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CHAPTER I 

INTRODUCTION 

The members of the Montana Industrial Arts Association have dis¬ 

cussed the possibility of setting up a suggested set of standards for the 

industrial arts program, which is an essential phase of general education. 

The objectives for the industrial arts program are designed to add strength 

to a sound educational plan. This plan has been defined more specifically 

by Giachino and Gallington as: 

An educational plan may be defined as any learning environ¬ 

ment wherein adequate experiences are provided which permit pupils 

to develop their abilities to their maximum potentialities.^ 

A study of the objectives for industrial arts as set forth by the 

American Vocational Association makes it apparent how the industrial arts 

phase of education strengthens a sound educational plan as typified by 

general education. These objectives are: 

1# Interest in Industry. To develop in each pupil an active 
interest in industrial life and in the methods and problems 
of production and exchange. 

2. Appreciation and Use. To develop in each pupil the appre¬ 

ciation of good design and workmanship and the ability to 

select, care for, and use of industrial products wisely. 

3* Self-realization and Initiative. To develop in each pupil 
the habits of seIf-reliance and resourcefulness in meeting 

practical situations. 

U* Cooperative Attitudes. To develop in each pupil a readiness 
to assist others and to join happily in group undertakings. 

1 
Giachino, J. and Gallington, R., Course Construction in Industrial 

A-rts and Vocational Education, p. 1. 



2 

5. Health and Safety, To develop in each pupil desirable atti¬ 
tudes and practices with respect to health and safety, 

6. Interest in Achievement. To develop in each pupil a feeling 

of pride in his ability to do useful things and to develop 

worthy leisure-time interests. 

7* Orderly Performance. T0 develop in each pupil the habit of 
an orderly, complete, and efficient performance of any task. 

8. Drawing and Design. To develop in each pupil an understand- 

, ing of drawings and the ability to express ideas by means of 

drawings. 

9* Shop Skills and Knowledge. T0 develop in each pupil a measure 
of skill in the use of common tools and machines and an under- 

' standing of the oroblems involved in common types of construc¬ 

tion and repair.^ 

The Montana Industrial Arts Association has recognized the fact 

that no course of study has been accepted for the State of Montana, and 

that many discrepancies do exist between the programs offered in indus¬ 

trial arts in the different schools of Montana. The members of this 

organization discussed the possibility of formulating a suggested set of 

standards for Montana during the annual meetings held in 195& and 1957* 

Many states have a course of study set up as a guide for the in¬ 

structors to enable them to better attain these objectives of the Ameri¬ 

can Vocational Association, and to help standardize the courses taught 

in the industrial arts field. As one of the inherent faults with a pro¬ 

gram set up to follow a course of study seemed to be to stifle creative¬ 

ness and exploration, the Montana Industrial Arts Association members did not 

wish to adopt such a program without some research in the field of indus¬ 

trial arts as taught in Montana to ascertain pertinent facts relevant to 

a set of standards that could be developed for use in Montana. 

2American Vocational Association, A Guide to Improving Instruction 
in Industrial Arts, pp. 18-28. 
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The important contributions that industrial arts makes to general 

education and the valuable skills that carry over into life and industry 

together with the desire of Montana Instructors of industrial arts to 

focus attention on the development of standards for the improvement of 

industrial arts without adhering to a rigid course of study, led to the 

selection of the problem for this investigation. 

Statement of the Problem 

Ti/hat degree of importance do the instructors of industrial arts 

in the State of Montana attach to selected factors basic to a set of 

standards for an industrial arts course? Due to a time limit placed 

upon the investigation, a single phase of industrial arts was selected. 

The writer considered mechanical drawing to be the foundation upon which 

the industrial arts program is based, therefore, the investigation was 

conducted in this area. 

Procedure of the Study 

Tv/o procedures were used in this study. The first procedure was 

a review of literature to determine basic objectives, skills, and mate¬ 

rials of a mechanical drawing program. The second procedure was a 

determining of practices of mechanical drawing in various schools of the 

State by the means of a questionnaire sent to all industrial arts and 

mechanical drawing instructors. 

The first of these procedures, a review of literature, is presented 

in Chapter II. 
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CHAPTER II 

THE GENERAL STATUS OF OBJECTIVES, SKILLS, AND MATERIALS 

IN A MECHANICAL DRAWING PROGRAM 

A review of literature dealing with objectives, skills, and mate¬ 

rials was made to determine the general status of standards in these areas* 

The information was used for a basis formulating questions and also as a 

basis for comparison with those practices found to be standard in the 

State of Montana. 

The treatment of these findings appears in the following three sec¬ 

tions. 

Objectives of Mechanical Drawing ^ 

The mechanical drawing phase of industrial arts, as treated in this 

investigation, has been considered as a division of general education. 

Many detailed definitions of general education have been written but it 

essentially involves developing youth to their fullest capacities for 

participation in life as expressed in the following statement by Giachino 

and Gallington: 

1. Experiences provided to develop the native capacities of 

youth to their fullest extent. 

2. Learning process that brings about a development of the 

intellectual, physical, and emotional qualities of children 

so that they may grow into useful and intelligent citizens. 

3* Educative program that provides the environment, the oppor¬ 
tunity, and the guidance for the attainment of those patterns 
of behavior that satisfy the needs of the child and society.^- 

1 
Giachino, J. and Gallington, R., 

Arts and Vocational Education, p. 12. 
Course Construction in Industrial 
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Wilber maintained that the various statements about the purposes 

of general education might be simplified and summed up as implying the 

three basic purposes, to transmit a -way of life, to improve and recon¬ 

struct that way of life, and to meet the.needs of individuals. 

The objectives of mechanical drawing, as set forth by the Connecti 

cut State Department of Education, supplement the objectives of general 

education through the emphasis on planning, neatness, and revealing know¬ 

ledge and skills of everyday living as related to industry. They are: 

1. To give the student a fundamental knowledge of the language 

of industry. 

2. To develop an appreciation for and an understanding of the 

importance of careful planning; to show the dependence of 

industry upon careful planning. 

3* To show the importance of accurate and neat work. 

Ij.. To develop the power of visualization and the ability to 
express ideas by means of conventions used by the draftsman. 

5. To show how a knowledge of drawing is useful in everyday 
living.^ 

These reports on specific objectives in mechanical drawing clearly por¬ 

tray the feelings of writers in the field regarding its values. The gen¬ 

eral attitude of authorities in the field regarding basic skills in 

mechanical drawing is indicated in the following section. . 

