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GNERAJ INTRODUCTION 

Purpose of Thesis 

Industrial Arts is being taught, in one form or another, in all 

school levels from kindergarten through the senior high school and 

college. It is generally admitted, however, that the problems of 

purDose and methods center about the school level at which the boy 

is first introduced to technical industrial arts courses on a depart- 

mental basis. Generally speaking this contact comes at the junior 

high school or early four-year high school level. 

According to our present school set-up the first contact in the 

field of industrial arts is very often made by the student upon 

entrance into the four-year senior high school. It is, then, the 

purpose of this thesis to outline, in general, a proposed course of 

study and procedure to be followed in the ninth grade or first year 

of high school work. This same outline, with minor modifications, 

may be followed in the junior high school if the program provides for 

the first contact with industrial arts at that level. In either case, 

this period is thouçht of as the one most suited to exploratory fune- 

tions and enrichment of experience through contact with a wide field 

of activities. 

The purpose is not to standardize instruction unduly nor to 

impose a rigorous program on any school, but simply to place at the 

disposal of the instructor a workable, organized, feasible plan of 

teaching industrial arts in our present day schools. 



-2- 

enera1 Stateiuent of Problems Teacher 

Woodworking courses in the schools have often been too narrow 

and the experiences provided have not given contact with a sufficient 

number of materials and operations. Too often this has been the 

fault of the instructor because he has not been able to take in the 

full scope of the field and to teach those things that should be 

taught. 

The teaching of a subject or trade activity always involves the 

solution of many problems concerned with subject-matter, equipment, 

and procedure. Before a satisfactory organization can be set up or 

a beginning can be uade in any subject, the instructor must decide: 

1. Vihat to teach 

2. How to teach it 

It is assumed that woodworking, or any industrial arts activity 

for that matter, has an organizable subject-matter content. Conse- 

quently, in the organization of classroom content and procedure the 

teacher's responsibility will fall into three fields of activity. 

First, he must analyze accurately the subject or trade activity he is 

to teach; secondly, he must select intelligently from the total re- 

suits of the analysis those things that are basic and fundamental to 

that subject; thirdly, he must teach the selected operations econom- 

ically and scientifically with the least waste of time, equipment, 

and material. 

One author has said, "The test of the professional skill of the 

teacher rests on his clarity of vision relative to the total possibil- 

ities of the trade or subject he is teaching, and on his skill and 



accuracy in the selection and teaching of that part of the total in 

the subject or trade which the present particular group or individual 

under instruction needs most. Thus the teacherts professional skill 

is accordingly made up of three large factors: analysis, selection, 

and teaching".1 

The instructor will find in the analysis, selection, and organi- 

zation of material that it is impossible to teach every "operaion" 

of a subject or trade activity in the time usually allotted to indus- 

trial arts work in the secondary schools. The particular items select- 

ed will, therefore, depend somewhat upon the objectives of the course 

and upon the time allotiient. If the primary industrial arts objective 

of ex1orationfordance is to prevail in a given situation, then 

a greater number of different trade activities should be included, 

with a consequent decrease in the number of operations that might be 

selected from any one activity. If the purpose is trade training, 

more emphasis is placed on developing a degree of skill in the funda- 

mental and basic operations of one trade, with a consequent increase 

in the number of operations to be selected from that particular trade. 

Proposed Procedure 

The methods of teaching and of learning when skill is the import- 

ant objective are different from what they would be when the objective 

is exDloration and industrial information, or reasoning in the solution 

of a problem. On the other hand, if there is a considerable mixture 

of the two, one or the other will probably suffer. The important thing 

'Bowman, C. A..--Graphic L.ids and Occupational Analysis - p 15. 
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is that the instructor keep both phases constantly in mind and reco- 

nize that the most efficient teaching, in either case, can be done 

when the work is segregated to allow the use of the procedure best 

suited to each set of objectives. 

It is, therefore, the purpose of this thesis to indicate a tech- 

n!c of analysis and selection of subject-matter suitable for use in 

any form of shop teaching, whether vocational or general in nature, 

and then to show a plan of organization and presentation of subject- 

matter for bench woodworking in the ninth grade or junior high school 

level. The out-look at that grade level would naturally be non-voca- 

tional and the objectives would be those of industrial arts rather than 

those of trade vocational work. 
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Chapter I 

AIMS AND OBJ1±CTIVES OF INDUSTRIAL ARTS 

In attempting to develop a course of study for any subject or 

trade activity, no part is more i'nportant than a definite and clear 

statement of aims and objectives. 

The aims and objectives of any industrial arts course is somewhat 

dependent upon the controlling purposes and needs to be met. The ages 

of the students to be taught and their previous experience will also 

have a bearing upon the objectives. however, within certain limits it 

is true that certain ai:ns are fairly well accepted by most authorities 

for: 

1. The elementary school 

2. The junior high school 

3. The senior high school 

4. College (to a minor degree) 

No set of aims or objectives could be entirely confined to any 

one of these ages or groups. There is bound to be 

and variation dependent upon -the vision of the ins 

ling factors peculiar to different school set-ups. 

definitely said that the aims and objectives, both 

fic, should be flexible and applicable to most any 

instructor will find facing hLa. 

some over-lapping 

bructor and control- 

However, it can be 

general and speci- 

situation that the 

I. Elementary School ?ims and Objectives 

Briefly, the aims for teaching Industrial Arts in the elementary 

school are based on three large approaches, namely: 



1. The study and manipulation of materials used by man both in 

the past and present. 

2. A means of self-expression for the child 

3. A means of stimulating the pupils and creating greater interest 

in the academic subjects by correlation with industrial arts activi- 

ties. 

A good foundation for later efforts can be made through the use of 

the above approaches. The activity in the first division may be de- 

veloped under the following headings: (i) food; (2) clothing; 

(3) shelter; (4) utensils; (7) 
records; (6) tools and machInes. In 

developing the second division the aim is to allow self-expression 

through purposeful activity. For the third division, correlation 

should be made with the regular academic studies of geography, 

arithmetic, and others required in carrying out the manipulative work 

in the elementary grades. 

II. Junior High School Aims and Objectives 

The aims in the junior high school may vary to a certain extent, 

but in general there is a large degree of conformity, at least in re- 

gard to the major objectives. The primary controlling purpose of the 

industrial arts program in the junior high school is "Developmental 

experience through manipulative and other activities introductory to 

the various accessible phases cf the world's industrial work".1 

In the aims listed below, the order of appearance is based some- 

1Snedden, D. and arner, . .--Reconstruction of Industrial Arts 
Courses, p lO. 
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what upon the frequency with which they appear in professional litera- 

ture, and in the exDressions and terminolor of teacher-training insti- 

tutions, swervisors, and instructors. 

GENERALLY ACCEPTED OBJECTIVES OF INDUSTRIAL ARTS IN THE JUNIOR HIGH 

SCHOOL: 

1. To give opportunities for satisfying the desire to do things 
with tools and materials. 

2. To afford opportunities for exploring or trying out a variety 
of occupational fields as a means of &iscovering occupational apti- 
tudes. 

3. To give experience with common tool and materials considered 
generally useful to all. ("Handy_man abilities") 

4. To furnish a body of technical knowledge concerning industrial 
work, and the materials used in industry. 

5. To lay a basis for intelligent selection and use of industrial 
products from the standpoint of both fitness and construction. 

6. To develop an appreciation of the work of the men who labor in 
the industrial world, and a wholesome attitude toward their tasks. 

7. To present a field of possibilities for worthwhile leisure 
time pursuits. 

8. To widen the student's knowledge of occupations through auxil- 
iary studies and related information. 

9. To develop appreciation of economic relationships in industry 
and business through special study and productive experience. 

lo. To prolong the educational life of certain students who are 
encouraged, by these special activities, to reiiin in school. 

11. To give vocational or semi-vocational training to a united 
group (o-i6) in1order to meet the needs of those who will leave school 
at an early age. 

1Ericson, E. E.--Teaching Problems in Industrial Arts - p 294. (Por- 

tions in parenthesis added for explanatory purposes. 



Briefly summed up, these objectives are as follows: 

1. Exploration 

2. Educational guidance 

3. vocational guidance 

4. Conswrier' s knowledge 

5. Industrial information 

6. Social habits and attitudes 

7. A degree of skill 

8. Practical (handy-m2.n) abiiities 

9. Avocational values2 

Exploration for guidance purposes seems, therefore, to be the 

major objective in setting up a program of industrial arts for the 

junior high school. 

III. Senior High School Aims and Objectives 

In the senior high. school there seems to be less agreement on the 

common objectives and aims among the authorities or leaders, however 

the foregoing objectives for the junior high school should apply equal- 

'y well With the following items to be added: 

1. Further guidance of a more specific nature. 

2. Further exploration and avocational opportunities. 

3. Vocational preparation for a specific trade or industrial 
pursuit for those who plan to drop out early or enter a trade at the 
end of their high school experience. 

4. Forr3ation of desirable personal and social habits 

2Froin a chart on Public Secondary Education prepared at Oregon State 
College, 1932. 



5. Development of a degree of skill in tool or machine processes 
commensurate with the ability of the pupil and incidental to the com- 

pletion of a project or activity which seems to have "edutiòral" value. 

While the vocational, technical, and specialization factors are 

stressed riore in the senior high school, the extent of this emphasis 

is often questioned. The degree of specialization and the vocational 

objective will be governed somewhat by the local situation. 

IV. College Aims and Objectives 

The author s not fami]iar with any list cf uniform aims or ob- 

jectives for the college level. In addition to all of the foregoing 

aims the following will apply in varying degrees, depending upon the 

type of school and the ultimate ends to be served: 

1. Further specialization 

2. Technical training 

3. Teacher-training 

According to a study made at Oregon state College in l933 the 

industrial arts program as offered by the colleges over the United 

States varied to a great extent, however, the above named objectives 

include the major controlling factors in the teaching of the indus- 

trial arts program at the college levels. 

As mentioned before, i-b is not likely that all persons will agree 

on any one set of objectives. A sinificant factor, however, is the 

general under-current of agreement among the specialists or leaders in 

Vagner, Merlin--Unpublished manuscript on Place of Industrial Arts in 
Higher Education, Oregon State College, 1933. 
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the field. The peculiar aspect of the present situation seems more 

and more to bring to the foreground the avocational and handy-man-abil- 

ities as important objectives for the secondary school level. These 

objectives are especially important in this day of shortened working 

hours and increased leisure, as witnessed by the rapid growth of home 

workshops and the wide use of leisure time in productive or seni-pro- 

ductive avocational work. The only other objectives niore uniformly 

accepted as of first importance are exploration and guidance at the 

junior high school level. 
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Chapter II 

TRADE ANALYSIS 

I. Need of Analysis 

In order to determine with a greater validity what is to be taugit 

in a subject or trade, a careful analysis of that activity should be 

made. By means of the analysis the shop teacher will have the key to 

the method by which he can improve the quality and effectiveness of' 

his teaching. No shop teacher, to do successful teaching, can escape 

organizing his work on the basis of sorne plan of fundamental learning 

units, regardless of the course of study to be followed or the methods 

of teaching to be emoloyed. 

