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DEVELOPMENT OF A PERFORMANCE TEST 

FOR 

SENIOR HIGH SCHOOL ¥.IACHINE SHOP 

There are a number of elements in industrial arts 

teaching that are measurable. Manipulative skill is one 

of these elements. All industrial arts teachers undertake 

to develop manipulative skill, but in varying degrees. To 

measure the effectiveness of teaching in this respect we 

must have reliable tools of evaluation. At the industrial 

arts level practically nothing has been done to develop 

evaluation tools for manipulative skill in machine shop 

teaching. The problem of this study seems to be one of 

the first steps in the development of proper evaluation 

tools in this area of the industrial arts program. 

Problem 

How can a performance test for use in senior 

high school machine shop be developed? 

Problem analysis.--In working out this problem 

these questions must be answered: 

1. What has been done in the field of performance 
.) 

testing? 

2. What operations should be included in a per­

formance test for pupils with from 200 to 400 periods 

(150-300 hours) of machine shop instruction? 
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3. What controls must be exeraised in administer­
ing the teat? 

4. What proceduresmust be used to determine the 

validity of the test? 

5. What procedures must be used to determine the 

reliability of the test? 

Delimitation.--The study will be carried on in 

the senior high schools of Connecticut that offer 400-500 

periods of machine shop instruction to pupils in the last 

three years of high school. This group will include about 

ten high schools. 

Definition.--By performance test is meant a test 

in which the pupil uses the tools and machines of the 

machine shop to alter the size, shape, and surface quality 

of metal. 

Throughout this study it must be borne in mind 

that any of the suggested procedures that grow out of it 

must be simple enough to seem worth while to a high school 

industrial arts teacher. Time-consuming statistical 

methods will not be a practical answer to any of the 
questions. It should further be noted that the problem and 
problem analysis have been written so tba t this is a study 

of the method of development of a performance test. The 

actual test used is a vehicle for the study rather than an 

end in its elf. 
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Methods 

Eleven senior high school machine shop teachers 

cooperated ,,ri th the wr1 ter in the development, administra­

tion and criticism of the test. 

Selection of operations.--First an inclusive check 

list of machine shop operations was prepared from 

1. Machine Tool Operation, 2v. by Henry D. 
Burghardt. 

2. Machine Shop Training Course, 2v. by 
Franklin D. Jones. 

3. Improving Instruction in Industrial Arts, 
a bulletin published by the American 
Vocational Association. 

This check list was then reduced to include only those 

machine shop areas in which the cooperating teachers gave 

instruction. The teachers next selected from this check 

11st 21 operations that they thought might be combined to 

make up a test problem. 

Preparation of the test.--The test manual which 

was prepared included the following items: 

1. Blueprint of the performance test problem 

2. Individual record form 

3. Instructions to test administrators on 
preparation for the test 

4. Equipment for the test 

5. Instructions to test administrators on 
administering the test 

6. Instructions to pupils 

7. Instructions to test administrators on scoring 
and use of the individual record form 
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8. A blueprint of test gages 

The blueprint, equipment 11st and instructions to pupils 

were submitted to the cooperating teachers for criticism 

and correction. 

Administering the test.--The test was administered 
in 1948 to 97 pupils and in 1949 to 75 pupils. These pupils 

were from six high schools. The data for the study of the 

test were taken from the individual records of 95 pupils, 

20 of whom were tested in 1948 and 75 in 1949. Thirty one 

cases were retested in 1949. Thirty test pieces were 

reinspected twice to check the consistency of inspection_. 

The teachers who administered tho test in 1949 submitted 

criticisms of the inspection procedure. 

Master data sheets.--The data that were gathered 

through the administration of the test and the multiple 

inspection and criticism of the inspection methods were 

transferred to three master data sheets. 

Analysis Ef data 

The data were analyzed in relation to item 

validity, content validity and reliability. 

Item validity.-Indices of item validity for each 

item on the individual record form were obtained by the 

biserial r, by a method published by E. L. Clark in 1928 

and by a method published by Lindquist and Cook in 1933. 

Clark's formula was 

I V p - D 
• _t ~ 1. 00 D 
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I.V. is the index of validity 

D is the pe~ oen t of the whole . group failing 
to respond satisfactorily 

Pis the per cent of the criterion group 
failing to respond satisfactorily (The 
criterion group is the bottom D percent 
of the whole group) 

In Lindquist and Cook 1 s method the I.V. was the ratio 

between the number of satisfactory responses in the upper 

and lower quarters of the group. The rank-difference cor­

relation between the biserial r's and Clark's I.V.'s was 

0,772 and that bet~,reen the biserial r 1 s and Lindquist and 

Cook 1 s I.V. 1 s was 0.880. 

The biserial r's were then compared with the 

ratios for inspection consistency and the teachers' ratings 

of the items for inspection procedure. !he inspection 

consistency ratios were obtained by a double reinspection 

of 30 cases. The number of entirely co~sistent inspections 

was divided by 30 to obtain the ratio for eaoh item. The 

base for the teachers' rating was 8. One item received a 

teachers' rating of O. The rank of this item among 32 

items was 28 by biserial rand 30 by inspection consistency 

ratio. There were three items that received a teachers' 

rating of 4. Their biserial r ranks were 29,26 and 3, and 

their inspection consistency ranks were 13,27.5 and 27.5. 

Test validity.--The first approach to test 

validity was through a study of the averages and standard 

deviations of test scores of pupils in different school 
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groups. The designations of the groups and the number 

of cases in each ~roup are as follows: B-200 39 cases, 

B-400 17 cases, D-200 20 cases, D-400 13 cases and E-200 

6 cases. The letters B, D, and E represent different 

schools. The numbers, 200 and 400, indicate the approxi­

mate number of periods of instruction the members of 

the group had had. The scores that were taken from the 

individual records were in terms of quality, that is 

accuracy and finish, and speed. In the comparisons of 

the scores for quality alone of school groups at the same 

level of instruction, there was a significant superiority 

of one group over the other in each of the four pairings. 

In the similar comparisons between groups at different 

levels of instruction within the same school, the re was 

not in either case a significant superiority of one 

group over the other. In the comparisons of the scores 

for speed alone of school groups at the same level of 

instruction, the re was a significant superiority in three 

of the four pairings. The same schools were not superior 

in this comparison as in the first case. In comparing 

f?:fOupe within the same schools for speed, the re was signi­

ficant superiority of one group each time , but, in one case, 

it was the 200 period group, and, in the othe r case, it 

was the 400 period group. When the scores for quality 

and speed were combined and similar comparisons made, in 

three of the four cases of groups at the same level, there 

was a significant difference between averages. In the 
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fourth case the difference was nearly significant. In 

the comparisons between groups within the same school, 

the 400 period group was barely significant 1n one case. 

In the other case the superiority was not significant. 

In each of the three categories of scores, tra.t is quality 

alone, speed alone, and quality and speAd combined, the 

scores from one school showed greater variability than the 

corresponding scores from either of the other schools. 

The pupils were ranked by their regular shop 

grades. They were also ranked by their test scores for 

quality, for speed, and for quality and speed combined. 

The rank-difference correlations of grades with each of 

the test scores were found. All five of the correlations 

of grades and quality alone were positive. One was 

significant. Three of the correlations of grade~ and 

speed scores were positive, one being significant. Two 

of these correlations were negative. All of the correla­

tions of grades and combined quality and speed scores 

were positive. Two of these correlations ~-rere significant. 

Three shortened forms of the test were then 

made. The first was made by removing from consideration 

the test results on the six items having the lowest 

biserial r 1 e. The second form was made by removing the 

six lowest items according to Clark's I.V.'s and the 

third by removing the e~x lowest items according to 

Lindquist and Cook's I.V. 1 s. The scores for quality alone 

on the shortened forms of the test were then correlated 
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with the pup11s 1 grades. In no case did a shortened 

form of the test have a significantly higher correla­

tion than . the original form. 

In making up the original scores for the test, 

the weight of the score for speed had been calculated by 

a formula developed by R. s. Hunter in 1945. Modified 

to fit the number of items in this test, the formula is 

T.S.= (Mean time - Working time) x 32 
3 x Mean time 

The time score may be either positive or negative, depend­

ing on the relative value of the 'working time 1 • To 

check the validity of the weight for time in this formula, 

new time scores were calculated using 4, 2, and 1 as 

constants instead of 3. New rank-difference correlations 

of grades and combined scores for quality and speed 

were made. Two of the correlations obtained from the use 

of 2 instead of 3 as a constant were superior; two were 

inferior, in neither case significantly. As for the 

correlations obtained with the constants 4 and 1, tlree 

out of four were inferior in each case. The differences 

were not significant. 

Reliability.--Reliability coefficients for the 

test were calculated by four methods for the 95 cases 

and by five methods for the 31 retest cases. The methods 

were (1) retest, (2) rational equivalence, (3) odd-even 

split half, (4) equivalent halves on the basis of expert 

opinion, and (5) equivalent halves on the basis of item 
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difficulties. The range of the r's for 95 cases was from 

0.824 to 0~894. The range for 31 cases was from 0.795 

to 0.903. 

significant. 

None of the differences between the r 1 s was 

Piscussion 

Approximately a dozen performance tests have 

been published. Two agencies concerned with teacher train­

ing and certification have used performance tests to 

classify prospective teachers. 

Operations for the test.-MSix criteria of a 

good operation for a performance test were identified in 

this study. They are: 

1. The operation must be representative of the 

work done in the class. 

2. The operation must be one that can be per­

formed by anyone in the class. 

3. The operation must discriminate between 

pupils of different total achievement. 

4. The operation must be one that can be per-

formed with simple equipment. 

5. The operation must be easy to administer. 

6. The operation must be easy to check or rate 

by mere measurement. 

The selection of operations, in the first 

instance, must be based on expert opinion. In the present 

study, the operations were selected cooperatively by nine 
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machine shop instructors from a check list that was based 

on three well known books. 

After an operation has been made part of a 

performance test, its validity as an item in the test 

must be critically studied. The simple method suggested 

by Lindquist and Cook gave item validity ran~s that had 

a correlation of 0.880 with the ranks by biserial r. 

Bince Lindquist and Oook1 s method involves but a fraction 

of the time needed to calculate biserial r 1 s for each 

item and has a significant correlation with the biserial 

r, the indication is that it may safely be used by indus­

trial arts teachers in investigating the validity of the 

items in a performance test. 

Controle.--The conditions under which a perfor­

mance test is administered must be rigidly standardized. 

Standardization should cover the number, condition and 

arrangement of tools and machines, the instructions to 

give to the pupil, and the methods that are to be followed 

in inspecting the finished test pieces. The methods of 

inspection set up for this test were critically studied 

in relation to item validity. A coincidence of low rating 

by teachers of the inspection methods, poor consistency 

in actual inspection and low item validity indicates 

that inadequate inspectionmethoQs may be a contributing 

factor to low item validity. 

Test validity.--The differences between the 

averages of groups of pupils in different schools were 
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generally significant. The differencelbetween groups of 

pupils at different levels of instruction within the same 

school were generally non-significant. This indicates 

that the test measures some factor in the instruction 

that these pupils have received which varies considerably 

between schools. The lack of significance between groups 

within the same school suggests that there is some factor 

other than manipulative skill that distinguishes pupils 

in the advanced group from those in the elementary group. 

The correlations between pup1ls 1 regular shop 

grades and the quality scores bn the test were all positive, 

the correlations of grades with speed scores were incon­

sistent, some were positive; some were negative. The 

combined scores for quality and speed on the test had two 

significant correlations with the pupils' grades. All 

five of the correlations in this group were positive. 

These correlations indicate that speed alone is not a valid 

score for a performance test. They also indicate that 

the most valid results from this test are obtained by com­

bining quality and speed scores. The weight given to 

speed by Hunter's formula, which was used in this study, 

seems as valid as any tested. 

Reliability.-- The fact that the coefficients 

of reliability which were obtained by employing five 

different methods.,. had no significant differences between 

them indicates that any one of the five methods may be used 
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to obtain the reliability coefficient of a performance 

test,, 

Suggestions for further study.--- No extensive 

investigation has been carried on as to the relative 

merit of the use of fixed tolerances or sliding scales 

in rating performance tests. It may be that for school 

instructional purposes the sliding scale would prove 

superior to the system of fixed tolerances as used in 

this study. 

What are the diagnostic values of the perfor­

mance test for the teacher? How can it be used to reveal 

weak spots in the instruction being offered in any 

industrial arts shop? 

There arc interesting possibilities for study 

in the relationship between the performance test and 

intelligence, mechanical aptitude and post-school success 

in fields related to the performance test. 

LI JR 
:rtot R ~ ~ r. ..... , , RY 
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Chapter I 

INTRODUCTION 

Manipulative skill in the handling of tools and 

machines is one of several measurable factors in industrial 

arts. Some of these factors are ability to plan, and 

ability to read technical symbols, mastery of occupational 

and technical information, and personality traits such as 

cooperativeness and readiness to assume responsibility. 

Teachers of industrial arts have assumed the development 

of these factors as a part of their responsibility as 

teachers. Statements of objectives of industrial arts over 

a period of two decades have included the development of 

"a certain amount of sk111 11 along with others of these 

measurable factors. 

Generally, the estimate of the degree of skill 

developed has been based on the judgment of the individual 

teacher. This has often been influenced by subjective 

factors. According to Newkirk and Greene (16), it has 

varied from shop to shop and from teacher to teacher, At 

best, this judgment has been based on objective measure­

ment or rating of the finished product of the pupil's work. 

In most cases who can say with any degree of certainty 
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what features of the finished product are the result of 

the pupil's own effort and ability and what features are 

the result of the suggestion, advice, specific stimulation 

or even actual work of the teacher? So, even with perfect 

evaluation of the finished product we still may not have 

a true estimate of the ability or skill of the individual 

pupil. To obtain such a true estimate it would seem that 

a test problem, which all pupils would make under uniform 

conditions as to equipment and help from the teacher, is 

essential. 

Such a test problem, provided it be valid and 

reliable, would serve several purposes for the industrial 

arts teacher. In the first place it might serve as a check 

on the regular grading system used by the teacher. It 

might suggest a change in emphasis on speed, accuracy, 

technique, planning, or personality factors such as initia­

tive, resourcefulness and perseverance. Then the test 

might be diagnostic in relation to the instruction that 

the teacher had been offering. It might reveal weaknesses 

of which the teacher had not been aware. The results ob­

tained could be used as one factor in predicting probable 

future success in the industrial area represented by the 

performance test. 

If such a performance test should be used by in­

structors in several shops under uniform conditions as to 

previous instruction, equipment and administration of the 



test, it would provide each teacher with a yardstick for 

comparing the educational product of his classes with stan­

dards set by the group as a whole. 

The performance test might be used as a cri­

terion for the evaluation of other tests. It could be used 

to establish the validity of various aptitude and intelli­

gence tests that are used in the selection of pupils to 

enter technical areas of instruction. It could be used in 

the development of paper-and-pencil tests designed for the 

measurement of achievement in different shop areas. 

The first step towards the successful use of per­

formance tests in industrial arts teaching is to explore 

the methods needed to construct a good test in senior high 

school machine shop, that is, to seek an answer to so~e 

questions about the development of a performance test. The 

actual machine shop performance test developed and used is 

a vehicle for the study rather than an end in itself. 

Throughout the study it must be borne in mind 

that any of the suggested procedures that grow out of this 

study must be simple enough to seem worth while to a high 

school industrial arts teacher. Time-consuming statistical 

methods will not be a practical answer to any of the 

questions. 

Problem 

How can a performance test for use in senior 



high school machine shop be developed? 

Problem analysis.--In working out this problem 

these questions must be answered: 

1. What has been done in the field of perfor­

mance testing? 

li) 

2. What operations should be included in a per­

formance test for pupils with from 200 to 400 periods 

(150-300 hours) of machine shop instruction? 

3. What controls must be exercised in adminis­

tering the test? 

4. What procedures must be used to determine the 

validity of the test? 

5. What procedures must be used to determine the 

reliability of the test? 

Delimitation.--The study will be carried on in 

the senior high schools of Connecticut that offer 400-500 

periods of machine shop instruction to pupils in the last 

three years of high school. This group will include about 

ten high schools. 

Definition.--By performance test is meant a 

test in which the pupil uses the tools and machines of the 

machine shop to alter the size, shape and surface quality 

of metal. 



Chapter II 

REVIEW OF LITJtRATURE 

The material that has been published up to the 

present time deals largely with performance tests in a gen­

eral way and contributes little toward the answers to the 

specific questions of validity and reliability. They pre­

sent, rather, generalizations relative to the need, desir­

ability and feasibility of performance tests. They also 

give some general principles to follow in the construction, 

administration and scoring of performance tests. 

Desirability and feasibility of performance tests 

Chapman (5), 1921, said that trade performance 

tests are necessary because of the inaccurate results from 

interviews. The performance test is superior when manual 

dexterity is a larger part of trade proficiency than know-

ledge of terms. The scope of the performance test is un­

limited. It is superior to a tryout given by a foreman 

since it is not a chance selection of operations. It has 

standards for administration and for judging. The standards 

are the same from month to month. They are independent of 

the examiner. On the other hand, a performance test cannot 

cover many operations and therefore may be unreliable. 

This study by Chapman was directed toward the 



use of the performance test in industry, but it has perti­

nence to the present study in that it points out many of 

the details in the development of a performance test and 

its administration. 