Basic Skills Developed in Mechanical Drawing 

Since the results of the questionnaire were to be used as a basis 

for standards for the mechanical drawing instruction in Montana, it was 

2 
Connecticut State Department of Education, A Handbook, In Indus¬ 

trial Arts for Connecticut Secondary Schools, Part II, Curriculum Labora¬ 

tory, Bulletin 15, p* 81. 
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considered desirable to find what the authorities considered to be the 

essential basic skills. Feirer has given the follovdng as essential 

basic skills: 

How to read a rule and make measurements. 

How to use the common drawing tools. 

How to make a one-view drawing. 

Learning to letter. 

Dimensioning drawings. 

How to make a drawing to scale. 

How to make and enlarge patterns. 

How to make working drawings. 

How to draw a project you can make in the shop (designing). 

Sketching. 

How to change a pictorial drawing to a working drawing. 

How to make a complete set of drawings for a simple mechanical 

object.^ 

An- example of how these essential skills have been emphasized by 

one state is given in the Course of Study for Industrial Arts in North 

Dakota.^- It lists practically the same skills* 

There are other experts that agree on the basic skills for the } 

most part, but with slight variations, such as French and Svensen.5 Their 

listing varies by including the skills on how to make auxiliary views and 

revolutions. $ 

^Feirer, J. L., Drawing and Planning For Industrial Arts, p. 11. 

^N. D. Department of Public. Instruction, Industrial Arts in North 
Dakota, pp. li|-17. 

^French, T. and Svensen, C., Mechanical Drawing, p. 16-139* 
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The experts also agree in general on the items of equipment gener¬ 

ally considered as standard equipment for mechanical drawing* 

Equipment Used in Mechanical Drawing 

The experts have listed standard items of equipment to be used for 

mechanical drawing. Those given by Spencer^ are quite typical of the 

items considered to be standard. The following items are suggestive: 

Drawing board 

T-square 

Set of instruments 

1+5° triangle (8” side) 

30° x 60° triangle 
(I0n long side) 

Lettering triangle 

Architect’s scale 

Irregular curve 

Protractor 

Drawing paper 

Drawing pencils 

Sandpaper pad 

Weldon Roberts "India" or 
a Ruby pencil eraser 

Erasing shield 

Artgum 

Pen staff 

Gillott’s 303 and [(.Oil 
pen points 

Black drawing ink 

Thumb tacks (or drafting 
tape) 

Most of the authorities have listed essentially the same items of 

equipment as being standard with few variations. Such items as dusting 

brush, drop pen, oil stone, pocket knife, slide rule, and dusting cloth 

have been suggested by Giesecke, Mitchell, and Spencer,7 and the omitting 

of such items as the protractor, black drawing ink, and pen points by 

French and Svensen.® 

spencer, H., Mechanical Drawing, p. 11+. 
7 # [ 

Giesecke, F., Mitchell, A., and Spencer, H., Technical Drawing, p. I4. 

French and Svensen, op. cit., pp. 16-36. 
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The listing of drafting machines and straight edges as essential 

has been considered by many experts, such as French and Svensen,9 but 

only for the purpose of brief introduction with the suggestion that this 

equipment is too advanced to be listed as standard equipment for regular 

use. 

Mechanical drawing objectives, skills and materials have been 

quite well established and agreed upon by authors in the field of mechani¬ 

cal drawing. 1'To great variations in standards have existed but a few 

points of departure were noticed. These agreed on standards do offer a 

set of general standards as guides for instructors and with which com¬ 

parison can be made for the Montana standards which are brought out in 

the next chapter. 

9lbid., p. 25. 
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CHAPTER III 

STATUS OF MECHANICAL DRAWING IN MONTANA 

To determine- v/hat practices were being followed in the State of 

Montana in mechanical drawing, a questionnaire was made up of questions 

based on suggested standards as derived from a review of literature. 

This questionnaire was sent to several of the instructors of industrial 

art departments of colleges in the State of Montana for the purpose of 

validating the questions selected. All of these were returned, and 

revisions were made that resulted in the final questionnaire. This ques¬ 

tionnaire was sent to the 125 instructors in the State of Montana who 

teach mechanical drawing or industrial arts. Eighty-two of the 125 

(65.6%) instructors returned the questionnaire. The results were tabu¬ 

lated according to equipment, lettering practices, instructional practices, 

and evaluation of students1 work and have been presented in that manner 

in this chapter with typical comments by the instructors presented in 

Chapter IV. The complete questionnaire with the tabulations appear as 

Appendix B. 

Objectives for industrial arts and mechanical drawing have been 

designed in part to give the students practice in industrial procedures. 

For this reason; results of the questionnaire were compared to information 

obtained in a study by Yankee on how mechanical drawing could be improved 

in our schools as suggested by 52 industrial firms engaged in drafting 

profession. For further comparison, the standards generally accepted by 

■^Yankee, H. IT., T,Letts Make Drafting Realistic,” Industrial Arts 
and Vocational Education, pp. 15U-159* May 1955* 
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experts in the field were used. In addition, the experience gained by 

the writer in teaching in the industrial arts program has been used. 

Practices in Use of Equipment 

The selection of equipment for mechanical drawing in the schools 

seems to have been based for many years more upon tradition and expedi¬ 

ency than upon such criteria as practicality, training the student for 

a vocation, relationship to materials used in industry, and economy. The 

treatment of essential items of equipment used for instruction in mechani¬ 

cal drawing are presented from the standpoint of general practice by the 

instructors of the State. 

Pencils. The type of pencil used in mechanical drawing has been, 

in general practice, a simple choice between the type having a glued-in 

lead and a type that is automatic with a slip chuck. As reported by the 

instructors, the pencil with the glued-in lead is being used exclusively 

by the students, while in industry k£>% of the draftsmen have expressed a 

preference for the slip chuck pencil as compared with using the pen-' 

cil with the glued-in lead. The remaining 26% of the draftsmen use both 

types of pencils, as shown in Table 1. 

Economy undoubtedly was a strong factor in determining the use of 

the glued-in lead type of pencil by the student. When the cost of 15/ 

for a pencil with a glued-in lead is compared with the approximate cost 

of $2.85 for a pencil of the slip chuck design, the reason is evident. 

This economy factor is even more evident when one considers that the 

student needs on the average of three pencils. The slip chuck pencil 

could be standard equipment for each school in a limited number for the 

purpose of familiarization only. 
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TABLE 1. EQUIPMENT AND PAPER FINDINGS AS REPORTED ON SEPARATE QUESTION¬ 
NAIRES TO MONTANA INDUSTRIAL ARTS INSTRUCTORS AND INDUSTRY. 