II. 1Vhat is Trade Analysis? 

By analysis of a trade Is meant the listing of all the things a 

person must know if he is to be proficient in the complete subject or 

trade. Every operation involving skill or requiring instruction should 

be listed. The unskilled operations, and those requiring no related 

information, need not be listed since the list would far exceed the 

essential things needed in the analysis. The teacher who does not 

have such a list is likely to go astray and waste much valuable time 

in teaching the unessential things of the subject or trade activity. 

"This list of learning or teaching units may be classified into 

three principal groups: 

1. Things the boy should be able to do 

2. Things the boy should iow 

3. hat the boy should be 
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The first group involves manipulative skills, knowledge of procedure, 

and construction processes. The second group involves information 

concerning qualities and characteristics of materials and other mat- 

ters of general interest in the field. The third group involves 

attitudes and habits which affect the success of the individual. The 

latter may perhaps be somewhat the same for all subjects or trade 

activities nl 

Many instructors encounter difficulty in discriminating between 

things to be done and things to be known. However, there is a distinct 

difference in most cases and much vill depend upon the skill exhibited 

by the teacher in the discrimination that he may exhibit in the selec- 

tion of the manipulative and informational topics. 

III. liow to Analyze a £ubject or Trade Activity 

The analysis of a subject or trade activity can be done best by 

an instructor with a well-trained analytical mind. In making a graph- 

io analysis of a subject or trade activity the following general oro- 

cedure can be followed to advantage: 

Procedure 

Step No. 1. The first step in the analysis is to name the major 
field, trade, or industry to be analyzed. Example: Woodworking. 

Step No. 2. Divide that field, trade, or industry into its coin- 
ponent parts. Example: Carpentry, cabinet making, pattern making, 
etc., are major divisions of oodworking. 

Step No. 3. Name the subdivision (if any) conmion to the major 
divisions. xamp1e: Bench woodwork and machine woodwork are common 
to the major divisions mentioned above. 

'Report of the Committee on Standardsjof Attainment in Industrial Arts, 
American Vocational Association - December, 1931. 



-13- 

Step No. 4. Delimit the analysis by selecting that one subject or 
trade activity, either major division or subdivision, to be concen- 
trated upon. Example: Bench woodworking. 

Step No. 5. Gather all possible data and information available 
on the subject to be analyzed. Classify this data under three major 
fields: 

1. 'here men work 

2. Nhat men do 

3. What men must know 

Step No. 6. List the major groups or «blccks' of work under "what 
men do". xample: Planing, saing, gluing, etc. 

Note: A Block is defined as a group of teaching jobs having a 
coumon set of learning difficulties, or groups of subject-matter in- 
volving similarities of processes, or materials, or tools, and present- 
ing the same level of learning difficulties. 

Step No. 7. List every type of "operation" found in the various 
blocks under "vihat men do". Arrange them In a tentative instructional 
order, dependent most likely on the order in which they probably will 
be taught. This order may be revised to meet any new situation that 
may arise. 

Note: "Operations may be defined as--manipulative units of work 
requiring skill in their execution and recurring frequently in various 
jobs, always involving essentially the same ele:ents of information 
and skill irrespective of application."2 

Step No. 8. List all the related technical information necessary 
for teaching the trade, classifying it in the various blocks under 
"what men must know". Show, where possible, some relationship to the 
parallel manipulative operations. Example: Safety-first, trade terms, 
materials, science, etc. 

Step No. 9. Reduce this data to chart form, showing the complete 
analysis in a manner similar to the graphic analysis chart shown in 
Chapter II. 

Ive Advantages of the Graphic Plan of Trade Analysis 

1. This plan of analysis furnishes the instructor with a graphic 

2Cox George B.--Unpublished manuscript on Instruction Sheet writing, 
Oregon State College, 1931. 
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means for scrutinizing the total possibilities of that subject or trade 
activity and selecting perUnent and representative basic 'operations 
froia the total that is to be taught. 

2. Tyoieal jobs can be run through the cart, checking the opera- 
tions involved in nunierical sequence, thus denoting the order of per- 
fortnance. The parallel infornationa1 topics can be checked to show 
direct relationship with the ;nanipulative operations. 

3. The chart shows graphically the distinction between the man- 
ipulative operations and informational material employed in the teach- 
ing procedure. 

4. It forms the basis of a "difficulty" scale, assuming that the 
number of operations involved may be an indication of degree of dif- 
ficulty in executing the job or project. 

5. It reveals to the student his own capacities and offers an 
excellent opportunity for hin to develop the habit of carefully analyz- 
ing and planning any piece of work before beginning its execution. 

f3. It permits the instructor to more accurately place a new stud- ent with previous industrial arts training by having that 'student 
check those basic operations already learned. 

7. The graphic analysis chart resents to the student a definite list of the things he must be able to do and the things he m.ust know, 
which takes the mystery out of the comprehensive scope of work he is 
to undertake. It gives him an idea of what is involved in the set-up 
of the whole field in such a manner as to show relationships advantag- 
eously. 
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Chapter III 

METHODS OF INSTRUCTION 

I. Determining the Methods of Instruction 

After the content of the course has been selected, the next step 

is to determine the method of teaching. The four methods niost conimon- 

ly used by shop teachers at the present time are: 

1. The dexaoxistration method 

2. The lecture method 

3. The oroject iethod 

4. The use of instruction sheets 

No one of the above methods should be used exclusively, but the 

skillful teacher will correlate them all in such fashion as will best 

meet the conditions under which he is teaching. The relatively large 

classes found in so many of our present-day school shops, and the vary- 

ing rates of speed at which the individual students work, make the old 

methods of class procedure inadequate. This is especially true in the 

"general shop" type of organization for the junior or senior high 

school. 

Various methods have been devised and employed to meet these 

changing conditions. The individual instruction sheet is one of the 

devices that has been developed in order to improve instruction under 

the teaching conditions found in the "general shop" type of organiza- 

t ion. 

II. Instruction Sheets 

An instruction sheet is an attempt to put dowii in writing and by 
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means of illustrations the information necessary to perform an opera- 

tion or to do a job. «The instruction sheet is a teaching device of 

great value where directions are to be given, or where general prin- 

ciples or facts are to be presented to niembers of a group unequal in 

attainment, ability, or aptitude. It has found quite general appli- 

cation in the school shop, the science laboratory, and in industry, 

but its value is not confined to those fields. It is, perhaps, the 

most efficient and economical system of individual instruction yet de- 

vised. It permits independent progress among the members of a group 

and makes it possible to take into account individual differences."1 

III. Basis of Instruction Sheets 

The development of the instruction sheet is based upon the idea 

that any subject or trade activity may, by analysis, be divided into 

certain fundamental or basic units and that instructions may be so 

written for these units as to permit individual progress through the 

various units in keeping with the ability of the individual student. 

The instruction sheet does not displace the instructor but merely 

changes the character of his duties and enables him to use hi time 

more efficiently, rendering service to the individual student when and 

where it is most needed. The instruction sheet should, therefore, 

present very carefully planned and prepared instructions based upon a 

careful analysis of the subject to be taught. This method of instruc- 

tion has been used quite extensively in industry and in recent years 

1Selvidge, R. W.--Individual Instruction Sheets - p 5. 
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has been used to a very distinct advantage in the school shop. 

IV. Kinds and Classification of Instruction Sheets 

Several kinds of instruction sheets have been developed. For 

convenience they may be classified under two broad groups: 

1. Those dea1in with basic instructional units irrespective of 
application. 

2. Those dealing with complete jobs irrespective of basic units 
involved. 

The following outline will show the relationship of the different 

types of instruction sheets: 

The Instruction Sheet2 

I. Sheets based upon units 
of instruction 

T t 

1. Operation 2. Informa- 3. As sign- 
sheets tion sheets ment sheets 

I. «Sheets Based Upon UnUs of Instruction 

II. Sheets dealing with 
jobs as units 

1 

1. Job sheets 

1. Operation Sheets. Those instruction sheets that tell how to 
perform the manipulative rocesses or operations we wish to teach. 

2. Infornation Sheets. Instruction sheets that deal with items of 
inforìT.tion, or simple statements of fact. 

3. Assignnent Sheets. Instruction. sheets, often composed largely 
of questions designated to direct observation, reading, and drill. 

II. "Sheets Dealing vith Jobs as Units 

1. Sheets. Instruction sheets that tell how to do complete 
jobs which may involve a number of operations or units of instruction 
are called job sheets. They are especially designed to secure produc- 
tion. They also may be used for small unrelated jobs requiring little 
skill, such as home mechanics."2 

2Selvidge, R. .--Individual Instruction Sheets - p 9. 



V. riting of Instruction Sheets 

It should be entirely within the range of the ability of a well- 

trained shop teacher to write his own instruction sheets, especially 

in specific cases for which they cannot be obtained commercially. The 

following outlines will show briefly the procedure in writing the dif- 

ferent kinds of instruction sheets: 

1. Outline for operation sheets.3 "A summary of the essential 
steps in writing an operation sheet may be stated as follows: 

a. State the title in very specific ternis 

b. List all the steps involved in performing the operation 
and arrange them in order 

e. Write the instructions for performing each step as simple 
directions for doing 

d. Use illustrations liberally 

e. As1: questions, if necessary to bring out the reasons for 
doing things in a certain way 

f. Give one or two good, available references, if needed." 

2. Outline for information sheets.4 "The outline for writing 
information sheets may be briefly stated as follows: 

a. State the topic clearly and definitely in the title. 

b. State briefly the facts and information concerning the 
topic. 

C. Choose questions with the definite purpose of directing 
thought and discussion to the practical apolication of the inform- 
ati on. 

d. Give one or two good references." 

3. Outline for assignment sheets.5 

3Selvidge, R. T.--Individual Instruction Sheets - p 41 
4Selvidge, R. ï.--Individua1 Instruction Sheets - p 51 
5Selvidge, R. V.--Individual Instruction Sheets - p 55 
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a. A definite statement of the topic or assignment 

b. A very clear statement of the princinles involved 

o. Abundant illustration of the application of the principle. 
(There need be no fear that the illustrations will make the prob- 
leras too easy.) 

d. A series of well selected problems involving the applica- 
tion of the principle to provide drill and practice. 

4. Outline for job sheets.6 

a. The name of the job 

b. The requirements of the job (specifications) 

o. Information that may be needed in doing the job 

d. procedure, step-by-step directions, for doing the job 

e. List of tools and materials required for the job 

f. Checking the work on the job 

g. Questions concerning the job 

h. References 

The following form will show the mechanical set-up for the orera- 

tian and job sheets, the two types most used and best adapted to the 

school shop: 

. - . 7 Essential lernents of Good peration or Job sheets 

1. Descriptive Title; Clear Statement of the unit operation or 
the job 

2. Information Paragraph: Specific Information necessary to: 

a. The forning of a background for judgment or understanding 
of the procedure. 

b. The introduction and understanding of technical terms 
closely related to the operation or job. 

6Selvidge, R. W.--Individual Instruction Sheets - p 63 
7Frora a form used by the Industrial Arts Department, Oregon State Col- 
lege. 
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c. The proper selection of new tools and/or materials to do 
the operation or job. 