Toops (22) said, in 1921, that the decision as 

to whether a pupil was ready for promotion has been based 

on a subjective estimate of the teacher aided by perfor­

mance on the job. This decision, however, could not be du­

plicated by another person who did not know the pupil per­

sonally. 

He further said that estimates of a pupil's 

readiness to advance to a job in industry or to an ad­

vanced school are made by vocational schools. When based 

on trade proficiency, these estimates would be improved by 

more accurate methods of measuring trade skill, such as 

performance tests. H9wever, 

In most trades, •••• performance tests have 
yielded per ~ of time spent in ~­
ination or original assembly and standard­
ization but a fraction of the examination 
value yielded by oral or picture tests. (22:30) 

The University of Pittsburgh, Vocational Teacher 

Training Staff (19), in 1934, said in a study of their 

program of performance tests: 

We do claim two distinct values for the tests. 
First, they are definitely diagnostic; second, 
they are prognostic within certain limitations. 
Their forecasting efficiency cannot be known 
with the present data. The yardstick may be 
crude, but its measure is far more satisfactory 
than a pure guess. (19:30) 



Newkirk and Greene (16), 1935, said that the re­

liability of many early manipulative tests was low and 

efforts to measure manipulative skill had not been as suc­

cessful as the measurement of inform~tion by the use of 

the objective pencil-and-paper tests. 

In discussing a study they had made of projects 

in woodworking and drawing, they said that the results in­

dicated the independent ratings made by teachers were 

highly unreliable and introduced 11 serious errors in meas .... 

urement 11 • (16:7) 

It does not seem likely that a scientific 
method of instruction can be developed in any 
field without suitable measures of achieve­
ment and abilities. (16:29) 

Stead and Shartle (17), 1940, said that trade 

performance tests could be developed in many occupations 

in addition to typing and stenography. Experiments were 

being carried on with various types of business and calcu­

lating machines. 

Greene, Jorgensen and Gerberich (9), 1943, said 

that the development of standardized tests to rate the 

proficiency of pupils in trade preparatory training 

seemed entirely practical, although very little progress 

had been made. 

These writers who have discussed performance 

tests seem to consider them desirable instruments to be 

put in the hands of teachers, although Toops (22) does 

raise the objection of the time involved in construction 



and ad.ministration of this type of test as contrasted with 

paper-and-pencil and picture tests. 

Performance tests already developed 

The number of performance tests that have found 

their way into print up to the present time seems very 

limited when one considers the general approval given to 

this type of test. 

Bawden (2), in a circular published in 1919, 

quoted Lt. Col. w. v. Bingham as saying that the army had 

developed performance tests for about thirty mechanical 

trades and occupations. 

Chapman (5), 1921, published ten of the army 

performance tests with the permission of the Adjutant Gen­

eral. They were for: 

l. Wood pattern maker 

2, Pipe fitter - Steam fitter 

3, Sheet metal worker -- General 

4, Electrician -- Interior wireman 

5. 

6. 

?, 

8. 

9. 

10. 

Machinist and mechanic 

Machinist and mechanic 

Blacksmith -- General 

Stenographer and typist 

Stenographer and typist 

Chauffer -- Truck driver 

Lathe operator 

General 

Typist 

Stenographer 

Number five in the list above was a test in measurement 

and number six a performance test in bench work. Each test 
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consisted of four parts: 

1. Test equipment list 

2. Instructions to the examiner 

3. Instructions to the candidates, including a blue­

print 

4. Instructions to the scorer, including a basis for 

scoring, and a rating scale for placing candidates 

in the categories of novice, apprentice, journey­

man or expert 

Newkirk and Greene (16), 1935, published several 

simple performance tests including one in beginning wood­

working. This test had two forms. The correlation of the 

two forms in _ thirty cases was 11 as high as 0.90". (16:148) 

Dr. E. J. Gannon, of the Board of Examiners of 

the Board of Education of the City of New York, in a per­

sonal letter to the writer 1/ submitted a 11st of 22 

trades that were the subjects for examination. He also in­

cluded a performance test in machine shop work dated Sep­

tember 27, 1941. This test consisted of: 

1. Instructions to the candidate 

2. A mimeographed sketch of the test problem 

3. A rating sheet 

Hunter (11), 1942, published a short performance 

test involving the following bench operations in machine 

shop work: layout, sawing, filing and measurement with 

1/ Appendix B 
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scale, micrometer and protractor. 

Hunter (12), in 1945, when making a study of cer­

tain mechanical aptitude tests for guidance in selecting 

pupils for vocational machine shop classes, used perform-

ance tests in machine shop as a criterion for rating the 
I 

predictive value of the other tests. The test for sopho­

mores consisted of two parts, both of which involved bench 

operations. The junior test included bench and lathe work 

with thread cutting. 

Holsinger (10), _194?, published a performance 

test in basic electricity. The test material included a 

list of tools and materials needed. The test also had de­

tailed directions for the pupils to follow. It was 11 a test 

on accuracy and workmanship". (10:206) 

It should be noted that the tests published by 

Chapman (5) were designed for use with adults in order to 

classify them as to their advancement in a trade. The 

tests used by the Board of Examiners, Board of Education, 

of the City of New York, are for the purpose of rating 

candidates for teaching positions. The others are perform­

ance tests for pupils of junior and senior high school age. 

Selection of operations 

The records of past investigations in perform­

ance testing offer only general principles relative to the 

selection of operations to be included in a performance 

test in senior high school machine shop. 



Chapman (5), 1921, said that two requisites of a 

performance test were: first, the task should be as typical 

as possible of the actual work in the trade, and second, 

the test must be such that it can be used for anyone in the 

trade without regard to his development in the trade. 

An operation is of no service as the basis of a 
performance test unless (1) it will differenti­
ate between different levels of trade ability; 
(2) it can be administered with fairly simple 
equipment; (3) it can be administered and be 
rated in an objectiwe manner by a non-trades­
man. (5:273) 

A performance test is of most significance when 

it involves the largest number of significant operations. 

The length of a performance test is a compromise between 

the desire for reliability and the practical limits im-
' posed by shop conditions. 

and 

Toops (22), 1921, said that performance tests: 

•••• have the merit not possessed by ordinary 
shop jobs, of being so chosen as to require a 
maximum amount of manipulation of tools, use 
of trade knowledge and trade skill. (22:7) 

•••• such tasks must be chosen as will lend them­
selves to easily and objectively measurable 
scoring points •••• The best performance _ test is 
one in which mere measurements of the product 
will yield the desired differentiation •••• 
(22:28-9) 

Hunter (12), 1945, found that a longer test or a 

combination of two tests gave more valid results, in­

creasing the correlation with shop grades from 0.64 to 

0.71. 



Controls 

Controls are those instructions, given in detail 

to the test administrator, . to ass~re uniform conditions at 

different times and places. 

Chapman (5) said, in 1921, that the conditions 

under which a performance test is given should be con­

trolled by having definite instructions provided for equip 

ment, the examiner, the candidate and for scoring. The 

equipment, tools and materials must be reduced to the 

smallest possible quantity. They must be capable of stand­

ardization. Standardization should cover the number of 

tools, their arrangement and their condition. All in­

structions that are to be given to the candidate should be 

written out. The examiner should not be allowed to deviate 

in the least from the printed instructions. Care must be 

exercised to see that the candidate does not receive out­

side help. Objectivity in scoring should be obtained by 

preparing standardized instructions for scoring the test. 

Bingham (3), 1942, said that a testing program 

would yield disappointing results unless the tests were 

well administered. The physical setting for the test 

should be carefully prepared without distracting in­

fluences. The subject {pupil) should be psychologically 

prepared for the test. The examiner should know the dir­

ections well enough to be able to give them without hesi­

tation. 11 The first rule in test administration is to 
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secure and to maintain the conditions prescribed for the 

test." (3:238) 

Controls for scoring.--Toops (22), in 1921, said 

that the use of a series of limit gages was superior to 

the use of micrometers with the possibility of variations 

between scores. 

Statistically, the ordinary limit gages of a 
dimension *•001 are as poor a measure of a pro­
duct for test purposes as dividing all humanity 
into short, tall and medium people. Thus partial 
credits are allowable, logical and. necessary for 
best results in performance tests •••• (22:28-9) 

The University of Pittsburgh, Vocational Teacher 

Training Staff (19), 1934, in discussing questions re­

lating to scoring, said that they gave consideration to 

time and skill in constructing performance tests. "The 

question of •tolerance' was carefully considered." (19:23) 

~ome trade committees used the industrial practice of a 

specific tolerance within which a product was accepted 

and above or below which a product was rejected. Other 

committees used a sliding scale which they termed "instruc­

tional practice". The machine shop committee rated candi­

dates by both scales. 

It is interesting to note that in using either 
scale there was no difference in classification 
in eight of the nine candidates. (19:27) 

The discussion on controls for scoring shows 

that there is still disagreement on whether a sliding 

scale of tolerances or the standard industrial practice 

of tolerances should be used in scoring the results of 
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performance tests. 

Validit 

A considerable part of the literature on validity 

is related to tests in general rather than to performance 

tests specifically. Content validity is one aspect of test 

validity. 

Orleans, 1937, said: "In the last analysis the 

sources of validity of an achievement test •••• are the 

opinions of individuals. 11 (18:46) 

The University of Pittsburgh, Vocational Teacher 

Training Staff (19), in 1934, said that there were natur­

ally questions as to the validity and reliability of the 

performance tests they had used. They had made no statis­

tical studies because of insufficient data, but identified 

at least five significant criteria for evaluation and in­

terpretation. 

First ••••• expert judgment •••• In the case of the 
trade tests, three experienced trade teachers 
adjudged as experts in their fields sat on com­
mittees. These committees prepared •••• perform­
ance tests. 

Second. Evident correlation of performance test 
with written test and an agreement between actual 
performance and the experience record. 

Third. Written and performance tests proved them­
selves to be diagnostic. 

Fourth. Classification of the candidate by his 
employer in industry. 

Fifth. Consistency of several rating scales based 
on the same performance test. (19:29-30) 

----·-------
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Newkirk and Greene (16), 1935, said that validity 

is often determined by the extent to which it calls into 

play skills and abilities which experienced observers con­

sider fundamental. Some of the "skills and abilities" that 

might have reference to a machine shop performance test are 

accuracy, quality of finish, technique, speed of perform­

ance and planning ability. 

Speed.--Chapman (5), 1921, said that a perform­

ance test should be scored for both quality and speed. 

Toops (22), 1921, also maintained that a perform­

nee subject should be rated on the quantity and quality 

of the work done. 

The time required for the total operation must 
always be carefully taken and preserved, quality 
and quantity of production being the two gener­
alized measure~ of the workman's skill in fash­
ioning his product. (22:29) 

Newkirk and Greene (16) said, in 1935, that there 

ight be four kinds of performance test exercises: (1) 

of quality or accuracy, (2) tests of identification 

f tools and materials, (3) ~ests of technique in handling 

ools and (4) tests of speed. Their discussion suggests 

bat these various types should be separate tests. However, 

n discussing the fourth type they said: 

Speed and accuracy are each .variable factors in 
achievement and performance. Test exercises de­
signed to measure speed or rate of response 
must present a well defined activity with appro­
priate standards. (16:122) 

Hunter (11), in 1942, gave the following 
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formula for computing the weight of the time score: 

E = P, i (P x S ) q 

Eis the overall efficiency of the pupil. 

Pis the total score of the pupil for accuracy 

and finish. 

Sq is the speed quotient and is found from this 

formula: 

s 
q 

--
Mean time - Working time of pupil 

Mean time 

(Sq may be either positive or negative depending 

on the reiative size of the 11working time" of 

the pupil.) 

The mean time is for the entire sample. 

Columns 6 and 7 of Hunter's table showed the 

ranking of pupils with and without the correction of the 

scores for speed and indicate a considerable variation. 

form: 

Hunter (12), 1945, modified his formula to this 

(Mean time - Working time) x 100 
T.s. -

3 x Mean time 

T.s. is the time score for the individual pupil. 

It may be either positive or negative and is 

combined with the pupil's score for accuracy 

and finish. 

In a personal letter to the writer y Hunter ----------
Y Appendix C 



said that his change in the weight of the time score was 

made to decrease the effect of speed and not to handicap 

unduly the slow but accurate pupil. 

There is general agreement that the speed of 

performance should be taken into consideration in scoring 

a performance test. There is not, however, any agreement 

as to the appropriate weight to give to the time score on 

any test. 

Finish.--Hunter (11), in 1942, showed in his 

table that finish had been considered in determining the 

proficiency score for each pupil. 

In 1945, Hunter (12) counted finish as ten per 

cent of the proficiency score, giving the other ninety 

per cent for accuracy. 

Item validitY.--The discussions of item validity 

that follow were all presented with the more conventional 

types of objective in mind. They are presented here since 

a method of checking various items of the test for 

validity that would be satisfactory to shop teachers 

should be sought in this study. 

Clark (6), 1928, presented a formula for the 

calculation of indices of validity; 

p - D 
I.V.: -----

1.00 - D 

in which 

I.V. is the index of validity. 



Dis the per cent of the whole group failing to 

respond satisfactorily. 

P 1s the per cent of the criterion group failing 

to respond satisfactorily • . (The criterion 

group is the bottom D per cent of the whole 

group.) 

Lindquist and Cook (14), 1933, cautioned against 

assuming a relationship between the difficulty and the 

discrimination of an item. They offered several suggestions 

for determining the discrimination value of an item. The 

simplest was the following: 

I.V. is the ratio of the number of satisfactory 

responses in the upper and lower quarters of 

the group. 

Wood, Lindquist and Anderson, 1933, said: 

•••• the validity of any single item in the test 
also must depend (within limits) upon the degree 
to which that item of itself discriminates be­
tween pupils of inferior and superior total 
achievement. (23:16) 

Smith (2i), 1934, found that items with a very 

low abiserial r" have an adverse effect on a test but that 

items with medium or high "r's" are about equal in value 

in making a test. The lowest 20 per cent might be elim­

inated this way. 

Davis (7) said, in 1946, that indices of dis­

crimination are "only one fallible guide 1 (7:38?) to be 

used in the selection of test items • 

.._--------------- ----------· ___ ..., 



25 

Garrett (8), 1947, said that the "biserial r" is 

the standard procedure for determining whether the item 

discriminates between pupils differing sharply in total 

achievement. 

Three of the souces quoted above mention the 

"biserial r" as one statistical method of obtaining an 

estimate of the validity of a given item. The other for­

mulas submitted entail much less calculation and may, if 

they give comparable results, be more practical for the 

shop instructor who is not primarily interested in re­

search work. 

Reliability 

There are numerous methods of obtaining an esti­

mate of the reliability of a test. However, there is no 

indication whether they can be .applied safely to a perfor­

mance test where the -items are not arranged in a random 

order on the test record sheets. In the matter of reli­

ability as well as validity a method which is not too 

cumbersome must be sought. 

Newkirk and Greene (16), 1935, said: 11 The reli­

ability of a test may be thought of as the consistency 

with which it performs." (16:134) This consistency is a 

function of the adequacy of the sampling and of varitions 

of human responses. The first of these can be controlled 

in part by exercising care in the selection of items. The 

items should be selected extensively from the field that 
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the test is intended to measure. 

Richardson and Kuder (20), in 1939, gave several 

formulas, which they took from an earlier article, for use 

in estimating reliability coefficients by rational equi­

valence. Two of their formulas follow: 

meanings: 

2 
n cTt ~ pq 

rtt - • -
n - 1 f;/' t 2 No. 20 

n rTt 2 - npq 
• rtt - 2 

cTt No. 21 

In the formulas the symbols have the following 

rtt is the r for the test t. 

t is the standard deviation of the test scores 

p 1s the per cent correct of a test item. 

q is the per cent incorrect on a test item. 

n is the number of items. 

p 1s the average per cent of correct answers 

given to each item, computed by dividing 

the mean by the number of items. 

Greene, Jorgensen and Gerberich (9), 1943, dis­

cussed the 11Footrule 11 coefficient as a simple method of 

obtaining an estimate of reliability. The formula which 

they gave 1s formula No. 21 in the Richardson-Kuder 

article. (See above) 



Garrett (8), 1947, said that there are three 

procedures in common use for determining the reliability 

of a test, namely: (1) test-retest method, (2) alternate 

or parallel-forms method and (3) the split-half method. 

The test-retest method is the simplest, but is 

open to some objections. When the retest closely follows 

the first testing, transfer, memory and learning may cause 

correlation to be too high. Making the lapse between test 

and retest longer will reduce these objections, but added 

maturity, skill and learning may tend to reduce the reli­

ability coefficient unduly. 

The use of the parallel or alternate forms is 

open to most of the objections to the test-retest method 

in addition to the difficulty in devising two tests that 

are equivalent without making them too much alike. 

The split-half method is employed when it is 
not feasible to construct an alternate form of 
the test nor wise to repeat the test. This 
situation occurs with many performance tests • 
•••• The split-half method is generally regarded 
as the best •••• (8:382-3) 

The method of rational equivalence was offered 

as an alternative to the above methods, being free from 

the various objections relating to administration of the 

tests. Formula No. 20 in the Richardson-Kuder article (See 

above) was given, as well as this alternative formula: 

r 
lI 

2 
n (T t- M ( n - M ) (8:385) 



Summary 

The review of literature answers in whole or in 

part the first three questions of the problem analysis. 

It also offers suggestions for the answers to the last two 

questions. 