Item 
Number 

Equipment 82 Montana 
I. A. Instructors 

Reporting 

52 
Industrial 
Reports 

% % 
1 Pencils 

A. Automatic with slip 
chuck ... k6 

B. Wood pencil with 
glued-in lead 100 28 

C. Other, hoth A & B — 26 

2 Drafting devices 
A. Drafting machines 5 I4S 
B. Straight edge 23 22 
C. T-square 72 2 
D. Other, A, B, & C 28 

3 Scales 
A. Triangular 89 Hi- 
B. Flat, two bevels 8 1? 
C, Flat, two bevels opposed.' 3 k5 
D. Other, A, B, & C 2 
E. Other, B & C 11 
F. Flat, architects 2 
G. Flat, bevels opposed 11 

o Compass 
A. Adjustable leg- i]B 6 
B. Center wheel 52 9k 

5. Fastenings 
A. Thumb tacks 9 .... 

B. Staples 2 Hi 
C. Tape 89 76 
D. Other, A & B — 10 

10. Drawing paper 
& A. Velum h 20 

12* B, Heavy bond 12 2 
C. Manila cream 56 -- 

D. Manila white 2k — 

E. Other, duplex green 3 — 
F. Other, white drawing 1 — 
G. Cloth — 6 
H. :0bher. A, G, & tracing ——— l+O 

* j^lO refers to Montana Instructors; $12 refers to Industry 



12 

The Montana Instructors reported preference for the degree of hard¬ 

ness of lead pencils in the following order;: 2H, I4.H, 3H, 6H, HB, F, and 

2B. Most instructors indicated the practice of using two or more types 

of pencils. French and Svensen^ recommend one hard lead pencil such as 

the I4.H, 5H, or 6H as well as one soft lead pencil such as an HB, F, H, 

or 2H, depending upon the type of paper and the kind of line required 

for blackness and width. 

Industry has indicated the use of such pencils as red for check¬ 

ing and blue for makring blueprints. The practice of checking and marking 

blueprints in a mechanical drawing course for ninth graders is usually a 

responsibility of the instructor, however, the proper type of pencil 

should be used by the instructor when checking or marking blueprints if 

the students progress far enough in mechanical draining to blueprint 

making stage. 

Drafting devices. The type of drafting device used in schools has 

dictated the type and size of the drawing board used. Industry reported 

that the drafting machine was the most favored device, the straight edge 

second, and the T-square rated third as shown by the figures given in 

Table 1. The T-square is the only drafting device used in 72% of the 

schools, which seems to indicate the failure of the schools to familiar¬ 

ize the students with this proper tool of industry. 

The T-square should not be considered obsolete because of its 

limited use by industry, because such basic manipulative skills such as 

drawing horizontal lines and using triangles to draw vertical lines may 

2 
French and Svensen. Mechanical Drawing, p. 18. 
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be easily transferred to either the drafting machine or straight edge, 

as indicated by French and Svensen.^ 

Drawing scales. The scale that was used in most schools, as indi¬ 

cated by Table 1, is the triangular architects scale. Commercial drafts¬ 

men favor a flat scale having two bevels opposed. The scale having two 

bevels opposed would, in the writer1s opinion, have many advantages when 

considered from a learning aspect. Due to a shorter unit, a two-bevel 

scale would be more appropriate from the standpoint of ease in learning 

due to its relationship to the ruler which is in common use by the lower 

grades. A more intensive course would use the triangular scales, and 

enough scales of the triangular type could be kept in the drawing room 

as standard equipment for the students to become familiar with near the 

end of the unit. 

Compass. The figures in Table 1 show that 9k% of the draftsmen 

in industry prefer the center wheel type of compass. In view of the fact 

that 52% of the schools already use the center wheel compass, and since 

of the draftsmen in industry use that compass, it would seem that 

this should become a standard piece of equipment. 

Paper fastenings. Schools have been quick to adopt drafting tape 

as the prime fastener of paper to the drawing board, with Q9% of the 

schools favoring tape to the other types of fastenings, as shown in Table 

1. Seventy-six per cent of the draftsmen have been reported as using 

tape, although the remarks for reasons relating to fastenings indicate 

that other types of fastenings are used for special purposes. One of tte 

3lbid., p. 25. 



common sense arguments for the adoption of tape seems to be the conserva¬ 

tion of the drafting boards. Staples and thumb tacks leave small pits 

and holes and occasionally break off, leaving an exposed sharp edge to 

mar tools and tear paper. 

Drawing paper. The figures given in Table 1 indicate the popularity 

of manila cream paper in the schools while in industry no type predomin¬ 

ates in popularity. The reasons for the wide variety of types of paper 

used in industry have been summed up by Spencer as largely due to diver¬ 

sity of use and purpose: 

Most industrial drawings are made today in pencil directly 

on tracing paper, vellum, or pencil tracing cloth so that blue¬ 

prints can be made from them immediately without "tracing.” The 

use of ink has decreased considerably in recent years. ‘When ink 

is used it is generally applied to tracing cloth. 

The most popular sizes of paper used for mechanical drawing in 

Montana schools are the 9” x 12”, 12” x 18”, 8j” x 11”, and 11” x 17”. 

The questionnaire results indicated that no preference was shown for any 

one of these four sizes. These sizes follow very closely the criteria 

for what is considered American Standard as given by Spencer.5 

To properly select the equipment for mechanical drawing classes in 

the ninth grade, both industrial and local policies must be compared to 

accepted teaching practices. By using a critical approach to the problem 

of equipment selection, a better preparation of the student should result. 

^-Spencer, H. S., Basic Technical Drawing, p. 16. 

^Ibid., p. 17. 
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Lettering Practices 

The chief standard of lettering in industry, by "which most print- 

ing is fudged, seems to be legibility. Although the style of lettering 

follows certain trends as indicated by the figures in Table 2, many varia¬ 

tions are present. The height seems to be a stable quality of lettering 

with l/d of an inch being the most popular and decreasing in popularity 

as the size of the letters increase. It may also be noted from Table 2 

that industry is divided on the question of whether to place a great or 

a moderate amount of importance on a draftsman^ lettering ability. How¬ 

ever, in either case, lettering ability is a skill that is rated highly. 

Very few industrial firms have indicated the use of either the Tfrico or 

Leroy lettering sets as an aid to lettering. 

Although Montana Instructors indicated the area of lettering:* to 

be very important in the scheme of mechanical drawing, the number of hours 

reported as devoted to learning proper lettering was comparatively low. 

