent to a total of 268 companies, each

employing from one to 300 draftsmen. From these, 180 were

returned with the information requested. The 180 companies

which returned the questionnaire employ a total of 1, 795 draftsmen.

Of the 180 companies, 119 reported that descriptive geometry was

not used by draftsmen employed by their company. The companies

which reported negatively employ a total of 605 draftsmen. Only

sixty-one companies, or about one-third of those companies contacted,
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expressed a need for their draftsmen to have the knowledge and skills

acquired from a study of descriptive geometry. However, these

sixty-one companies hire a total of 1, 190 draftsmen which is approxi-

mately two-thirds of the draftsmen employed in the Dallas-Fort

Worth area. This means, then, that the remaining tables in Chapter

III, although reflecting data submitted by only approximately 33 per

cent of the companies employing draftsmen in the Dallas -Fort Worth

area, furnish information covering approximately 67 per cent of the

draftsmen employed in this area. These percentages indicate that

the larger companies in the area require a knowledge of descriptive

geometry and that the data presented represent a substantial number

of the draftsmen employed in the area.

Respondents representing companies employing draftsmen

engaged primarily in mechanical, civil, structural, and sheet metal

drawing reported the greatest need for these draftsmen to have a

knowledge of descriptive geometry. Respondents representing com-

panies employing draftsmen primarily engaged in aeronautical draw-

ing also reported a definite need for their draftsmen to have a know-

ledge of descriptive geometry; however, there are very few such

companies in the Dallas-Fort Worth area. Respondents representing

companies employing drafts men primarily engaged in architectural

and electrical drawing and in technical illustrations reported very
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little need for their draftsmen to know descriptive geometry; however,

very few of the companies which reported are engaged in these types

of drawing. In the Dallas -Fort Worth area, then, the primary need

for a knowledge of descriptive geometry is to be found in companies

working in the mechanical, civil, structural, and sheet metal fields,

and, to a somewhat lesser degree, in the aeronautical field.

Question Four on the questionnaire sent to the supervising

engineers in the Dallas-Fort Worth area was as follows: "How many

of the draftsmen have completed a course in descriptive geometry (if

information is readily available)? " In Table X information is pre-

sented concerning the completion of a course in descriptive geometry

by draftsmen in local industry. Only 565 draftsmen werereported as

having completed a course in descriptive geometry. Of this number

398, or 70.4 per cent, reported that they studied descriptive geome-

try in high school; and the remaining 167, or 29. 6 per cent, studied

descriptive geometry at the college level.

Replies received to this particular question on the question-

naire very probably are not an accurate reflection of the actual num-

ber of draftsmen employed in the Dallas-Fort Worth industrial area

who have completed a course in descriptive geometry. As was

revealed in Table IX, sixty-one of the respondents, hiring a total of

1, 190 draftsmen in the local area, reported a need for these
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TABLE X

LEVELS AT WHICH 565 OF THE DRAFTSMEN EMPLOYED
BY INDUSTRY IN THE DALLAS-FORT WORTH AREA

COMPLETED COURSES IN DESCRIPTIVE
GEOMETRY

Course Level Number of Per Cent of

Draftsmen Draftsmen

High School 398 70.4

College 167 29.6

Total 565 100.0

draftsmen to have a knowledge of descriptive geometry in order to per-

form their drawing duties effectively. Yet these supervising engin-

eers reported that only 565 of their draftsmen have actually completed

such a course. The wording of Question Four, which included the

parenthetical clause, "'if information is readily available, " is believed

to be the cause of this apparent discrepancy. When preparing the

Questionnaire, it was realized that such information might be quite

difficult to secure; and this clause was inserted in deference

to the engineers who would probably have limited time available for

answering the questionnaire. However, it is now believed that many

of the respondents interpreted "readily available" as "immediately

available, " for many of them did not reply to this question. The
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validity of the data presented in this table is therefore question-

able.

Question Five on the questionnaire is, "What method is

used by your draftsmen in solving descriptive geometry?" Table XI

presents data concerning the method of solving descriptive geometry

TA B LE XI

METHODS OF SOLVING DESCRIPTIVE GEOMETRY
PROBLEMS USED BY INDUSTRY

Methods Number of Pe r Cent of
R e s pondents Respondents

Direct 18 29.5

Revolution 6 9.8

Direct and Revolution 35 57.4

No response _2 3.3

Total 61 100.0

used by the draftsmen in the Dallas-Fort Worth area. The method

reported most often by the respondents is a combination of the direct

and revolution methods; thirty-five, or 57.4 per cent, of the respond-

ents reported the use of this combination of methods. The direct

method was reported by eighteen, or 29. 5 per cent, of the respondents,
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and the revolution method was reported by only six, or 9. 8 per cent,

of the respondents. Two respondents, or 3. 3 per cent of those

responding affirmatively to Question Three, "Is descriptive geometry

u s e d in your company?" did not answer this question.

Question Six on the questionnaire is, "When you hire a new

draftsman, do you administer some form of test in the field of

descriptive geometry?1 " Only seven, or 11. 5 per cent, of the

respondents reported that some form of testing procedure was

employed by their company to ascertain a prospective draftsman's

knowledge of descriptive geometry. The overwhelming majority of

the respondents, fifty-four, or 88. 5 per cent, reported that appli-

cants for the position of draftsmen were not administered a test in

descriptive geometry.

Question Seven on the questionnaire submitted to supervising

engineers requested information concerning selected topics which are

used by their draftsmen. Table XII presents data regarding the

importance of descriptive geometry topics as judged by the repre-

sentatives of industry in the Dallas-Fort Worth area. All of the

topics listed were viewed as of some importance by at least one-half

of the respondents.

Perpendicular lines was the most important topic from

the point of view of industrial respondents. Thirty-four, or
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TABLE XII

IMPORTANCE OF SELECTED COPICS AS VIEWED BY CHIEF

DRAFTSMEN IN THE DALLAS-FORT WORTH AREA

Importance of Topics

Topics Great Moderate No

No. % No. % No. %

True Length Lines 32 52.5 20 32.8 9 14.8

Auxiliary Views 29 47.5 25 41. 0 7 11.5

Slope of a Line 22 36.1 29 47.5 10 16.4

Bearing of a Line 26 42.6 22 36.1 13 21. 3

Perpendicular Lines 34 55. 7 22 36. 1 5 8.2

Parallel Lines in Space 16 26.2 24 39.3 21 34.4

Non-Intersecting Lines 12 19. 7 23 37. 7 26 42. 6

Cutting Planes 23 37.7 28 45.9 10 16.4

Edge View of a Plane 18 29.5 28 45. 9 15 24.6

True Shape of Incline Planes 16 26. 2 28 45. 9 17 27. 9

True Shape of Oblique
Planes 14 22.9 29 47.5 18 29.5

Shortest Distance from

a Point to a Line 28 45.9 22 36. 1 11 18.0

Shortest Distance from

a Point to a Plane 13 21.3 28 45.9 20 32.8
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TABLE XII (Cont'd)