What has ~ done in the field of performance 

testing.--Performance tests have been devised for thirty 

or more mechanical trades or areas. Performance tests in 

machine shop have been used by the u. s. Army, by the 

Board of Examiners of the Board of Education of the City 

of New York, by the University of Pittsburgh, Vocational 

Teacher Training Staff and by Hunter in his studies of 

aptitude tests for machine shop classes. In none of these 

cases was the test used at the industrial arts level. 

Holsinger 1 s electricity test and Newkirk and Greene's 

tests in woodwork were for industrial arts classes. 

What operations should~ included in~ 

present ~.--The operations should be ones that lend 

themselves to easy, objective measurement. The operations 

should differentiate between pupils of superior and in­

ferior total achievement. The number of operations should 

be as great as the practical conditions of shop teaching 

will allow. 

What controls must be exercised.--The controls 

for the proposed test must cover tools and machines, in­

structions to pupils and methods of scoring. Opinion is 
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divided as to the use of sliding scales or absolute tol­

erances in rating performance tests. 

ValiditY.--Content validity is determined by 

an appeal to the authority of experts or by correlation 

with some criterion. Dimensional accuracy, finish and 

speed are considered fundamental elements of machine shop 

performance. Various methods, including the 11biserial r 11 

have been suggested for investigating the validity of 

individual items. 

ReliabilitY.--No one who has used performance 

tests in machine shop has made any study of methods for 

obtaining an estimate of reliability. Newkirk and Greene 

used the equivalent-forms methQd with a woodworking test. 

The retest and split-half methods are untried as far as 

this type of test is concerned. 



Chapter III 

METHODS 

ao 

There were three major phases in the data­

gathering part of the attack on the present problem. The 

first phase was that of securing the collaboration of 

Connecticut industrial arts teachers of machine shop. The 

second phase -- developing the test divided itself into 

several steps such as the selection of operations for the 

test, preparation of the test problem and the preparation 

of detailed instructions for administering and scoring the 

test. The last phase was the administration of the test 

to senior high school pupils. 

Securing collaboration 

Securing the cooperation of other machine shop 

teachers was extended over a considerable period -- more 

than half of the two years that were devoted to the study. 

In the fall of 1947 the teachers listed as industrial arts 

teach~rs of machine shop by the State Board of Education, 

Hartford, Conn. were contacted either personally or by 

mail 1/. 

Y Appendix E 

--------·----·---------------------
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Twenty teachers were contacted, eleven of whom 

replied. Eight indicated interest in taking part in the 

study. One gave a simple negative answer. One reported 

that his shop was being changed into a general metal shop. 

One reported verbally that the authorities in his school 

would not permit the administration of tests for persons 

outside the school system. During the year (1947-8) one 

more teacher agreed to administer the test to a limited 

number of his pupils. During the second year one other 

teacher Joined the study. 

Table 1.--PARTICIPATION OF TEACHERS AND PUPILS 

Teachers Pupils 
Year 

Development Administration Starting Complete 
of teat of test test records 

1948 9 8 97 66 

1949 7 83 ?5 

TOTAL 9 180 141 

1six teachers administered the test both years. 

Developing the test 

Selecting operations for the test.--A complete 

list of machine shop operations was prepared. It was based 

on three authoritative sourees: 



1. Machine Tool Operation, 2 vols. 
by Henry D. Burghardt (4) 

2. Machine Shop Training Course, 2 vols. 
by Franklin D. Jones (13) 

3. Improving Instruction in Industrial Arts 
a bulletin published by the 
American Vocational Association (1) 

It was realized that this list would contain operations 

which were not covered by the majority of the cooperating 

teachers. The teachers were contacted by mail and asked 

to list the machines on which they gave instruction. They 

replied on a form which was typed on a post card g/. The 

list of ma.chine shop operations we.a reduced so that 1 t in­

cluded only the areas in which instruction was generally 

given and the list was then mimeographed as a Check List 

of Machine Shop Operations y. This check list with a 

covering letter Y was mailed to the cooperating group of 

teachers. When the check lists were returned it was found 

that the teachers had checked far too large a number of 

operations. The average number was 68.4, the smallest num­

ber 18 and the largest number 119. 

The writer then arranged an interview with each 

of the teachers. The purposes of the interview were (1) to 

arrive quickly at a suitable list of operations for the 

test, (2) to acquaint the writer with the shops in which 

Y Appendix F 
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the test would be used and, (3) to learn on what basis the 

teachers had checked the Check List of Machine Shop Oper­

ations for the test. A typed form was used to record the 

results of the interviews y. The Check List of Machine 

Shop Operations was also used. The interviews showed that 

the teachers had originally checked either all the oper­

ations that they taught or all they thought were suitable 

for inclusion in the proposed test. Only one had checked a 

limited number of operations that he thought could be com­

bined to make up a single test problem. Another result of 

the interviews was a list of 21 machine shop operations 

which could be used as a basis for the proposed perform­

ance test problem§/. 

Development .Q!_ the~ problem.--The list of 

operations mentioned in the last paragraph was used as the 

basis of a blueprint of an actual test problem. The prob­

lem included 15 of the 21 operations as required machining 

operations and two others as either incidental or optional 

procedures. One operation, chamfering the threads of the 

work piece which was not in the list of 21 operations, was 

included in the preliminary form of the test problem. 

~achinery's Handbook, 11th edition, was used throughout 

the study as the authority for standard tolerances where 

§/ Appendix I 

§/ Appendix J 



they were applicable. The preliminary form of the blue­

print Jjwas mailed to the cooperating teachers along with 

a questionnaire§/. The preliminary blueprint was also 

submitted to the teacher of drafting at the Bristol 

(Conn.) High School. The suggestions and criticisms that 

were received from these sources were incorporated in the 

final form of the blueprint of the testy. 

Development .Q! directions for the ~.--Sim­

ultaneously with the development of the preliminary blue­

print of the test problem, preliminary specifications for 

equipment and tools needed for the test and instructions 

to be given to pupils were prepared. The general rules 

laid down by Chapman (5) were kept in mind during this 

stage of the work. These two sections of the test manual, 

which was now beginning to take form, were also submitted 

to the cooperating teachers for criticism and suggestion. 

A questionnaire relating to each one was used 10/ 11/. 

Instructions for test administration were pre­

pared. These were in two parts, the first relating to pre­

paration for the test and the second to the actual admin­

istration of the test. 

y Appendix K 
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Material relating to scoring the test was in 

three parts. The first of these was an individual record 

form. This was to gather all the data relative to the in­

dividual tests: (1) data about the pupils, (2) the time 

spent on the tests and (3) the record of the inspection 

of the finished test pieces. The individual record forms 

were mimeographed 12/. In the preparation of the indi­

vidual record forms it was decided to ask the teachers to 

give each pupil's rank within his own class. This was sub­

stituted for the pupil 1 s grade as had been originally 

planned, as the grading systems in the various high 

schools were not uniform. 

The second part of this group of materials was 

the instructions for the use of the individual record 

form. They covered the recording of the individual data, 

the use of the time record, and the inspection of the test 

pieces. 

The third part of this work was the preparation 

of gages to make the inspection more uniform. All the 

gages that it was possible to use were not made since some 

of the tolerances were still tentative. A blueprint 

showing the gages used was prepared 13/. 

All of the above materials were incorporated in 

a Manual for Experimental Use, a copy of which was sent to 

12/ Append.ix D 

13/ Appendix D 
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each teacher that planned to administer the test during 

the latter part of the 194?-8 school year. These teachers 

were also supplied with copies of the blueprint of the 

test problem and of the individual record forms, as well as 

a complete set of gages. Copies of these materials appear 

in the revised 1949 Manual for Experimental Use 14/. 

Administration of the test 

During May and June, 1948, the Machine Shop Per­

formance Test was first administered to senior high school 

pupils in several schools in Connecticut. Ten teachers in­

cluding the writer had either planned or agreed to admin­

ister the test in eight different schools. Actually, eight 

teachers did administer the test to 9? pupils in five high 

schools. Sixty-six of the individual records were complete 

enough to be used in preliminary statistical study of the 

test results. Thirty-eight of these records were of pupils 

who had completed approximately 200 forty-five-minute 

periods, or their equivalent, of instruction. The remain­

der, 28, were of pupils who had completed 400 or more 

periods of instruction. Six of the eight instructors in­

cluding the writer filled in a Questionnaire-Criticism of 

the test and the test procedure . 15/. The answers on the 

Questionnaire-Criticism were summarized and used where 

W Appendix D 
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possible in making minor modifications in the test manual 

for use in 1948-9 16/. 

During the spring months of 1949 the test was 

administered to 75 pupils in three high schools. Of these 

pupils, 57 had had approximately 200 periods of machine 

shop work in high school and 18 had had approximately 400 

periods. 

Table 2.--TOTAL NUMBER OF CASES USED FOR STUDY OF TEST 

400 periods of 200 periods of 
machine shop machine shop School 

Schools totals 

1948 1949 Total 1948 1949 Total 

B 12 5 17 8 31 39 56 

D 13 13 20 20 33 

E 6 6 6 

TO'i'AL 12 18 30 8 57 65 95 

The teachers who worked with t he test during 1948-9 sub­

mitted criticism of the instructions for inspection on a 

form which was supplied to them 17/. 

Retest.--Thirty one of the pupils tested in 1949 

were retested. The same procedure was followed as on the 

original test. The same record of inspection and time 

16/ Appendix P 
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required for the test was made. The retest was administered 

about 10 class periods after the completion of the original 

test. 

Reinspection 

In May and June,1949, thirty sample test pieces 

from three schools were reinspected twice by a teacher in 

the machine shop of the Bristol (Conn.) High School. This 

teacher had participated in the administration of the test 

both years. His reinspections, however, were entirely in­

dependent of the original inspections on these test pieces. 

Equivalent halves -- Experts lists 

In May, 1949, the 32 items of inspection on the 

individual record forms were divided into groups thought 

to be equivalent in difficulty to the pupils. The other 

two teachers in the machine shop of the Bristol (Conn.) 

High School and the writer made independent pairings of 

the items. These pairings were analyzed. Six items were 

found to be paired identically by all three teachers. 

Twenty items were paired the same by two of the three 

teachers, leaving six items on which there was no agree­

ment 18/. In conference these last six items were paired. 

This gave two lists of 16 items each that were thought to 

be equivalent by these teachers. 

18/ Appendix R 



Master data sheets 

The data gathered through administration of the 

tests, the reinspection of test pieces and the criticisms 

of the inspection methods by teachers were transferred to 

three master da ta sheets 19/. The data from testing a.nd re­

testing of pupils and the information about the pupils was 

entered on sheet number one. The ranks in class of the 

pupils were written as a ratio, the first member of the 

ratio was the rank and the second member was the number of 

pupils in the class. The reinspection data was entered on 

data sheet number two. The teachers' ratings of the in­

spection procedure were put on sheet number three. 

19/ Appendix A 



Chapter IV 

ANALYSI~ OF DATA 

~10 

In Chapter II the contributions ~o this study of 

previous writings and investigations on tests and perform­

ance tests were brought out. Chapter III outlined the 

methods followed in laying the groundwork for the study 

and in gathering the data. The present chapter will take 

up the analysis of the data that have been gathered. The 

three main concerns will be item validity, content val­

idity, and reliability; the procedures to follow in ob­

taining estimates of item validity, validity and reli­

ability. The statistical procedures used have followed 

Garrett (8) unless otherwise noted. 

Item validity 

Indices of validity were obtained by three 

methods and the methods compared. The indices of validity 

obtained by the biserial r method were compared with the 

ratio for inspection consistency, and with the teachers• 

rating of the inspection methods. 

The biserial r's for the items of inspection on 

the test range from 0.089 for the 4¼ length to o.642 for 

the finish on the 31/32 diameter, Table 3. When Clark's (6) .___ _______ , ______ _ 
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formula was employed, the highest index of validity was 

0.?91 for the finish on the 31/32 diameter while the 

lowest was -0.002, again for the 4¼ length. According to 

Lindquist and Cook's (14) method the lowest index of val­

idity was 1.09 for the 31/32 diameter and for the finish 

on the 12° angle and on the threaded end. The rank-order 

coefficient of correlation between the ranks of items by 

their biserial r's and the ranks according to the I.v.•s 

obtained by Clark's formula was 0,772, while that between 

the ranks by biserial r's and Lindquist and Cook's method 

was 0.880. Both of these rho's are significant at the .01 , 

level, as shown in the table in Garrett. (8:299) 
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Table 3.--VARIOUS M~THODS OF FINDING INDICES OF 

ITEM VALIDITY 

\ 

Inspection r Clark Lindquist 
bis e.nd Cook 

item 
I. V. Rank I. V. Rank I. V. Rank 

1 2 3 4 5 6 7 

4 1/4 .089 32 -.002 32 1.67 23 

3 .320 16 .266 20 2.71 14 

1 1/4 -
thread .094 30 .186 22 1.20 30 

3/4 .255 18 .326 17 2.00 19 

1/4 .097 29 .039 31 l.2~i 29 

31/32 .116 27 .366 15 1.09 32 

11/16 .168 24 .176 23 1.63 24 

1/16 chamfer .098 28 .131 27 1.83 20 

3/32 .354 11 .285 18 2.83 13 

.188 .534 6 .611 10 12.00 5.5 

• 750 .162 25 .136 26 1.60 25 

Thread P.D. .215 22 .171 24 2.50 l? 

.075 .219 21 .372 14 2.60 15 

1 1/4 hole • 308 17 • 705 3 8.00 8.5 

3/8 ream .525 8 .656 7.5 11.00 7 

12° angle • 091 31 .329 16 1.18 31 

30° chamfer .569 3 • 701 5.5 23.00 4 

90° holes .349 12 .256 21 l.?l 21 

1/4-20 
thread depth .247 19 .142 25 1.41 27 

- -



Table 3.--VARIOUS METHODS OF FINDING INDICES OF 
ITEM VALIDITY--Continued 

Inspection 

item 

r 
bis 

I.V. Rank 

1 2 

1/4-20 
thread square .117 

1/64 radius .243 

Shoulder .323 

Centering hole .181 

Centering 
keyway 

End 

Burring 

Finish 

• 

.342 

.489 

• 346 

Tu0ning 
12 angle .466 

Turning 31/ 32 
diameter .642 

Turning .750 
diameter .583 

Facing 
threaded end 

Facing 
shoulder 

Facing 
tapered end 

.552 

.550 

.529 

3 

26 

20 

15 

23 

14 

9 

13 

10 

l 

2 

4 

5 

7 

Clark 

I. V. 

4 

.082 

.274 

.110 

.085 

.432 

.656 

.377 

.747 

.791 

.701 

.620 

.704 

.604 

Rank 

30 

19 

28 

29 

12 

13 

2 

1 

9 

4 

11 

5 

Lindquist 
and Cook 

I.V. 

6 

1.43 

1.69 

2.50 

1.25 

7.oo 

24.00 

12.00 

5.75 

8.oo 

Rank 

7 

26 

22 

17 

28 

17 

12 

10 

3 

11 

8.5 



Inspection consistency ratio.--The inspection 

consistency ratio was calculated from the reinspection 

data 1fobtained from 30 cases. Each test piece was in­

spected three times. If all three inspections on an item 

were checked the same that was counted as a perfect in­

spection for that item. The cases in which an item was 

given perfect inspection were counted. This number was di­

vided by 30, the total number of cases reinspected, to ob­

tain the ratio. For example, the first item, 4¼ length, 

was checked as satisfactory in all three inspections in 14 

cases and unsatisfactory in all three inspections in seven 

cases. This made a total of 21 perfect inspections; 21 di­

vided by 30 gave an inspection consistency ratio of o.700. 

The 1/16 chamfer ranked 28th, Table 4, by bi­

serial r, 30th by inspection consistency and received a 

composite teachers' rating of o, on a scale of a. The 1/4 

dimension was 29th by biserial r, 13th by inspection con­

sistency and had a teachers' rating of 4. The ¼-20 thread 

square ranked 26th by biserial r, 27.5 by inspection con­

sistency and had a teachers' rating of 4. The 30° chamfer 

also received a teachers' rating of 4 and was 3d in the 

biserial r ranks and 27.5 in inspection consistency ranks. 
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Table 4.--COMPARISON OF ITEMS BY BISERIAL r AND INSPECTION 
CONSISTENCY, AND TEAChERS' RATING OF INSPECTION 

Inspection Inspection 1 r Com-
bis consistency posite 

item rating 
I. v. Rank Ratio Rank 

l 2 3 4 5 6 

4 1/4 .089 32 .700 22 6 

3 .320 16 .700 22 6 

l 1/4 
thread .094 30 .833 9.5 8 

3/4 .255 18 .567 29 5 

l/4 .097 29 .aoo 13 4 

31/32 .116 27 .933 2 8 

11/16 .168 24 .700 22 7 

1/16 chamfer .098 28 .533 30 0 

3/32 .354 11 .700 22 6 

.188 .534 6 .767 16.5 7 

.750 .162 25 .aoo 13 7 

Thread P.D. .215 22 .933 2 7 

.075 .219 21 .867 6.5 5 

1 1/4 hole .308 17 .867 6.5 7 

3/8 .525 8 .400 32 7 

12° angle .091 31 .900 4 6 

300 chamfer .569 3 .600 27.5 4 

900 holes .349 12 .867 6.5 7 

1The highest possible rating is 8. 