3. Procedure: A brief statement of steps within the operation or 
job, listed in the order of perforuance. 

4. Illustrations: Intermixed freely with procedure as necessary. 

5. Suggestions or Cautions: about the work or personal safety. 

6. Generalizations (where possible), suggesting application of 
instructional elements to different situations. 

7. Luestions, designed to check on the pupil's understanding of 
the work and to lead to further study where necessary. 

8. References: A carefully prepared list of available references 
that will give additional information to those needing or seeking it. 

The mechanical arrangement of the instruction sheet should present 
an interesting and attractive appearance. Each step should be set off 
as a distinct division. Use short sentences that are clear d -to the 
point. Avoid superfluous material of any kind. 

VI. Advantages of Instruction Sheets 

Sorne of the many advantages of the use of instruction sheets in 

the school shop may be swmed up as follovis: 

"i. Instruction sheets are a means for offering a greater variety 
of work in the shop. Such variety could not be covered by individual 
personal instruction. 

2. ihey save the time of the teacher. The time so saed can be 
used effectively in perfecting organization and in other phases of the 
work. 

3. They save time of the students that would otherwise be used in 
waiting for attention of the instructor. 

4. Interest of students is maintained, because they can proceed 
with the work without waiting for demonstrations and personal instruc- 
tions. 

5. They furnish printed directions to be followed. Success in a 
great number of occupations depends upon ability to understand and fol- 
low directions set forth in this way; consequently the practice is of 
high importance. 

6. Students are left on their own resources in carrying out the 
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work. The habit of 'leaning on the teacher' at all times does not 
produce an adequate sense of independence. Our schools are now being 
criticized by industry for failing to develop initiative and self- 
reliance. 

7. Instruction sheets are of great value as an aid to and follow- 
up of the demonstration. They eliminate the need for copying direc- 
tions and thus enable students to concentrate upon the processes 
demonstrated. They also serve to establish uniform checking levels 
in the progress of the work. 

8. If standard instruction sheets are used, it is likely that 
they are better organized with reference to procedure and other mater- 
ial than would be the oral instructions of the teacher. 

9. They assist the teacher who might not be expert mechanically 
with reference to all phases of the work. Such shortcomings on the 
part of the teacher are unavoidable in the early stages where a great 
variety of operations are covered."8 

Specific examples of instruction sheets of several kinds ill be 

found in Chapter IV dealing with the instructional units in the course 

of study for Bench woodworking in the ninth grade. 

E. E.--Teaching Problems in Industrial Arts - pp 67-68. 



CHA.PTER IV 

COURSE OF STUDY FOR NINTH GRADE 

WITH UNIT INSTRUCTION SHEETS 



-22- 

chapter IV 

COURSE OF STUDY FOR NINTH GRitDE 

I. Purpose 

The three preceding chapters of (i) Setting up the aims and ob- 

jecives, (2) Analyzing the subject or trade activity, and (3) Deter- 

mining the methods or devices of teaching, lead directly up to the 

course outline to be followed by the teacher in presenting the subject- 

matter. The actual function of any course of study should be to define 

for the teacher the scope of subject-matter to be covered and to 

indicate the order in which the various units are to receive attention. 

In this ninth grade course of study for bench woodworking, it is 

assumed that the student has had no previous departmental contact in 

the field of industrial arts. 'ihe student may have contacted some fortn 

of expressional industrial arts in the elementary grades but at the 

secondary school level the industrial arts program takes on an entirely 

different aspect. The informal manner which has prevailed in the 

teaching of the epressional industrial arts in the grades is replaced 

in the secondary school level by vitalized subject-matter and methods 

which appeal to the interest of the boy. 

II. Basis for Organizing the Course 

The approach to the organization of subject-matter into a course 

of study may be accomplished in various ways. After the basic manip- 

ulative operations of bench woodworking have been determined, through 

use of the analysis chart (see Chapter II), then the determination of 

the sequence of these operations and methods of teaching forms the 
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basis for a 1oica1 approach in the organization of the course of stu,r. 

Methods involved in teaching the subject-matter content or unit 

of instruction has a very definite place in any course of study. In 

this specific case the "operation" forms the basis for the unit of in- 

struction. One of the best and most commonly used teaching procedures 

employed in the teaching of a trade activity is the project method. A 

project, insofar as the teaching of industrial arts is concerned, may 

be defined as a unit of work based upon a group of manipulative opera- 

tions and related technical information, the application of which 

results in a completed educational contribution of value to the pupil, 

and capable of holding his interest to the end. More often than not 

the pupiPs aim is a physical object but the teacher's aim should be 

an educational change as well. In most cases, both the thysical and 

the educational phases of the pro.iect must be nresent in order to make 

possible the highest type of teaching in the industrial arts work. 

This method of teaching necessitates the selection of projects involv- 

ing the basic ond fundamental manipulative operations to be taught at 

any particular level. 

Exercises are often used as a basis of teaching the selected 

operations. However, in this course of study, only the first project 

is to be used as an exercise. This exercise will serve as a basis Cor 

placing the beginning students. Other projects will be optional, with- 

in restricted groups, insofar as the project selected will serve the 

ultimate ends to be achieved. 

III. Criteria for Selection of Projects 

In setting up criteria as the basis for selection of projects in 
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the teaching of bench woodworking the following items must be taken 

into consideration: 

1. Aims and objectives 

2. Fundamental and basic operations in the particular trade 
activity 

3. Interests cf boys 

4. Community appeal 

5. Utilitarian value and usage 

6. Size of teaching unit 

7. Sequence of work 

8. Cost of materials used 

The outline of projects to follow will be affected by these 

criteria as well as by the aims and objectives already set up for the 

field of secondary education. The reader should not assume that the 

suggested outline imposes a definite series of projects as a hard and 

fast course of study. A desirable feature of any course of study is 

flexibility. It should be flexible insofar as it can be applied and 

used in different situations, especially when the varying time elements 

and individual differences within the different clasces are to be taken 

into consideration. In this case it is flexible to the extent that it 

will allow a relatively wide choice of projects within each instruction- 

al group. 

Since there is such a wide variation in the aniount of time allotted 

to the teaching of industrial arts work in various parts of the country, 

no attempt has been made to set definite time limits on the various 

groups of instructional units. Approximate time lirrdts are given, 

however, in ters of clock hours of actual work for each project. 
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IV. Grouping of Projects 

The following instructional groups suggest projects that might 

well be taught in the beginning course in woodwork for the ninth grade. 

Under each group is listed the principal manipulative operations to 

be taught with a suggested list of projects involving those operations. 

In each group the most typical of the projects has been underlined and 

a drawing provided. 
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GROUP! 

Princip qperations Involved 

Squaring up mill-planed stock. No definite dilftensions set 

but stock to be squared with the minimum amount of material re- 

raov ed. 

Note: ihis may be an exercise motivated on the contest 

basis. Each boy will be given a piece of soft wood 1" x 5" x 12" 

as nearly alike as possible. Each piece will be graded according 

to the size and squareness of the finished product, the largest 

board receiving the highest grade. This gives the teacher a 

basis of "placing" each student soon after he has entered the 

class. 

Time allotment - approxinately 3-5 hours. 

Project: Cutting board 

1:19. 
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GROUP II 

Principal erations Involved 

Squaring up mill-planed stock, simple straight work includ- 

ing butt joint, chamfering, boring, laying out, and finishing to 

two dimensions. Fastening with screws. 

Time allotment - apDroximately 6-8 hours. 

Projects: 

L Broom holder, 2. game board, 3. counting board, 4. ring toss, 

5. key rack. 

i i______________________ / 
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GROUP III 

Principal Operations Involved 

Laying out and working curved edges and cylindrical surfaces. 

Time allotment - aproximate1y 7-9 hours. 

Projects: 

1. Neck tie rack, 2. towel roller, 3. coat hanger, 4. simple 

shelf, 5. sleeve board, 6. waste basket. 

J -LI Ti i i i - 
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GROUP IV 

Principal Operations Involved 

Squaring stock to three dimensions, butt joints, fastening 

with nails or screws, duplicate parts, assembly. 

Time allotment - approximately 10-14 hours. 

Proj ects: 

1. Knife and fork box, 2. bird house, 3. window or porch box, 

4. nail box, 5. book shelf. 
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GROUP 

Principal erations Involved 

Duplicate parts, dado or cross-lap joint, geometrical design, 

Time allotment - approximately 22-28 hours. 

Projects: 

1. Taboret, 2. magazine stand, 3. table lanip, 4. smoking stand, 

5. waste basket. 

-r: 

N 

fig. I 
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GROUP VI 

Principal Operations Involved. 

Uowel joint, mortise and tenon joint, miter joint, gluing. 

Time allotment - apDroximately 25-35 hours. 

Projects: 

1. Boy's table, 2. footstool, 3. jewel box, 4. pedestal, 5. pic- 

ture frame. 

___ z- 
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GROUP VII 

Principal Operations Involved 

Joinery and simple furniture construction. 

Time allotment - approximately 30-40 hours. 

Proj ects: 

1. Srnokin cabinet, 2 telephone table, 3. piano bench, 4. side 

chair, 5. end table. 
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GROUP VII) 

Principal Operations Involved 

Appreciation of design, structural and decorative. 

Time allotment - rest of year. As enriched curricula for 

the superior student. 

Projects: 

Optional advanced projects in furniture construction, involv- 

Ing structural design, contour enrichment, and surface decoration, 

to be selected by the student and teacher. 

T. Suggestions for Enriched Curricula 

It has been the purpose of the author in presenting this outline 

of Instructional units to give briefly a group of projects which involve 

the basic operations that seem to fit the needs in ternis of the aims 

of this particular school level. The differences in the ability to 

work and think on the part of students is recognized and the content 

of the course so adapted that it will meet these individual differences. 

There should be minimum essentials to be acquired by all, in this case 

at least one project from each instructional unit being required. An 

enriched curricula can be given the superior student through greater 

opportunity for student planning, additional Drojects within each 

group, or original projects of his own choice that servo the ultimate 

ends to be attained. 

VI. Representative Unit Instruction Sheets 

It is obvious that a complete set of instruction sheets, covering 
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all the operations and items of Information listed in the analysis 

chart, coule not be written in the time allotted to this thesis. It 

was possible, however, to select a few operations and items of informa- 

tion from the more important units of instruction and to submit re- 

presentative operation, job, information, and assignment sheets cover- 

ing those items. Consequently, the instruction sheets which follow 

are only representative of the work to be covered, and it is assumed 

that the complete series of sheets, covering all phases of the manip- 

ulative operations to be taught, as well as the related technical 

information, will be made available to the students as the need arises. 

A collection of such sheets, all organized and presented in the saine 

style as will be used in the classroom, is presented on the following 

pages. 
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BENCH ÏOODORKING 

How to Read a Working Drawing 

INFORMÂT ION: 

Iaforrration WW1 

Â working drawing is a dimensional drawing or sketch which con- tains all the information necessary for the construction of a project. This forni of drawing is he standard 1inguage f the draftsman and architect but should not be limited to that group alone. It should be 
understood by all connecte with, and interest-ed in, technical indust- ries since the situations calling for ability to read drawings greatly 
outnumber those cal1in for ability to nake theti. To becone familiar 
with this language we must know the alphabet, the grannar, and the com- 
position, and be familiar with the accepted symbols, conventions, and 
abbreviations of mechanical drawing. 