The instructors reported an average of 8 hours. 

From the reports turned in it was felt by the writer that the 

instructors thought that more time should be devoted to developing this 

skill but that the repetitive exercises now given should be revised to 

enable the students to practice lettering without becoming bored. Re¬ 

search should be conducted to determine more efficient ways of teaching 

lettering. 

Instructional Practices 

To determine a basis for future recommendations, the questionnaire 

sent to the instructors asked for both present and recommended practices 

regarding the time devoted to mechanical drawing and the maximum number 
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TABLE 2. LETTERING PRACTICES AS REPORTED ON SEPARATE QUESTIONNAIRES 
TO MONTANA INDUSTRIAL ARTS INSTRUCTORS AND INDUSTRY. 

Questionnaire 
Item Number Lettering Practices 

82 Montana 
Instructors 

Reporting 

52 Indus¬ 
trial Firms 

Reporting 

% % 
6 Style of lettering 

A. Gothic caps-vertical 29 30 
B. Gothic caps-inclined 11 18 
C. Lower case-vertical -- 6 
D. Lower case-inclined h -- 

E. Combination of A & C 2k — 

F. Combination of B & D 32 — 

G. Optional — 20 
H. Other, A, B, & G — 20 

8 Heighth of lettering 
A. 1/8 :inch ■ 5U 58 
B. 3/l6 inch 18 12 
C. l/L\. inch 19 2 
D. 5/l6i inch 3 -- 
E. l/l6 inch 11 — 

F. No standard 5 h 
G. Other, A, B, & C — 2k 

7 Importance of lettering 
ability when judging work 

A. Slight amount — k 
B. Moderate amount — 5U 
C. Great amount MM k2 

of students in one class for best teaching practices. The returns 

indicated that regardless of the time that was then being spent on mechani 

cal drawing, increasing the time devoted to mechanical drawing was desir¬ 

able. One example of this was shown by the fact that 22 instructors had 

classes of I4.5 minutes in duration, and only 2 instructors recommended 24.5 

minute classes. Other similarities to this example may be noted in 

Table 3 
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TABLE 3. PRESENT AND RECOMMENDED PRACTICES DEVOTED TO TEACHING 
MECHANICAL DRAWING IN MONTANA. 

Questionnaire 
Item Number 

Percentages of Schools 
Reporting 

Present Recommended 
Practices Practices 

m Duration of class periods 
(Expressed in minutes) 

A. h5 22 2 
B. 55 31 20 
c. 6o 30 1+3 
D. 90 10 25 
E. 120 7 10 

16 Portion of school year to 
be devoted to mechanical 
drawing (based on 180 days) 
A. 10^ 21 16 
B. 25^ 17 • 26 
c. 33% H+ 11+ 
D. 30% 31 29 
E. Other, 100^ 11 10 
F. Other, 6% 6 
G. Other, 20^ —— 5 

The suggestions for increasing the time spent in mechanical draw¬ 

ing were classified into two types, increasing the length of the class 

periods, and devoting more of the industrial arts periods, over the school 

year to mechanical drawing. Those instructors favoring the increase of 

class time seemed to be in a majority, however, many instructors favored 

both policies. It was indicated that the students at the present time 

average 5 hours a week in industrial arts classes. 

According to the results of the questionnaire, the present stan- 

'dard in practice point to 20 students as a maximum number of students for 

a mechanical drawing class. 
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The Montana Industrial Arts Instructors have verified thetfact that 

more time should he devoted to teaching mechanical drawing by pointing to 

a maximum number of pupils in any one class as 20, preferably for 60 min¬ 

utes per day, and by suggesting the apportionment of between 25/£ and 30% 

of the school year to mechanical drawing when mechanical drawing is a. 

part of general shop. 

Practices in Evaluating Student YiTork 

The problem of evaluating student work has long been a problem 

confronting any teacher. The questionnaire sent to the Montana Instruc¬ 

tors brought out the fact that a wide discrepancy existed in the grading 

of studentsT work, but seemed to indicate the characteristics the instruc¬ 

tors valued most, highly when evaluating student work, as accuracy, neat¬ 

ness, and personal growth. It may easily be seen that with the use of 

such general criteria as a base for evaluating the studentsr work, wide 

interpretations by different instructors would result. 

Some of the instructors reported using such factors as student 

notebooks, notes, cooperation, care of tools, and the students* under¬ 

standing of problems in varying degrees as additional criteria during the 

evaluative process. 

The wide variation in the criteria used in evaluating the students* 

work points to a definite need for a more detailed study in this phase cf 

education before a standard is set although accuracy, neatness and per¬ 

sonal growth do offer a basis for general standards. 

Numerous suggestions were made by the instructors for- the general 

strengthening of the program. These are presented in Chapter I:V». 
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CHAPTER IT'. 

SUGGESTIONS BY MONTANA INSTRUCTORS FOR STRENGTHENING 

OF MECHANICAL DRAWING IN GE1TERAL SHOP 

To Letter classify the reasons behind the drive for the increased 

emphasis placed upon mechanical drawing, the following question was 

placed in the questionnaire: 

20, From an educational standpoint, what reasons would you 

set forth to strength the arguments for teaching mechani¬ 

cal drawing in the general shop? 

The responses to this question by the instructors seemed to fall naturally 

into groups for discussion. These five groups were: (l) importance of 

planning, (2) language of industry, (3) use of mechanical drawing skills 

in everyday living, (!|.) development of habits and skills, and (5) dis¬ 

senting opinions to the teaching mechanical drawing as part of general 

shop. 

Importance of Planning 

The importance of planning in any phase cannot be overemphasized. 

The following direct comments from the instructors point up the fact that 

the emphasis on planning is not limited to any single field, but covers 

a wide range of subjects: 

After having made adequate and accurate plans, I find that 
students: work faster for project completion, more accurately, 

fewer, and often no changes need be made, students work within 

their limited budgets, and problems in construction are called to 

the students* attention prior to encountering them during construe* 

tion,^ . _ 

'Todd, David, Lockwood Junior High School, Billings, Montana, 
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o 
Costs less to plan more. 

Planning is a necessary part of any project.^ 

I would work from the standpoint of planning. A well- 

planned project, as v;e know, turns out much better than one that 

isn’t. If we can teach the student to plan:: all of his work, then 

I believe he would be a better student in all of his subjects.^- 

I believe in anything to make some of these students do a 

little thinking on their own. It is something accomplished if they 

learn to complete whatever they start.5 

These typical quotations by instructors point out the fact that 

one of the important objectives of mechanical drawing is developing an 

appreciation for and an understanding of the importance of careful plan¬ 

ning. They also show the dependence of industry upon careful planning. 