..1,~ 
Table 4.--COMPARISON OF ITEMS BY BIS:h;RIAL r AND INSPECTION 

CONSISTENCY, AND TEACH.i!dt5 1 RATING OF INSPECTION--
Continued 

Inspection r Inspection Com-
bis consistency posite 

item rating 
I. V. Rank Ratio Rank 

l 2 3 4 5 6 

1/4-20 
thread depth .247 19 .aoo 13 7 

1/4-20 
thread square .11? 26 .600 27.5 4 

1/64 radd:us .243 20 .86? 6.5 7 

Shoulder .323 15 .467 31 8 

Centering hole .181 23 .933 2 5 

Centering 
keyway .342 14 .800 13 6 

End .489 9 .800 13 7 

Burring .346 13 .633 25.5 8 

Finish 

Turning 
12 angle .466 10 .833 9.5 8 

Turning 31/ 32 
diameter .642 1 .?33 18.5 8 

Turning .750 
diameter .583 2 .733 18.5 8 

Facing 
threaded end .552 4 .768 16.5 8 

Facing shoulder .550 5 .633 25.5 8 

Facing tapered 
end .529 7 .700 22 8 



l t~ 
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~ validity 

The validity of the test was studied by compar­

ing the averages of different groups of pupils and the 

standard deviations of the test scores of the different 

groups. Validity was estimated by correlation of the test 

scores with the pupils 1 grades by the rank difference 

method. The effect of ignoring the inspection record of 

certain items of low validity was studied as was the 

effect of changing the weight of the time score. 

In the scores for quality alone the D-400 2/ 

group made the highest average score of 24.15, Tabie 5, 

with a SD of 3.25. The lowest group average was 12.95 for 

the B-200 group with 4.49 as the SD. The average score for 

all pupils was 17.26 with a SD of 7.71. The test scores of 

the two groups in school B had larger SD 1 s than those of 

the other three groups, two in school D and one in school 

E,. with 4.49 and 3.98 as against 2.39, 3.25 and 2.61, re­

spectively. 

In the score for time alone, the average for all 

pupils was 223 minutes. The SD of these scores was 76.7. 

Again the scores of the two groups in school B had larger 

SD's, 51.1 and 66.6, than the scores of the other school 

groups where the SD's were 28.3, 24.9 and 38.2. 

Y In this group symbol the letter D represents one of the 
schools in which the performance test was ad.ministered; 
the 400 indicates the number of periods of instruction 
in machine shop that the group has had. 



In the combined scores for both quality and 

speed the average for the whole group was 17.25 and the SD 

was 7.76. As in the former cases the groups in school B 

showed greater variability with SD 1 s of 6.12 and 5.57 

while the SD's for the other three groups were 2.78, 3.43 

and 3.18. 

Table 5.--GROUP AV~RAGES AND VARIABILITY 

School 
Groups 

No. 
of 

Cases 

1 2 

l B-200 39 

B-400 17 

D-200 20 

D-400 13 

E-200 6 

All 95 

Quality 

-------
M SD 

3 4 

12.95 4.49 

14.23 3.98 

23.60 2. 39 

24.15 3.25 

17.83 2.61 

17.26 7.71 

Speed 
Quality 

and 
Speed 

M SD M 

5 6 7 

207 51.l 13.74 

268 66.6 12.05 

200 28.3 24.10 

160 24.9 27.10 

418 38.2 8.60 

223 76.7 17.25 

SD 

8 

6.12 

5.57 

2.78 

3.18 

7.76 

1
In the symbol for school groups the letter repres­

ents the school and the number represents the approxim­
ate number of periods of 45 minutes each of machine shop 
practice. 

When the averages in quality scores of different 

school groups were compared, Table 6, school D was seen to 

be superior to school Bin both the 200 period group and 

the 400 period group, where the critical ratios, CR 1s,were 



10.34 and a.oo, respectively. These compared with table 

entries (8:190-1) of 2.6? and 2.?6 at the .01 level of 

significance. In both cases there was much less than one 

chance in a hundred that the difference between the groups 

was due to sampling errors. School D was also superior to 

school E in the 200 period groups, where the CR of the 

difference was 4.89 against 2.80 in the table at the .01 

level. School E was superior to school Bin the 200 period 

group comparison. In neither school B nor school D was 

there any significant difference between the 200 period 

group and the 400 period group. The CR's were only 1.00 

and 0.5? respectively. These were much below the table 

entries for the .05 level of significance, which were 2.01 

and 2.04. 

In the scores for speed both school Band school 

D were superior to school E in the 200 period groups. The 

CR's were 9.38 and 15.14, respectively, which were well 

above the table entries for the .01 level of significance. 

There was no significant difference between school Band D 

in this group since the CR was only 0.56 which was much 

below the table entry for the .05 level of 2.00. In the 

400 period groups, school D was again superior to school 

B with a critical ratio of 5.48 compared with 2.76 in the 

table for the .01 level. In the comparison between the 

different levels of instruction within the same school the 

200 period group was superior in school Band the 400 
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period group in school D. The CR's were 3.67 and 5.?7, re­

spectively, as against 2.6? and 2.?6 in the table for the 

.01 level of significance. 

In the combined scores for quality and speed, 

Table 6 -- columns 9 and 10, school D was superior to 

school Bin both groups and to school E in the 200 period 

group. All the CR 1s were well above those required for the 

.Ol level of significance. In the intra-school comparisons 

neither group was superior in school B. In school D the 

400 period group was superior at the .05 level of signi­

ficance. 



' Table 6.--SIGNIFICANCE OF THE DIFF~RENCES BETWEEN 
GROUP AV.h:RAGl!:S 

Groups No. Significance Qus.li ty Speed 
com-

pared 

1 

B-200 

D-200 

B-200 

E-200 

D-200 

E-200 

B-400 

D-400 

B-200 

B-400 

D-200 

D-400 

l 

of 
cases 

2 

39 

20 

39 

6 

20 

6 

17 

13 

39 

17 

20 

13 

levels 
.05 

3 

2.00 

2.06 

2.05 

2.04 

.01 D t D t 

4 5 6 7 8 

1 
2 67 D-200 

• 10.65 
10.34 D-200 0.56 

7 

2.70 E-200 2.51 B-200 9.38 
4.88 211 

2 80 D-200 4 89 D-200 15.14 
• 5.77 • 218 

2.76 D-4oo a.oo 
9.92 

2.67 :s..4oo 1.00 
1.28 

2.76 D-400 0.57 
o.55 

D-400 5 48 • 108 

B-200 3.67 
61 

D-400 5 77 • 40 

The number of the group showing superiority 1s 
placed over the difference in each comparison. 

5J 



Table 6.--SIGNIFICANCE OF THE DIFFERENCES BETWE~N GROUP 
Averages--Continued 

Groups 
com­

pared 

l 

B-200 

D-200 

B-200 

E-200 

D-200 

E-200 

No. Significance 
of levels 

cases .05 .01 

2 

39 

20 

39 

6 

20 

6 

3 4 

2.00 2.67 

2.02 2.70 

2.06 2.80 

Quality 
and Speed 
D t 

9 10 

D-200 
10.97 7. 67 

B-200 
5.14 1.97 

D-200 
16.1111.43 

B-400 17 

D-400 

B-200 

B-400 

D-200 

D-400 

13 

39 

17 

20 

13 

2.05 2.76 D-400 8.27 
15.05 

2.01 2.67 
B-200 
1.69 o.93 

2.04 2.76 
D-400 

2.39 2.12 

----·-----------~-·-----------------



The ranks of pupils by their regular shop grades 

and by the various scores on the test were compared by the 

rank difference method, Table?. (8:299,344-?) The rank.­

order coefficient of correlation (rho) between grades and 

the combined scores for quality and speed of the B-200 

group was 0.63. This was significant at the .01 level. In 

the comparison of the scores of the B-400 group the rho 

for grades and speed was 0.?9 which was significant at the 

.01 level. For the D-400 group, the rho's, 0.71 and o.?O, 

for the correlation of grades with quality scores alone a 

and with the combined quality and speed scores, respec­

tively, were both significant at the .01 level. None of 

the other rho's reached significance at the .05 level. 

With the B-200 and B-400 groups the rho's for 

the grades and combined score were considerably higher 

than the rho's for the comparison of grades and quality 

alone. With the D-200, D-400 and E-200 groups, on the 

other hand, the rho's for the comparison of grades with 

the combined score for quality and speed were lower than 

that for quality alone, although the drop from o.71 to o.?C 

for the D-400 group was not significant. 
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Table 7.--RANK-DIFFER.l:!;NCE COR.RJ:!l..,ATIONS OF TEST SCOR~S WITH 
SHOP GRADES 

School 
Groups 

l 

B-200 

B-400 

D-200 

D-400 

E-200 

No. of 
Cases 

2 

12 

20 

13 

6 

Quality 
and 

Grades 

3 

.41 

.12 

.39 

.71 

.33 

Speed 
and 

Grades 

4 

.40 

• 79 

-.18 

.24 

-.31 

Quality-­
Speed 

and Grades 

5 

.63 

.43 

.17 

• 70 

.20 

1The number of cases in some school groups is less 
in this table than in Table 3 because all of the oases 
in the earlier table were not ranked by the same teacher 
the same year. The largest homogenous group was taken 
as the sample each time. 

The six items with the lowest I.V. 1s in each of 

the rankings made in Table 3 were then deleted from the 

test results :§j. This gave three shortened forms of the 

test. The first was shortened by the biserial r ranking 

of the items, the second by the I.v.•s obtained with 

Clark's formula and the third form by using the I.v.•s ob­

tained with Lindquist and Cook's method. The ranks of the 

pupils by the quality scores on these shortened forms of 

the test were obtained and the rank-order coefficients of 

correlation of these ranks with the ranks by shop grades 

~ Appendix S 
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were calculated, Table a. The rank-order coefficients of 

correlation for the B-200 group were 0.51, 0.39 and 0.43 

for the three shortened forms, respectively, as compared 

with a rho of 0.41 for the whole test. The difference, 

0.10, between the rho for the original test and the form 

shortened by biserial r was not significant. The CR of the 

difference was only 0.36 while the table required 2.12 for 

the .05 level of significance. No other shortened form of 

the test showed any superiority over the original test 

when compared with pupils' grades by the rank difference 

method of correlation. 

Table s.--CO.MPARISON OF CO.RRb..""LATIONS OF PUPILS' RANKS BY 
GRADEB AND ACCURACY AND FINISH SCORES ON WHOLE TEST 
AND VARIOUS FORMS ABBR.ti:VIATtD BY REMOVING THE LEAST 
VALID ITEllllS 

Rank-Difference Correlations with Pupils 1Grades 
School No. 

of Whole Test Shortened Forms of Test 
Groups Cases r 

bis Clark Lindquist 
and Cook 

1 2 3 4 5 6 

B-200 17 .41 .51 .39 .43 

B-400 12 .12 .16 -.01 .06 

D-200 20 .39 .18 .28 .30 

D-400 13 .71 .60 .28 • 71 

When the weight of the time score was varied and 



the resulting combined scores for speed and quality cor­

related with pupils' grades, Table 9, the rho of the test 

scores of the B-200 group which were obtained from the use 

of uMean time x 3" was 0.63. This was the highest rho for 

this group. For the B-400 group, the highest rho, 0.65, was 

obtained by using "Mean time 1 in the formula. The highest 

rho for the D-200 group, 0.32, was obtained with "Mean time 

x 2 11 • For the D-400 group both "Mean time x 4 11 and 11Mean 

time x 3 11 gave rho's of O.?O which were high for that 

group. 

Table 9.--RANK-DIFFKru.:NC~ CORR.1:!.;LATIONS OF COMBINED SCORES 
FOR QUALITY AND SP~l!,lJ WITH PUPIL~• GRAD~~, USING 
VARIOUS WEIGHTS FOR SPEJ:!;D 

SchOO.l 
Groups 

l 

B-200 

B-400 

D-200 

D-400' 

No.or 1 Mean time 
Cases x 4 

2 

17 

12 

20 

13 

3 

.54 

.32 

.16 

• 70 

Mean time 
X 3 

4 

.17 

.70 

Mean time Mean time 
X 2 

5 

.54 

.5.l 

.32 

.65 

6 

.52 

.56 

1In Hunter's formula for the time score the denomin­
ator was "Mean time x 4: etc. The least weight for the 
time score was given by "Mean time x 4 11 and the greatest 
by using "Mean time" as the denominator. 

Reliability 

The reliability coefficients for the test, 

Table 10, found by various methods and for different groups 



of cases, varied from 0.795 to 0.903. For all 95 cases 

tested, the r's were from 0.824 by the odd-even split-half 

method and 0.894 by the method of rational equivalence. The 

difference between these two r's was o.o?O. This difference 

had a standard error of 0.045 which gave a CR of 1.56. The 

difference was not significant. For the 31 cases that were 

retested, the smallest r was 0.795 which was found by the 

method of rational equivalence and the largest was 0.903 

which was obtained by the odd-even method. The difference 

between these two r's was 0.108 which again is not signifi­

cant. The OR is 1.44. For these same 31 cases, the reli­

ability of a shortened form of the test, again through use 

of the odd-even split-half method, was o.907. 



Table 10.--F.ELIABILITY COEFFICIENTS OF THE TEST AS FOUND 
BY VARIOUS METHODS, BASED ON THE QUALITY SCORES 

Equivalent Halves 
No. 1Item Diffi-

Odd - Rational Re-
of Experts• Divi- Even Equi- test 

Cases sion of Items culties valence 
1 2 3 4 5 6 

95 .838 .832 .824 .894 

31 .863 .883 .903 • 795 .851 

. 31 2 (Shortened form) .90? 

1The item difficulties are those shown by the perform­
ance of 95 pupils. The items were divided 1, 4, 8, 9, etc. 
for one half of the test and 2, 3, 6, 7, etc. for the other 
half of the test. 

2The shortened form of the test was made by ignoring 
the performance on the eight items having the lowest bi­
serial r's. 



Chapter V 

DISCUSSION 

Chapter II, The Review of Literature, sought to 

present material from previous studies and investigations 

that might contribute to the answers to the questions in 

this study. Chapter IV, The Analysis of Data, presented a 

statistical analysis of the data that had been obtained 

by administration of the machine shop performance test to 

a total of 95 senior high school pupils. In the present 

chapter the bearing of this material on the questions in 

the problem analysis will be discussed. It should be empha­

sized that this is a study of the technique or method of 

development of a machine shop performance test and not the 

development of any specific test. Interest will be cen­

tered on the question 11How? 11 rather than 11What? 11 

What has been done in the field of performance testing 

The answer to this question in Chapter II serves 

as a background and a starting point for this study. The 

actual number of performance tests available in print is 

very small, not many more than a dozen tests in all. 

Machine shop performance tests.--The two perfor­

mance tests in machine shop developed by Hunter (11,12) 
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were f ·or sophomores and juniors in a vocational school. The 

level of skill involved in these two tests 1s comparable to 

that developed in senior high schools that offer 400 per­

iods of work in machine shop. The two machine shop perfor­

mance tests published by Chapman (5) were designed by the 

army to classify new personnel as to their advancement in 

the trade. The performance test obtained from the Board of 

Examiners of the City of New York 1/ was employed to class­

ify candidates for teaching licenses. 

Other performance tests.--Chapman published eight 

performance tests besides those for machinists. They were 

for other mechanical trades and stenographers and typists. 

The Board of Examiners of the City of New York Y listed 

22 trades -- mechanical and other -- for which licenses 

were granted. Holsinger (10) published a test in elementary 

electricity. Newkirk and Greene (16) published several per-
.. 

formance tests for industrial arts classes. These included 

one in woodwork which had been administered to 30 pupils. 

The place of performance tests.--Performance 

tests were considered desirable and useful. They were con­

sidered more re~iable than grades or ratings ordinarily 

made by shop teachers. Authors who made generalizations 

such as Greene, Jorgensen and Gerberich (9) and Newkirk anc 

Greene (16) stated that the performance test is feasible 

Y Appendix B 
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but that up to the present time very little has been done. 

What operations should be included in a performance test 
for senior high school machine shop 

The answer to this question may be divided into 

three parts. The first deals with the criteria of a good 

performance test operation, the second with the selection 

of operations based on expert opinion and the third deals 

with the statistical validity of the individual items. 

Criteria of l! good item 1.Q.r 1il: machine shop per­

formance ~.--The answer to this section should be 

sought in the review of literature. 

Chapman (5) and Toops (22), in their discussions 

of the trade tests used in the army during the first world 

war, offered six criteria of a good item. These criteria 

have been reworded here to apply to high school machine 

shop classes. They are: 

1. The operation must be representative of the work 

done in the class. 

2. The operation must be one that can be performed 

by anyone in the class. 

3. The operation must discriminate between pupils of 

different total achievement. 

4. The operation must be easy to check or rate by 

mere measurement. 

5. The operation must be easy to ad.minister. 



6. The opera tion must be one that can be performed 

with simple equipment. 

Selection of operations.--Newkirk and Greene (16) 

Vocational Teacher Training Staff of the University of 

Pittsburgh (19) and Orleans (18) maintained that the con­

tent of a performance test -- that is, the opera tions -­

is based primarily on expert opinion in the first sel­

ection. The operations in the test which is the vehicle 

for this study were selected cooperatively by nine senior 

high school machine shop teachers. 

Item validitY.--Item validity of operations in a 

machine shop performance test may depend on the nature of 

the item itself, which goes back to the selection of items 

covered in the above paragraph. It may also depend on the 

adsquacy of the methods of inspection. 