PROCEDURJ: Kinds of dimensional drawings: 

1. Orthographic Projection. 

In orthographic projection the object is usually represented by at least two distinct views and some times by three or more. This kind of 
drawinC forms the basis of practically all working drawings. owever, other kinds may be used since this type is often difficult for the un- traired person to visualize the object in full detail. Figure lA shows 
an orthographic projection of three views of a rectangular block. 

. 

PLAN OP 

Top U/thS' 

__________ ____ 
tL1'/7T/ON o1e iio 

ñ'ONT 1//tul ______ 
2. 1ictorial Drawing. 

Â pictorial drawing is a single drawing representing the object with three visible surfaces. 't gives a better pictorial representa- tion of the object which makes it easier for the pupil to visualize. 
The two types commonly used are the isoìetric and oblique. The isoniet- nc shows three faces, all inclined to an angle with the plane of the 
paper as shown in Figure 13. The cabinet oblique drawing, as shovm in 
Figure 1C also shows three faces, however, one of which is parallel to the plane of paper. The receding lines are shortened in order to pre- 
sent a better picture of the object. 
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Infortion YW1 

2L /Q'J. 

1__ L_ 
L r i 

j C 

3. Standard Alphabet of Lines and Methods of Dimensioning. 

In order to read a working drawing the standard symbols and con- 

ventiozìs of mechanical drawing must be understood. Figure 2 shows 

the most comnon lines used in a working drawing. 

r----______________________________ 
¿'/5/8Lt OOTL///t 

4 

/NY/5i5z t oir1 / 

Cz5fT,e ¿/ftC 

tXT1.A'5ON cw 
IVI TN55 L I/IL 

ß//'7tN5/oN ¿ /N 

A solid line represents the visible outline of the object. 

A dotted or short-dashed line represents the invisible outline. 

The center lines are drawn by alternate long and short dashes. 
Round holes a usually located where the two center lines intersect 
at the center of the hole. 

Extension or witness lines are fine, long-dashed lines extending 
from the outline of the figure (but not touching it) to indicate the 
limits of the dimension line. 

Dimension lines are fine, solid lines terminated by arrowheads, 
used to indicate distances between points or lines. They are often 
broken in the center to allow insertion of figures stating the dimen- 
sions. Note where the arrows terminate for exact dimensions. 

The following table illustrates the accepted method of indicating 
standard dimensions most commonly used in dimensioning a working draw- 
ing. The dimensions are given in inches, feet, or a combination of 
the two. 



14 in. - Fourteen inches 

15 - Fifteen inches 

16" - Sixteen inches 
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Information YvW1 

41_01' - Four feet 

- Two feet four inches 

5'-6" - Five feet six inches 

Where the space is too crowded to indicate the dimension in the 
regular manner, the method shown in Figure 3A is used. The radius of 
curvature of an arc is dimensioned as in Figure 3B. The figures 
show the radius of the arc in inches. 

1 L1"_ 
Ok'fr 

t;? 

" 

N\ -'' 

Ti9. 

Figure 3, Methods of dinensioning: A, limited spaces; 13, Arcs; 
C, Circles; D. Angles. 

Circles are dimensioned as in Figure 30, the figures representing 
the diameter. 

Angles are indicated in degrees as in Figure 3D. 

Refer to working drawings on pages 26-32 for practice in reading 
working drawings, noting the following points: 

1. The type of drawing 

2. Number of parts in the object 

3. Thickness, width, and length of object 

4. Radius of rounded corners 

5. Dianieter of holes 

6. Depth and Width of dadoes 

7. Dimensions from center lines 



Q,UESTIONS: 

Information Wifi 

1. hat is the purpose of a workthg drawing? 

2. Name the common types of working drawings. 

3. How do orthographic, isometric, and oblique drawings differ? 

4. What are the advantages of each? 

5. In reading a diension, what is meant by 4'-2"? 

REFERENCES: 

1. Engineering Drawing - French, T. E. Chapter XII 
2. Instructional Units in Hand woodwork - Brovrn and Tustison - 

Unit 2. 

Formulated by Vernon E. Shipp 
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BENCH WOODJORKING 

Figuring a Bill of aterial 

IPFORTION: 

Operation VW2 

A bill of material is a written order with all the necessary 
specifications for obtaining the exact kind and amount of material 
needed. A bili of material is commonly called a "mill bill" when 
wood is the only material wanted. The making of such a bill gives 
training in the reading of drawings, in dimensioning and ordering of 
lumber, and in figuring board feet and costs of lumber. 

PROCEDURE: 

1. Visualize separately each part that will go into the finished 
project. 

2. Make a cutting bill; that is, list all of the pieces in the 
project, giving their exact dimensions as taken from the drawing. 

3. Make a bill of material (miii bill) from the cutting bill, 
listing all specifications and measurecqents just as the material is to 
come from the mill, lumber yard, or supply room. Cover the following 
points: 

a. Number 2! pieces: Frequently several pieces on the cutting 
bill will be combined to form one large piece on the mill 
bill. (See operation sheet V4.) 

b. Thickness 
!. 

inches: The following are standard thickness- 
available in rough and mill-planed lumber: 

Rough lumber - 1", 1 1/4", 1 1/2", 1 3/4", 2" 
Mill-planed lumber - 13/16", 1 1/16", 1 5/16", 1 9/16" 

i 3/4" 

C. Width in inches: Standard widths for soft wood are in 
even inches. idths for hard woods are not standard and 
include fractions of an inch. 

d. Length in feet and inches: In a mili bill inch and foot 
marks are not used. Exarle: 2 x 6 x 6-O; means 
2" x 6" x 6' 

e. pecifieations: This includes the kind of material, rough 
or finished, the finishing being designated by abbrevia- 
tions as follows: S - surface or side; E - edge; J - 

joint: Numerals 1, 2, 3, or 4 indicate the number of 
surfaces to be mill-planed. Example: S-2-S, J-l-E means 
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surface 2 sides and joint one edge. 

f. Number of fee, board measure: A standard board foot is 
x l2xT'= 144 cu. in. To compute board feet 

multioly the thickness in inches by the width in inches, 
by the length in feet and divide by 12; or if all three 
dimensions are in inches, divide by 144. 

g. Price or rate per board foot is taken from price list. 

h. Cost of each piece. The cost of any piece is represent- 
ed by the price multiplied by number of board feet. 

i. Total cost of lumber. This is the sum of the cost of all 
items or pieces in the bill of material. 

4. General information. In figuring a bill of material blanks 
are generally available to record the data listed above. In this case 
no provision is made for hardware and finish material. Hardware can be 
listed piece by piece. The finish can be computed roughly by doubling 
the number of board feet in the project,imiltiplying the result by the 
number of coats of any given finishing material, and then further inul- 
ti1ying by the cost per coat of that naterial, as follovrs: Stain - 
Filler - 1/21; wax - 1/41 - Lacquer or oil varnish 3/4Ø'. 

Q.UISTIONS: 

1. What is a bill of material? 

2. hat is the formula for figuring board feet? 

3. ¡ihat is meant by "S-4-S"? J-2-E? 

4. What order should be used in stating the dimensions? 

5. ¡hat would be the cost of a board 2 x 6 x 10-0, S-2-S, at 
20 cents ft.? 

REFERENCES: 

1. Instructional Units in Hand ioodwork - Brown & 1ustison 
2. Trade Customs of the hardwood Lumber 5usiness- hite Brothers. 

Formulated by L. A. Lovegren 
and Vernon E. hipp 
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BENCH ?OODWORXING 

Sawing to A Straight Line 

INFORMATION: 

Operation WV3 

Sawing is one of the most common operations in woodworking. The 
savs most commonly used may be divided into two classes--those that 
cut across the grain and those that cut parallel to the grain. The 
former are known as cross-cut saws, while the latter are called rip 
saws. The distinguishing difference between the two classes is in the 
shape of the teeth. The teeth of the cross-cut saw have sharp points 
and their cutting action resembles that of a series of small knives. 
The teeth of the rip saw resemble small chisels, the cutting action 
taking place a4 the lower edge of each tooth and at the bottom of the 
saw kerf, rather than on the sides as in the case of the cross-cut saw. 

PROC EDUR: 

1. Select the proper saw, according to whether the cut is to be 
along the grain (rip saw) or across the grain (cross-cut saw). See 
figures 1 and 2 for additional help, or Infornation Sheet 77 for more 
complete details. 

/ 
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Operation 

2. Place the board to be cut on a savv- horse or other convenient 
support. 

3. Grasp the handle of the saw f irraly in the right hand, with the 
thnb and index finger touching opposite sides of the handle. kigure 3. 

/ 

\kAJ( 
/ 

fig.4 fig.S 
j 

4. Hold saw blade at right angles to board in order to insure a 
square cut. 

5. The saw should also be held so that the line of the teeth makes 
an angle of 45° with the surface of the board. 

6. Draw the saw up one or more times, with the thwab of the left 
hand guiding the blade on the wood where the cut is to begin. Draw 
slowly and carefully. Figure 5. 

7. The saw kerf should be made just outside the line, leaving only 
enough wood to finish exactly to the line. This generally requires 
i/i6 to 1/8". 

Note: In some cases it is desirable to saw "exactly to the line". 
Th5.s is esoecially true in certain forms of joint work and in 
carpentry. In such cases the saw kerf should be placed in the 
waste stock, but with one side of the saw cutting through tcen- 
ter of the knife line or mark. Do not "straddle" the line with 
the saw kerf. 

8. Test to see if the cutting is at right angles to the board by 
carefully sighting above or to one side of the saw, or by using a try 
square. See Figure 3. 
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Operation WW3 

9. hen approaching the finish of the cut, saw slowly and hold the 
board with the left hand so that the piece will not drop and split off 
an arris. 

10. Vhen sawing to a corner do not let 
saw kerfs cross beyond that corner. Bring 
handle of saw up until the line of the ________ 
teeth is at right angles to side of board. (opppc,L Zco,.tt,rzL 
Ripping is usually done first in such 
cases. 

CAUTIONS: 

1. Always start the saw with a light uDward stroke. his allows 
it to start the cut without jumping. 

2. Hold the saw firmly, after the re1iminary cut is established, 
so that it will cut in a straight line. 

3. Use a long, slow, easy stroke, allowing the saw to cut with 
only slight pressure applied. 

4. Be careful not to pinch or kink the saw. Careless use will 
easily ruin a good saw. 

QUESTIOiS: 

1. vhat is a saw kerl? 