Language of Industry 

The emphasis upon technological skills today is of prime importance. 

Proper training of those people going into industry could determine the 

final outcome of the technological race in which the nation is now engaged. 

To free the technologists for further training, persons limited by eco¬ 

nomic or mental factors may be trained to take over many menial but very 

important aspects of engineering. The nation today is not as short of 

engineers as it is of good technicians. The following statements of 

instructors tend to show how teaching the basic language of industry may 

be begun in general shop: 

p 
Moon, Howard, Havre High School, Havre, Montana. 

^Porter, John, Powell County High School, Deer Lodge, Montana. 

^"Clanin, C. D., Roundup High School, Roundup, Montana. 

^Cross, Leslie, Prazer High School, Prazer, Montana 
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Mechanical drawing is the hasic language for all shops, 
crafts, or any of the mechanics.^ 

Every hoy should have some mechanical drawing — we are and 
will he in a technical age and it is necessary for individuals to 
he able to read and execute drawings,^ 

Mechanical drawing being the language of industry, will he 
useful in many walks of life and essential in some. Mechanical 
drawing develops the power to visualize and is a great help in the 
development of thinking in more than one dimension. . . . 

It is an excellent course to start a student out in techni¬ 
cal training as you can cover many areas and give the student a 
quick overall picture of all types of construction and how he will 
fit into the picture. 

... Of course, it may he that an occupational interest as 
a draftsman may he fostered, or in engineering. . . 

It presents students with objective pictures of their prob¬ 
lems that they will meet in shop processes: furthers objective 
training in mental projection problem solution, apperception, 
neatness, and orderly procedure in execution of final shop project.11 

The more advanced our technological age becomes, the more and 
more the layman will he called upon to read drawings and diagrams. 
Scientific and industrial advances cannot he explained in words alone, 
hence, the necessity for a knowledge of drawing.1^ 

Since mechanical drawing has general education values, as reported 

earlier in the study, the language of industry is only one of the objec¬ 

tives. Use of the skills in everyday living is another important objective. 

— - ' ' 
1 1  
  

Sherrick, Steve, Butte Junior High School, Butte, Montana. 

7 
Vanover, Howard, Billings Senior High School, Billings, Montana. 

8 
Silverthorn, Charles, Emerson Junior High School, Bozeman, Montana. 

9 
Love, Howard, North Toole County High School, Sunburst, Montana. 

^Shick, Lyle, Brockton High School, Brockton, Montana. 

11Loerger, Dan P., Roberts High School, Roberts, Montana. 

12 Zetler, Adam, Harrison High School, Harrison, Montana. 
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These suggestions of instructors for the achievement of the objectives 

concerning the use of skills in everyday living are discussed in the 

following section. 

Use of Mechanical Drawing Skills 

in Everyday Living 

Many of the advantages gained by having a good background in 

mechanical drawing are not always apparent but the Montana instructors 

have pointed out some of the main advantages in the following statements: 

... To develop an appreciation for good design through the 
study of design and comparison of design in our surroundings such as: 
machines, buildings, furniture, . . . * 

Every boy should have some mechanical drawing. We are and 
will be in a technical age and it is necessary for individuals to 

be able to read and execute drawings.1^ 

• . . Mechanical drawing develops the power to visualize 

and is a great help in the development of thinking in more than 

one dimension. . . .^-5 

. . . Creative work requires plans and planning. Those 
(students who are) good in drawing generally make better projects. 

(it is) easier to teach students in their project work.^ 

Early ’(practice in) drawing discovers students with draft¬ 
ing abilities. Helps in guidance. 7 

Mechanical drawing is a universal language and is so very 

important to any technical problems a youth will face all of his 

life. A genuine part of the overall general education of the stu¬ 

dent . 

l^Bakken, John, Lincoln Junior High School, Billings, Montana. 

^Vanover, Howard, Billings Senior High School, Billings, Montana, 
ic 
^•rSilverthom, Charles, Emerson Junior High School, Bozeman, Montana. 

Matross, Phillip, Washington High School, Miles City, Montana. 

17 
Ibid. 

18 
Mikkelsen, Balph, Custer County High School, Miles City, Montam. 
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* 

Mechanical drawing triggers many dormant abilities. The 

value of self expression, design, etc., cannot be measured.^ 

It is an excellent course to start a student out in techni¬ 

cal training as you can cover many areas and give the student a 

quick overall picture of all types of construction and how he will 

fit into the picture.^ 

The more advanced our technological age becomes, the more 

and more the layman will be called upon to read drawings and dia¬ 
grams. Scientific and industrial advances cannot be explained in 

words alone; hence, the necessity for a knowledge of drawing.^ 

I find that the slower student who has given up hope scho¬ 
lastically, so to speak, seems to find himself again in this course.^ 

It is an incentive work for most students and they get a 

feeling of satisfaction and accomplishment out of the course.^ 

It present students ■with objective pictures of their problems 
that they will meet in shop processes; furthers objective training 

in mental projection problem solution, apperception, neatness, and 

orderly procedure in execution of final shop projects*^4- 

• • • Next it helps in all of their work and other school 

work because it demands exactness, a pride in creating a drawing 

from a real thing can be made, neatness, which can be a carry over 

to many phases of life, and patience is another trait it helps 

develop in a student. . . .^5 

These statements are but a sample of the many quotations from the question¬ 

naires concerning the advantages to be gained from having some mechanical 

drawing background. To gain these advantages, certain habits and skills 

must be developed. 

19Ibid. 

PO m 
Love, Howard, North Toole County High School, Sunburst, Montana. 

21 
Zetler, Adam, Harrison High School, Harrison, Montana. 

22 
Brazill, Jack, Superior High School, Superior, Montana. 

25Ibid. 

^•Loerger, Dan P., Roberts High Schools, Roberts, Montana. 

2*5 
^Shick, Lyle, Brockton High School, Brockton, Montana. 