Since this study is one of technique, various 

methods of obtaining indices of validity for the items 

were investigated and compared. The biserial r was t aken 

as a standard since it was recommended by Garrett (8) and 

Smith (21). The I.V's that resulted from the use of 

Clark's (6) method had a rank-difference correlation of 

0.772 with the biserial r's. The correlation of the r.v. 's 

obtained with Lindquist and Gook's (14) method bad a rank­

difference correlation with the biserial r's of 0.880. A 

study of Lindquist and Cook's method shows that it in­

volves only a fraction of the time needed to calculate 



the biserial r's for each item in the test. This fact plus 

the significant correlation of the two methods, 0.880. in­

dicates that Lindquist and Cook's method may safely be 

used by industrial arts teachers in the investigation of 

the validity of operations in a performance test. 

~ controls must~ exercised in administering the~ 

The controls are a definite part of the test as 

far as the teacher is concerned. According to Chapman (5) 

the controls should cover tools and equipment, the test 

administrator, the pupil and scoring. 

The number, arrangement and condition of tools 

and equipment must be standardized. The teacher should 

know the directions for the pupils well enough to give 

them without hesitation and must not deviate in the least 

from the prepared directions. 

The controls relating to scoring must cover the 

system of tolerances employed and also the specific dir­

ections for inspection of the test pieces. As for toler­

ances, the only actual comparison made indicated that the 

use of fixed tolerances as in industry, or of a sliding 

scale of credits as in some school shops, gave approxi­

mately the same results in ranking persons tested. In the 

study of inspection methods, the item receiving the lowest 

teachers' rating of O, 1/16 chamfer, was also ranked low 

in inspection consistency and biserial r, being 30 and 29 

respectively. The three items receiving teachers' ratings 



of 4, on a scale of 8, were 1/4, 30° chamfer and 1/4-20 

thread square. They ranked 28, 3 and 26 by biserial r, and 

13, 27.5 and 27.5 by inspection consistency. This coinci­

dence of low rating of inspection methods by teachers, low 

rank in inspection consistency and low biserial r ranking 

suggests a relationship between methods of inspection ad­

judged unsatisfactory and low item validity. This further 

indicates the necessity of review of the methoas of inspe 

tion after they have been tried out experimentally. 

Toops (22) maintained that the use of gages is 

superior to measurement with scales and micrometer as a 

method of inspection. 

What procedures .!ID!!!.! be used .!Q determine ~ valid! ty of 
fil test 

One common method of obtaining a statistical es­

timate of the validity of a test is to correlate it with a 

criterion. That method was employed in this study. The reg 

ular shop grades were employed as a criterion. The investi 

gations of Newkirk and Greene (16) throw some doubt on the 

dependability of shop grades, but for the present there is 

no other criterion available. In the actual correlations 

between grades and quality scores the rank-order coeffici­

ent for the D-400 group was O.?l which was significant. Al 

the other coefficients were positive but too low to be sig 

n1f1cant. In the correlation of speed alone and grades, 

the coefficient for the B-400 group, o.?9, was significant. 



I r:. 

In this category there were two negative coefficients. 

There were two significant coefficients among the correl­

ations of shop grades and combined scores for quality and 

speed. They were o.63 for the B-200 group and 0.70 for the 

D-400 group. The other three group coefficients were posi­

tive. These coefficients of correlation indicate two 

things: first, a performance test for speed alone would 

not be valid for the evaluation of pupil progress; second, 

a performance test for quality and speed combined is a 

more valid tool than either speed or quality alone. 

Items of .!2}! item valid1tY.--When the test was 

shortened by ignoring the inspection on certain items of 

low item validity no increase in the correlations with 

shop grades was noted. In only two cases were the coeffi­

cients increased and those increases were not significant. 

The weignt f.Q.!: time.--Throughout the study 

Hunter's (1~) formula for time has been employed. Hunter 

arrived experimentally at a constant of 3 in his formula. 

The tests were rescored using constants of 4, 2, and 1. 

Tne resulting coefficients of correlation of combined 

scores for quality and speed with pupils' grades had the 

high coefricient for each school group either in the 3 

constant or the 2 constant column. There was one exception, 

the coefficient of correla~1on for the D-400 group was the 

same for the constant of 3 as for the constant of 4. These 

higher correlations for the constants 2 and 3 support the 



soundness of Hunter's formula using 3 as the constant. 

What does the test measure.--In all cases but one 

the differences between average scores of different school 

groups for quality alone and for quality and speed combine 

were significant. In the exception the difference was 

nearly significant. On the other hand, the differences be­

tween groups at different levels of instruction within the 

same school were much less significant. In only one case 

in four was the difference significant, and then barely so. 

These two facts seem to indicate that the pupil does not 

add appreciably to his manipulative skill during the secon 

200 periods of instruction • 

.!lru!! procedures~ be used to determine the reliability 
of the test 

Three methods of dividing the test into split­

halves were employed. Two methods used what have been 

termed 11 equivalent halvesn. One pair of equivalent halves 

was based on expert opinion. The other pair was based on 

the difficulty of items as indicated by the results of 

pupils' performance. The third method was to divide the 

items on inspection by the odd-even method. Thirty-one 

cases were retested. Estimates of the reliability were 

also obtained by the method of rational equivalence. These 

methods gave four reliability coefficients for 95 cases, 

and five for the 31 retest cases. When these coefficients 

were compared it was found that there were no significant 



differences between them. This non-significance of the 

differences indicates that any one of the methods is about 

equally dependable as a means of obtaining the reliability 

coefficient of a performance test. 

Suggestions 1.2£ further study 

No extensive investigation has been carried out 

on the question of the use of fixed tolerances or of slid­

ing scales. It may be that for school purposes the sliding 

scale is superior to the system of fixed tolerances as used 

in the present study. 

It seems that a performance test might have real 

diagnostic values in relation to the instruction given to 

a class as a whole. Could it be used to give a teacher in­

formation about weak points in the program of instruction 

that he is following? 

The performance test and other criteria such as 

intelligence, mechanical aptitude, and post-school success 

in related fields offer possibilities for further studies. 



Chapter VI 

SUMMARY 

68 

There are a number of elements in industrial arts 

teaching that are measurable. Manipulative skill is one of 

these elements. To measure the effectiveness of teaching 

in this respect we must have reliable tools of evaluation. 

At the industrial arts level practically nothing has been 

done toward the development of evaluation tools in machine 

shop work. The problem of this study seems to be one of the 

first steps in the development of proper evaluation tools. 

The problem is, "How can a performance test in senior high 

school machine shop be developed?" 

The development of a performance test involves: 

{l) selecting operations or determining the content of the 

test, (2) controlling the testing situation and the method 

of inspecting or rating the test product, (3) determining 

and improving the validity of the test, and (4) determinine 

and improving the reliability of the test. 

The selection of operations, in the experimental 

stage, must depend on the opinion of experts. In this studJ 

the operations were first selected from three authoritative 

texts. Then the list was reduced to include only the 



(i!) 

operations on which the pupils who were to be tested re­

ceived instruction. The final step in selection was done 

cooperatively by eight senior high school machine shop 

teachers. They selected 21 operations which they thought 

could be combined in a machine shop test problem. Seventeen 

of these operations were used. 

The testing situation includes the equipment and 

tools that are to be used, the condition of the machines 

and tools, and instructions for the pupil. All of these 

instructions must be adhered to rigidly. The instructions 

for rating the test product must be made out in detail for 

each dimension or feature of the product that is to be con­

sidered. After the test has been used experimentally, the 

relationship of item validity, consistency of inspection 
~ 

and the subjective evaluation of the inspection methods 

should be studied in order to detect items the low item 

validity of which may be due to unsatisfactory inspection 

methods. In cases where low rating and low inspection con­

sistency coincide with low item validity, the methods of 

inspection should be improved if possible. 

The statistical validity of a performance test may 

be determined by correlation with a criterion. Pupils' 

grades may be used although they are of doubtful relia­

bility. Attempts in this study to improve the validity of 

the test by eliminating items of low item validity proved 

fruitless. The weight of the time score, which was 



originally used for the test, seemed to be as valid as l½ 

times the original weight and more valid than any further 

increase of the weight or any decrease of the weight. 

The reliability of a performance test may be de­

termined by any of the ordinary methods: retest, split­

half or equivalent forms, as well as by the method of 

rational equivalence. The reliability of the test was not 

improved by eliminating items of low item validity from 

the test. 
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71~ Machine Shop Performance Test • 
Criticism of Instructions for the Inspection of Test Pieces 

Dimension Teachers• rating 1compos1te rating 

4¼ length - .. .,. + 6 

3 length 0 .,. + 0 6 

1¼ length of thread --+ + + + 8 

3/4 to 5/16 drilled hole + - 4 0 5 

; to ;-20 tapped hole - - .,. + 4 

31/32 diameter ;, + + + 8 

11/16 diameter + 0 + t 7 

1/16 chamfer - - - - 0 

3/32 depth of keyway + 0 + 0 6 

.188 width of keyway ... + 0 + 7 

.750 diameter 0 .... + + 7 

Thread pitch diameter .,. 0 + + 7 

.075 depth of undercut 0 0 0 + 5 

l; depth of reamed hole -+ .... 0 + 7 
. 

3/8 diameter of reamed hole 0 + + + 7 

12° angle, turned 0 0 -+ + 6 

30° angle of chamfer + - - ... 4 

90° relationship of the 
5/16 drilled hole and the 
i-20 tapped hole 0 + + + 7 

'1-20 thread, depth 0 • + + 7 
. 
t-20 thread, squareness - + + - 4 

l/64 maximum radius 0 + + + 7 

Shoulder, squareness + + + + 8 

l O for - , l for o, 2 for+. 

MASTER DATA SH~~T NUMBER THREE 



acn1ne Shop Performance Test 
Criticism of Instructions for the Inspection of Test P1eoes--cont1nued 

Dimensions Teachers' rating Composite rating 

Centering, 5/16 drilled hole - 1' + 0 5 

Centering, keyway + + 0 0 6 

End, flatness of thread + 0 + + 7 

Burring all edges ... + + + 8 

Finish of turned surfaces + + + + 8 

Finish ot faced surfaces + + + + 8 

MASTER DATA SHEET NUMBER THREE--Continued 



APPENDIX B 

LETTER FROM DR. E. J. GANNON, AND ENCLOSURE 



( copy ) 

Board of Education 
of the City of New York 

THE BOARD OF EXAMINERS 
110 Livingston Street, Brooklyn 2 

4 February 1949 

Mr. Richard B. Smith 
193 Morningside Drive East 
Bristol, Connecticut 

My dear Mr . Smith 

I enclose a list of trade subjects, instructions to 
assistant examiners, a rating sheet, and a sample job .sheet 
for a performance test in machine shop work. 

I trust that this material will be of assistance to you. 

EJG 
JED/D 

Very truly yours 

Edmund J. Gannon 
Chairman, Committee on Industrial Licenses 

(Enclosure) 

Shop Subjects Trades 

80 

Air conditioning (M)(T) 
Baking (M) 
Beauty culture (W) 

Gas and electrical welding (M) 
Jewelry making (M&W) 

Building maintenance (M) 
Cafeteria and catering (M) 
Cafeteria and tea room training (W) 
Clock and watch mechanics (M) 
Commercial and domestic 
refrigeration (M)(T) 
Commercial photogra~hy (M) 
Dental mechanics (M)(T) 
Electrical installation & 
practice (M) 
Floristry (M)(W) 

Leather goods manu-
facturing (M) 
Maritime trades (deck) (M) 
Maritime trades (engine) (M) 
Maritime trades (stew-
ard) (M) 
Mechanical drafting (M)(T) 
Radio mechanics (M) 
Trade dressmaking (W) 
Women's & children's gar­
ment manufacturing (M&W) 



Board of Examiners Board or Fdu:::ation 

perror~o.nce Test 
~~ 

aminat1on for L cense to Teach Ua htne She \', urk in Da 1-! i h 
Schoo s 

September 2?, 1941 Tirr.e: G hours---B:30 A. ~.:. t o 
2 :30 P .~, . 

Nam•------------~Bench No. ___ Candtdste' e Ile. 

Address VJork began __ 
So.:-k stopped ____ _ 

Note: This job sheet ts to be kept on your ·bench until the (.lese or 
the session, 

You are to do the tollowin.ct: 
l. Sign the job sheet., the re.tinp: f orm, and th& accident re­

lease. The job sheet ie tc rell"ain on your work bench, The o t!'ler 
papers will be collected promptly , 

2. Examine the stcok ~iven to you , Ir it is not satisfactory 

tor t~: ;~~i ~! =~e b~0~x~~~f:~c~~: • trt;r:rb~ou e~!fi~e~~rk , no ex-
• t t e c ose ot the test, hand in t o the eximTner your work 

. ankhe job sheet, 
4. Candidates may be excused from the s e ssion att J r the -nrst 

hour, with th~ approval of the examiner-in-charge , 
:5 . All · diameters must be oonccntrlc with thf' etud. 
6. ConTeraation among candidates is net pe rmitt ~d. 

PROSLEII: !.'.AKll THE PLATE Af.ll STUD SHGVm IN THE . Sh ETC!! E3LQ, ;. 

F'Ali'T-1 Pl/JTc /t?AA.£ ,.• N ! , . r.. ,; t . 4 .C. 

Board of Examine rs 

Fating Sheet 

Fcrtrrn-.anpe Teat 

Board or lduoation 

Examination tor License to Teagh in Day Hie;h Sohoo1• 

Uachtna fill2R 1'.'ork 

Sep,; em.bor 27, l~l Time: e houra--8:30 A.II. - 2:30PII 

B1;nch No. ___ _ Cilndidate'e No. __ _ 

Cendtdetes are adTlsed that no appaal will be entertained troa 
tha f1 ndinga or this pertonr.ancc toet. It the oondi tione attending 
th r. t~st are unsatlereetory, oandldatoa are to call the attention ot 
th~ examine r o.t the timo or the teat to suoh oonc!itions. Candidates 
who aru not in sutrici l. ntly good health to take a t6!1t at the t1-
t t.cy arl. surr.rr.oned ar,. d1ro;;. ctcd to intorm the examiner or thia raot; 
otherwise thoy or~ to Sifl:D thr: tollOW1fll'!: 

I atrtrr.i that I am in suttloiontly !OOd hoalth to take tb.la 
e xamination and thnt I am n<.,t indiepc.iae;d phyaloally or mentally. 

(Si~naturc ) 

PRCBI.Dl: MIJG: T!!E PLAT!: A!,ll STUD S!IOYIII ON THE JOB SHEET. 

El -:: m,;nts to ba ratod 

1, Accurocy or layout. 

2, F1lo and mill onds 
square . 

z. Drill and tap hol e) . 

4 , File aqu8re hole. 

5. Bvvtl and round oar-
n-; r s , 

FART II 
IL ~~o~hr': or l e~hs 

? • i~~t;~~ cuttinr to !'it 

8 , Sl':ould1..r turnina; and 
outsid~ dl6m1:.. t wra, 

9 . Tapc.r turning. 

10 . !.'i 11 squore shank to 
fit plate . 

-----------1 
Unaa 

0 • 

1.~ximW'.!1: 50 credits 

Sat 

I 
-

I 

··:es job comµkt {; d'? Ye a No (Croes out one) 

R'D'..ArtJ .S AiiD CCMPbl4f,ATCRY SKILLS e tg, 

Plac e or Test: __________ _ Ex8llline?'s: ______ _ 

D, 
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APPENDIX C 

LETTER FROM R. s. HUNTER, , IN PART 



Mr. Richard B. Smith 
193 Morningside Drive East 
Bristol, Conn. 

Dear Mr. Smith: 

( eopy) 

145 E. Idaho St. 
Boise, Idaho. 
Sept. 15, 1947 

Your letter of Aug. 25th sent to Pittsburgh was 
forwarded to me -- hence the delay in answering it. 

I was interested in your inquiry concerning 
the discrepancy in the formula published in 1942 and 
the one used for the study in 1945. You are quite 
correct in your observation, namely, that the original 
formula placed too much emphasis upon speed -- at least 
for beginning students. In particular, it imposed a 
severe handicap upon the slow but accurate students. It 
may be conceded that the slow but accurate student 
should be penalized, but he should not be penalized to 
the extent that he tends to become discouraged, or for 
that matter, that he gains in speed at the expense of 
accuracy. Accordingly, I arbitrarily used the factor of 
3 to reduce the weighting of speed. Later I cheeked the 
factor in order to determine whether the weighting 
tended to decrease accuracy or increase it. I was 
interested in maintaining accuracy • 

• • • • 
The revised formula appears to perform 

satisfactorily for student training purposes. Further­
more, it correlates rather well with another investi­
gator's grading system. 

I trust that I have answered your question 
to your satisfaction. 

Cordially yours, 

Roberts. Hunter. 
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MACHINE SHOP PERFORMANCE TEST 

Jiia.nual for 

Experimental Use 

1949 

Prepared by 

85 

Richard B. Smith, Head of Uachine Shops, Bristol (Conn.) High School 

In coo.peration with 

John Armen, Norwich Free Ac9.demy, !Jor wi ch, Conn. 

Henry W. Bartnikowski, Stamford (Conn.) High School 

Byron A. Berry , Bristol (Conn .) High Schoo l 

Edward D. Busby, Bristol (Conn.) High School 

George M. Crook, Pine Manual Training School , Ansonia, Con..'1. 

T. o. Kennedy, Norwich Free Academy, Norwi ch, Conn. 

Joseph Hadrick, Vfilliam Hall :High Schoo]. , We st Hartford , Conn. 

