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DEVELOPMENT OF A PERFORMANCE TEST
FOR
BENIOR HIGH SCHOOL MACHINE SHOP

There are a number of elements in industrial arts

teaching that are measurable. Manipulative sklll 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 thlies study seems to be one of

the firet 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 senilor
high school machine shop be developed?

Problem analysis.--In working out this problem
these questions must be answered:d

1. What has been done in the fleld of performance
testing? is

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 exercised in administer-
ing the test?

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 puplile in the last
three ycars of high school. This group will include about
ten high schools.

Definition.~-By performance test ie 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 1t must be borne in mind
that any of the suggested procedures that grow out of 1t
must be simple enough to seem worth while to a high school

industrial arts teacher. Time-consuming statistical

methods wlll 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 that this is a study

of the method of development of a performance test. The

actual test used 18 a vehlcle for the study rather than an

end in 1tself.



Methods

Eleven senlor high school machine shop teachers
cooperated with the writer in the development, administra-
tlon and criticism of the test.

Belection of operatlions.--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 Rublished 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
list 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 indlvidual record form



8. A blueprint of test gages
The blueprint, equipment list 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 puplls 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 pleces were
reinspected twice to check the coneistency of inspection.
The teachers who administered the test in 1949 submitted

criticisms of the inspectlion 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 of data

The data were analyzed in relation to item
validity, content validity and reliability.
Item validity.~-Indices of item validity for each

1tem 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

LYy ooy
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I.V. 18 the index of validity

D 1s the per cent of the whole group falling
to respond satisfactorily

P is 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's method the I.V. was the ratio
between the number of satiefactory responses in the upper .
and lower quarters of the group. The rank-difference cor-
relation between the biserial r'e and Clark's I.V.'s was
0,772 and that between the biserial r's and Lindquist and
Cook's I.V.'e was 0.880.

The biserial r's were then compared with the
ratios for inspection consistency and the teachers'! ratings
of the iteme for inspection procedure. %he inspection
consistency ratios werec obtained by a double reinspection
of 30 cases, The number of entirely corsistent inspeotions
was divided by 30 to obtain the ratio for each item. The
base for the teachers! rating was 8. One item received a
teachers' rating of 0. The rank of this item among 32
items was 28 by biserial r and 30 by inspection consistency
ratio. There were three items that received a teachers'
rating of 4., Thelr blserial 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 puplls in different school



groups. The designations of the groups and the number

of cases in each group are as followe: 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 terme of quality, that 1s
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 palrings.
In the similar comparisons between groups at different
levels of instruction within the same school, there wase
not in either case a slignificant superlority of one

group over the other. In the comparisons of the scores
for speed alone of school groups at the same level of
instruction, there was a significant superiority in three
of the four palrings. The same schools were not superior
in this comparison as in the first case. In comparing
groupe within the same schools for speecd, there was signi-

ficant superilority of one group each time, but, in one case,
it was the 200 period group, and, in the other case, it

was the 400 period group. When the scores for quality
and speed were combined and similar comparisons made, 1in
three of the four cases of groups at the same level, there

was a significant difference between averages. In the



fourth case the difference was nearly significant, In

the comparisons between groups within the same school,

the 400 period group was barely significant in one case.
In the other case the superlority was not significant.

In each of the three categories of scores, tlat 1s quality
alone, speed alone, and quality and speed combined, the
scorcs from one school showed greater variability than the
corresponding scores from elther of the other schools.

The pupils were ranked by thelr regular shop
grades. They were also ranked by their test scores for
quallty, for speed, and for quallty 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
gignificant. Three of the correlations of grades and
epeed 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 were 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
biscrial r's. The second form was made by removing the
eix lowest 1tems according to Clark's I.V.'s and the
third by removing the six lowest items according to
Lindquist and Cook's I.V.'s. The scores for quality alone

on the shortened formg of the teet were then correlated



with the pupils' 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 welght of the score for speed had been calculated by
a formula developed by R. 8. Hunter in 1945. Modified
to fit the number of items in this test, the formula 1is

7.8, (Mean time - Working time) x 32
3 x Mean tlme

The time score may be either positive or negative, depend-
ing on the relative value of the 'working time'. To
check the validity of the weight for time in thies formula,
new time scores were calculated using 4, 2, and 1 as
constante 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 inetead of 3 as a constant were superior; two were
inferior, in neither case significantly. As for the
oﬁrrelationa obtained with the constants 4 and 1, tlhree
out of four were inferior in each case. The differences
were not signlficant.