Development of Habits and Skills 

Development of skills in the use of drafting instruments and pro¬ 

cedures has been one of the strong selling points of the mechanical draw¬ 

ing program. A few of their statements have been listed to shovr the 

important habits and skills to be stressed: 

Develop the ability to read plans and understand them in 
any shop problem.26 

Early drawing discovers students with drafting abilities.27 

It teaches: 
Accuracy 
Neatness 
Orderly habits of the mind 
Self expression^® 

It develops imagination. 
It teaches precision. 
It promotes neatness. 
It develops self discipline.^9 

Express ideas with understandable and uniform symbols and 
figures.50 

Besides correlating well with many technical courses, mechani¬ 
cal drawing could well be taught from the standpoint of neatness and 
accuracy alone.51 

Primarily learning to work neatly, accurately, and systemati¬ 
cally. He also learns to think in an orderly and logical manner.52 

26 Unknown. 

27 
Matross, Phillip, Washington High School, Miles City, Montana. 

28TV« J Ibid. 

^Postma, Martin, Plains High School, Plains, Montana. 

3C> 

31. 

32 

King, Donald A., Alberton High School, Alberton, Montana. 

Holsinger, Irving, Moore High School, Moore, Montana. 

Vagg, Douglas, Power High School, Power, Montana. 
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It is very valuable in the development of the students 

visual powers, even among the slow students.^ 

As a means of communication. 

As related to math. 

To improve qualit5r of ■workmanship. 
To develop imagination in design. 

To improve reading ability. 

To develop manual skills. 

To develop character (patience, etc.). 

To develop good work habits such as neatness, etc. 

To develop an insight to construction methods and costs. 

To fill the needs and desires of the young people — working 

together. 

And many others.^ 

There are other skills not specifically mentioned such as develop¬ 

ing depth perception and individual work habits that were included in the 

general statements of the instructors. 

Opinions Regarding Teaching Mechanical 

Drawing as a Part of General Shop 

Of the 82 instructors reporting, 67 seemed to express a general 

approval of having a mechanical drawing unit in general shop, but the 

others believed mechanical drawing should be taught as a separate unit. 

Most of the instructors who disagree with the idea of having a unit in 

general shop believe mechanical drawing is important enough to require a 

full unit to enable the students to develop the desirable basic skills 

and habits to an acceptable degree. Some of their comments are as fol¬ 

lows : 

^Brazill, Jack, Superior High School, Superior, Montana. 

^MTcLaughlin, C. ¥., Malta High School, Malta, Montana. 
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I would prefer that it not be taught in my shop. Mechanical 
dravd-ng is a complete course in itself and is in need of recognition 
as such in today's "specialized” cultural life.^ 

I believe most all drawing should be taught in or as a sepa¬ 
rate department.^ 

• • . I am a firm believer that dravdng should be a 1 year 
course. Whenever possible the course should be extended to second 
and even third years.57 

... It is my firm belief that the subject should be started 
at the seventh grade level with basic fundamentals and covering all 
phases by the end of the ninth grade. 

The general opinion of the instructors in answer to the question on what 

attempt to accomplish in mechanical drawing pointed to the great impor¬ 

tance of planning, presenting experiences in putting across the language 

of industry, making plans to develop the skills to be used in everyday 

living, and in making certain there is a development of skills in the 

use of drafting tools and equipment in industry. In general, the instruc¬ 

tors approved of mechanical dravdng as a unit in general shop and indi¬ 

cated that longer periods devoted to mechanical drawing were to be desired. 

^^Whittington, 1L, G., Lewis and Clark Junior High School, Billings, 
Montana.... 

5^Brown, F. E., Anaconda Junior High School, Anaconda, Montana. 

-57 Stark, W., Fergus County High School, Lewistown, Montana. 

5®Locke, Vernon, Garfield Junior High Schools, Billings, Montana. 
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CHAPTER ::v 

SUMMARY AND RECOMMENDATIONS 

Summary 

The members of the Montana Industrial Arts Association have dis¬ 

cussed the possibility of setting up a set of standards for the industrial 

arts program so that the many differences between the programs offered -in 

industrial arts of the different schools of Montana may be eliminated. 

The writer selected the problem of finding what degree of impor¬ 

tance the instructors attach to selected factors basic to a set of stan¬ 

dards in the mechanical drawing phase of industrial arts. 

There were two procedures in the investigation. The first proced¬ 

ure was a review of literature, and the second was the use of a question¬ 

naire sent to all industrial arts and mechanical drawing instructors in 

the State. The review of literature dealt with objectives, skills, and 

materials to determine the general status of standards in these areas as 

a basis of formulating the questions used in the questionnaire and of 

determining general standards. The results from the questionnaire were 

tabulated and presented according to equipment, lettering, practices, 

instructional practices, and evaluation of the students* work. Because 

of the relationship of mechanical drawing in the schools to industry, the 

results of the questionnaire were compared with suggestions from industry 

on how the mechanical drawing courses could be improved in our schools. 

Criteria for the proper selection of equipment was determined. 

Although practice revealed that pencils with glued-in lead are being used 

exclusively in the schools of Montana, the majority of draftsmen in industry 
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favor the slip chuck pencil. The economy factor and practice indicate a 

standard with the use of the glued-in lead for all pupils and school pro¬ 

visions for experiences with the slip chuck type for familiarization with 

industrial practice. The degree of hardness of the lead favored by the 

instructors for student use was reported to be in the following order: 

2H, l+H, 3H, 6H, HB, F, and 2B pointing to the first two as standards and 

the others according to special purpose and need. The use of colored 

pencils in industry for checking and marking of blueprints suggests the 

use of blue and red pencils and the marking of blueprints as familiariza¬ 

tion learning experiences. 

The types of drafting devices used by industry and schools were 

also noted, with economy of purchase price again being considered a 

deciding factor. In 72% of the schools reporting, students did not have 

the opportunity to become familiar with the most favored drafting device 

used by draftsmen, the drafting machine. This difference between school 

and industrial practice is not considered as serious as the manipulative 

skills learned by the students using the T-square may easily be trans¬ 

ferred to the drafting machine or straight edge but would point again to 

the need for some standard equipment to give them familiarization experi¬ 

ences with drafting equipment. 

The schools and industry use different types of scales. Schools 

favor the triangular architects scale, while industry favors a flat* 

scale with two bevels opposed. The flat scale would seem the more logical 

standard piece of equipment for school use when considered from a learning 

point of view due to its simplicity especially in a mechanical drawing unit 

in general shop with school provisions for practice in the triangular scale 

at the end of the unit. 
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Industry reported that draftsmen used the center-wheel type of 

compass in of the cases, while schools reported only 52/£ use. Both 

would indicate that the schools should adopt the center-wheel compass as 

standard equipment. 