Importance of Topics

Topics Great Mode rate No

No. % No. % No. %

Shortest Distance from
a Line to a Plane 14 22. 9 28 45. 9 25 41.0

Shortest Grade Line from
a Point to a Plane 8 13. 1 28 45. 9 25 41.0

Piercing Point of a Line
and a Plane 10 16.4 28 45. 9 23 37.7

Shortest Distance between
Two Skew Lines 10 16.4 29 47.5 22 36.1

Grade Line between
Two Skew Lines 8 13.1 26 42.6 27 44.3

Angle between a Line and
a Plane 21 34.4 28 45. 9 12 19. 7

Angle between Two
Intersecting Lines 30 49.2 24 39.3 7 11.5

Angle between Planes 21 34.4 24 39.3 6 26.2

Strike and Dip of a Plane 6 9. 8 22 36. 1 33 54. 1

Axonometric Projection 7 11.5 16 26.2 38 62.3

Vector Analysis 9 14.8 27 44.3 25 41.0

Others: Intersection and

Developing
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55. 7 per cent, of the respondents rated it as of great importance;

twenty-two, or 36. 1 per cent, ranked it as of moderate importance;

only five, or 8. 2 per cent, of the respondents assigned perpendicular

lines a rating of no importance. This topic was reported as of great

importance by a larger number of respondents than is any other. It

was likewise reported as of no importance by a smaller number of

respondents than is any other topic. Its position of greatest import-

ance, then, seems secure.

Only somewhat less important than perpendicular lines were

the following topics: angle between two intersecting lines, auxiliary

views, and the shortest distance from a point to a line. These three

topics were seen as of great importance by thirty, oe 49. 2 per cent,

twenty-nine, or 47. 5 per cent, and twenty-eight, or 45. 9 per cent,

of the respondents respectively. The angle between two intersecting

lines and auxiliary views were seen as of no importance by only seven,

or 11. 5 per cent, of the respondents, whereas the shortest distance

from a poirt to a line was seen as of no importance by eleven, or 18

per cent, of the respondents.

The group of topics appearing to be second in overall

importance was not so often rated as of great importance but was viewed

as at least of modern importance by the majority of those responding.

This group included the following topics: cutting planes, angle between
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a line and a plane, bearing of a line, slope of a line, edge view of a

plane, and true shape of inclined planes. The leader in this group is

cutting planes, rated as of great importance by twenty-three, or 37. 7

per cent, of the respondents; twenty-eight, or 45. 9 per cent, of the

respondents ranked it as of moderate importance, and only ten, or 16.4

per cent, of the respondents considered it of no importance. The low-

est ranking member of this group, true shape of inclined planes, was

seen as of great importance by fourteen, or 22. 9 per cent, of the

respondents; twenty-nine, or 47. 5 per cent, of the respondents rated

it as of moderate importance, and eighteen, or 29. 5 per cent, of the

respondents rated this topic as of no importance. This group gener-

ally, then, was ranked as of great importance by roughly one-third of the

respondents. It was ranked as of moderate importance, generally

speaking, by about one-half of the respondents, whereas approximately

one-fifth of the respondents regarded this group as of no importance.

A third group, comprising the remaining topics with the

exception of two, was regarded as less important than the above

two groups. This group included the following topics: parallel lines

in space, shortest distance from a line to a plane, angle between

planes, shortest distance from a point to a plane, true length lines,

shortest distance between two skew lines, piercing point of a line and

a plane, non-intersecting lines, true shape of oblique planes, vector
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analysis, shortest grade line from a point to a plane, and grade line

between two skew lines. The distribution of the rankings between

great, moderate, and no importance is quite varied for this group.

The dominant pattern, however, seems to be a ranking of moderate

importance by just under one-half of the respondents. Ratings of

great importance and of no importance appear relatively evenly divided

between the remaining one-half of the respondents. The frequency of

great importance as a ranking ranges from thirty-two, or 52. 5 per

cent, of the respondents for true length lines to eight, or 13. 1 per

cent, of the respondents for shortest grade line from a point to a plane

and for grade line between two skew lines. The number of respond-

ents who rank topics of moderate importance ranges from twenty-nine,

or 47. 5 per cent, for true shape of oblique lines and for shortest dis-

tance between two skew lines to twenty-three, or 37. 7 per cent, for

non-intersecting lines. The frequency of the rank of no importance

ranges from nine, or 14. 8 per cent, of the respondents for true

length lines to twenty-seven, or 44. 3 per cent, of the respondents

for grade line between two skew lines.

Of relatively little importance are the two remaining topics:

strike and dip of a planeand axonometric projection, rated as of great

importance by only six, or 9. 8 per cent, and seven, or 11. 5 per cent,

of the respondents respectively. Twenty-two, or 36. 1 per cent, and
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sixteen, or 26. 2 per cent, of the respondents respectively, rank

them as of moderate importance; and thirty-three, or 54. 1 per cent,

and thirty-eight, or 62. 3 per cent, of the respondents rank them as

of no importance.

It is apparent from the responses to the "Other" category

that the topic "Intersection and Development" should have been

included in the questionnaire as a large number of respondents

inserted this topic. A great percentage of those so doing indicated

elsewhere on the questionnaire that draftsmen in their company are

engaged in sheet metal drawing. This would seem to indicate that to

the firms engaged in this type of work, intersection and development

is a topic of great importance.

Table XIII, combining the ratings of great and moderate

importance, presents a ranking of the topics in descriptive geometry

TABLE XIII

TOPICS IN DESCRIPTIVE GEOMETRY RATED AS OF GREAT
OR MODERATE IMPORTANCE BY INDUSTRY

Topics Used Per Cent

True Length Lines . . . . . . . . . . . . . . . . . .

Auxiliary Views . . . . . . . . . . . . . . . . . .

Slope of a Line . . . . . . . . . . . . . . . . .0.0

Draftsmen

85.3

88.5

83.6

of
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TA BLE XIII (C ont'd)

Topics Used

Bearing of a Line . . . . . . a. 0. a. a. 0. . . . . .. .

Perpendicular Lines .. ... . ... .

Parallel Lines in Space . 0.. .. * . 0.. ..0 .

Non-Intersecting Lines 0 . . . 0.0. . . . .0.0. . . .

Cutting Planes . .0 0 . . .0 . . . 0 .. 0 0. .

Edge View of a Plane .. ... . ... .

True Shape of Incline Planes . a.0 . 0.0 . 1.9 .

True Shape of Oblique Planes .. 0 .. 0 0.. 0..

Shortest Distance from a Point to a Line .. . .

Shortest Distance from a Point to a Plane .. . .

Shortest Distance from a Line to a Plane . . . . . . .

Shortest Grade Line from a Point to a Plane . . . . . .

Piercing Point of a Line and a Plane . . .. 0.0.. . .