2. What is the rurpose of "set" in a saw? 

3. Thy keep your eye in line with the saw and in line with the 
mark on the board? 

4. Vthat is meant by the phrase, "This saw has eight points"? 

5. If the saw "got off the line" how would you guide it back? 

REFERiNCES: 

1. Essentials of oodworking - Griffith - pp 22-26 
2. Prevocational and Industrial Arts - wood and Smith - pp 4-8 

Formulated by R. B. Kidder and L. 0. Wins 

Revised by Vernon E. Shipp 
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ODeration WW4 

BENCH WOODWORXIìTG 

Getting Out Stock to Rough orking Size 

INFORMA.T ION: 

Getting out stock to 
for real thinking. There 
projects that give better 
no place is there greater 
economy in cutting or in 
your woodt 

PROCEDURE: 

rough working size presents an opportunity 
are few operations in the making of simple 
opportunity for individual planning and in 
opportunity to practice real, worth-while 
bhe use of material. Use your wits and save 

1. Select the proper kind and grade of stock to be used for the 
project. 

2. After careful examination of the stock bill and the blue print 
detemine the required thickness and the best width of stock from 
ithich to cut the pieces desired. 

3. Combine widths and lengths of different pieces so as to best 
fit them to the widths and lengths of the boards available. 

4. 'ake a mental picture of how the oieces are to be marked off 
on the board selected. 

b. ark the pieces according to your best mental picture, laying 
off the cutting size of each one with pencil and square. Check 
measurements. 

6. Exanine critically to see if a better or more economical ar- 
rangement can be made. See exam2les below for suggestions of savings 
that can be made by goodplanning. - 

:i - - 2'l 

H 
t-ig. i 

Figure 1 takes a longer board than 
Figure 2. Figure 2 takes a wider 
board than Figure 1. ïhich is the 
most economical? hy? 

t 
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Operation 7VW4 

r4; 
-______ 9x9 

4;z0' 

Wasteful method -- Shapes laid out at random -- No thinking involved. 
Used 7l' of stock. Shaded area represents waste. 

9 piece 5mtv' -f 
4 ZO' 

9; ., 

¿' core ful 
p/o7it 

3x5 
-- 

Carefully planned layout -- Used 51" of stock for same job as above. 

.2: saved by a little thoughtful plannings Does it pay? 

7. Yhen you are sure that all is right, go ahead. In cace of 
doubt have instructor check with you. 

8. Cut to convenient lengths if too large to handle well. These 
cuts must be made so as not to waste material, as at lines 3 and 9 

above. 

9. Rip to widths required (rip saw). Hold side of saw blade at 
right angles to board. Use long strokes. Do not kink saw. Keep on 
the line 

10. Cut to lengths as indicated by lines. (Cross-cut saw). Do 
no-b let saw kerfs cross beyond corners 

SUGGESTI OrTS: 

The number at the various lines in Figure 4 indicates the order 
i_n which these lines should be sawed. 
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QUESTIONS: 

Operation Y(N4 

1. Is all of the ripoing done at once in Figure 4? 

2. Thy has this order of sawing been suggested? 

3. tow is the board held for sawing? 

REFERENCES: 

1. Essentials of Woodworking - Griffith. Top1 10, 11, 12. 
2. Projects for Beginning oodwork and Mechanical Drawing - 

Griffith - p 25. 

Formulated by Geo. B. Cox 
Oregon State College 
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BENCH OOD'7ORXI 

Planing Flat Surfaces 

INPORMPTI ON: 

Operation WV5 

The purpose of planing is to (i) Remove excess wood, and (2) To 
make smooth and true surface. Â planer or jointer leaves mill marks 
or ripples on boards. In the best work these must be removed by hand 
planing or scraping before the piece is assembled. The longer the 
plane bed the more nearly perfect the straight surface will be. 
Choose the proper plane for the job. See Information Sheet W8 on 
Planes and Planing. 

PROCEDURE: 

1. Adjust the plane to take the proper depth of cut. The shaving 
should be about the thickness of a piece of newspaper. Take a finer 
cut when finishing than when roughing down. The finishing cut should 
be very thin in order to assure a smooth and true surface. 

2. Fasten the work in a convenient position. 

a. If planing the edge of a board it is probably best to 
clamp it in the vise. 

b. If planing a broad surface of a board use the bench stop 
or bench hook to kecp the board from sliding off the top 
of the bench. 

o. If planing an end of a board, either fasten it in the vise 
or hold it on the bench hook as shown in Figure 1. 

\ 
(__ 

\___ 
-'Q 

No.1 f-19. 

d. If planing the edge of a very large piece, SUch as a table 
top, it is best to fasten one end in the vise and to sup- 
port the other end with a hand screw. See Figure 2. 



-48- 

Operation W5 

3. Plane "with the grainN to avoid roughing up the surface. See 

Figure 3. 

4. Test flat surfaces for straightness with the back edge of a 

try-square blade or other straight-edge. Test across the graixì, with 

the grain, and along both diagonals. See Figure 4. - _______ 

__________t1 
5. Plane off the high parts as indicated by a straight-edge test 

until this test gives an equal distribution of light over the whole 

surface. 

6. Test the edge for straightness by sighting along it or by use 

of a square-blade or straight-edge. Also test for squareness to the 

working face. See Figure 5. 

7. Test the end for straightness and for squareness to both the 
working face and the working edge. 

8. When planing chamfers or narrow edges, steady the plane by 

extending the fingers beyond the plane bottom and using them as a guide 

on the board. 

SUGGESTIONS: 

1. Place the pressure on the toe of the plane when starting a cut 
and on the heel when completing a cut. 

2. hen planing end grain, do not plane clear across the board. 
Plane from both edges to the center. This avoids splitting or spun- 
tering at the corners. 

Note: Sornetines this may be overcome by making a small chamfer 
on the corner. See Figure 6. In many instances this method is mad- 
visable, however. 

3. A plane often cuts better if a shearing cutting action is ein- 

ployed. This is done by holding the plane at an angle to the direction 
of movement of the plane. See.Figure 8. This is particularly useful 
on curly-grained stock. 
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1. Vhy use a plane with a 1on bed when joinin the edges of long 
boards? 

2. Why not plane entirely across the end of a board? 

3. hat is (a) wind? (b) warp? 

4. Under 'ithat conditions is it advisable to chan'ifer the board when 
p1anin end grain? Should this be practiced for the general run of 
work? 

5. To what is the term "face side" applied? 

6. What is meant by cross tianing? 

REFERENCES: 

1. Essentials of oodworking - Griffith - pp 42-50 
2. Principles of ioodvorking - Hjorth - p 70-72 
3. Instructional Units in hand Woodwork - Browi & Tutjs - pp 

66-83 

Formulated by bruce J. Hahn 

Revised by Vernon E. Shipp 
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Squaring a koard to Dimensions 

INFORATION: 

Operation WW6 

A rectangular board has six surfaces, hence the six steps in 
squaring it to dimensions. Two of these surfaces are called "BROAD- 
SIDES", two are called "EDGES", and two MENDS". The six steps in 
planing these surfaces, and in laying out the size of the board, are 
outlined below. The order given is that which will give the most ac- 
curate work in the shortest time, allowing for the ininiìnwi number of 
accumulative errors. 

PROCEL)URE: 

1. TRUE THE WORKING FACE. 

Select and plane one broad side smooth and true, testing it 
lengthwise, crosswise, and diagonally. (Reference l, pp 39, 42)4'. 
Vhen completed, this is called the ¶ORKIi'JG FACE", "WORKING SIDE", or 
"FACE SIDES. ìvlark it with one light pencil mark so as to indicate 
that it is finished. 

2. JOINT THE WORKING EDGE. 

Joint one edge (straight and s9uare) withworking face. Test for 
both squareness and straightness. (Reference l, pp 41, 44.) hen 
completed, this becomes the "WORKING EDGE". Mark it -- , two light 
pencil marks. 

3. SQUARE ON END. 

Plane one end square with working side and working edge. hen 
planing end grain it is necessary to cut across the wood fibers. 5ince 
they separate more easily than they cut, the fibers at the far edge 
will split off if the plane is pushed all the way across the board. 
To avoid this splitting the plane should not be pushed. all the way 
across the end but the stroke should be stopped as indicated in the 
sketches below. The board can then be reversed and planed from the 
other edge in a similar fashion. 

. 

(I orrcci L.' 

'Reference listed on last page of this sheet. 

C 
Incorec 
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Note: All measurements should hereafter be made froni one or another of 
the three surfaces (VORXIYG FACE, WORKING EDGE, SQUARED END) that have 
just been finished. 

4. SQUARE SECOND END -- LENGTi. 

Measure from the squared end and mark the required lenGth. (Knife 
and rule, with rule held on edge. ) See 
Figure 1. 

Score a knife line around the board 
at the point marked, using try square and 
knife, with the beam of try square held 

. 
firmly against the marked face and edge. 

- 

(Reference #1, ll, 47.) 
If there is much extra length it may 

be saed off, sawing approxiniately i/8 
- away from the knife line. ifold side of 

' 

2 
saw at right angles to face of board. 
Use bench hook for holding work if board 
is small. Saw-horses are best for long 

_--___t1t9J - ----- - --. boards. Plane carefully to center of 
knife line. Test frequently to determine whether end is square with 
the working face and edge. 

5. JOINT SECOND EDGE -- WIDTH. 

Set marking gage to required width and gage a line on the working face, parallel to working edge. tfId head of gage firnily against 
working edge, with gage rolled forward I 

so that the pressure comes on the low- 
er arris of beam instead of on the point 
of the spur. If too much pressure comes 
on the spur the gage line will not be 
straight. See position in Figure 2. 
Note that the spur just barely touches 

and board are given in Figures 3 and 4. 
the wood. Suggestions for holding gage 

Iig.Z 

í_ 
f19.3 i9.4 ___ 
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If there is niuch extra width it may be ripped off, sawing approx- 
imately 1/8" away from the gage line. hold side of saw at right angles 
to face of board. (Reference l, pp 22-25.) 

Plane carefully to center of gage line. Test frequently to de- 

termine whether edge is square with the working face. 

6. TRUE SECOND BROAD SIDE -- THICIESS. 

Set marking gage to required thiciess and gage a line on each 
edge, parallel to the working face. Head of gage should be' held firmly 
against the working face. Use same precautions for holding gage as in 
step 5 above. 

Plane carefully to gage lines, testing for straightness across the 
grain. The gage lines will insure straightness along the grain if one 
is careful in working exactly to the center of these lines. (Reference 
#1, pp 45, 48.) 

REFERENCES: 

1. Essentials of Woodworking - Griffith - (Pages indicated in 
directions above.) 

2. Hand ïork in Vdood - Noyes - pp 72-75. 
3. Prevocatiormal and Industrial Arts - Wood and Smith - pp 93-95. 

Formulated by George B. Cox 
Oregon State Uollege 
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BENCH OOD70RKING 

Hand Saws 

GENERAL DEFINITION: 

Information WW7 

A saw is a thin, flat blade of steel with teeth arranged along 
one edge for the .urpose of cutting wood, metal, or other material. 
The object in using a saw is to cut through a piece of material along 
a thin line. The efficiency of the saw depends upon the smoothness 
and narrowness of the saw track or kerf, and upon the ease and speed 
with which the cut is made. 