John F. Shea, Weaver High School , Hartford , Conn. 
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Case Ho. Machine Shop Pcrformanco Tost 
Individual Record 
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Name of pu?il School ----------------- ------------
Class in school No. poriod.s (45 min.) instruction Numbor in class --- -----
Rank in class ____ Dato of test _j__J _to__/__/_ 

No.mo of test administrator 

. . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 
TIJSPECTION RECORD 

Dimension Tolnr.,,,,~n 
4d. 4 ~ 1/64 

3 -=-1/64 
11,_ 

4 - thread -t-:1/64 

3/4 "!:::1/64 

1/4 ~l/64 

31/32 :±:: 1/64 

11/16 ±1/64 

1/16 - chamfer tl/64 

3/32 -+- 1/64 
-o 

.188 Ga.go 

.750 +- .ooo 
- .005 

Thread P~D. + .ooo 
- ~004 

.075 + .005 
l 

l4 - hole Gago 

3/8 - ron..'11 Gage 
120 angle -t" 1/20 

30° chn.mfor ± 1/2° 

90° - holes Visua l 
1 

-:q,-20 thread Depth 
1 
~-20 thread Squa.ro 
1/64 ro.dius Max. 
_?houldor Square 
Co nto ring-ho lo Gai:i.;c 

~onto ring-koyway Gago 
End - Flat .• 
Burring all odgos 

Fjnish on turned-fa.cod 
J ;o angle 
_31/32 di£1.mctor 
.!. 750 din.motor 
£0..cing-throadod ond 
!:._acing-shoulder 
!acini:i.;-ta.pcrod end 

1 Meas. i OK ! 

I 

-

I -

-
-
-
-
-
-

-... 
surfa.cos 

RECORD OF TIME \TORKED ON THE TEST 
Date I Start 

Time 
Breaks /Stop Minutes 

~S"""t_a_r"""t.._,E,,,,_n.d0...,...__,,,,N,...o-.--i T irnc W or kc d 

Minute 

Total minutes workod ---

Time on milling ma.chino 
StQrt-set-up time 
Finish-set-up time 

Hilling sot-up time-in minutes 

--------·-------- -· --------Total work time l ess 
milling machine sot-up 
in minutes 

Tot .1 nu.,::•.br, r of it.:::Jn.s 
odrrc ct on inspc ct ion 
Score, corrcctqd for 
speed (Hunter's Formula) 
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Machine Shop Performance Test 
Instructions to Ternt Administrators 

Preparations .£2!:. ~ test 

1. Familiarize yourself thoroughly with the various parts of the test.: 

a. The blueprint, so that you can answer readily any question about 

b. The "Instructions to Pupils", so that you can read them freely 

89 

it 

c. The "Instructions to Test Administrators 11 for "Administering the Te st" 

2. 

d. The "Individual Record" 

Tools: 

See that the tools required for the test are in their places in the tool 
crib or the tool panels. Check and sharpen~ if necessary, drills, reamers, 
taps, thread-cutting and undercutting tools. See that crib attendants, if 
any, are ready to give prompt service to those taking the test. 

3. Machines : 

a. Lathes: 

Check the centers for running truth in the .headstocks and check 
and adjust the tailstocks for taper as specified. 

b. Milling machine: 

Have the speed and feed set as specified. The vise should be set 
up and indicated. The spindle of the milling machine should be 
clear. 

c. Drill press : 

Prepare as specified. 

4. Cut enough pieces of stock for one piece for each pupil. The stock should be 
as long as specified and not more than 1/16 11 longer. 

5. Prepare a tag for each pupil's work with his name clearly written on it. 

6. Prepare an "Individual Record" for each pupil. Write his name on it. 

7~ Read the "Instructi ons to pupils about preparation for the test" to the 
pupils . This should be done at least one day before the test so that they 
can take care of their tool bits . The question of steel rules ie to be 
le:rt to the normal procedure in each shop. 

J. 



Machines and accessories 

1. Lathes: 
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Machine Shop Performance Test 
Equipment for the Test 

90 

9 11 Mode l A South Bend screw cutting lathe or its equivalent or better in good 
running order. 'lhe dog plates should be mounted on the spindles. Tho lathes 
should be equipped with two good centers .rrhich can be removed and replaced without 
alterin~ tho taper. Tho live center should run true within ,.001 11

• (.002 11 by in­
dicator J The lathes should be corrected for taper to .001 11 or better in 4 11 of 
length using a 4¼" test bar. Tho compound rest should be set at o0 • The lathes 
may be equipped with thread chasing dials. 

Accossories: (For each lathe, arranged within easy access of the machine) 

3 jaw universal chuck, accurate to within .006 11 
( .012 by indicator) 

Key for the above chuck 
Drill chuck for the ta:i,lstock, 3/8" capacity or larger and chuck key 
Straight and left hand tool holders 
Lathe dogs 
Wrenches for the tool posts, compound rests and tailstocks 

2. Milling machine: 

Size adequate to take the full cut on a 3/16 11 x 3/32 11 keyseat o.:t: a food of 3¼11 per 
minute. Tho spindle should be set at a speed of approximately 50 R.P.M. and the 
feed at approximately 2 '.' per minute. 

Accessories: (Arranged within easy access of the machine) 

3/16 11 saw or side -cutting plain cutter, 3 11 di ametor preferred 
Arbor for the above cutter and a draw-bar 
Wrench for the draw-bar 
Plain vise, 4 11 jaw or larger 
Vise handle 
Load hrumnor 
Br as s faces f or the vise jaws 
Pe.ral10l, approximate ly l " l e ss in hcic ht than tho vise j aw . 

3. Drill press: 

3/8" capacity or larger with a spindle speed range of at least 700 - 1400 R.P.M. 

Accessories: (Arranged near the drill press) 

Chuck key 
Drill press ·vi so, plo.in jaws, 3 11 or l a rger 
Vise handle, if noGde d 

4. General 

Cutting oil 
'Tuite lead or other lubricant 



Hand and small tools --
1. ~1easurement and layout: 

Center head with blade 
Scriber 
Hermaphrodite calipers 
Layout fluid or chalk 
Punches 
Hammer 
Combination square, 12 11 

Combination square, 6 11 

Center gage 
1 11 micrometer 
411 outside calipers 
Thread ring i:;age, 3/4 - 10, NC-3 
Sere,\,. pitch gage 
Protractor 
Feeler gage 

2. Lathe: 

-6-

Combination drill and countersi.:nk 
23/64. drill 
3/8 machine reamer 
10 11 mill file, second cut or smooth 
Thread-cutting tools 
Undercutting tools, 1/8" • 
Drass strip for chuck jaws 

3. Drill press and bench : 

1,-4, dri 11 
5/16 drill, sharpened to drill not more than .004 11 oversize 
l/4 - 20 tap -
Tap .-rren ch 
V-block and clamp 
10 11 will file, second cut or smooth · 
Triangular scraper 

4. Each pup il I s personal equipment: 

9J 

La.the tools for turning and facing (It is preferred that these lathe tools 
be those for which the pupil is normally responsible) 
Steel rule, preferably 6 11 (The pupils may use those from the tool crib 
if that is the custom of the shop) 
Pencil 
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Machine Shop Performance Test 
Instructions to Test Administrators 

92 

1. Sta.rt only as many pupils at one time as your equipment will allow to work 
without an undesirable amount of waiting for machines, tools, etc.· You will 
need one milling machine and one drill press for each three lathes. 

2. Watch carefully to eliminate any help from other pupils. 

3. Start each pupil on the test by reading to hi"TJ. the "Instructions !;: pupils 
at the start of the test. These instructions must be followed absolutely 
so tii."at the results of the test will be consistent from school to school. 

4. The use of the "Individual Record" - Record of t:L'Tle worked on the test 

a • . Record the starting time , break times and stopping time for each pupil 
each day. "Break time" is time lost by a pupil due to inability to 
obtain a proper machine or tool. If there is more than one oreak in 
any day record the second bren.k directly under the first one. 

b. At the end of ca.ch day draw a horizontal line under the time r ecord for 
that day. 

c. Record the time that the pupil goes to the milling machine as 
"Start-set-up time 11

• Record the time that the pupil completes the 
set-up of the cutter and arbor as "Finish-set-up time"• The purpose 
of this time recoTd is to see if the inclusion of the milling set-up 
in the test is desirab le. 

5. At the end of ea.ch day's work collect the test pieces and tag them immediately. 
Colle ct the blueprints. 

6. The l athes should be ch0ckod from day to day to see that they continue to 
meet the specifications. 

7. The milling machine must be ret~rrned to its original specificctions after 
each pupil h as used it. For the last tvrn i toms see "Equipment for the Te st 11

, 

page 5. 
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Ma.chine Shop Perfor:'lance Te st 
Instructions to Pupils 

Note to test administrators: 

These instructions are to be road as given below and are not to be 
enlarged upon nor explained, but only repeated. 

Instructions~ pupils about preparation !9!:_~~• which should be given long 
enough in advance of the actual date of the test for the pupils to make the 
preparations suggested: (Omit the reference to steel rules if it is the practice 
in your shop to issue steel rules from tho tool crib) 

"On (give date of te•st) you aro to start on a performance test problem_. In 
preparation for the test you are advised to sec that your lathe tools for 
facing and turning are in good condition. You will be provided with thread 
cutting tools. You should also provide yourselves with 6 11 steel rules and 
pencils. 11 

Instructions ~ pupils ~ the start _<:>f ~ test; hand the pupils tho blueprints 
and say: 

"You arc to make this piece as a performance test. Examine your blueprints. 
(-Pause a few seconds) You may ask questions about the blueprint later if 
you wish to. You will not be given any advice about the procedures to follow, 
and, since this is a test, you arc requested not seek any help from other 
pupils. 

11 You wi 11 do your lathe work on the following lathes: ( Indicate a lathe 
for each pupil) These lathes arc free from taper to a degree satisfactory 
for this test and have good centers. You will use (Indicate vrhich) milling 
machine for the milling operations. You will obtain your tools in the 
regular way . Undercutting and thread-cutting tools will be provided. 

"You mo.y check and oil your lathe be_forc starting tho test. Your time will 
start when you aro handed your piece of stock. If you have to stop work o.t 
any time because of inability to obtain a needed tool or machine, inform 
me immediately so that the time you lose will not be counted as working time. 
Turn in your test piece as soon as you stop work at the end of the class 
and then clean u~ your machine and turn in your tools. 

"The completed test will be scored for accuracy, finish, speed and correct 
interpretation of the blueprint . Speed usually counts about nine percent of 
the score. Finish counts about 1/5 of the score. Turned surfa.cos arc not · 
to be filed or polished . The 3/4 - 10 thread is to be finished on tho lathe. 
If yo~ should spoil the test piece as far as one dimension or opor ~tion is 
concerned, proceed with tho tost and complete the rest of it according to the 
blueprint. You will not be given a second piece of stock. 

11 Questions about the blueprint must be asked of mo individually later. 
Do you have any other questions? 11 

~~of questions, reread the part of tho instructions that applies to the 
question t1.sked,. 
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Instructions!£_ pupils~ thev restart~~~!:. subsequent do.y~ 

"Set up your work in your ma.chine just as it w0.s when you stopped work on 
the test. Have me check it before you stnrt vrnrk. If you a.re moving to 
another mo.chine or aro making a new set-up, your time ?ril.l sto.rt when you 
receive yovr test piece. Do not start work until I tell you to do so~" 
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Machine Shop Performance Test 

Instructions to Test Administrators 

Scoring a.nd the ttindividual Re cord" 

1. Leave the Case No. blank. 

2. For the class in school use a number. (9, 10, 11, 12) 

3. For the number of periods of instruction, enter t~o total number of periods 
of instruction in machine shop that the pupil has had in any of tho four years 
of high school. If the length of the period is more than five minutes longer 
or shorter tha.n 45 minutes, cross out the 1145 11 and write in ,the nearest multiple 
of five. 

4. For the number in the pupil's class combine all sections of the same class. 

5. The pupil's rank in his class should be based on his regular shop grades for 
at least the last four months. Pupils should be ranked as first, second, third, 
etc. in the class. Do not give the average grade. 

6. The keeping of the time record is covered in the section on "Administering 
the Test"• 

7. The . inspection record: 

a. Measure the first eight dimensions in the inspection record with a 
steel rule and calipers. Record tho actual measurement to the nearest 
64th in the measurement column. If the measurement is within· tho 
tolerance of plus or minus one 64th, check (V) tho Ot column. 

b. Hoa.sure the 3/32" depth of tho keyway by placing the .115" square stock 
in the keyway and measuring to the opposite side of the • 750 11 diameter. 
Make the measurement 1/8" above the undercut. Record tho actual measure­
ment over the square stock. The correct moasuroment is from .759tt to 
.774". If the measurement is ·within these limits, check the OR: column. 

c. Measure the width of tho kcyvvn.y, .c.l88", with tho 3/16 11 square stock. 
Tho key should enter tho keyvmy, but should show· no play. If satisfactory, 
chock tho OK column. 

d. :Measure the • 750 11dirunctcr with a mi cromotor. Ro cord the actual measure­
ment. The oorrect measurori1ent is from • 745 11 to • 75011

• If ·the measurement 
is within these limits, check the OK column. 

e. Mon.sure tho pitch diameter of the screw thread (3/4 • 10) with tho .0625" 
wires o..nd a micrometer. Record tho actuo.l meQsu.-·cment over the wires. 
Tho correct measurement is from .782 11 to .786 11

• If the measurcment · is 
within these limits, chock tho OK column. 

r. ;:o ::..oure tho .075 11 depth cf the u..dorcut by .'f.:ilacing '•t·J o piocos. of,. the~ .115:" 
s quare stoc'r in opposite sides of' the under.cut . !:•.;o.st~rc ovor tho sqt1aro 
stc•c!: · .. ith a :r.icror.ct _, r. IL..:cor<l th::.. ::.ctu:21 "::.c:J.. suromc;.1.t. Tho. corre ct 
mo :-. s't!ro~·;J:1t-.... is :f'rmr. ,.825" to .83511

• If the r.1;:,asurement is within these 
limits, check the OK column. 
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g. Che ck the 1¼11 depth of the reamed hole with the plug gage, The gage 

should go into the hole at least as far as the shoulder. If it does, . 
check the OK column. Remove the burr where the tapped hole enters the 

I 
reamed hole if necessary to make this check. 

h. Check the 3/8" diameter of the reamed hole with the plug gage. The 
gage should go into the hole the full required depth without any play. 
If it goes in satisfactorily, check the OK column, 

i. Measure the 12° angle and the 30° chamfer with a protractor. Record 
the measurements to the nearest -rt'. If they are within the tolerance 
of plus or minus ½0

; check th<c: appropriate space in the OK column. 

j. Check the 90° relationship of the ¼-20 tapped hole and the 5/16" drilled 
hole. If the tapped hole is up when the test piece is held with the 
reamed hole towards you and the keyway towards the left , check the 

k. 

1 , 

OK column. 

Check the depth of the ¼~20 tapped thread with a commercial screw or a 
plug tap~ If there is a full thread into the reamed hole, check the 
OK column . 

hole~ Screw the plug tap or commer­
Che ck the squareness vn. th a solid 

Check the squareness of the tapped 
cial screw into the tapped hole. 
square~ If no out-of-squareness can be detected, check the OK column . 

m. Check the 1/64 11 max. radius -r;i th a· 1/6411 radius gage, If the radius is 
1/64 11 or less, check the OK column . 

n. Check the squareness of the shoulder with a 1/32 11 radius ea.go or a good 
steel rule. If the shoulder is perfectly square, showing no light under 
the rule or radius gage, chock the OK column. 

O o 

P• 

q. 

r. 

Cm ck the alignment of tho 5/16 11 drilled hole with the centerline of the 
work with the centering gage. If the gage goes over both sides of the .75C 
di~ter -w-iih the pin in the hole, check the OK column. (This gage 
allows the hole to be . 006 11 off tho centerline.) 

Chc ck tho centering of the koy.vay vri th the keyway contoring gage. 
Place the gage in the koy.vay with the hook over the threaded end of 
the test pL ce. The end of tho hook should be exactly in tho center of 
the center hole. Hold tho test piece and the gage with tho hook of the 
gage vertical. Measure the distance from the end of the hook to each 
side of the center hole. ·Record the actual difference between these 
two measurements in 64ths. If tho diff0rcnco is not more than 1/64 11

, 

check the OK column. 

Chock the burring of all sharp corners - 11/16 11
, shoulder, 5/16 11 hole, 

3/8" reamed hole. If all have been burred, chock tho OK column. 

Chock tho finish of oach turnod and facod surface. Compare each turned 
surface with the turned sa.mplo. Compare each faced surface vn th tho 
faced sample. If the surface being chocked is as EOOd or better than 
tho sample, check tho OK column. 
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g. Che ck the 1¾11 depth of the reamed hole with the plug gage, The gage 

should go into the hole at least as far as the shoulder. If it does, . 
check the OK column. Remove the burr where the tapped hole enters the 
reamed hole if necessary to make this check. 

h. Check the 3/8 11 diameter of the reamed hole with the plug gage. The 
gage should go into the hole the full required depth without any play. 
If it goes in satisfactorily, check the OK column, 

i. Measure the 12° angle and the 30° chamfer with a protractor. Record 
the measurements to the nearest ½'. If they are within the tolerance 
of plus or minus ½0

; check th~ appropriate ;pace in the OK column, 

j. Check the 90° relationship of the ¼-20 tapped hole and the 5/16" drilled 
hole. If the tapped hole is up when the test piece is held id th the 
reamed hole towards you and the keyway towards the left, check the 

1. 