Shortest Distance between Two Skew Lines

Grade Line between Two Skew Lines ..

Angle between a Line and a Plane .... .. .

Angle between Two Intersecting Lines .. . . .

Angle between Planes ...... 0 * * .....

Per Cent of
Draftsmen

78. 7

91. 8

65. 5

57.4

83.6

75.4

72. 1

70.4

82. 0

67.2

68. 8

59.1

62. 3

63. 9

55. 7

80. 3

88.5

73.7
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Topics Used Per Cent of

Drafts men

Strike and Dip of a Plane . . . . . . . . . . . . . . . . 45.9

Axonometric Projection... . ... ....... . . .. .37.7

Vector Analysis . ..................... 59.1

Other (Intersection and Development.................. 13.2

according to the percentage of respondents attaching any importance

whatsoever to them. According to this ranking the most important

topic is perpendicular lines, reported as of some degree of importance

by 91. 8 per cent of the respondents. Auxiliary views and angle

between two intersections planes were second with 88. 5 per cent of

the respondents acknowledging their importance, followed by true

length lines regarded as important by 85. 3 per cent of the respondents.

Next in importance were cutting planes and slope of a line, checked

by 83. 6 per cent of the respondents. The shortest distance from a

point to a line was viewed as important by 82. 0 per cent, followed by

bearing of a line, checked by 78. 7 per cent of the respondents.

Topics seldom used were shortest grade line from a point to a

plane and vector analysis, checked as important to some degree by

59. 1 per cent, strike and dip of a plane, checked by 45. 9 per cent, and
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axonometric projection, checked by 37. 7 per cent of the

respondents. Included in this group of lesser important topics is

intersection and development, checked by 13.2 per cent of the

respondents; however, since this topic was inserted under the

"Other" category by the respondents themselves, it should be con-

sidered as probably of greater importance than the other topics in

this less important group.

Table XIV presents information concerning the frequency

with which various instruments are used in descriptive geometry.

The piece of equipment which was rated as used most often is the engin-

eer's scale. Fifty-seven, or 93.4 per cent, of the respondents

reported this scale is used often; two, or 3. 3 per cent, of the respond-

ents reported occasional usage, and two others indicated itwas seldom

used. It is the only instrument included on the questionnaire which

was not reported as never used by a single respondent.

Ranking just under the engineer's scale as instruments most

frequently used are templates, the 300 -600 triangle, the 450 triangle,

and the electric eraser. Fifty-two, or 85. 2 per cent, of the

respondents reported that the 300-600 triangle is used often; fifty-one,

or 83. 6 per cent, of the respondents indicated that templates and the

electric eraser are used often; and forty-eight, or 78. 7 per cent, of

the respondents reported the 450 triangle is used often. Templates,
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TABLE XIV

FREQUENCY OF USE OF SELECTED INSTRUMENTS USED
BY INDUSTRY

Extent of Use

Instruments Often Occasionally Seldom Never

Used Used Used Used Used

No. % No. % No. % No. %

Dividers 30 49.2 18 29.5 11 18.0 2 3.3

Proportional

Divide rs 14 22.9 15 24.6 22 36.1 10 16.4

Bow Compass 40 65.6 13 21.3 6 9.8 2 3.3

Beam Compass 30 49.2 18 29.5 11 18.0 2 3.3

T-Square 24 39.3 6 9.8 9 14.8 22 36.1

Drafting Machine 40 65.6 5 8.2 7 11.5 9 14.8

450 Triangle 48 78.7 6 9.8 6 9.8 1 2.0

300-600 Triangle 52 85.2 5 8.2 3 5.0 1 2.0

Adjustable

Triangle 30 49.2 12 19. 7 11 18.0 8 13. 1

Protractor 26 42.6 20 32.8 6 9.8 9 14.8

Engine e r's scale 57 93.4 2 3.3 2 3.3 0 0.0

A rc hite c t's

scale 38 62.3 11 18.0 8 13.1 4 7.0

Electric eraser 51 83.6 5 8.2 3 5.0 2 3.3

Templates 51 83.6 7 11.5 2 3.3 1 2.0
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the 300-60 triangle, and the 450 triangle were reported as never used

by one, or 2 per cent, of the respondents. The electric era ser

was reported as never used by two, or 3. 3 per cent, of the respondents.

It is readily obvious that these instruments received widespread, if not

universal, use.

The remaining instruments received more diversified ranking,

several respondents reporting that they were never used. One group,

the bow compass, the drafting machine, and the architect's scale,

received approximately the same frequency-of-use ratings. Forty,

or 65. 6 per cent, of the respondents reported that the bow compass

and the drafting machine were used often; thirty-eight, or 62. 3 per

cent, of the respondents reported that the architect's scale was used

often. Two, or 3. 3 per cent, of the respondents reported that the

bow compass was never used; four, or 7 per cent, reported that the

architect's scale was never used; and nine, or 14. 8 per cent, reported

that the drafting machine was never used. It should be noted that

the respondents rating the drafting machine as never used are all

employed by relatively small companies.

Even less frequently used are dividers, the beam compass,

the adjustable triangle, and the protractor. Thirty, or 49. 2 per cent,

of the respondents reported the first three instruments in this group
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were used often; twenty-six, or 42. 6 per cent, of the respondents

stated the protractor was used often. Two, or 3. 3 per cent, of the

respondents indicated that dividers and the beam compass were never

used; nine, or 14. 8 per cent, reported that the adjustable triangle

and the protractor were never used.

Rated as least frequently used were the proportional dividers

and the T-square. Twenty-four, or 39. 3 per cent, of the respondents

rated the T-square as used often; and fourteen, or 22. 9 per cent,

rated proportional dividers as often used. On the other hand, twenty-

two, or 36. 1 per cent, of the respondents indicated the T-square as never

used, and ten, or 16.4 per cent, of the respondents marked propor-

tional dividers as never used. Here, again, the T-square was

reported by so many respondents as not being used because the draft-

ing machine was much more efficient and was used where it was

available. The respondents who stated that the T-square was never

used were employed by the larger companies in the area.

Summary

A summary analysis of the replies received from represen-

tatives of industry in the Dallas-Fort Worth area revealed that the

greatest demand for descriptive geometry is in the structural, elec-

trical, and mechanical fields. Out of 180 questionnaires returned,

sixty-one respondents, employing approximately two-thirds of the
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draftsmen in the area, reported that descriptive geometry was used

by draftsmen in their company. Of the draftsmen needing a know-

ledge of descriptive geometry in their work, only about half have

taken a course in descriptive geometry. Most of the companies

reported that they do not give applicants a test in descriptive geome-

try when applying for a position as draftsman. The majority of the

respondents further reported that a combination of the direct and

revolution methods was used by draftsmen in their company.

Visualization of lines and planes were the particular topics of

descriptive geometry most frequently used. Instruments most fre-

quently used include the engineer's scale, templates, the 450 tri-

angle, and the 300 -600 triangle.