One of the areas in which schools compared more favorably with 

industry vms In the use of fastenings to attach the drawing paper to the 

drawing board. Industry reported 76% of the draftsmen using drafting 

tape compared with 89% of the schools using this type of fastening. Con¬ 

sideration of special types of work done by draftsmen seemed to account 

for the differences, thus establishing this as a standard. 

The instructors indicated the use of cream drawing paper to be the 

most popular, with a light green paper gaining in popularity. Both of 

these papers are used to lessen eye-strain. Industry uses a greater 

variety of paper due to special problems, such as blueprinting, charts, 

and conformity to government standards. One area in relationship to the 

use of paper the schools could improve upon, is the standardization of 

the sizes of finished drawings. Although the instructors in general indi¬ 

cated using paper cut to size consistent with the standards set forth by 

the American Standards Association,^ more emphasis should be placed upon 

this standard as variations may be incurred without departing from the 

established standards. 

Legibility was the standard with which industry viewed lettering 

practice, with letter height set by the American Standards Association. 

Reported practices in the schools agree for the most part with these 

^American Standards Association, American Standard Drawings and 
Drafting Room Practice, p. 22. 
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established standards, with the variations reported in enough cases to 

make both desirable standards for school practice. The importance indus¬ 

try places upon a draftsmans ability to letter should be properly inter¬ 

preted by the schools, and appropriate steps taken to adopt these as 

standards. 

Instructors have indicated an average of 20 students to the class 

as the maximum number of students desirable for most efficient teaching. 

Indications by the instructors also favored having the students in class 

for 60 minutes each day, 5 days a week, and devoting between 23% and 30% 

of the school year to the teaching of mechanical drawing when taught as 

a phase of general shop. 

The wide differences in opinions expressed by instructors in regard 

to methods of evaluating students1 work indicates the need for a more 

comprehensive study in the field as related to mechanical drawing. Such 

factors as accuracy, neatness, and personal growth were highly rated by 

instructors in general, and should be general standards, but the spread 

in values given evaluative criteria by instructors restricts one from 

making a more specific recommendation as to what could be adopted by the 

association as an accepted standard. 

The findings have been used as a bases for the following recom¬ 

mendations. 

■Recommendations 

It is not always safe to say that the most used is the best prac¬ 

tice but whenever a definite majority prefers one method and the balance 

is made up of minor variations, it may generally be assumed that the best 
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practice is that of the majority. The writer feels that the investiga¬ 

tion has revealed established practices that may be accepted as standards 

in regard to skills, materials, and teaching procedures. The variations 

from these practices have their advocates and it is recognized that a 

good many instructors will be reluctant to change from some method they 

may be using to another which to them seems to be no better, but it is 

hoped that in the interest of uniformity the suggested standard practices 

may be accepted by them in spite of individual preferences. Only by 

such concessions can a standard practice become a reality and thus assure 

youth of common essential experiences that are established practices. 

The following practices are recommended for consideration by the 

Montana Industrial Arts Association for acceptance as standard practices 

for mechanical drawing as taught to ninth graders in general shop, 

Basic Skills to be Developed 
in Mechanical Drawing 

How to read a rule and make measurements. 

How to use the common drawing tools. 

How to make a one-view drawing. 

Learning to letter. 

Dimensioning drawings, 

How to make a drawing to scale. 

How to make and enlarge patterns. 

How to make working drawings. 

How to draw a project to be made in shop. 

Fundamental concepts of designing. 

Sketching. 
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How to change a pictorial drawing to a working drawing. 

How to make a complete set of drawings for a simple mechanical 

object. 

Amount of Time to be Devoted 

Mechanical Drawing 

Class periods are recommended to be 60 minutes in length, 5 days 

a week, for at least 12 weeks for the teaching of mechanical drawing. 

Scheduling difficulties may arise, but state regulations indicate that 

at least JOO minutes of class time should be devoted to subjects not 

requiring outside preparation. 

Equipment for Mechanical Drawing 

The following items of equipment are listed as a recommended mini¬ 

mum. Classification of usage refers to the following: (l) one each re¬ 

quired for each student, (2) one each for every four students or major 

multiple thereof, (3) recommended for familiarization, and (I4.) required 

for efficient teaching practice. 

Item 

Benches and stool 

Compasses 

Drafting machine 

Drawing board 

Drawing ink 

Drawing instruments 

Dusting brush 

Erasers 

Classification 

of Usage 

1 

2 

3 

1 

3 

3 

1 

Standard 

High quality, standard 

Center-wheel, 6n long 

Standard 

18,f x 2l;M minimum size 

Black 

Standard 

Standard 

1 *Artgum; Weldon Roberts ’’India" 

or Ruby pencil eraser or equi¬ 
valent 
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Erasing shield 1 

Inking instruments 3 

Irregular curves 2 

Lettering triangle 2 

Oilstone 

Paper 1 

Paper fastenings 1 

Pencils 1 

it 

3 

Sandpaper pad or file 1 

Slide rule Ij. 

Straight edge 3 

Visual aids I4. 

♦Indicates equipment student provides 

♦Standard 

Pen staffs, speedhall points, 
♦ Gillo^s 303 and liOij. pens 

. Drop pen 

Complete set 

Standard or Ames lettering 
instrument 

Arkansas 

High quality, cream or light 
green in color; cut to Ameri¬ 
can Standard sizes. (9,,xl2” or 
S-^xll” or multiples thereof) 

♦Drafting tape 
Thumb tacks and staples for 
special work 

♦Glued-in lead, 1 each of 2H, 
IjH, and 6H for beginning stu¬ 
dents. ' 

Red and blue for instructor^ 
use for checking and correct¬ 
ing blueprints 

Automatic slip-chuck type of 
pencils available to students 

♦Standard 

Standard 

Standard 

Assorted, blackboard, flannel 
board, bulletin board, strip 
film projector, and movie pro¬ 
jector should be available 

for himself. 



3b 

Suggested Activities for Improving 
Mechanical Drawing Instruction 

Research should be conducted in evaluation of student work, visual 

aids presentation, and classroom presentation of instructional materials. 

The results obtained from this research could'- be used to furnish the 

instructors with information that would raise the standard of instruction 

not only in mechanical drawing but in all phases of the industrial arts 

programs 
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Appendix A 

Box 172 
Circle, Montana 

February 26, 1958 

Fellow Industrial Arts Instructor, 

This letter is to introduce a questionnaire concerning the mechanical 

drawing area of industrial arts as taught in a general shop situation. 

This study is to he used as partial fulfillment of requirements for a 

Master of Education degree. I have selected this field in an attempt 

to further the work already done by the Montana Industrial Arts Associa¬ 
tion*^ members toward a state course of study. Due to the scope of the 

problem, I have limited myself to mechanical drawing as taught.in the 

general shop program for ninth graders only. 