OK column. 

Chock the depth of the ¼~20 tapped thread with a commercial screw or a 
plug tap~ If there is a full thread into the reamed hole, check the 
OK column. 

hole~ Screw the plug tap or commer­
Che ck the squareness vn th a solid 

Check the squareness of the tapped 
cial screw into the tapped hole . 
square~ If no out-of-squareness can be detected, check the OK column. 

m. Check the 1/64 11 max, radius uith a · l/64" radius gage._ If the radius is 
1/64 11 or less, check the OK column. 

n.; Check the squareness of the shoulder with a 1/32 11 radius gage or a good 
stee l rule. If the shoulder is perfectly square, showing no light under 
the rule or radius gage , chock the OK column. 

o, Crock the alignment of tho 5/16" drilled hole with the centerline of the 
work with the centering ga ce , If the gage goes over both sides of the ,75C 
di.:uncter "With the pin in the hole, chock the OK column. (This gage 
allows the hole to be .006 11 off tho centerline.) 

p . Cm ck tho centering of the l:oywa.y vri th the keyway centering gage. 
Place tho gage in the koy;vay with the hook over tho threaded end of 
the test pi,.ce. The end of tho hook should be exactly i n tho center of 
.._,___ -~--i-=- 1,-,,_1= i:-r,.,, r1 +:hn +.es t niece and the .(;ap;e with the hook of the 

P1 . Check the flatness of the threaded end of the test piece with a 
steel rule or a machinist's square . Noli ht should e visible except 
in the center hole . If satisfactory, check the OK column . 

q . 

r. 

Check the burring of all sharp corners - 11/16", shoulder, 5/16" hole , 
3/8" r0a.mod hole . If all have been burred, chock tho OK column. 

Chock tho finish of each turnod and facod surface. Compare each turned 
surface vri th the turned sample . Compare each faced surface vn th tho 
faced s~mpl0. If tho surface being checked is as EOOd or bettor than 
tho sample, chock tho OK column. 



8. Measurement and inspection tools • 

6 11 steel rule 
4 11 outside calipers 
l" micrometer 
2 pc •• 115" square stock* 
1 pc. 3/16 11 square stock* 
3 ,PC • ;,0625 wires* 
3/8 11 plug gage* 
Vernier orotractor 
1/64" radius ggge 
¼ - 20 thread plug gage , or plug tap, or 2" long machine screws 
Solid machinist's square 
Centering; gage for 5/16" holo* 
Centering gage for keyway* 
Turned surface sample* 
Faced surface sample* 

*Tobe furnished to tho test administrator along with.tho blueprints of 
tho test problo:ra and copies of tho "Individual Record" . 
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APPENDIX E 

LETTER TO CONNECTICUT 

INDUSTRIAL ARTS TEACHERS 

OF MACHINE SHOP 

J_Q 



Mr. G. Waldo Healy 
Hall High School 
West Hartford, Conn. 

Dear Mr. Healy: 

_lOJ 

193 Morningside Drive East 
Bristol, Conn. 
September 22, 1947 

As a part of my work for a Master of Education degree at the Colorado 
A and K College, Fort Collins, Colo. I have to develop a performance 
test that can be used with high school pupils who have had from 200 
to 400 periods (150 to 300 hours) of instruction in machine shop. 
A performance test is defined as one in which the pupil uses the tools 
and machines of the machine shop to alter the size, shape and surface 
quality of metal. The development of this test is to be the subject 
of my thesis. 

In order to obtain an adequate .number of pupils to be tested, I shall 
need the cooperation of some other machine shop instructors in deter­
mining certain elements of the test and in administering the completed 
test to a limited number of pupils towards the end of the school year. 

I am writing now to ask it you would be interested in cooperating in 
the study at any stage of its progress. As I see the study now the 
various steps would be approximately as follows: 

1. Check a list of machine shop operations, which I shall pre­
pare, to determine those to be included in the test. 

2. Check the instructions for administering the test to see if 
they can be followed in your shop. 

3. Check the blueprint of the test problem. 

4. Perform the test yourself as an expert to provide an analysis 
of the test elements. 

5. Administer the test to a selected number ot your pupils. 
Provide me with data relative to the grades of your pupils. 
(You may, of course, use the test for as many of your pupils 
as you wish for your own records.) 

I am 1nclos1ng a typed form tor you to indicate in which, if any, 
parts of the study you wish to participate. 

Copy to Mr. Harriman. 

Cordially yours, 

Richard B. Smith 
Machine Shop Department 
Bristol High School 

LIBRA~V 
COLORADO A. & r..:1. COLLEGE 

fOP.T COLLINS, COLORAJ;JO 



Mr. Richard B. Smith, 
193 Morningside Drive East, 
Bristol, Conn. 

Dear Mr. Smith: 

I shall be able to take part in the development of the machine 
shop performance test that you propose in the following ways: 

1. Check the list of machine shop operations. 

2. Check the instructions for administering the 
performance test. 

3. Check the blueprint of the test problem. 

4. Perform the test myself. 

5. Administer the test to some of my pupils and 
supply data relative to their grades in 
machine shop. 

I regret that I shall not be able to take part in the study 
at all. 

(Check here) ----
Data:(Please supply now if possible) 

1. Approximate number of machine shop pupils 
in 1947-8 

2. Approximate number of pupils who will complete 
200 periods of machine shop instruction by the 
end of this year. 

3. Approximate date these pupils will complete 
200 periods of instruction. 

4. Approximate number of pupils who will complete 
400 periods of instruction in the machine shop 
by the end of this year. 

5. Approximate date these pupils will complete 
400 periods of machine shop instruction. 

Signed __________ _ 

Address ----------
Telephone, home school ------ --------

.102 



APPENDIX F 

CHECK FORM OF THE AREAS OF INSTRUCTION, 

AND SUMMARY OF REPLIES 



CHECK OF AREAS OF INSTRUCTION AND SUMMARY OF REPLIES 

Check List 

I give instruction on the following machines in my 
machine shop: (Please write the number of each type 
in the space) 

Engine lathes_ Milling machines_ Shapers 

Planers_ Drill presses_ Tool and cutter grinders_ 

Surface grinders_ Cylindrical grinders_ 

Others 

1.04 

--------------------------Signed ___________________ _ 

______________ High School 

Summary of Replies 

Name of machine Schools 

A B D E F G 

Drill press 3 2 2 ly 2 3 

Bench work y 

Engine lathe 10 20 6 y 9 12 

Milling machine 2 8 1 y 1 2 

Shaper 1 2 2 y 2 1 

Planer 1 

Surface grinder 1 1 1 1 1 

Cylindrical grinder 

Tool and cutter grinder 1 

Turret lathe 1 y 

1Indicates a positive answer without giving the 
number of machines. 



APPENDIX G 

CHECK LIST OF MACHINE SHOP OPERATIONS 



Chec 1dng 
Col1.-unns 
A B 

·----j 

----~-

--

------~ 

I ----.;_ ___ ~ 

CHECK LIST OF J':!C:-'F1E S30P OPERATIO!TS 

1-06 
Bench operations 

1 . Lay out centers in ro1.-md stock i;,i th a center head and scriber . 

2. Lay out centers in round stock with hermaphrodite calipers . 

3 . Lay out centers in round stock with V- block , sur f ace plate and 
surface gage • 

• 
4. Lay out cente~s in rectangular stock • 

• 
5 . Lay out holes for drilling , 

6 . Lay out curves and tangents . 

7 . Scribe circles . 

8 , Lay out re c t angul ar stock for milling . 

9 . Lay out lines with a surface 1:,a6e • 

• 
10 ~ Lay out lines with a vernier hoight cage • 

• 
11 . Cut square or round stock with a hand hack Sa\'T o 

• 
12 . Cut thin stock with a he.:>J.d hack se,w . 

13 . Grind a flat cold chisel . 

14. 5hear thin stock with 8. cold chise l. 

15 . Chip a flat surface . 

16 . Cut an oil groove with a chisel . 

17 . Chip with a power chisel . 

18 . B roach with a drift . 

19 . Cross file a flat surface . 

20 . Draw file a flat surface . 

21 . Sharpen a flat scraper . 

22 . Scrape a flat surface , 

23 . Scrape n ~earing . 

24 . Drill with a breast drill. 

2 5 • Re am 1vi th a hand re arno r , 



A B --· I 

I 
i 

1 
I 

~ ... ----1,. ·-

r--:-~ 
~ ---;---{ 
I , I 

I I 

r--·· -"" -, 
I '. l l'··· ___ \.. ___ J 

' I 

I : 
' I ,- •• ,._ ._ ,-•· -- I 

I 
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Bonch _opr;,·a L:i0.,,.;; ,_ro.n't; 

27. Cut t:1,cad G wj 4.;:--i a die, 

28 . Ri vet. 

29. Remove a i:Jroh;c1 tap<• 

30. ·Remove a. broke n st·1d~ 

31 .. Dr ess 2. scr-31·, dri.ver~ 

32 . Drive st~ds by hando 

33 . --- -----~-- ---------------·---------
34. -------------··------------------- ------
35. 

Drill pr ess operations 

1. Gri nd a twist dri ll, 

2. · Dr i l l a hole to a layout . 

3, · Drill a blind hole, 

4 , Drill a ho l e wi th a jig a 

5, Set up and s13cur e "rork on the tab l e • . 

6 , Set up ·wo r k in a vise . 

7. Dr i ll cyl indrical rror k . 

8 . Dr il l ho l es at an angl e wi th the surfa ce , 

9 . Rea.1:1 a hole . 

10 . Counterbore . 

11 . Counte r sink . 

12 . Spot- face . I 

13 , Tap a ho l e . 

14 .-, Bore a hole . 

Fi" Bore a hole using buttons . 

l '3 ~ Dr ive studs . 

17,, Seat. 
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18. 

i9. 
·----·-----------------------

Engine lathe operations 
I 

1. Grind lathe tools. 

2. True a live center. (soft) 

3, Grind a hard center . 

4. Adju9t the tailstock to eliminate taper. 

5. Mount a chuck on a lathe. 

6. Mount a faceplate on a lathe. 

7. Mount v:ork on a faceplate • . 

8 • . Test for allignment of centers. 

9 .• Drill a center on the drill pres:. •. 

10. Drill a center with the drill in the headstock •. 

ll. Drill a center with the drill ip the tail stock. 

12" Rough and finish turn work held on centers. 

13 •. Face work held on centers. 

14.. Turn. work to a shoulder. 
,-t. 

15. Face~ shoulder. 

16. Knurl. 

17. File • . 

18. Polish 

19. Undercut work held on centers. 

20. Turn work with a follower rest. 

21. Set up work with a steady rest. 

22. Turn a taper vii th a taper attachment. 

23. Turn a taper or an angle ·.-r ith the compound rest. 

24. Turn a taper by off-setting the tailstock. 

25. Mount work in a three j aw universn.l chuck. 
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27. Conter :b -'J } l ow ring wo::-k in ::i. chuck. 

28. Face 'Nork i:".l. f. chuck. 

29~ Cut off vrn r k in a chuck. 

30. Dri 11. 

31. Bore . 

32·. ReM1 with a ma ch ine r ocuner. 

33 • . Ream with a h and r e runcr. 

34. Turn irregul::i.r forms Ydth the compound rest. 

35. Forn with a forming tool. 

36. Boro a t aper ·with tho t c..p c r attachment. 

3 7. Bore a t a per ,vi th the compound re st. 

38. Cut an .American Nationa l Form Thread. 

39. Cut an Acme Thre ad. 

40. Cut a squf'. te thre ad. 

41. Cut , a t aper thread. 

42. Cut a l e ft-hand thread. 

43. Cut a thre ad using a thre ad chasing dial. 

44. Cut o.n inte rna l .Amoric ;:,.n National Form thread. 

45. Cut an internal Acme thread. 

46. Cut a multiple thre ad. 

47. Cut thre['_ds with f'. s0 lf-opening die. 

48. Measure thre a ds with a thread micrometer. 

49. Mea sure threc,ds by the three Trire method. 

50. Ta p threads ,vith work he ld in a chuck. 

51. 

:109 
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52. 

53. 

54. 

55. 
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!illing ma.chine operations 

le Set up a cutte r on the arbor. 

2.· Set up an end mill. 

3. Set up a vise. 

4. Indicate o. vise jan. 

5. · Set up work in a vise. 

6. Set up work in o. fixture. 

7. Clrunp work on the to.blc • 

8 .. Set up an index he 8.d for direct indexin~. 

9. Set up an index hel:.d for simple indexing. 

10. Set up an inde x head for difforontial indexing:. 

11. Sot up a. n index her~d for spiro. l milling. 

12. Mill rectangul .'.lr work. 

13. Square the e nds of r octc.ngula.r nork .. 

14. Straddle mill. 

15. Mill a wquarc or a. hexagon. 

16. Mill a spur gear. 

17. Mill a bovol goa.r. 

18. Mill a spiral gen.r • 

19. Mill a spira l groove. 

20. Hill the flutes of a. rocxior or similo.r tool. 

21. I.!Ii 11 a wo rm gear. 

22. Mill a scre,1 thread. 

ilO 
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:Milling me~l::L-10 op0,,::...:;i 2)1.s :, con rt) 

23. Mill a key wo.y or s:1.mib.r groov e . 

24, Mill o. Whitney (Woodruff) k:cysot\,t. 

25. Saw with a slitting; sri.w • 

26. Dri 11. 

27. Bore. 

28. Form mill. 

29. Mill n. re.ck vd th o. rack cutting n.ttn.chment. 

30. Hill grooves with a slotting attachment. 

31. Mill with a rotary table. 

32. Mill with a vertica l att::i.chment. 

33. Hill speoial shapes with a fly-cutte r. 

34. Profile. 

35. 

36. 

37. 

Shaper operations 
' 

1. Set up work in a vise. 

2. Set up work in a jig. 

3. Set up work on the table,. 

4. Set up work on an n.:lI!lgle plate. 

5. Plane a horizontn.l surface. 

6., Pla..ne a vertica l suriace. 

7 o Plane cm anguJ.::i.r surface . 

SQ Plan0 adjc.cent surf8.c0s squf'.ro ·,rith each other. 

9, PL:.nc o.n ::md sqn!:l.ro. 

10. P1'.1.ne an ir:,:-Egul8.r surfD.ce. 

11 . Pl a ne f'. tnngne • 

1-11 
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A B S~apcr operations (con't) 

12. Plane a groove. 

13. Plane a slot or keyway. 

14. Plano a koyv,ray in o.. gea.r or pulley. 

15. Plano a T-slot. 

io- 16. Plane gc£\r teeth, 
_____ , 

17. 

18. 

Grinder operations 

1. Dress the face or a grinding wheel. 

2. Dress the side of a grinding wheel, 

3. Surfece grind a flat sur£ace. 

4. Face grind with tho side of the wheel on a surfo.cc grinder. 

5, Grind an angular surface on a surface grln~o~. 

6. Form grind on a surface grinder. 

7. 

s. 

Hi see l lane ous opcr at ions 

la Cut stock ·with a povrnr hack so.w. 

2. Anneal metal. 

3e Harden and temper tool stool, 

4. Case harden mild stool. 

5. Grind valves. 

6. Fit by lapping. 

7. Pack stuffing boxes. 

8. Lace leather belts i:vith ravrhide. 

9. Lace loo.ther belts with metal lt11 cing, 

10. Cement leather belts. 

11. 

J_1_2 
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APPENDIX H 

LETTER THAT ACCOMPANIED CHECK LIST 



Mr. George M. Crook 
Pine Manual Training School 
Ansonia, Conn. 

Dear Mr. Crook: 

1-t4 
193 Morningside Drive East 
Bristol, Conn. 
December 8, 1947 

Inclosed with this letter you will find a brief bibliography and re­
view of literature and two copies of a check list of machine shop 
operations. One copy of the check list is for your own use. The other 
copy I would like to have checked and returned to me as a part of our 
preparation for the performance test. Please initial or sign the last 
page of the copy that you return. 

The check list was made up originally from: 

1. Machine Tool Operation, Parts I and II by Henry D. Burghardt, 

2. Improving Instruction in Industrial Arts by the A. v. A., and 

3. Machine Shop Training Course, Parts I and II by Jones. 

The original check list was cut down somewhat to include only those 
areas in which we are giving instruction. 

From these operations we must select those that are to be. included in 
the testrproblem. We should keep in mind certain principles when 
making our selections.: 

1. The operations should be as representative of the whole group 
as possible. 

2. '?he operations must be such that they can be performed safely 
by a pupil who has had approximately 200 periods of in-
struction. 

3. The operations must be those that can be objectively scored 
with equipment that we have in our shops. 

4. The total group of operations must be such that it can be 
combined in a test problem that can be completed in tour 
periods, or less, by the average pupil. 

A performance test in shop work is always a compromise between the 
desire to include more operations in order to make the test more re­
liable and the necessity of keeping the test short enough that it can 
be administered in the average shop. 

Will you indicate the operations that you think should be included in 
the test problem by placing a check mark in column A opposite each of 
those operations? Use your own Judgement as to the number to include. 
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Space 1s provided to add operations. 

I would appreciate having the check lists back before Christmas, if 
possible, so that I can work on the test problem during the vacation. 