CLASSES OF SAvvS: 

The saws most corrmionly used fall into two broad classes accord- 
Ing to whether the teeth are arranged for cutting across the grain of 
the wood or parallel to the grain. Cross-cut saws are those with 
teeth shaped for cutting across the wood fibers, while rip saws are 
those whose teeth are shaped for most efficient cutting along the grain. 

THE RIP SA.: 

The teeth of the rit saw may be thought of as series of 
set in two parallel rows, each over-lapping the other slightly. Each 
tooth is filed to a sharp edge, which at each stroke chisels off a 
small chip or bit of sawdust from the end of the wood fibers. The 
shape of the teeth of the rip saw and their cutting i illustrated in 
Figure 1. It will be noticed that the filing line of a rip sa tooth 
(Figure lB) is at right angles to the side of the saw blade, and that 
the front edge of the tooth is perpendicular to a line passing through 
the cutting edges. This saw operates very well along the grain of the 
wood but if used to cut across the grain it tears the wood fibers, 
leaving a rough jagged cut. 

fig 

/ 
Chi,e/ cvi½? iv,,» the 
9-0/;? - ot'e5 /7Ot sdo/»7/eç 
mc wood 

I 

c 

r- 
fig.lb 

Cb/5e/ cu//.'rìg OCI053 /he 9ro,n 
5p//77'eP5 /17e wood o' bo/I? sh*s 
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ThE CROSS-CUT OR HAID SAW: 
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The cross-cut saw differs from the rip saw in that the teeth are 
filed with side bevels, and the front face of each tooth becomes a 
sharp edge rather than a perpendicular face. The bevels are clearly 
shown in Figure 2, and the line at B indicates the angle at which the 
file is held with reference to the side of the saw in order to form 
these bevels. This angle is reversed on each alternate tooth so that 
the bevels alternate from one sidE? to the other on successive teeth. 
The result of filing at this side angle is to produce sharp, knife-like 
points at the extreme lower ends of the teeth and cutting edges along 
their sides, rather than broad, chisel-like cutting edges at the lower 
ends as in the case of the rip saw. 

The cutting action of the cross-cut saw is best compared. to that 
of a series of small knife points, and is partially illustrated in 
Figures 2 A. The sharp points of the teeth score Imife-like lines 
across the face of the board.. These lines are gradually deepened by 
the cutting edges on the sides of the teeth and the material between 
them chipped out by the body of the tooth as the saw cuts its way 
through the wood. The fibers of the wood are thus severed across their 
length, and split out froni between the sides of the saw kerl by the 
forward motion of the sw. A well sharpened cross-cut saw leaves a 

cut, hardwood sometimes even has a polished 
appearance. - - 

1 tn/or9ed k7èi' oit 8041' frepf 

):*5e o.ig/es ¡#OP9' 
5//94f/y with 'he qpe 

of 

700 

of f/½9 5/* 

z '4__- fig. 
-- 

The action of a cross-cut saw is like two knives, the points of 
the teeth scoring two parallel cuts and the body of the teeth dragging 
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out the chips from between. 
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The cutting action of a rip saw is like that of a series of 

chisels, each tooth cutting a small chip and forcing it out at the 

end of the kerf as the saw moves forward. 

VARIETIES OF SAWS: 

While all wood-cutting saws can be classified under the two broad 

groups of ripping or cross-cutting, there are many varieties of shapes 

and sizes within these classes, each designed for a special purpose. 

Sorne of the more common varieties of these special saws are described 

bel ow: 

EL 

1. BACK SA7. 

A fine-toothed cross-cut saw with a 
much thinner blade than the hand saw. 
For additional stiffness the blade is 
reinforced with a steel rib along the 
back edge. Used for fine work and for 
accurate cutting. Length of saw blade 
ranges from 10 to 16 inches. 

2. COPING SAW. 

A very fine saw blade stretched tightly 
between the two ends of a "U" shaped 

steel frame. The blades vary somewhat 
in size but are most commonly about 
1/32" thick by i/ic" wide and six inches 
long. This saw is used for cutting 
short curves in thin wood. 

;. TURN SAW, WEBB SAW OR FRAME SAW. 

Q.uite similar in some respects to the 
coping saw but has a heavier blade and 
a larger, wooden frame. Blades are 
usually about l/l6 x l/4' x 15". Used 
for sawing curves when the work is too 
large or stock too heavy for coping saw. 

4. COIVaASS OR KEYHOLE SA. 

A small, pointed saw blade with a handle 
similar to a hand saw. Blade is narrv 
and tapering but rather thick and stiff. 
Used for sawing curves and holes in 

places where the Coping or Turn saw 
could not be used because of their frames. 
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5. PAEL SA. 
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A fine tooth cross-cut saw used for careful or delicate finishing 
work. It ranges from 14" to 24" in length, with a thin tapered blade 
and a handle that gives an easy grip arid control to the saw. Very 
similar to the hand saw, except smaller. 

--- - A fine-toothed cross-cut saw resembling 
a Back saw, but much smaller and with a 
different handle. Blade usually 6" to 
8" long. Used for fine work, specially 
the cutting of dovetail joints. 

TECHÌ'IICAL TRES: 

1. SET. 

7. HACK SA'. 

Not a wood-worker's saw but so frequent- 

ly used as to be described here. A 
thin blade, usually about 3/64" thick x 
1/2" to 3/4" wide, stretched between 
the tvo ends of a stiff nietal frame. 
Blades range from B" to 14" in length 
and are made of esecial1y hardened 
steel similar that of a file. Used 
for cutting metal of all kinds, except 
hardened tool steel. Blades are brit- 
tie, as well as hard, and must be used 
with caution to avoid breakage. 

The alternate bending applied to the teeth of a saw, one tooth 
bent to the right, the next to the left, so that the kerf is wider than 
the thickness of the blade. The amount of the set is the amount of 
the bending of each alternate tooth and is determined by the class of 
work and the kind and dryness of the wood to be cut. Hard, dry wood 
requires less set than soft, wet, or spongy wood. 

2. POINTS l'ER INCH. 

An indication of whether the saw has coarse or fine teeth, accord- 
ing to the number of points to the inch. The number of points is 
always one point greater than the number of teeth. See figure lO. 
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3. TOE AND HEEL. 

fìg O 

The heel is the handle end of the line of teeth while the toe is 
the opposite end. 

4. KERF: 

The track left in the wood by a saw cut is referred to as the 
kerf. If the saw is properly sharpened and fitted, the kerf is slight- 
ly wider than the thickness of the blade. This difference in width is 
for the purpose of reducing friction on the sides of the saw, and is 
caused by the set of the teeth. (See Figure 9.) 

. PITCH OR RAKE. 

The slant of the front edge or face of the teeth with reference to 
a line passing through their points. The angle of pitch of the rip saw 
is 900 while the pitch given a cross-cut saw tooth is usually out 75 
or about one-third of the whole width of the tooth. SeeFigure_il. 

50k1/ 

6. TAPER GRINDING: 

060U7' 5'O° o.6OU7L 7QQ \ 

7 Ctv55 - 
C////279 e«qe 

Special grinding giving tapered thick-iess to saw blade. Back edge 
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is thinner than toothed edge. See Fiure 12. ThIs permits saw to 
run free with less set. 

QIYESTIONS: 

1. Name the parts of a saw. 

5eczvc/ k-/ekv of yoii' /' 

Aei-Ì, /7oi4'/ /0/7 et'e cl 

th/ck/7e5s to give acb'ea' 
c/earo'-'ce. 

2. That does the number on the heel of a saw indicate? 

3. How do you detect a sharp saw? 

4. hat may cause a saw to jerk or vibrate and how can it be 
reme di ed? 

5. hat is meant by "jointing a saw? 

6. xp1ain the procedure in sharpening a saw. 

7. Why is "fitting a saw" a difficult operation? 

REFERENCES: 

1. hand Work in Wood - Noyes - pp 62-68 
2. Tool Manual for School Shops - Disston - Chapter III 
3. How to Work with Tools and ood - Stanley Tool Company - 

pp 28-35 

Formulated by Russel B. Kidder 
Revised by Vernon E. Shipp 
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BENCH OOUNORKING 

Planes and 1aning 

I NFO1MAT ION: 

Inforinat ion 1NW8 

The plane is really a form of chisel set in a rigid frame. ood 
example of this is the adjustable chisel gauge shown in Figure 1. The 
early plane consisted of a siuiple blade of steel which was held in a 
hole in a block of wood by means of a wooden wedge driven in from 
above. See Figure 2 and Stanley charts on History of the Plane. Mod- 
Ifications of this elementary type of plane still exist as moulding 
planes, etc. Improvements were gradually made in the materials and 
mechanics of the plane until we now have many different sizes and kinds 
made of iron or steel almost entirely. Each kind is designed for a 
particular type of work and is betber for that work than any other kind. 

PURPOSE: hg. I fig.2 

In general, the purpose of planing is (i) to remove excess wood 
and (2) to make a smooth surface. A planer or jointer leaves mill 
marks or ripples which must always be removed by hand planing or 
scraping before the piece is used in a good piece of work. 

VARIETIES: 

Jack Plane--i3sed for general woodwork, any- 
thing from rour.h carpentry to the finish 
cut in fine cabinet work. It is the most 
common and most useful plane we have. 

________________ Common length is 11 to 15". 

Block Plane--Used for small work and for end 
grain. It is adapted to end grain because 
the blade forms a more acute angle with the 
work than does a Jack plane blade. Length 
3; to 8". 

- Smooth Plane--For purposes similar to that of 
( the Jack plane as it is used in the shop, 

primarily for smoothing operations where 
smoothness is more important than straight- 
ness. Length 51" to 10". 
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Jointer 

Plane--For 

Information WW8 

long work where a straight 
surface is required. The longer the bed 
the fewer small irregularities will be left 

the plane. Length 22 to 30". 

ore Plane--For the same purpose as the joint- 

___________________ er plane. Length 18 to ". 

dadoes, panels, etc. 

Router Plane--For making grooves, recesses, 

of a picture frane. hen a guiding fence 

Rabbeting Plane--For cutting rectangular re- 
cesses or rabbets such as that on the back 

is attached it is called a filletser plane. 
______ The dado plane is another modificatio of 

the rabbet plane, having the blade at a 
700 angle from the side instead of perpen- 
dicular to it. 

r1 

Bull-nose Plane--For working in corners. It 

is a s:nall plane with the blade very near 
the front end. It can also be used as a 
rabbet plane. 

Circular Plane--For smoothing convex or con- 
cave curves of moderately large radius. It 
has a flexible steel bed which is adjustable 
for various arcs. See Operation Sheet 
on Planing Curved Surfaces. 

Spokeshave--For curves of nearly any common 

c:T::;:::::::: size, either concave or convex. It is es- 
sentially a plane with an extremely short 
bed. 

Scrub Plane-- For roughing off and removing 
wood rapidly. The blade has a very pro- 
nounced crowned cutting edge. Length 
10-12". 

cratch Plane--or Scraper Plane--For scratch- 
ing surfaces to give a good gluing surface 
as in veneer work or to scrape down finish 
surfaces. The blade is often a scraper on 
one end and toothed on the other and is 
reversible. 