CHAPTER IV

SUMMARY, FINDINGS, CONCLUSIONS, AND

RECOMMENDATIONS

Summary

This study was conducted to ascertain whether the compe-

tencies in the area of descriptive geometry needed by draftsmen

employed in the Dallas-Fort Worth industrial area are being

developed in descriptive geometry classes offered in Texas junior

colleges. More specifically, the study was designed to answer the

following questions:

1. What equipment and methods are used to teach descrip-

tive geometry in Texas junior colleges?

2. What knowledge and skills have been identified and are

included in courses of study in descriptive geometry in Texas junior

colleges?

3. What knowledge and skills in descriptive geometry are

needed by draftsmen in industry?

4. What changes can be made in the Texas junior college

curriculum to better meet the needs of industry in the area of

descriptive geometry?

55
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This study was limited to forty-six Texas junior colleges

listed in the Information Guide and Directory of Vocational-Technical

Programs in Post-Secondary Institutions in Texas. I It was further

limited to companies that employ draftsmen as listed by the Dallas

and Fort Worth Chambers of Commerce. 2

Instructors in the forty-six Texas junior colleges were

mailed letters of transmittal explaining the nature and purpose of the

study together with a questionnaire which was to be completed and

returned. Replies were received from thirty-three instructors, or

approximately 88 per cent of those contacted; twenty-nine filled out

the questionnaire, and four indicated that they did not offer descrip-

tive geometry. Similar letters of transmittal and questionnaires

were sent to 268 companies that employ draftsmen in the Dallas-Fort

Worth metropolitan area. Of those contacted, 180, or 67 per cent,

responded.

Chapter I included a statement of the purpose, the signifi-

cance and the need for the study, limitations of the study, definition

of terms, source of data, procedure of the study, organization of

the study, and related research.

1
Texas Education Agency, op. c it.

2 Dallas Chamber of Commerce, 2. cit. ; Fort Worth
Chamber of Commerce, 9p. cit.
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Chapter II presented and analyzed the data received from

the thirty-three instructors in Texas junior colleges. These data

included information on course offerings available, the course content,

the method of teaching, and the equipment used in the teaching of

descriptive geometry.

Chapter III presented and analyzed the data received from

the 180 companies in the Dallas -Fort Worth area. These data

included the number of draftsmen employed, the need for knowledge

and skills related to selected descriptive geometry topics, and the

equipment used by draftsmen in utilizing that knowledge and skill.

Findings

The data presented in this study sustain the following findings:

1. The majority, 87. 9 per cent, of the Texas junior col-

leges offer a course in descriptive geometry.

2. The course in descriptive geometry is more often

offered in the second half of the freshman year than in any other

semester.

3. Descriptive geometry is usually offered in the drafting

and design department or in the engineering department.

4. Most Texas junior colleges offer only one class in

descriptive geometry.
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5. Class size ranged from eleven to thirty students, with a

size of from eleven to twenty prevailing.

6. Most Texas junior colleges require a course in engineer-

ing drawing preparatory to enrollment in descriptive geometry.

7. A combination of the direct and revolution methods is most

often used by instructors of descriptive geometry in Texas junior

colleges.

8. Instructors are in general agreement as to the importance

of topics of instruction that relate to the visualization of lines and

planes.

9. Dividers and the drafting machine are the instruments

most often used in descriptive geometry course, but there is a wide

range in the type of instruments used and also in the frequency with

which they are used.

10. The greatest demand for descriptive geometry in the

Dallas -Fort Worth metropolitan area is in the structural, electrical,

and mechanical fields.

11. Approximately two-thirds of the draftsmen employed

in the Dallas-Fort Worth area need knowledge and skill in the area

of descriptive geometry to perform the work assigned to them.

12. Of those draftsmen utilizing descriptive geometry in the

performance of their job, only about one-half have taken a course
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in descriptive geometry.

13. Most of the companies reported that applicants for the

position of draftsman are not required to take a test in descriptive

geometry as part of the screening procedure.

14. A combination of the direct and revolution methods is

used by most draftsmen in the performance of their work assign-

ments.

15. Topics of descriptive geometry which relate to visualiza-

tion of lines and visualization of planes are used most by draftsmen.

16. Instruments most frequently used include the engineer's

scale, templates, and triangles.

17. The engineer's scale is most used in industry; however,

it is not the most important instrument used in the classroom, although

it does receive wide usage. Templates, the 450 triangle, and the

30.-604 triangle are other instruments which are widely used in

industry but which are emphasized only moderately in the classroom.

A second major discrepancy exists since dividers are emphasized

most prominently in the classroom, whereas they are among the most

infrequently used instruments in industry.
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Conclusions

Assuming that the sample involved was representative of

both the course offerings of descriptive geometry in all Texas junior

colleges and of the need for descriptive geometry in drafting work

in the Dallas -Fort Worth area, and assuming that the data and opin-

ions received were accurate, the following conclusions were drawn:

1. Instructors of descriptive geometry, engineering drawing

instructors, mathematics teachers, and counselors should advise

students preparing to be draftsmen to take a course in descriptive

geometry. Since the data revealed that two-thirds of the draftsmen

in the area use descriptive geometry in the performance of their work

and one-half of these have not had a course in descriptive geometry,

it appears that a number of draftsmen enter their chosen career unpre-

pared in an area necessary to the effective performance of their

duties.

2. Students who take a course in descriptive geometry

receive instruction emphasizing the particular t opics which are seen

as most necessary by the representatives of industry in the Dallas -

Fort Worth area.

3. The instruments most used in the classroom and those

most used in industry are not, however, in such close agreement.

Instructors should re-evaluate the frequency of use accorded various
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instruments in their instruction in an effort to make sure that

students are properly and sufficiently trained in the use of instru-

ments most used in industry.

4. In the courses designed to prepare draftsmen in the field

of descriptive geometry, greater emphasis should be placed upon an

understanding of true length lines, auxiliary views, slope of a line,

bearing of a line, perpendicular lines, true shape of inclined planes,

true shape of oblique planes, shortest distance from a point to a line,

shortest distance from a point to a plane, and shortest distance from

a line to a plane.

5. Future studies of this type should be done periodically

to keep the Texas junior colleges and industry on an even, up-to-date

basis in the field of descriptive geometry.



APPENDIX A

4230 Concho Street
Dallas, Texas 75206

Gentlemen:

We are conducting a study to find the degree of emphasis placed
upon selected topics in the area of descriptive geometry by drafting
instructors in Texas junior colleges. It is our hope that the study
will provide information that will be of value to instructors and
administrators who have the responsibility for developing courses
in descriptive geometry.

On the following pages are ten questions, the answers to which the
remainder of this study depends, and which can be most effectively
answered by drafting instructors currently employed in Texas
junior colleges. It will be greatly appreciated if you would take a
few minutes to complete the information form and return it in the
self-addressed envelope.