Cordiall~ yours, 

Richard B. Smith 
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INTERVIEW REPORT FORM 



Machine Shop Performance test 
Selection of Operations 

(Supplementary interview report) 

Date of interview_!_!_ 

1-_l'7 

With _____________________________ _ 

At---------------------------------

- - - ~ - - - - ~ - - ~ - - - ~ 

The first circulation of the Check List of Machine Shop Operations 
did not produce enough unanimity in the selection of operations. 
Six operations were checked by seven instructors, twenty-one oper­
ations by six instructors, and twenty operations by five instructors. 

The purpose of this interview is to: 

1. Find, if possible, the reason for the failure to obtain 
satisfactory results from the first checking of the list. 

2. Obtain a smaller list of operations on which all can agree. 

- - - ~ - - - - - - - - - - - -
Report of Interview 

1. What was the"basis of checking" that you used when originally 
checking the Check List of Machine Shop Operations? (Check one) 

a. All the operations that you teach. ( ) 

b. All the operations that you think should be in a senior high 
school machine shop course. ( ) 

c. All the operations that you think are suitable to be included 
in a performance test. ( ) 

d. A limited number of operations that you think can be com­
bined in a test problem of appropriate length. ( ) 

e. 

) 

2. How many periods of 45 minutes each do you think the performance 
test should require? 

(Circle one) 1 2. 3 4 5 6 7 8 9 10 
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3. Approximately how many machining operations could such ates~ 
include? 

(Circle one) l 2 

14 15 

3 4 

16 17 

5 

18 

6 7 8 9 10 11 12 

19 20 

4. Review the Check List of Machine Shop Operations and select this 
number ( ) of machining operations that can be combined into a 
test problem. Include layout operations in this list. Note the 
following 1n each case: 

a. The probable number of minutes the operation will consume. 
Write this in column A. 

b. How the pupil will check the accuracy. 

c. How the test administrator will check the finish. 

5. Check the set-up operations that will be required for the 
machining operations you have listed. Write the approximate 
number of minutes that will be required for each set-up operation 
in column B. 
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LIST OF OPERATIONS 

SELECTED FOR THE TEST 
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Operations checked by six instructors in the second checking of the 
Check List of Machine Shop Operations. Listed by frequency of checking • . 

Checked by five instructors 

Rough and finish turn work held on centers 

Turn to a shoulder 

Cut an American National Form thread 

Checked by four instructors 

Drill a center with the drill in the tailstock 

Face a shoulder 

Checked by three instructors 

Lay out holes for drilling 

Face work held on centers 

Undercut work held on centers 

Turn a taper or an angle with the compound rest 

Set up a cutter on the arbor (Milling) 

Set up work in a vise (Milling) 

Checked by two instructors 

Lay out centers in round stock with a center head and scriber 

Tap a hole 

Drill cylindrical work 

Mount a faceplate on a lathe 

Set up work in a four jaw chuck 

Drill Olli & lathe 

Bore 

Ream with a machine reamer 

Mill a keyway or similar groove 

Mill a flat on round stock 
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APPENDIX K 

FIRST FOBM OF THE BLUEPRINT 





APPENDIX L 

BLUEPRINT QUESTIONNAIRE 

12a 



Machine Shop Performance Test 
The Blueprint 

Questionnaire. Made out by 

1. Is the method of presentation of the material on the B/P satis­
factory to you?_. If not indicate any suggested changes: 

Item on the B/P Suggested change 

a. 

b. 

o. 

2. Are there any features in the test problem that you would elim-
inate because of equipment deficiencies? ___ List them: 

a. 

c. 

3. Are there any features in the test problem that you would elim-
inate because of safety? ___ List them: 

a. 

4. Are there any features in the test problem that you would elim­
inate because of difficulty? _List them: 

a. 

b. 

c. 

5. Are there any features in the test problem that you would elim-
inate because of the length~ ___ List them: 

a. 

c. 
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APPENDIX M 

EQUIPMENT AND TOOLS QUESTIONNAIRE 



Machine Shop Performance Test 
Equipment List 

Questionnaire - Made out by 

-12(i 

1. Can you meet the specifications for the mach1nes?_If not, 
list any suggested changes: 

Lathes: 

a. 

c. 

Milling machines: 

a. 

Drill press: 

a. 

2. Can you supply the accessories listed for each machine? For 
how many lathes? ___ For how many milling machines? __ L,....,..ist 
the items that you are short on: 

a. 

c. 

e. 

a. 
r. 

3. List here any of the small and hand tools that you do not have. 
Can you supply other sizes? 

Item lacking ~uggested substitute 

a. 

c. 

e. 

t. 



APPENDIX N 

INSTRUCTIONS TO PUPILS QUESTIONNAIRE 

AND INSTRUCTIONS TO PUPILS 



Machine Shop Performance Test 
Instruction to Pupils 

Questionnaire. Made out by 

~28 

1. Are there any parts of the instructions that are not clear? 
List: ---

a. 

c. 

2. Are there any points that might come up in the administration of 
the test that the instructions do not cover? ___ List them: 

a. 

c. 

e. 

t. 

3. Are there parts of the instruction that could not be applied in 
your shop? ___ List them: 

a. 

c. 

d. 

e. 

f. 

Note; Mark or underline the attached copy if necessary to 
make your comments clear. 



Machine Shop Performance Test 
Instructions to Pupils 

129 

Note to administrator: These instructions are to be read as printed 
and are not to be enlarged upon or explained~ but only repeated. · 

Instructions to pupils about preparation for~~ which should 
be given an adequate time in advance of the actual date of the test: 

"On (Give date of test) you are to start on a performance test 
problem. In preparation for the test you are to see that your 
lathe tools are in good condition. You will be provided with 
thread cutting tools. You should also provide yourself with a 
6• steel rule and a pencil." 

Instructions to pupils at the start of the.!!§.!; hand the pupils the 
blueprints and say: 

"You are to make this piece as a performance test. Examine your 
blueprint carefully. (Pause fifteen seconds) You may ask ques­
tions about the blueprint later if you wish to, but any answers 
that are given to you will be entered on your score sheet and 
your score will be reduced accordingly. 

•You will do your lathe work on these lathes: (Indicate a lathe 
for each pupil) These latnes are free from taper to a degree 
satisfactory for this job and have good centers. You will use 
the (Indicate which) milling machines for the milling operation. 
You will obtain your tools in the regular way. Undercutting and 
thread cutting tools will be provided. 

"You may cneck and 011 your lathe before starting the test. Your 
time will start when you are handed your piece of stock. You 
may take as much time as you need for the test, but your speed 
will be a part of your final score. If you have to stop work at 
any time because of inability to obtain a proper tool or machine, 
inform me immediately so that the time so lost will not be counted 
as working time. Also you must inform me again when you are ready 
to resume work. If you have to continue the test on a later day, 
inform me when you actually stop work on the test, hand in your 
test piece and then clean up your machine. On the next class 
day your time will start when you have your work set up ready 
for machining. Inform me when you are ready. 

"The completed test will be scored on the basis of accuracy and 
finish as well as speed. 

"If you should spoil the job as far as one dimension or operation 
is concerned, proceed with the trest and complete the rest of it 
according to the blueprint specifications. You will not be given 
a second piece of stock. 

"Do you have any questions?" 
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In case of questions, reread the part of the instructions that applies 
to the question asked. 

Instructions to pupils when they restart the test on. a subsequent day: 

11Set up your work in your machine Just as it was when you 
stopped work the last day you worked on the test. Have me 
check it. When I tell you to start you may start working on 
the test." 
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QUESTIONNAIRE-CRITICISM -- 1948 
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MACHINE SHOP P~RFORMANC~ TEST 

Questionnaire-Criticism 

on experimental use 

May-June, 1948 

.132 

Filled in by _________ _ 

_____ High School 



I. The test problem blueprint 

A. The operations 

- 1 -

1. In the light of your experience with this test problem, 
do you think that there are operations in the test prob­
lem that should be omitted because of (Please check) 

a. Difficulty for the pupil 
b. Unsatisfactory results iii'"Tnspection 
c. Unwieldy length of the problem_ -

2. Please list below the operations and state your reason 
for thinking that each one should be eliminated. 

Operation Reason for elimination 

3. Would the test be more satisfactory from the point of 
view or administration and the results obtained if it 
was limited to lathe operationsT -----

4. Do you suggest any changes in the tolerances allowed? 
_____ List the changes here. 

Old dimen­
sion and 
tolerance 

B. Dimensioning 

New dimen­
sion and 
tolerance 

Old dimen­
sion and 
tolerance 

New dimen­
sion and 
tolerance 

1. Which of the following dimensions or specifications on 
the blueprint did the pupils show a tendency to miss en­
tirely? Please check and list any others. 

a. 30° chamfer_ b. Undercut_ c. Depth of reamed hole_ 

d. 90° relation of the 5/16" drilled hole and ¼-20 

tapped hole_ e. #7 tap drill_ f. Break edges_ 
g. Others ____________________ _ 
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2. What changes in the method of dimensioning would you 

suggest? 

a. ________________________ _ 
b. ________________________ _ 

c. Questions 

1. Do you think it is worth while trying to keep a record 
of the questions asked by the pupils about the blue-
print? __ _ 

2. Do you think that the pupils pick up any information 
that they need by observation of other pupils in a way 
that the instructor cannot prevent? ---

3. Were the questions that were asked due to (Please check) 

a. Inability to read the blueprint __ _ 
b. Lack of confidence 
c. Desire to stall ---
d. Other cause (Please give other cause) ______ _ 

II. Machines and equipment 

A. Which of the following difficulties did you encounter in main­
taining machines and equipment as specified in the manual? 
Please check and list any others. 

1. A 5/16" drill sharpened so that it would drill the 
proper size 

2. A 3/8" reamer that would ream the proper size 
3. Lathe chucks sufficiently accurate 
4. Drill chucks sufficiently accurate -
5. Proper run-out of the live centers -
6. Proper taper of the lathes -

7. 

a. 
B. Check any of the following suggested changes if you think that 

they would make the test more satisfactory. List any others 
that you suggest. 

' 

1. Supply all lathes with thread chasing dials_ 
2. Make use of thread chasing dials optional 
3. Substitute independent chucks for universal chucks 
4. Have the milling machine set up with the vise on th~ 

table and indicated and the cutter on the arbor 
5. Use a keyed instead of an unkeyed vise on the milling 

machine 
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c. How were small tools handled? Check more than one method if 

both apply. 

1. In a tool crib with an attendant 
2. In a tool crib without an attendant 
3. On panels in the shop 
4. In a special location for pupils t~king the test 

5. 

III. Time record 

A. On page eight of the manual you are asked to record the set­
up time on the milling machine. Please check in the list that 
follows the steps that you included in that set-up time. 

1. Mounting the arbor in the spindle of the milling 
machine 

2. Mounting the cutter on the arbor 
3. Mounting the vise on the table 
4. Indicating the vise 
5. Mounting the work in--:eiie vise 
6. Centering the work under the cutter 
7. Setting the depth of cut 

IV. In spec ti on 

A. Methods 

1. List below any of the 29 inspection points in the In­
spection Record that cannot be checked satisfactorily 
by the methods given in the manual. 

a. b. --- --- c. __ _ d. ---
e. ___ t. ___ g. ___ h. __ _ 

2.5/16 11 drilled hole 

a. Is the method given for checking the centering of 
the 5/l6a drilled hole satisfactory?_ 

b. Would it be better to use a barrel or hole micro­
meter? 

c. Do you have such a micrometer in your shop?_ 

d. Do you suggest any other method? ---------

3. ¼ -20 tapped hole 

a. There are three inspection points on this hole. 
Do you think this fact gives too much weight to the 
operations performed on this hole? 
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b. Which of the inspection points would you eliminate? 

1) Depth _2) Dia.meter_ 3)Squareness_ 

B. Check any of the following inspection points that you think 
should be included in the scoring of the test. 

c. 

l. 

2. 
3. 
4. 

5. 

List 

1. 

2. 

3. 

The alignment of the keyway in relation to the center-
line of the work 
The centering of°the keyway_ 
The diameter of the 5/16 11 drilled hole 
The 90° relationsnip of the 5/16" drilled hole and the 
¼-20 tapped hole_ 
Concentricity of the reamed hole, taper, .750 11 diameter, 
31/32 11 diameter, etc._ 
any other inspection points that you suggest. 

v. Attitudes of the pupils 

A. Did the pupils display any of the following attitudes that 
might have affected their performance? Please check and add 
any others. 

1. Indifference 
2. Over-emphasis on speed with a loss of accuracy and finish_ 
3. Over-anxiety_ 

4. 

Would you write on . this page any other criticisms or suggestions that 
you have. 
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SUMMARY OF REPLIES TO QUESTIONNAIRE 
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The following is a resume of the answers given on the Questionnaire­
Criticism on the Machine Shop Performance Test. Items where three or 
more instructors expressed opinions are included. Seven in~tructore 
checked the questions. 

1. Four thought that some items might be eliminated from the test be­
cause of unsatisfactory results in inspection. 

a. Two of these thought that the 1/16" x 30° chamfer might be 
eliminated. 

b. Two of these thought that the tapped hole might be eliminated. 

2. Four thought that the test would be more satisfactory from the 
standpoint of administration if it was limited to lathe operations. 

3. Three thought that the test would be more satisfactory from the 
standpoint of results if it was limited to lathe operations. 

4. Five found that pupils showed a tendency to mies the required 
depth of the reamed hole. 

5. Four found that pupils showed a tendency to mies the 90° rela­
tionship of the 5/16 11 drilled hole and the i-20 tapped hole. 

6. Four found that pupils showed a tendency to mies the fact that they 
were required to break all sharp edges. 

7. Seven thought that it was not worthwhile keeping a record of the 
questions asked by pupils about the blueprint. 

a. Four found it difficult to supply universal lathe chucks of suffi­
cient accuracy. 

9. Three found it difficult to maintain the proper run-out of the 
live centers. 

10. Four found it difficult to maintain the required taper of the lathes. 

ll. Four thought it desirable to make the use of thread chasing dials 
optional. 

12. Three thought it would be better to have the milling machines set 
up with the vises indicated and the cutters on the arbors. 

13. Four thought it would be better to use a keyed vise rather than an 
unkeyed vise. 

14. Five thought that three inspection points on the i-20 tapped hole 
gave too much weight to that element of the test. 

a. Three of these thought that the check on the diameter of the 
thread might be eliminated. 

15. Four thought that the alignment of the keyway in relation to the 
center line of the work should be checked. 
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16. Four thought that the 90° relationship or the 5/16" drilled hole 

and the i-20 tapped hole should be included in the inspection. 

17. Four thought that concentr1city should be included in the inspec­
tion. 

18. Five thought that over-emphasis on speed had an adverse effect 
on accuracy and finish. 
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FORM FOR CRITICISM OF 

INSPECTION METHODS, 1949 
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Machine Shop Performance Test 1.41 
Criticism of Instructions for the Inspection of Test Pieces 

4¼ length 

3 length 

l¼ length of thread 

3/4 to 6/16 drilled hole 

¼ to ¼-20 tapped hole 

31/32 diameter 

11/16 diameter 

3/32 depth of keyway 

.188 width of keyway 

.750 diameter 

Thread Pitch Diameter 

.076 depth of undercut 

l¼ depth of reamed hole 

3/8 diameter of reamed hole 
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12° angle, turned 
142 

30° angle ot chamfer 

90° relationship of the 5/16 drilled hole and the ¼-20 tapped hole 

;-20 thread, depth 

¼-20 thread, squareness 

1/64 maximum radius 

Shoulder, squareness 

Ce~tering, 5/16 drilled hole 

Centering, keyway 

End, flatness of threaded 

Burring all edges 

Finish ot turned surfaces 

Finish of faced surfaces 
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EQUIVALENT HALVES OF THE TEST 



Machine Shop Performance Test 
Equivalent halves of the test 

Results of three lists submitted 

Three agreements 

4¼ 
3/4 
12° 

Two agreements 

l¼ thread 
11/16 
3/32 
.188 
.750 
¼-20 squareness 
l/64 radius 
End-flat 
Finish 31/32 diameter 
Centering keyway 

31/32 
1/16 
.075 
3/8 ream 
P. D. 
90° 
Shoulder-square 
Burring 
Finish .750 
Centering hole 

Items of no agreement, arranged in a suggested order of 
difficulty from easy to difficult: 

¼-20 depth 
Finish on shoulder 
Finish on tapered end 
Finish on th0eaded end 
Finish on 12 angle 
l¼ depth of reamed hole 

. 
Pairing of these six items resulting from conference 

14.4 

¼-20 depth of thread 
Finish on thseaded end 
Finish on 12 angle 

Finish on shoulder 
Finish on tapered end 
l¼ depth of reamed hole 



APPENDIX S 

ITEMS DELETED FROM THE TEST 

FOR THE SHORT FORMS 

1.45 



ITEMS DELETED FROM THE TEST RESULTS FOR TH~ SHORT FORMS 

For the calculation of rank-difference correlations 
with grades 

Biserial r Clark 1 s 
formula 

Lindquist and Cook's 
formula 

ii thread 
¼. 
31/32 
1/16 
12° 

4¼ 
¼ 
1/16 
¼-20 thread square 
Shoulder 
Centering hole 

For the calculation of the reliability 

4• il thread 
¼. 
31/32 
1/16 
12° 
• 750 
¼-20 thread square 

1-; thread 
¼ 
31/32 
12° 
¼-20 thread deproh 
Centering hole 
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