SUGGESTIONS: 
i 
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nguing and Grooviìg Plane--Used for match- 

ing or joining boards edge to edge with the 
tongue and groove joint. 

iding Plane--For making moldings or small 

curves. It is a very elementary form of 
plane and is made in a wide variety of 
shapes. It is usually a wooden plane. 

Universal Plane--For a great variety uses. 

Cutters such as molding, matching, sash, 

beading, reeding, flutting, holloN, round, 
plow, filletser, and other special cutters 
are available. 

Core-box Plane--For making semi-circular 
grooves or channels. It is used mostly in 
pattern making. 

Note:--There are many other special kinds of 
planes other than those mentioned above. 
Their uses are limited, however, and since 

the above list is representative and con- 
tains the more common cones the others will 

not be discussed here. 

1. There is a plane for each type of job. be sure to use the 

proper one. 

2. Do not take too heavy a cut. Trspecia1iy when finishing, light- 

er cuts should be taken. 

3. Be carerul not to plane against the grain. 

4. hen planing end grain, plane from both sides to the center to 
avoid splintering or splitting the corners. See Operation Sheet YW6. 

QUESTIONS: 

1. Name and locate the parts of a plano. 

2. How and in what position should the cap-iron be? 

3. flow should one determine when the plane iron is sharp? 

4. What two adjustments are there on the blade of the plane? 
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5. When are the following planes used: Jack? Block? Smooth? 
Jointer? 

6. Vhat is the shape of the cutting edge of the Jack plane iron? 

REFhENCES: 

1. Essentials of Woodworking - Griffith - pp 31-50 
2. Hand ork in ood - Noyes - pp 69-83 
3. Prevocational and Industrial Arts - Wood & Smith - rp 9-12 
4. How to .ork With Tools and tood - Stanley 

Formulated by Bruce Hahn and W. T. Rounds 

Revised by Vernon E. Shipp 
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BENCH WOODWORXING 

Chisels and Gouges 

GENERAL DEFINITION: 

Information WW9 

Chisels are generally c1asified into two large classes accord- 
Ing to the way their handles are fitted into the blades. :k 

figure I A illustrates the 
socket type of chisel. The wooden 
handle is fitted into a socket at 
the upper end of the blade. g i 

í4 

Figure I B shows the other 
method of attaching the handle, 
which type is 1movn as the tanged 
chisel. 

Note: Figure I A illustrates 
I B shows the straight edged blade. 
and neater in appearance. 

-ngJ D 
de beveled blade while Figure 

The former is somewhat lighter 

In general, the socket chisel is used for heavier work, and its 
handle is usually tipped with leather to better withstand blows when 
being driven. The tanged chisels are somewhat lighter, have a better 
balance, and are preferred by many workmen for light chiseling and 
paring. 

CLASSES OF CHISiLS: 

Chisels differ in many respects and nay be further classified 
according to length, width, and use. 

A. In respect to length of blade. 

1. The butt chisel 

fig.e 

? 

eo9e 

'3.. H 

Figure illustrates the socket butt chisel. The blades 
of these chisels measure three inches from cutting edge 
to shoulder. This type of chisel is a light duty tool 
generally used in light work on fairly broad accessible 
surfaces; i.e. gaining for butt hinges on door jambs,etc. 
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2. The pocket chisel 

Inforraatior 

Figure 2b illustrates the pocket chisel with a blade of 
four and one-half inches measuring from cutting edge to 
shoulder. This is a heavier type of chisel and is the 
one most generally used for ordinary paring. 

3. The firmer chisel. 

f_i9. gc. 

-f-- 

Figure 2e illustrates the firmer type of chisel with a 
blade of six and one-fourth inches measuring from cutting 
edge to shoulder. It is still more substantial chisel, 
adapted to mediuni heavy work. 

4. The framing chisel. 

-r-ig. Z D 

Figure 2d illustrates a framing chisel vith a blade of 
eight inches measuring from cutting edge to shoulder. t 

heavy duty chisel adapted to heavy work and used where 
deep cuts are necessary. LIay be used to cut inortises. 

Note: ny of the foregoing chisels may be obtained in 
the socket type. All except the framing chisel may be 
obtained iii the tanged type. 
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B. In respect to size. (idth) 

The size of a chisel is indicated by the width of the cuttiag 
edge. Chisels may be obtained in all widths, varying by 
eighths from one-eighth to two inches inclusive. 

Note: The cutting edge of a chisel is ground to about 25° 
angle. 

C. Special chisels: 

1. Corner chisels 

' LL' _ "' ,"/// /7/i/,'i toi" 
'\.\\ \'\ 

5" 

fig. 3 

Figure 3 illustrates the socket corner chisel which has a 
right angle blade. It is adapted for corner work, meas- 
ures seventeen inches over-all, and cornes in two sizes 
with three-quarter inch and one inch blades. 

2. Mortising chisel - 

119.4 
Figure 4 illustrates the mortising chisel which is a heavy 
duty tool, adapted to withstand severe strain as in f ram- 
ing or mortising where deep cuts are necessary and pres- 
sure is applied to break and remove chip. 

3. Slick 

fig. 



Information 1W9. 

Figure 5 illustrates the slick which is any chisel having 
a blade wider than two inches. The regular sizes are 
2k", 3', 31*, and 4" wide and measuring 30 inches over- 
all. They are adapted for use on large surfaces where a 
great deal of material is to be removed. 

4. Gouges 

Gouges are also classified as either socket or firmer 
types, depending upon their construction. Gouges are 
similar to chisels, differing in that they have rounded 
cutting edges and blades. They are further classified as 
inside bevel or outside bevel gouges. 

a. Inside bevel gouge. 

? çrr( (( 

Figure 6 illustrates the inside bevel socket type 
of gouge. 

b. Outside bevel gouge. 

11g. 7 _____ 
Figure 7 illustrates the outside bevel tanged type 
of gouge. 

Note: The size of gouges is determined by measuring 
the straight distance between the corners of cutting 
edge. They may be obtained in widths, varying by 
eighths, from one-eighth to tto inches. 

o. Bent shank gouge. 

M9. e i 
Figure 8 illustrates the bent shank gouge which is of 
advantage in giving roora for the hand where grooving 
is to be done on flat surfaces. 
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PARTS OF A CHiSEL: 

Info rïnat i on lIft 9. 

The parts of a chisel are: the blade, on the end of which the 
bevel is ground; the shank, which is the upper narrow part of the 
blade; the socket, which is the upper end of the blade shaped like a 
hollow cone, and into which the tapered end of the wooden handle fits. 
In tang chisels the shank ends in a sharp point called the tang, which 
is driven into the end of the handle. The bolster on the shank pre- 
vents the tang from entering further. The ferrule fits over the lower 
end of handle to prevent splitting. 

QUESTI OS: 

1. Name and describe the two classes of wood chisels in common use. 

2. hat are the parts of a chisel? 

3. How is the size of a chisel measured? 

4. How is a chisel forced into the wood? 

5. What is the rule of paring in reference to the grain? 

6. How does the gouge differ from the chisel? 

REFERENCES: 

1. Tools for the ioodworker - Catalogue No. 29, Greenlee Tool 
Company, Rockford, Illinois 

'2. Essentials of oodworking - Griffith 
3. Educational Charts - Stanley Tool Company, Nos. 120-121 
4. How to Work With Tools and Wood - Stanley Tool Company 
5. Principles of loodworking - Hjorth 

Formulated by Vernon E. Shipp 



BENCH WOODWORKING 

Making a Cutting Board 

II'JFOkMATION: 

Job YWlO 

This is an exercise in which mill-planed stock is used, with no 
finished dimensions set. The piece is to be squared with the minimum 
amount of material removed. This exercise forms the basis for a very 
good beginning project in woodvork. It may be motivated on the con- 
test basis. Each boy is to be given a piece of soft wood 1 x x 12", 
all as nearly alike as possible. The grades are given according to 
the size and squareness of the finished product, the larger board re- 
ceivin the better grade. 

GENERAL DIRECTIONS: 

1. Read the job sheet carefully and study accompanying drawings. 

2. Make a list of tools and materials necessary to do the job. 

3. Make a list of operations to be followed. 

4. Have your operation schedule and list of tools and materials 
approved by the instructor before starting work. 

PROCEDURE: 

1. Select the best broad side and mark it with an X near the edge 
to be planed next. This side is hereafter to be called the working 
face. 

Note: Secure approval of instructor before proceeding to next 
step. 

2. Plane one edge straight and square to working face, taking off 
as little material as possible. hen completed mark it XX. This is 
then called the working edge. 

Note: Secure approval of instructor before proceeding to next 
step. 

3. Vith beam of square held successively against working edge and 
working face, scribe a knife line across one end of the piece. Plane 
to the line, removing only enough material to square the end with the 
working edge and face. Test carefully with try square. 

Note: Secure approval of instructor before proceeding to next 
step. 
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Job wVlO 

4. Repeat step number three on other end of piece, always testing 
from working face and working edge. 

Note: Secure approval of instructor before proceeding to next 
step. 

5. Ly out second edge with marking gauge, measuring frora working 
edge and setting gauge at greatest width possible. Gauge a line on 
working face parallel to working edge, and plane to gage line. Test 
for squareness with working face. 

Note: Secure approval of instructor before proceeding to next 
step. 

6. Turn in to instructor for grading after all steps have been 
coiripleted. 

Caution: Always test and measure from working face and working 
edge. Test frequently for squareness and straightness. 

QUESTIONS: 

1. 1hat caution should be used in planing end grain? 

2. hy make all ieasureinents or tests from working edge or face? 

3. How thin a shaving should be taken off with the plane? 

4. hy use a knife in marking across the grain? 

REFERENCES: 

Operation Sheets on Squaring a Board to Dimensions, and Planing 
Flat Surfaces. 

Formulated by Vernon E. Shipp 
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BENCH OODORKING 

Making a Broom Holder 

GENERAL DIRECTIONS: 

1. Examine the sample shown in the exhibit. 

2. Read the entire job sheet and make your job plan by listing 
the onerations in the order in which you will do them. 

3. Make a list of the tools and materials required for the job. 

4. Have your job plan and tool and material list checked by the 
instructor before proceeding with the job. 

DIRECTIONS: 

1. Square the pieces of lumber to dimensions. (See Sheet 3.) 

2. Chamfer the board which is to be used for the back of the 
holder. 

3. Locate center of board by drawing the diagonals as shown in 
Figure 1. Make light pencil marks as heavy ones are hard to erase. 

Cet? /et- 

4. Square a line across the board through center. 

5. Measure off on each side of center line 1 3/4 inches and 3 
inches to locate position of holes for screws. 

6. y lake light lines through these points as lines a-b, c-d, etc. 
in Figure 1. 

7. Place spur of marking gage on center of board and move head of 
gage along the beam until it comes up against the edge of the board. 
Tighten the thumb screw. 

8. Ike light gage marks across lines a-b at points c-d-e-f, mark- 
those points only. 

9. Drill 3/16n holes at points c,d,e, and f. 
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lO. Countersink holes e and d froni the rear of board. Do not 
countersink those at e and f. 

li. Locate the center of the board that is to be used for the 
front of broom holder by drawing diagonals the saine as was done on the 
back board. 