Reliability.--Reliabllity coefficients for the

test were calculated by four methods for the 85 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



difficulties. The range of the r's for 95 cases was from
0.B824 to 0.894. The range for 31 cases was from 0,795
to 0,903, None of the differences between the r's was

significant,

Discusslon

Approximately a dozen performance tests have
been published., Two agencles concerned with teacher train-
Ing and certification have used performance tests to
classify prospective teachers.

Operations for the test.—-8ix criteria of a

good operation for a performance test were ldentified in
thig study. They are!
1. The operation must be representative of the
work done in the class.
2. The operatlon must be one that can be per-
formed by anyone in the class.
3. The operation must discriminate between
puplls of different total achlevement.
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

etudy, the operations were selected cooperatively by nine
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machine shop instructors from & 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 1tem in the test
must be critically studlied. The simple method suggested
by Lindquist and Cook gave 1tem validity ranks that had
a correlation of 0,880 with the ranks by biserial r.
Bince Lindquist and Oook's method involves but a fraction
of the time needed to calculate biserial r's for each
ltem and has a significant correlation with the biserial
r, the indication is that it may safely be used by indus-
trial arts teacherse in investigating the validity of the
items in a performance test.

Controls.——The conditione under which a perfor-
mance test 1s 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 pleces. The methods of
inspcecotion set up for this test were critically studled
in relation to item wvalidity. A coincidence of low rating
by teachers of the inspection methods, poor consistency
in actual inspection and low item validity indicates
that inadequate inspection methous may be a contributing
factor to low item validity.

Test valldity.--The differences between the

averages of groups of pupils in different schools were
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generally significant. The difference: between 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 puplls 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 pupils' regular shop
grades and the quality scores on 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 spced alone is not a valid
score for a performance test. They also indicate that
the most valld resulte from thie 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 valld as any tested.

Reliability.~~ The fact that the coefficlents

of reliability which were obtained by employing five
different methods, had no significant differences between
them indicatee that any one of the five methods may be used
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to obtain the rellability coefficient of a performance
test,

Buggestions 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 dilagnostic 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 arec interesting possibllities for study

in the relationship between the performance test and

Antelligence, mechanical aptitude and post-school success

in ficlds related to the performance test.
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Chapter I
INTRODUCTION

Manipulative skill in the handling of tools and
machines 1s one of several measurable factors in industrial
arts, Bome of these factors are ability to plan, and
abllity 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 skill" along with others of these
measurable factors,

Generally, the estimate of the degree of skill
developed has been based on the Jjudgment of the individual
teacher, This has often been influenced by subjective
factors, According to Newkirk and Greene (16), i1t has
varied from shop to shop and from teacher to teacher, A%
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




what features of the finished product are the result of
the pupil's own effort and abllity 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 fiqished product we still may not have

a true estimate of the ability or skill of the individual
pupil, To obtaln such a true estimate 1t would seem that

a test problem, which all pupils would make under uniform
conditions as to equipment and help from the teacher, 1s
essential,

Such a test problem, provided it be valid and
reliable, would serve several purposes for the industrial
arts teacher, In the first place 1t 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 initla-
tlve, 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 1in
the development of paper-and-pencll 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 some
questions about the development of a performance test, The
actual machine shop performance test developed and used 1s
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
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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 fleld of perfor-
mance testing?

2., What operations should be included in a per-
formance test for puplle 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 pupll uses the tools and machines of the
machine shop to alter the size, shape and surface quality
of metal,
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Chapter II
REVIEW OF LITERATURE

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
speclfic questions of valldity and rellability. They pre-
sent, rather, generallzations 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.

Desirabllity and feasiblillty of performance tests

Chapman (5), 1921, sald that trade performance
tests are necessary because of the inaccurate results from

interviews, The performance test is superior when manual
dexterity 1s a larger part of trade proficlency than know-

ledge of terms, The scope of the performance test is un-

limited, It 1s superior to a tryout given by a foreman
since 1t 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
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use of the performance test in industry, but 1t has perti-
nence to the present study in that 1t points out many of
the detalils in the development of a performance test and
its administration,

Toops (22) sald, in 1921, that the decision as
to whether a pupll was ready for promotion has been based
on a subjective estimate of the teacher alded 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 Jjob in industry or to an ad-
vanced school are made by vocational schools, When based
on trade proficlency, these estimates would be improved by
more accurate methods of measuring trade skill, such as
performance tests, However,

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

The University of Pittsburgh, Vocatlional Teacher
Training Staff (19), in 1934, said in a study of their
program of performance tests:

We do claim two distinet values for the tests,
First, they are definitely dlagnostic; second,
they are prognostic within certain limitations,
Thelr forecasting efficlency cannot be known
with the present data., The yardstick may be

crude, but 1ts measure 1s far more satisfactory
than a pure guess, (19:30)
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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 suce
cessful as the measurement of information by the use of
the objective pencll-and-paper tests.