If descriptive geometry is taught in another department of your
institution, please pass the questionnaire to the head of the depart-
ment in which the course is taught so that he may complete it and
return it to me.

Thank you for your help in the completion of this survey.

Approved: Very truly yours,

George Ewing
Drafting Instructor
Eastfield Junior College
Dallas, Texas
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APPENDIX B

YOUR NAME (Please print)

NAME OF COLLEGE

COLLEGE MAILING ADDRESS

CITY AND STATE

Information Form Concerning

KNOWLEDGE AND SKILLS TAUGHT IN TEXAS JUNIOR COLLEGES

IN DESCRIPTIVE GEOMETRY

Definition: "Descriptive Geometry" as referred to in this survey is
a course at the undergraduate level designed to introduce, establish,
and apply the theories pertinent to the solution of engineering prob-
lems that deal with physical space and association throughout the
disciplines of engineering, science, and architecture. Its purpose
is to develop the ability to visualize three-dimensional structures
and to analyze the relationship between points, lines, and planes.

Directions: Please respond to each of the following topics by placing
a check mark ( ) in the appropriate spaces or by filling in the blanks
with the information requested.

1. Is descriptive geometry taught in your junior college?

Yes

No

If the answer is "No," it is not necessary to complete the
remainder of the questionnaire. Please return it in the
enclosed envelope to: George Ewing, 4230 Concho, Dallas,
Texas 75206.
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2. How many sections of descriptive geometry are scheduled in
your institution in each of the following class size categories?

Number of students Fall 1971

1 - 10

11 - 20

21 - 30

31 - up

3. How many sections of descriptive geometry are scheduled for
the 1972 spring semester?

4. At what classification is the course taught?

Freshman

Sophomore

5. What are the prerequisites?

None

Algebra

Plane Geometry

Drafting

Engr. Graphics

Others

6. By which method is descriptive geometry taught?

Direct

R evolutin

Direct and Revolution

7. In which department is descriptive geometry taught?

Math and Science

Engineering

Drafting and Design

Industrial Arts

Others



65

8. What textbook are you now using?

Complete Title

Author

9. Please check the degree of emphasis you place on the following

topics included in your course.

Importance of

Topics

0a)

00

1. True length lines
2. Auxiliary views

3. Slope of a line

4. Bearing of a line

5. Perpendicular lines
6. Parallel lines in space

7. Non-intersecting lines

8. Cutting planes
9. Edge view of a plane

10. True shape of incline planes

11. True shape of oblique planes
12. Shortest distance from a poirt to a line

13. Shortest distance from a point to a plane

14. Shortest distance from a line to a plane

15. Shortest grade line from a point to a plane
16. Piercing point of a line and a plane

17. Shortest distance between two skew lines

18. Grade line between two skew lines
19. Angle between a line and a plane
20. Angle between two intersecting lines

21. Angle between planes

22. Strike and dip of a plane
23. Axonometric projection
24. Vector analysis
25. Others
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10. The following is a list of equipment commonly used in the field of
descriptive geometry. Please check the appropriate space
indicating the frequency of use in your courses.

Extent of Us e

Often Occasional Seldom Never Equipment

Dividers

Proportional Dividers

Bow Compass

Beam Compass

T -Square
Drafting Machine
450 Triangle
300-.600 Triangle
Adjustable Triangle

Protractor

Engineer's Scale

Architect's Scale

Electric Eraser

Templates



APPENDIX C

4230 Concho
Dallas, Texas 75206

Attention: Chief Engineer

Dear Sir:

One of the major purposes of junior colleges is that of developing
technical competencies that will enable their graduates to enter into
and function effectively in industry. We are conducting a study to
find the nature of the duties relating to descriptive geometry per-

formed by draftsmen in the Dallas-Fort Worth area.

On the following pages are eight questions, the answers to which
the remainder of this study depends and which can be most effectively
answered by those who are currently employed in drafting industries.

It is our hope that our study will provide information which will be
of value to Texas junior colleges in their attempt to develop realistic

courses in descriptive geometry.

Enclosed is a stamped, self-addressed envelope and a questionnaire.

It will be greatly appreciated if you would take a few minutes to com-
plete the information form and return it in the self-addressed

envelope.

Thank you very much for your help in this study.

Approved: Very truly yours,

George Ewing
Drafting Instructor
Eastfield Junior College

Dallas, Texas 75206
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APPENDIX D

YOUR NAME (Please print)

TIT LE

NAME OF COMPANY

COMPANY MAILING ADDRESS

CITY AND STATE ZIP

Information Form Concerning

KNOWLEDGE AND SKILLS IN DESCRIPTIVE GEOMETRY

REQUIRED OF DRAFTSMEN

Directions: Please respond to each of the following topics by placing

a check mark ( ) in the appropriate spaces or by filling in the blanks

with the information requested.

1. What kind of drawings are done by your company?

Aeronautical

A rchitectural

Electr ical

Mechanical

Technical Illustrations

Civil "Mapping"

Piping and Pressure Vessel Design

Structural

Sheet Metal

Others

2. How many draftsmen do you employ at this location?
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3. Is descriptive geometry used in your company?

Yes

No

If the answer is "No," it is not necessary to complete the
remainder of the questionnaire. Please return it in the enclosed
envelope to: George Ewing, 4230 Concho, Dallas, Texas 75206

4. How many of your draftsmen have completed a course in
descriptive geometry (if information is readily available)?

High school level
College level

5. What method is used by your draftsmen in solving descriptive
geometry?

Direct

R evolution

Direct and Revolution

6. When you hire a new draftsman, do you administer some form of
test in the field of descriptive geometry?

Yes

No
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7. Please check the following topics which are used by your
draftsmen.

Importance of

Topics

0a)

00

1. True length lines
2. Auxiliary views

3. Slope of a line
4. Bearing of a line
5. Perpendicular lines

6. Parallel lines in space

7. Non-intersecting lines

8. Cutting planes

9. Edge view of a plane
10. True shape of incline planes
11. True shape of oblique planes

12. Shortest distance from a point to a line

13. Shortest distance from a point to a plane

14. Shortest distance from a line to a plane
15. Shortest grade line from a point to a plane

16. Piercing point of a line and a plane

17. Shortest distance between two skew lines
18. Grade line between two skew lines

19. Angle between a line and a plane

20. Angle between two intersecting lines

21. Angle between planes
22. Strike and dip of a plane
23. Axonometric projection
24. Vector analysis

25. Others
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8. The following is a list of equipment commonly used in the field of
descriptive geometry. Please check the appropriate space
indicating tke frequency of use in your drafting department.