12. Square a light line around this board, through the center. 

13. Select the edge that is to be toward the front and measure 
back 1/2 inch from each front corner along both arrises as shown in 
Figure 2. 

14. Square lines from 

L" 
rz 

f'i9.Z 

these points across 
the edge and ends of 
board. 

15. From each end of 
these lines square 

lines so they will 
meet as shown at 
points a and b, 
Figure 2. 

16. Use the points where these lines intersect (points a and b) as 
centers and with a compass set at 1/2 inch draw curves at corners on 
each side of board. 

17. Saw along outside of curves with a coping saw or compass saw. 

l3. With a sharp chisel, using a vertical paring cut, round corners 
down to compass mark. 

19. Measure along the center line 1 from back edge of board to 
locate center of large hole. 

20. With expansive-bit, bore a hole l" in diameter. Caution: Be 
sure to place a piece of waste stock in the vice back o the board and 
clamp board so that the large bit will not split it. 

21. Measure along front edge of board 5/8 of an inch on each side 
of center line and from these points score lines with a shar knife, 
carrying them across the edge and sides as far back as the 1' hole. 

22. Saw on the inside of those lines. 

23. Smooth end grain to lines with paring cut of chisel. 

24. Measure along back edge of board 1 3/4" on each side of cen- 
ter line. 
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25. Square lines across the edge at these points. 

26. Set marking gage at 5/16 inch and gage a light line along 
the center of edge. 

27. ith a 1/8 inch drill bit, drill holes where the gage lines 
intersect the lines which you squared across the edge. 

28. Assemble pieces by putting in screws. Use l inch No. 9, 
flat head bright wood screws. 

29. Erase all pencil marks and sand!aper project. 

30. Have your project examined by instructor and then apply a 
simple finish. (See Job Sheet on To Stain, Fill, and Varnish.) 

QUESTIONS: 

1. 1That are diagonals? 

2. hat do we me when we say that two lines intersect? 

3. hat would be a point of intersection? 

4. How do you countersink holes? 

Formulated by J. J. Orr 

Revised by Vernon E. Shipp 
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BENCH OOD7ORKING 

To Stain, Fill, and Varnish 

INFORMATION: 

Job YWl2 

Finishes are applied to wood surfaces in order to preserve and 
beautify thera. There are many different kinds of finishes in use, 
however those most commonly used in the school shop are varnish, 
enamel, and paint. Varnish and enamel are generally for inside work, 
such as furniture and inside trim, while paint is used for outside 
finishing. In most cases the procedure in finishing will be to stain 
(unless a natural finish is desired) then fill with a paste or liquid 
filler, and varnish. 

GENERAL DIRECTIONS: 

1. Read the job sheet carefully. 

2. Lake a list of the materials necessary for the job--brusnes, 
finishes, etc. 

3. List the procedure to be followed. 

4. Secure approval of instructor before proceeding on job. 

PROCEDURE: 

1. Sand. 

For new work go over the wood carefully and see that the surface 
is thoroughly free of tool marks, mill marks, greasy spots, or super- 
fluous glue. Plane or scrape the surface and then finish up with OO 
sand paper. Sand with the grain at all times. 

2. Stain. 

Select the stain to be used (a penetrating stain is recornrriended 
for student use) and pour enough stain of the color desired into a 
clean enameled cup or suitable container. Try out the stain on a 
scrap of the same kind of wood, scraped and sanded in the saine way as 
the project. hen ready to stain the project dip clean brush into the 
stain about one-third the length of the bristle, wipe lightly across 
edge of container, and brush lightly with the grain, along entire 
surface to be covered. stain inside corners and recessed parts first, 
beginning at the top and working dovm. Work out toward the axrises. 
V(ork carefully but thorouh1y. Do not go back to touch up a surface 
that has partially dried. Avoic1laps" and "runs". 5ipe off with a 
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clean cloth soon after application to remove surplus stain and produce 
a uniform shade over entire piece. 

3. Fillers-- for coarse-grained wood. 

Fillers are used to fill the wood pores, and thus give a smooth, 
level, non-absorbent surface on which other finishes ny be placed. 
Use only paste fiLer corresponding to the color of the wood. Liquid 
filler may be used on close-grained woods such as pine and fir, but 
paste filler is recommended for coarse-grained woods such as oak, wal- 
nut, and mohogany. Thin the paste filler with "turpe or benzine to 
a consistency like coffee cream. ith a stiff-bristled brush force the 
paste into the pores of the wood and allow to dry until it has a dull 
appearance, (approximately twenty minutes). Rub off surplus filler 
with a rag or gunny sack by rubbing across grain. Allow it to dry for 
twenty-four hours. 

4. Apply a coat of thin oil varnish. 

All varnishes are used to form hard, protective, transparent 
coverings that will protect the wood without hiding its natural color. 
The temperature of the varnishing room should be between 70_800, and 
the room should be free from dust. Select a perfectly clean container 
and pour into it the amount of varnish needed. Wipe the surface to 
be varnished and see that it is perfectly clean. with a good varnish- 
brush spread or "flow on" an even coat of varnish, brushing with the 
grain. Remove axy runs by re-brushing and thereby leave a thin, smooth 
coat of varnish. Allow forty-eight hours for drying, and sand lightly 
to remove nibs. Uce #6/0 paper, or fine steel wool. 

Note: Shellac dries more rapidly and may be substituted for the 
first coat of thin oil varnish. Use Orange shellac, thinned with 
alcohol, for the darker colors and white shellac for the lighter colors. 

5. Apply second coat of varnish. 

Sand lightly with 6-0 sand paper or steel wool to remove nibs. Do 
not sand the arjses. Repeat the above operations for succeeding coats 
until the desired surface is obtained. Rub and polish the last coat 
with pumice stone for dull finish and Rottenstone for highly polished 
finish. 

6. To re-varnisii old work. 

If finish is not too badly marred, sand it lightly and apply 
varnish as in No. 5. If varnish is to be removed, apply varnish re- 
mover with a brush and allow to stand until varnish is soft. Remove 
the varnish with a dull putty knife or with burlap. Clean surface with 
turpentine. Sand, if necessary, and stain again to the desired color. 
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Varnish as in previous steps. A color-varnish, stains and varnishes 
at the same time and may be used on a refinish job. 

QUESTIONS: 

1. What are the purposes of wood finishes? 

2. What is the purpose of fillers? 1axes? 

3. hat is meant by open and close-grained woods? 

4. hy should brushes be kept clean? 

5. How can surplus varnish be "picked up"? 

REFERENCES: 

1. Essentials of oodworking - Griffith 
2. Principles of Woodworking - Hjorth 
3. Job Sheets in Practical oodwork - I3rown & lustison 

Formulated by Vernon E. Shipp 
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BENCH WOODORKING 

The Relation of Art to Bench oodworking 

INFORMLUION: 

Since the appearance of the completed project is so important 
to successful work, Provision for the development of appreciation and 
good taste in the selection and design of projects should be a funda- 
mental item in a well-rounded course in woodworking. At least three 
important factors enter into the designing and making of a good pro- 
ject in the wood shop: first, utility; second, construction; third, 
contour and surface enrichment. Since bench woodworking offers such 
a vast opportunity for the development of art expression, then certain 
fundamental and basic art prirciles can at least be followed in the 
process of teaching art appreciation. Those untrained in the prin- 
ciples of art as applied to construction would do well, to look up the 
answers to the following questions in the references given at the end 
of this sheet: 

QUESTIONS: 

1. In a study of proportions, what should be the relation of the 
primary mass to the height, width, and/or length of: 

a. minor parts in relation to the primary mass 

b. surface decoration such as carñng, inlaying, etc. to 
the primary mass or Its parts 

C. contour enrichment 

2. In designing rectangular projects, why should ratios of 1:1 and 
1:2 be avoided? 

3. If the primary mass be divided by a horizontal line, should 
both masses be the same? 

4. hy should the center mass be dominant if the primary mass is 
divided into three spaces by horizontal lines? 

5. Ihen the primary mass is divided into two divisions by a 
vertical line, what proportion is best? 

6. That caution should be exercised in the use of free curves? 

7. hy should exact repetition of curves be avoided? 

8. What is the danger in the over-emphasis of continuous curves? 
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9. How do slight breaks in ourves add to the interest and variety? 

10. Why avoid the use of parts of the circle? 

il. What cautions should be exercised in the use of equal measures 
for designing outlines? 

12. How should curved and straight lines meet when used in certain 
enrichment? 

13. When should carving or inlaying be used as a surface decora- 
tion? 

14. What purpose do bands and borders serve in surface enrichment 
of a project? 

15. ¿hat is a free ornament? 

16. Why is simplicity the keynote of good taste and good design? 

REFERENCES: 

1. Industrial Arts Design - Varnum, William H. 
2. Design and Construction in Wood - Noyes, William 
3. Woodwork in the Junior High School - Roberts, Vi11iam E. - 

Chapter 3. 

Formulated by Vernon E. Shipp 
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In conclusion, it has been the purpose of the author in present- 

ing this thesis to indicate a technic of analysis and selection of 

subject-matter suitable for use in any form of shop teaching, as well 

as to present a course of study that has a workable, organized plan 

of procedure for a specific case. 

The first thing necessary in setting up a course of study is to 

set up the aims and objectives which are the major controlling factors 

in the execution of any course of study. In this case, a brief out- 

line has been given of the aims and objectives of industrial arts for 

the elementary school, junior high school, senior high school, and 

college levels, shoing briefly the relationship as well as the dif- 

ferences found at each level. 

A technique of analysis and selection of teaching content from 

the whole trade activity has been indicated by use of the trade analy- 

sis chart. This plan of analysis furnishes the instructor with a 

graphic means of scrutinizing the total possibilities of the subject 

or trade activity to be taught. From the total content listed by 

analysis, the pertinent and representative basic operations can be 

selected much uiore readily. 

Any good course of study should deal with the methods involved 

in teaching that course of study. A technique of teaching shop work 

has been indicated here through use of the individual instruction 

sheets, with a brief outline concerning the different kinds of sheets 

and their uses. The individual instruction sheet is one of the de- 
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vices that has been developed in order to improve instruction under 

the teaching conditions found in the «generai shop" type of organi- 

zation. A brief outline for writing the sheets most commonly used 

in the shop has been given for use when the instructor finds a need 

for sheets that cannot be obtained commercially. 

Finally, a course of study for bench woodworking has been set up 

for the secondary school level, in this specific case being applicable 

to the ninth grade. The course of study is accompanied by working 

drawings of the representative projects selected by the author within 

each instructional unit. It is not within the scope of one thesis to 

completely finish ali the operation, job, information, and assignment 

sheets possible within the bench woodworking activity. ifowever, re- 

presentative operation, job, information, and assignment sheets are 

submitted, covering a selected group of operations and items of inform- 

ation from the more important units cf instruction. The method of 

organization and teaching as set up in this course of study might be 

applicable to most any shop subject or trade activity. Through the 

technique indicated the teacher should be able to increase the effective- 

ness of instruction, especially when properly correlated with his own 

personal efforts. 
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