In discussing a study they had made of projects
in woodworking and drawing, they sald that the results in-
dicated the independent ratings made by teachers were
highly unreliable and introduced "serious errors in meass
urement", (16:7)

It does not seem likely that a sclentific
method of instruction can be developed in any
field without suitable measures of achlieve-
ment and abilities, (16:29)

Stead and Shartle (17), 1940, said that trade
performance tests could be developed in many occupations
in addition to typlng and stenography, Experiments were
being carried on with various types of business and calcu-
lating machines,

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

ralse the objection of the time involved in construction
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and administration of this type of test as contrasted with

paper-and-pencil and plcture tests,

Performance tests already developed

The number of performance tests that have found
thelr 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:

1. Wood pattern maker
2, Pipe fitter -- Steam fitter
3, Sheet metal worker -- General

Electrician -- Interior wireman

Machinlst and mechanic -- Lathe operator

( ]

Machinist and mechanic -- General
Blacksmith -~ General

Stenographer and typlst -- Typist

© ® NN O O
-

. Stenographer and typlst -- Stenographer
10, Chauffer -- Truck driver
Number five in the list above was a test in measurement

and number six a performance test in bench work, Each test




consisted of four parts:
1, Test equipment 1list
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 "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 list 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 guldance in selecting
puplls for vocatlional machine shop classes, used perform-
ance tests in machine shop as a criteribn for rating the
predictive value of fhe other tests, The test for sopho-
moree consisted of two parts, both of which involved bench
operations, The junior test included bench and lathe work
with thread cutting.

Holsinger (10), 1947, published a performance
test in basic electricity, The test material included a
list of tools and materials needed, The test also had de-
talled directions for the pupils to follow, It was "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 thelr 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 puplls of Junior and senior high school age,

Selection of operations
The records of past investigations in perform-
ance testing offer only generel principles relative to the

gelectlion of operations to be included in a performance

test in senior high school machine shop,
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Chapman (5), 1921, sald that two requisites of a
performance test were: first, the task should be as typlcal
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 1s of no service as the basis of a
performance test unless (1) 1t will differenti-
ate between different levels of trade ability;
(2) 1t can be administered with fairly simple
equipment; (3) it can be administered and be
rated in an objective manner by a non-trades-
man, (5:273)

A performance test 1s of most significance when
i1t involves the largest number of significant operations,
The length of a performance test 1s a compromise between
the desire for relliabllity and the practicel limits im-
pcsed by shop conditions,

Toops (22), 1921, said that performance tests:
«.ssoshnave the merit not possessed by ordinary
shop Jobs, of being so chosen as to require a
maximum amount of manipulation of toolg, use
of trade knowledge and trade skill, (22:7)

and

.sss8uch tasks must be chosen as will lend them-
selves to easglly and objectively measurable
gcoring points,...The best performance test 1is
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.
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Controls

Controls are those instructions, given in detail
to the test administrator, to assure uniform conditions at
different times and places,

Chapman (5) said, in 1921, that the conditions
under which a performance test 1s given should be con-
trolled by having definite instructions provided for equip-!
ment, the examiner, the candlidate 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 mugt be
exercised to see that the candidate does not recelve out-
slde help, Objectivity in scoring should be obtalned by
preparing standardized instructions for scoring the test,

Bingham (3), 1942, sald that a testing program
would yleld 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, "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 1limit gages was superior to
the use of micrometers with the possibility of variations
between scores,

Statisticelly, the ordinary limlt gages of a
dimension *,001 are as poor a measure of a pPro-
duet for test purposes as dividing all humanlity
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, sald that they gave consideration to
time and skill in constructing performance tests., "The
question of 'tolerance' was carefully considered," (19:23)
Some trade committees used the industrial practice of a
gspeclfic 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-
tlonal 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 discusslion 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 usgsed in scoring the results of




performance tests,

Validity

A considerable part of the literature on vallidity
is related to tests in general rather than to performance
tests specifically, Content validity 1s one aspect of test
validity,