Extent of Us e

Often Occasional Seldom Never Equipment

Dividers

Proportional Dividers

Bow Compass

Beam Compass

T-Square
Drafting Machine

450 Triangle
300-60o Triangle
Adjustable Triangle

Protractor

Engineer's Scale

Architect's Scale

Electric Eraser

Templates



APPENDIX E

TEXAS JUNIOR COLLEGES PARTICIPATING IN THE STUDY

1. Alvin Junior College
3110 South Mustang Road
Alvin, Texas 77511

2. Amarillo College
P. O. Box 447
Amarillo, Texas 79105

3. Angelina Jr. College
P.O. Box 1768
Lufkin, Texas 75901

4. Bee County College
R oute One
Beeville, Texas 78102

5. Central Texas College
U.S. 190 West
Killeen, Texas 76541

6. Cisco Jr. College
Route Three
Cisco, Texas 76437

7. College of the Mainland
8001 Palmer Highway
Texas City, Texas 77590

8. Cooke County Jr. College
Box 815
Gainesville, Texas 76240
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9. Del Mar College of Texas

Baldwin & Ayers

Corpus Christi, Texas 78404

10. Eastfield College
3737 Motley Dr.
Mesquite, Texas 75149

11. El Centro Jr. College
Main and Lamar

Dallas, Texas 75201

12. Galveston College

4015 Ave. Q
Galveston, Texas

13. Grayson County Jr. College

P. O. Box 979
Denison, Texas 75020

14. Henderson County Jr. College

Cardinal Drive
Athens, Texas 75751

15. Hill Jr. College
P.O. Box 619
Hillsboro, Texas 76645

16. Howard County Jr. College

l1th at Birdwell

Big Spring, Texas 76645

17. Kilgore Junior College
Kilgore, Texas 75662

18. Midland Jr. College
1801 W. Wall
Midland, Texas 79701

19. Mountain View Jr. College

4849 Illinois Ave.
Dallas, Texas 75211
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20. Navarro Jr. College

P.O. Box 1170
Corsicana, Texas 75110

21. Odessa College
P.O. Box 3752
Odessa, Texas 79760

22. Panola Jr. College

Carthage, Texas 75633

23. Paris Jr. College
Paris, Texas 75460

24. Ranger Jr. College
College Circle
Ranger, Texas 76470

25. St. Philips College
2111 Nevada Street

San Antonio, Texas 78203

26. San Antonio College

1300 San Pedro
San Antonio, Texas 78284

27. San Jacinto College

8060 Spencer Highway
Pasadena, Texas 77505

28. Southwest Texas Junior College

Uvalde, Texas 78801

29. Tarrant County Junior College

South Campus

5301 Campus Drive

Fort Worth, Texas 76119

30. Tarrant County Junior College

North East Campus
828 Harwood Road

Hurst, Texas 76021
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31. Tyler Jr. College
East 5th Street
Tyler, Texas 75701

32. Victoria Jr. College
2200 E. Red River
Victoria, Texas 77901

33. Weatherford Jr. College
E. Park
Weatherford, Texas 76086



APPENDIX F

DALLAS-FORT WORTH AREA FIRMS PARTICIPATING

IN THE STUDY

Firm No. of Draftsmen
Employed

1. A B & J Construction Company, Inc. 4

812 Stadium Drive E
Fort Worth, Texas

2. Adams Reid and Associates 4

Registered Professional Engineers
Continental Life Building
Fort Worth, Texas

3. Apogee Corporation 3
2408 Ludelle
Fort Worth, Texas 76105

4. B & E Drafting Inc. 3
Riverside State Bank
Fort Worth, Texas 76111

5. John R. Ball, Jr. 6
100 E. South Street
Fort Worth, Texas

6. R.W. Booker & Associates, Inc. 3
417 Baker Building
Fort Worth, Texas

7. K. K. Brimer & Associates, Inc. 4
3113 N. Erie
Fort Worth, Texas 76112
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Firm No. of Draftsmen
Employed

8. Brown and Davies 4

1412 W. Magnolia Avenue

Fort Worth, Texas 76104

9. Harry Bulbrook Industrial Labs 1

3001 Cullen
Fort Worth, Texas 76107

10. James H. Carlson Engineering Service 5

Registered Professional Engineer

3815 McCart

Fort Worth, Texas 76110

11. Carter and Burgess, Inc. 35

Engineers -Planners
1100 Macon

Fort Worth, Texas

12. Robert Walter Chambers 6

A rchitect-Engineer
714 Main

Fort Worth, Texas

13. Cost Systems Engineers Inc. 3

4907 Ohio Garden

Fort Worth, Texas 76114

14. Henry G. Creel, Jr. 3
Seminary South Office Building

Fort Worth, Texas 76115

15. Development-Environmental Systems 8

1721 McClellan Court

Fort Worth, Texas 76112

16. ESCO Engineering Services Company 7

325 S. Mesquite

Fort Worth, Texas 76111
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Firm No. of Draftsmen
Employed

17. Phil H. Edwards Contract Engineering 9
4236 Lovell
Fort Worth, Texas 76107

18. Walter A. Elliott, Jr. 5

Consulting Engineer

1302 W. Euless Blvd.
Fort Worth, Texas

19. H. B. Everett, Jr. I

Registered Professional Engineer

3455 W. Vickery
Fort Worth, Texas 76107

20. Don H. Fleming & Associates 3

100 N. University
Fort Worth, Texas 76107

21. Freese, Nichols & Endress 20

Registered Professional Engineers

811 Lamar Street

Fort Worth, Texas 76102

22. General Dynamics 38

P.O. Box 748
Fort Worth, Texas 76101

23. W. B. Harris, Jr. 2

W. T. Wagner Building
Fort Worth, Texas

24. Helena & Harlan 2

711 W. 7th Street

Fort Worth, Texas 76102

25. Horace S. Hooper 2

1020 Currie

Fort Worth, Texas 76107
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Firm No. of Draftsmen

Employed

26. International Engineering Co., Inc. 6
4837 West Freeway

Fort Worth, Texas 76107

27. L. Wood Jackson 3
W. T. Wagner Building
Fort Worth, Texas

28. Leonard E. Kanto 2
2915 Morton
Fort Worth, Texas 76107

29. Kneer & Hamm Associates 4

A rchitects -Engineers -Planners

Continental National Bank Building

Fort Worth, Texas

30. W.W. Latson 5
Schick Building
Fort Worth, Texas

31. Leon J. Levitt & Associates 8

Owen D. Long
1108 Irwin Drive

Fort Worth, Texas 76110

32. Love, Jackson & Friberg Inc. 8
Registered Professional Engineers

Fort Worth National Bank Building

Fort Worth, Texas

33. Maples, Jones & Associates 6
Architects and Engineers
711 W. 7th Street

Fort Worth, Texas 76102

34. William R. Massey 1
316 Bailey
Fort Worth, Texas 76107
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Firm No. of Draftsmen