If this happens to be outside of your present teaching field, this is 

your opportunity to express an opinion as to how the course should be 

set up in the future; therefore, please mark those items concerned with 

the future, starting with item folk* 

All returns will be strictly confidential. Feel free to take as much 

liberty as you wish in making comments and criticisms on any or all items. 

Use the back of the form for additional suggestions. 

Please fill in the questionnaire and return at your earliest convenience. 

A report will be made at the next convention of the Montana Industrial 

Arts Association regarding this phase of the study. 

Thank you in advance for your cooperation. 

Sincerely, yours. 

/s/ Robert G. McDonald 

% 
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Appendix B 

Hinth Grade General Shop 
Recommendations for Mechanical Drawing Unit 

!• What kinds of pencils are used hy most of your students? 

  A. Automatic with clip chuck. 

100/£ B. T/Tood pencil with glued-in lead. 

Rank of popularity as to hardness of lead in pencils. 

2H, J4H, 3H, 6H, 5H, HB, F, 2B 

2. YJhat kinds of drafting devices are used hy your students? 

5% A. Drafting machines 

23yo B. Straight edge 

72^ C. T-square 

Remarks: Triangles are used with both straight edges and T-squares. 

3* What type of scales do your students prefer? 

89^ A, Triangular 

8/£ B. Flat with two bevels, same side. 

C. Flat with two bevels, opposed. 

Remarks: ^’our bevel, flat scale, 6 inch. 

U* What type of compass do your students prefer? 

1$% A. Adjustable leg 

B. Center wheel 

5* What method of fastening paper to the board do your students use? 

9% A. Thumb tacks 

2^ B. Staples 

89^ C. Tape 
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6* "What style of lettering do you require on drawings? 

29% A. Gothic caps -- vertical 

11^ B. Gothic caps — inclined 

—«» C. Lov;er case -- vertical 

h%> D* Lower case — inclined 

2h% E. Combination of A & C. 

32% F. Combination of B & D. 

7* Approximately hov/ many hours of class work are devoted to learning 
proper lettering? 

Median — 8.89 hours 

Remarks: It varies with the students. Each student practices until 
he can letter. Most of it as part of a drawing. 

8, Tfhat is the standard height for lettering on required work? 

3b% A. l/8 inch 

1%> B. l/l6 inch 

19^ C. 1/Vinch 

3% D. No standard 

18^ E. Other (3/l6 inch) 

3% F. Other (5/l6 inch) 

9. To what extent is inking used in your drafting room? 

32% A, Never 

bV% B. Seldom 

9^ C. Often 

1Q%> D. Regularly 

  E« About  hours are devoted to inkings. 

Mean — 8.1 hours Median — 6 hours 
Modes — b and 10 hours 



Remarks: All work 'blueprinted "tracing*” By better students 

at end of year 2 plates. We do inking only on special " 

jobs, usually a job for some other department. After 

the first two weeks, all plates are finished in ink. 

10. What kinds of paper are used most regularly for drawings? 

' k% A. Vellum 
~ J ' V 

l2/o B, Heavy bond 

56% C. Manila cream 

2h% D. Manila white 

3% E. Other (Duplex green) 

1% F. Other (White Mechanical drawing) 

Standard size in wide by   in length. 

Most used sizes reported: 8-gf x 11", 9” * 12", 12" x 18", 11" x 15" 

11. Are students required to bind samples of their work as evidence of 

their ability for future reference? 

37% A. Yes 

63% B. No 

12. If your plant has facilities for reproducing drawings, please list 

90%> A. Blueprint 

7% B. Ozalid 

3% C. Other (Black and White) 

“N 

13. Students enrolled in ninth grade shop are scheduled for 1, 2, 3t ^4- 

3, 10, other   shop periods each week. 

Median — 5 hours 

14. Of what duration should a class period be in time? 

Presently 

22%> A. I|5 minutes 

315^ B. 55 minutes 

Recommended 

2% A. 45 minutes 

20/£ B. 55 minutes 



30% C. 60 minutes h3% C. 60 minutes 

10% ^0 minutes 25% D. 90 minutes 

7% E. 120 minutes 10% E. 120 minutes 

  F* Other    F. Other  

15. "What is the maximum number of pupils should take drawing at one time 
for best teaching practices? 

Mean — 18*5 Median — 20 Mode — 20 

16. "What portion of the school year is and should be devoted to the 
mechanical drawing unit? 

Presently 

21% A. 10% 

Recommended 

17% A. 10% 

17% B. 25% 26% B. 25% 

M c. 53% 

31% D. 50% 

11% E. Other (100%) 

6% F. Other (6%) 

m% C. 33% 

29% D. 50% 

10% E. Other (100%) 

5% F* Other (20%) 

17* "What value do you give the following when evaluating a student* s work? 
(Expressed as median) 

Finished drawings 50% 
Accuracy ♦ . . . 30% 
Neatness .... 25% 
Lettering . • . 25% 
Dimensioning . . 20% 

Quizzes 12.5% 
Personal growth 10 % 
Attitude 10 % 
Final test   12.5% 
Other 5 f0 

Remarks: Other — notebooks, cooperation, care of tools, under¬ 
standing of problems, rated high when used as grading 
criteria. 
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18* How many class periods, expressed in hours would you recommend 
be devoted to each of the following? (Expressed as medians) 

Lettering 
Plate layout 
Simple drawing problems 
Dimensioning 
Three view problems 
Inkings 
Yforking drawings 
Sketching 
Duplication processes 
Oblique views 
Design 
Care of equipment 
Related information 
Assembly drawings 
Exploded views 
Pattern development 
Machine drawing 
Sectional views 
Auxiliary views 
Isometric drawings 
Detail drawings 
Proposed woodworking drawings 

19. Please number the following phases in the order in which they should 
be taught: (Humber 1 is first, number 2 is second, etc....) 

1 A. Lines and line work 5 D. Yforking drawings 

2 B. Lettering Ij. E. Dimensioning 

6 C. Sketching 3 E. Plate layout 

20. From an educational standpoint, what reasons would you set forth to 
strengthen the arguments for teaching mechanical drawing in the 
general shop? (Typical answers have been quoted and may be found 
in Chapter III.) 

8 
2 
5 
3 

15 
x 
15 

3 
2 
3 
3 
3 

X 
5 

~rr 
IT 
12 

3 
10 
10 
15 
T 