Orleans, 1937, said: "In the last analysis the
sources of validity of an achlevement test,...are the
opinione of individuals," (18:46)

The University of Pittsburgh, Vocational Teacher
Training Staff (19), in 1934, sald that there were natur-
ally questions as to the valldity and reliability of the
performance teste they had used, They had made no statis-
tical studlies because of insufficlent data, but ldentified
at least five slgnificant criteria for evaluation and in-
terpretation,

First, ....expert judgment,...In the case of the
trade tests, three experienced trade teachers
adjudged as experts in thelr flelds sat on com-
mittees, These committees prepared,.,..performn-
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 dilagnostic,

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, sald that validity
is often determined by the extent to which 1t calls into
play skllls and ablilities which experienced observers con-
sider fundamental, Some of the "skills and abilitles" that
imight 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-
lance test should be scored for both quality and speed.
Toops (22), 1921, also maintained that a perform-
jance 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 belng the two gener-
alized measures of the workman's skill in fash-
ioning his product., (22:29)

Newkirk and Greene (16) saild, in 1935, that there
might be four kinds of performance test exercises: (1)
tests of quality or accuracy, (2) tests of identification
of tools and materials, (3) tests of technique in handling
tools and (4) tests of speed, Their discussion suggests
that these various types should be separate tests, However,
in dlscussing the fourth type they said:

Speed and accuracy are each varliable factors in
achlevement 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




formula for computing the welght of the time score:
E=P+ (Px8)
E is the overall efficiency of the pupil,
P ig the total score of the pupll for accuracy
and finish,
8  1s the speed quotlent and is found from thils

q
formula:

g = Mean time - Working time of pupil

q Mean time

(sq mey be either positive or negative depending
on the relative size of the "working time" of
the pupil,)

The mean time 1s for the entlre sample,

Columns 6 and 7 of Hunter's table showed the
ranking of puplls with and without the correction of the
scoree for epeed and indicate a considersble variation,

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

(Mean time - Working time) x 100
7.8, =

3 x Mean time
T.8, 1s the time score for the individual pupil,
It may be elther positive or negative and 1s
combined with the pupill's score for accuracy
and finish,

In a personal letter to the writer 2/ Hunter

2/ Appendix C
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sald 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 pupll,

There is general agreement that the speed of
performance should be taken into consideration in scoring
a performance test, There 1s not, however, any agreement
ag 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 dilscussions of item validity

that follow were 21l presented with the more conventionsl
types of objective in mind, They are presented here since
a method of checking various items of the test for
valldity 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,
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D 1s the per cent of the whole group falling to
respond satisfactorily,

P 1s the per cent of the criterion group failing
to respond satisfactorily, (The criterion
group 1s the bottom D per cent of the whole
group, )

Lindquist and Cook (14), 1933, cautioned against
assuming a relationshlip between the difficulty and the
discrimination of an 1tem, They offered several suggestlons
for determining the discrimination value of an item, The
simplest was the following:

I.V, 1s the ratio of the number of satisfactory
responsee in the upper and lower quarters of
the group, |

Wood, Lindquist and Anderson, 1933, sald:

eseesthe validity of any single item in the test
also must depend (within 1imits) upon the degree
to which that 1tem of itself discriminates be-
tween pupils of inferior and superior total
achlevement, (23:16)

Smith (21), 1934, found that items with a very
low "biserial 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) sald, in 1946, that indices of dis-
crimination are "only one fallible guide" (7:387) to be

ueed in the selection of test items,
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Garrett (8), 1947, sald that the "blserial r" is
the standard procedure for determining whether the item
dlsceriminates between puplls 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 entall much less calculation and may, 1if
they give comparable results, be more practical for the
shop 1nstructor who 1s not primarily interested in re-

search work,

Rellability

There are numerous methods of obtalning an esti-
mate of the reliablillty of a test, However, there 1s no
indication whether they can be applied safely to a perfor-
mance test where the ltems are not arranged in a random
order on the test record sheets, In the matter of reli-
abllity as well as validity a method which is not too
cumbersome must be sought,

Newkirk and Greene (16), 1935, said: "The reli-
abllity of a test may be thought of as the consistency
with which 1t 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

ltems should be selected extensively from the field that
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the test 1s intended to measure,

Richardson and Kuder (20), in 1939, gave several
formulas, which they took from an earlier article, for use
in estimating rellability coefficients by rational equi-

valence, Two of thelr formulas follow:

2
A n 7t Ipq
Pt = >
n -1 V‘t No, 20
n v; - npg
Ly - .
tt 2

Tt No, 21

In the formulas the symbols have the following
meanings:

Tig 1s the r for the test t.