Employed

35. McClure and Company 6
316 Bailey

Fort Worth, Texas 76107

36. Metro Engineering & Surveying Inc. 5
1228 Trailwood Drive
Fort Worth, Texas 76119

37. Neubecker Detailing Company 31

2708 W. Berry Street

Fort Worth, Texas 76109

38. Norris Drafting Service 5

5233 E. Lancaster

Fort Worth, Texas 76103

39. Octal Systems, Inc. 3

5280 Trail Lake Drive

Fort Worth, Texas 76133

40. Rady & Associates, Inc. 10

Registered Professional Engineers

Continental Life Building
Fort Worth, Texas

41. Romine & Slaughter, Inc. 7

3224 Collinsworth
Fort Worth, Texas 76107

42. Sempco Inc. 6
3208 S. Main
Fort Worth, Texas 76110

43. R.S. Smith 1
3230 Avenue J

Fort Worth, Texas 76105

44. Gordon S. Swift 2
Consulting Engineer
Commerce Building
Fort Worth, Texas
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Firm No. of Draftsmen
Employed

45. J. B. Thomas 3

First National Bank Building
Fort Worth, Texas

46. Tippetts, Abbett, McCarthy, Stratton 6

604 Avenue H East

Fort Worth, Texas 76105

47. Universal Map & Drafting Company 1

N. P. Anderson Building

Fort Worth, Texas

48. James Van Gorder 1

Registered Professional Engineer

N. P. Anderson Building
Fort Worth, Texas

49. John Rush Vann 1

First National Bank Building

Fort Worth, Texas

50. R.S. Woodruff & Associates, Inc. 4

Registered Professional Engineers
316 Bailey

Fort Worth, Texas 76107

51. Yandell and Hiller 4

Registered Professional Engineers

Fort Worth National Bank Building

Fort Worth, Texas

52. Acme Drafting Service 7

Stemmons Tower West

Dallas, Texas 75247

53. Acrey Associates Consulting Engineers, Inc. 5

2331 Gus Thomason

Dallas, Texas
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Firm No. of Draftsmen

Employed

54. Albritton and Associates 1

Consulting Engineers

1949 Stemmons Freeway

Dallas, Texas

55. Allgeier, Martin & Associates, Inc. 4

Registered Professional Engineers

3727 Dilido

Dallas, Texas

56. J. B. A llins on 5

Dallas Federal Savings Building

Dallas, Texas

57. Arnold and Burch Incorporated 5

Consulting Engineers

Oak Cliff Bank Tower
Dallas, Texas

58. Astro Engineering Corporation 20

6115 Denton Drive

Dallas, Texas

59. The Austin Company 20

Engineers & Builders

6116 N. Central Expressway

Dallas, Texas

60. Austin Steel Company, Inc. 20

1815 Coombs Street

Dallas, Texas 75215

61. Thomas Beckett 2

Division of Hydrometals, Inc.

2521 Willowbrook Road

Dallas, Texas 75220

62. Biar & Mayes Consulting Engineers 1

4300 Sigma
Dallas, Texas
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63. W.H. Bigger 1
Meadows Building

Dallas, Texas

64. Black & Veatch 5

500 S. Ervay Building
Dallas, Texas

65. UzzellS. Branson, Jr. 8

Meadows Building
Dallas, Texas

66. W.A. Buchanan 7

Fidelity Union Tower

Dallas, Texas

67. Canada & Walker 2

3210 West Illinois

Dallas, Texas

68. C. L. Carter, Jr. & Associates, Inc. 1

Braniff Tower

Dallas, Texas 75235

69. John G. Carver 1

Consulting Engineer
2331 Gus Thomasson

Dallas, Texas

70. Cema Engineers, Inc. 1

5133 Lahoma
Dallas, Texas

71. Collins Radio 300
1200 Alma Rd.
Richardson, Texas 75207

72. Condry, Cayton, Burford & Associates 1

10901 Garland Road

Dallas, Texas
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73. ControlSystems Research, Inc. 1

Main Bank Building
Dallas, Texas

74. Cook & Huitt, Inc. 6
Consulting Engineers

One Turtle Creek Village

Dallas, Texas

75. Fred H. Cooper & Associates 1
10536 Lake Gardens

Dallas, Texas

76. Cordell & Associates, Inc. 3

2639 Walnut Hill Lane
Dallas, Texas

77. James Crisp 5

2800 Routh
Dallas, Texas

78. George L. Dahl, Inc. 80
2101 N. St. Paul Street

Dallas, Texas 75201

79. City of Dallas, Public Works 35
Room 305, City Hall
Dallas, Texas 75201

80. Donald E. Davis 7
2023 Cedar Springs Road

Dallas, Texas 75201

81. Dearborn Stove Company 4

P.O. Box 28462
Dallas, Texas 75228

82. Diversified Engineering Services 1

5430 Redfield
Dallas, Texas
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83. Duco Incorporated 6
5622 Dyer
Dallas, Texas

84. Duval, Cashion Consulting Engineers 5

3944 Boca Bay
Dallas, Texas

85. East Dallas Drafting Service 6
1210 Old Gate

Dallas, Texas

86. Electronic Equipment Engineering, Inc. 8

P.O. Box 20194
Dallas, Texas

87. Ellisor & Tanner Consulting Engineers 6

Expressway Tower

Dallas, Texas

88. Environmental Engineering 4

OMNIPLAN
318 N. St. Paul Street

Dallas, Texas

89. Harold L. Evans Consulting Engineers 5

2331 Gus Thomasson

Dallas, Texas

90. Harry W. Flower & Associates, Inc. 10

Consulting Engineers
Southland Center

Dallas, Texas

91. Ford, Bacon & Davis 35

National Dr.

Garland, Texas

92. Howell N. Forman, Jr. & Associates 1

511 N. Akard
Dallas, Texas
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93. Forney Engineering Company 17
P.O. Box 35327
Dallas, Texas 75235

94. Forrest & Cotton, Inc. 60

600 Mercantile Continental Building

Dallas, Texas 75201

95. Fowler & Grafe, Inc. 4

3900 Lemmon Avenue

Dallas, Texas

96. Frontier Manufacturing Company 1

P.O. Box 20335
Dallas, Texas

97. Gaddy & Loven 3

9817 Kingsley Road

Dallas, Texas

98. Gardner-Denver Company 24

4400 Hatcher Street

Dallas, Texas

99. Gaynor & Sirmen, Inc. 6

3614 Oak Grove

Dallas, Texas

100. General Devices, Inc. 8

Services Division
Exchange Park Mall

Dallas, Texas 75235

101. John C. Gibson & Company, Inc. 15
9510 Military
Dallas, Texas

102. Raymond L. Goods on, Jr., Inc. 6

2909 Lemmon Avenue

Dallas, Texas
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103. William C. Goodson 5
Praetorian Building