% is the standard deviation of the test scores,

P 1s the per cent correct of a test item,

q 1s the per cent incorrect on a test ltem,

n 1s the number of items,

5 is the average per cent of correct answers

gilven to each 1tem, computed by dividing
the mean by the number of items,

Greene, Jorgensen and Gerberich (9), 1943, dis-
cussed the "Footrule" coefficient as a simple method of
obtaining an estimate of reliasbllity, The formula which
they gave 1s formula No, 21 in the Richardson-Kuder

article, (See above)
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Garrett (8), 1947, sald that there are three
procedures in common use for determining the reliabllity
of a test, namely: (1) test-retest method, (2) alternate
or parallel-forms method and (3) the split-half method,

The test-retest method i1s the simplest, but is
open to some objectlons, 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 wlll reduce these objections, but added
maturity, skill and learning may tend to reduce the reli-
abllity coefficlent 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 wilthout making them too much alike,

The split-half method 1s employed when 1t 1s
not feaslble to construct an alternate form of
the test nor wise to repeat the test., This
sltuation occurs wlth many performance tests.,
eeeeThe split-half method 1s 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 varlous objections relating to administration of the

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

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

n o % Mln - W) (8:385)

r -
1I

v-et(n - 1)
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Summary

The review of literature answers in whole or in
part the first three questions of the problem analysis,
It slso offers suggestions for the answers to the last two

questions,

What has been done in the field of performance

testing,--Performance tests have been devised for thirty
or more mechanical trades or areas, Performance tests 1n
machine shop have been used by the U, 8, 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 S5taff and by Hunter in hils studies of
aptitude tests for machine shop classes, In none of these
cases was the test used at the industrial arts level,
Holsinger's electricity test and Newkirk and Greene's

teste in woodwork were for industrial arts classes,

T e e e e —

present test,--The operations should be ones that lend

themselves to easy, objective measurement, The operations
should differentlate between puplls 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 1s determined by
an appeal to the suthority of experte or by correlation
with some criterlon, Dimensional accuracy, finlsh and
speed are consldered fundamental elements of machine shop
performance, Various methods, including the "biserial r'
have been suggested for investigating the vallidity 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 equlivalent-forms method with & woodworking test,
The retest and split-half methods are untried as far aﬁ

this type of test 1s concerned,
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Chapter III
METHODS

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
gsecond 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 detalled instructions for administering and scoring the
test, The last phase was the administraztion of the test

to senior high school pupils,

Securing collaboration

Securlng the cooperation of other machine shop
teachers was extended over a conslderable 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
teachgrs of machine shop by the State Board of Education,
Hartford, Conn, were contacted either personally or by

mail 1/,

1/ 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 puplils, During the second year one other

teacher Joined the study,

Table 1,--PARTICIPATION OF TEACHERS AND PUPILS

Teachers Pupils
Yeer
Development Administration Starting Complete
of test of test test records
1948 9 8 o7 66
1949 7 83 75
TOTAL 9 1g 180 141

131: 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 sources:
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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 Industrlial Arts

a bulletin published by the

American Vocational Association (1)
It was realized that this list would contaln operations
which were not covered by the majority of the cooperating
teachers, The teachers were contacted by mail and asked
to 1list the machines on which they gave instruction, They
replied on a form which was typed on a post card 2/. The
1list of machine shop operations wes reduced so that it in-
cluded only the areas in which instruction was generally
given and the 1list was then mimeographed as a Check List
of Machline Shop Operations 3/, This check 1list with a
covering letter 4/ was malled 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 wrlter then arranged an interview with each
of the teachers, The purposes of the interview were (1) to
arrive quickly at a sultable list of operastions for the
test, (2) to acqueilnt the writer with the shops in which

2/ Appendix F
3/ Appendix G

4/ Appendix H
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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 §/. The Check List of Machine
Shop Operations was also used. The interviews showed that
the teachers had originally checked elither all the operw
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 basls for the proposed perform-
ance test problem 6/.