Dallas, Texas 75201

104. Graff Engineering Corporation 6

7007 Preston Road

Dallas, Texas

105. Great Southwest Engineering Consultants 7
1830 E. Abram

Dallas, Texas

106. H. G. Gergerson Engineers, Inc. 3

2909 Lemmon Avenue

Dallas, Texas

107. H. J. Gruy & Associates, Inc. 2

Registered Professional Engineers
2501 Cedar Springs Road

Dallas, Texas 75201

108. Haag Engineering Company 1

P. O. Box 30627
Dallas, Texas

109. Albert H. Halff Associates, Inc. 8

3636 Lemmon Avenue

Dallas, Texas

110. Hancock Associates 1

910 Cordova

Dallas, Texas 75223

111. Hennington, Durham & Richardson, Inc. 12

Republic National Bank Tower

Dallas, Texas 75201

112. Herod & Skiles, Inc. 3

5008 Greenville Avenue

Dallas, Texas
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113. Rand Holstead 1

1830 Sylvan Drive
Dallas, Texas

114. H. Lou Horne, Jr. 4

11208 Garland Road

Dallas, Texas

115. Howard, Needles, Tammen & Bergendoff 6

6434 Maple Avenue

Dallas, Texas

116. Howard's Drafting Service 1

Wilson Building
Dallas, Texas

117. Huang & Associates, Inc. 2

9405 Pinewood

Dallas, Texas

118. Hunt & Joiner, Inc. 3

4300 N. Central Expressway

Dallas, Texas 75205

119. Hunter Associates 7

Division of University Computing Co.

5630 Yale Blvd.

Dallas, Texas

120. Ralph C. Immel 2
15503 Dooley Road

Dallas, Texas

121. Industrial Arts & Designs 20

6115 Denton Drive

Dallas, Texas

122. Industrial Drafting Company 4

2041 W. Commerce

Dallas, Texas
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123. Intercontinental Plastics Manufacturing Co. 3

825 Trunk
Dallas, Texas

124. W. H. James 3
1416 Commerce

Dallas, Texas

125. Joe R. John 7
Engineer & Surveyor

5617 Swiss
Dallas, Texas

126. Don Johnston 1

3727 Dilido
Dallas, Texas

127. Koegel, Cash & Associates 10

3011 Hood Street

Dallas, Texas

128. Charles B. Kornman & Associates, Inc. 3

Stemmons Tower South

Dallas, Texas

129. Leo L. Landauer & Associates, Inc. 5

3811 Rawlins

Dallas, Texas 75219

130. Floyd Lay Designers 10

238 W. Davis Street

Dallas, Texas

131. Sidney Lee Associates 6

1323 Wall

Dallas, Texas

132. Lifson, Wilson, Ferguson & Winick 15

7616 LBJ Freeway

Dallas, Texas
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133. Ling-Temco-Vought Aerospace Corp. 8
P.O. Box 5907
Dallas, Texas 75222

134. Lohrengel-McDonald Company 10
1905 Barnes Bridge

Dallas, Texas

135. Mayes & Brockette, Inc. 3
Meadows Building
Dallas, Texas 75206

136. Thad B. McCormick 2
1416 Commerce

Dallas, Texas

137. C.R. McCreary & Associates 1

3014 Cole Avenue

Dallas, Texas

138. Chick McElya 2
3901 San Jacinto

Dallas, Texas

139. Billy R. McMahan & Associates 3
2626 W. Mockingbird Lane

Dallas, Texas

140. McNeff Industries, Inc. 2

P. O. Box 10626
Dallas, Texas 75207

141. James L. Mitchell, Inc. 3
2355 N. Stemmons Freeway

Dallas, Texas

142. John E. Mitchell 5
3800 Commerce

Dallas, Texas
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143. Mitchell Map & Drafting Company 4
Collum Building
Dallas, Texas

144. Mobil Oil Corporation 4

P. O. Box 900
Dallas, Texas 75221

145. Moore Engineers, Inc. 2

2614 Freewood

Dallas, Texas

146. Nagler Engineers, Inc. 4

2301 N. Akard
Dallas, Texas

147. Joe M. Nall & Associates 1

2920 Lemmon Avenue East

Dallas, Texas

148. B. L. Nelson & Associates, Inc. 5

C onsulting Engineers
2323 Charles Road

Dallas, Texas

149. Carl O'Neal & Associates 2

1720 John West

Dallas, Texas

150. Otis Elevator Co. 15

P.O. Box 2700
Dallas, Texas 75221

151. Otis Engineering 9
Belt Line Rd.
Carrollton, Texas

152. William E. Patterson 3
4300 N. Central Expressway

Dallas, Texas
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153. W.H. Perry, Jr. 2
318 N. St. Paul Street

Dallas, Texas 75201

154. Powell & Powell Engineers 4
Fidelity Union Tower Building
Dallas, Texas

155. Ratliff, Purdy & McGuire 10
4300 Sigma Road
Dallas, Texas

156. Recognition Equipment 20

Grywyer Street

Irving, Texas

157. Redman Engineering Service 1

4689 S. Versailles
Dallas, Texas 75205

158. Erven Rovinsky & Associates, Inc. 6
11411 N. Central Expressway

Dallas, Texas

159. Schafer Engineering 1

Me rcantile Continental Building

Dallas, Texas 75201

160. Schreiber & McGhee 13
7209 Scyene Road
Dallas, Texas

161. Shimek, Roming, Jacobs & Finklea 10

Adolphus Tower

Dallas, Texas

162. Wilbur Smith and Associates 1
325 W. 12th Street
Dallas, Texas
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163. Splawn-Munir & Associates, Inc. 3
Frito Lay Tower
Dallas, Texas 75235

164. Standard Mfg. 5
4200 Illinois
Dallas, Texas

165. Billy L. Stephenson & Associates 3

Consulting Engineers
7311 Ferguson Road

Dallas, Texas

166. Stevens Engineering Associates 8
7319-C Hines Place

Dallas, Texas

167. John M. Stevenson & Associates 1

Hudson & Hudson Building

Dallas, Texas

168. Sun Oil Company 8

P.O. Box 2880
Dallas, Texas 75221

169. Texas Instruments, Inc. 300

Government Products Division

P.O. Box 6015
Dallas, Texas 75222

170. Threadgill-Dowdey & Associates 4

Consulting Engineers
4639 Insurance Lane

Dallas, Texas

171. Tippett & Gee Consulting Engineers 13

Meadows Building

Dallas, Texas
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172. Travis, Braun & Associates, Inc. 3
3403 Lee Parkway
Dallas, Texas

173. Vernon Engineers, Inc. 4
6819 Hillcrest Avenue

Dallas, Texas

174. Western Electric 6
3000 Skyline Rd.
Dallas, Texas

175. J. H. Williams 1
6200 N. Central Expressway

Dallas, Texas

176. Edward L. Wilson, Jr. 3
2020 Live Oak
Dallas, Texas

177. Lloyd J. Wolf & Son, Inc. 3
Division of Southwest Wheel &

Manufacturing Company
2425 Irving Blvd.
Dallas, Texas

178. Young, Hadawi, Inc. 2

4447 N. Central Expressway

Dallas, Texas

179. Robert E. Zinn 3
2653 Tarna

Dallas, Texas

180. Zumwalt & Vinther, Inc. 8
Me rcantile Continental Building
Dallas, Texas
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