Development of the test problem,--The list of

operations mentioned in the last paragraph was used as the
basis of a blueprint of an actual teét problem, The prob-
lem included 15 of the 21 operations as required machining
operations sand two others as elther incidental or optional
procedures, One operation, chamfering the threads of the
work pilece which was not in the 1list of 21 operations, was
included in the preliminary form of the test problenm,
lMechinery's Handbook, 1lth edition, was used throughout

the study as the authority for standard tolerances where

5/ Appendix I

Appendix J
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they were applicable, The preliminary form of the blue-
print 7/was malled to the cooperating teachers along with
a questionnalre 8/. 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 test 8/,

Development of directions for the test,--S5im-

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 puplils were prepared, The general rules
laild 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,

7/ Appendix K
8/ Appendix L
9/ Appendix D
10/ Appendix M
11/ Appendix N
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Materizsl relating to scoring the test was in
three parts, The first of these was an individual record
form, This waes to gather all the data relative to the in-
dividual tests: (1) data about the pupils, (2) the time
epent on the tests and (3) the record of the inspection
of the finlshed test pleces, The individual record forms
were mimeographed 12/, In the preparation of the indi-
vidual record forms 1t was decided to ask the teachers to
give each pupil's rank within his own class, This was sube
stituted for the pupil's grade as had been originally
planned, ss the grading systems in the various high
schools were not uniform,

The second part of this group of materials was
the lnstructions for the use of the individual record
form, They covered the recording of the individusl data,
the use of the time record, and the inspectlon of the test
pleces,

The third part of this work was the preparation
of gages to make the inspection more uniform, All the
gages that 1t was possible to use were not made since some
of the tolerances were s8till tentative, A blueprint
showling 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/ Appendix D
13/ Appendix D
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each teacher that planned to administer the test during

the latter part of the 1947-8 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, Coples of these materlals 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 elther planned or agreed to admin-
ister the test in eight different schools, Actually, eight
teachers did administer the test to 97 puplls 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 puplls
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 1instruction, 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

14/ Appendix D
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posslible in meking minor modifications in the test manual
for use in 1948-9 16/.

During the spring months of 1949 the test was
administered to 75 puplils in three high schools, Of these
puplls, 57 had had approximately 200 periodes 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 perlods of
machline shop machine shop School
Schools totals

1948 1949 Total 1948 1949 Total

B 12 5 ' AT 8 31 39 56

18 13 20 20 33

E 6 6 6
TOTAL 12 18 30 8 57 65 95

The teachers who worked with the test during 1948-9 sub-
mitted ceriticism of the instructions for inspection on a
form which was suppllied to them 17/,

Retest,--Thirty one of the puplls 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,

Reilnspection

In May and June,1949, thirty sample test pleces
from three schools were reinspected twice by a teacher in
the machine shop of the Bristol (Conn,) High School, This
teacher had particlilpated in the administration of the test
both years, Hls reinspections, however, were entirely in-

dependent of the original inspections on these test pleces,

Equivalent helves -~ Experts llsts

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 puplls, The other
two teachers in the machine shop of the Bristol (Conn,)
High School and the writer made independent pairings of
the items, These palrings were analyzed, Six items were
found to be paired identically by all three teachers,
Twenty l1tems were palired the same by two of the three
teachers, leaving six items on which there was no agree-
ment 18/, In conference these last six i1tems were palred,
This gave two lists of 16 items each that were thought to

be equivalent by these teachers,

18/ Appendix R
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Master data sheets

The data gathered through administration of the
tests, the reinspection of test pleces and the criticisms
of the inspection methods by teachers were transferred to
three master data sheets 19/, The data from testing and re-
testing of pupils and the information about the puplls was
entered on sheet number one, The ranks in class of the
pupils were written as a ratio, the first member of the
ratio wss the rank and the second member was the number of
puplls in the class. The reinspection data was entered on
data sheet number two, The teachers' ratings of the ine

spection procedure were put on sheet number three.

19/ Appendix A
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Chapter IV
ANALYSIS OF DATA

In Chapter II the contributions to 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 tske
up the analysie of the data that have been gathered, The
three main concerns will be item validity, content val-
idity, and relisbility; the procedures to follow in ob-
teining estimates of item validity, validity and reli-
ability, The stetistical procedures used have followed

Garrett (8) unless otherwise noted,

Item valldity

Indices of validity were obtalned by three
methods and the methods compared, The indices of validity
obtalned by the blserlal r method were compsared with the
ratio for inspection consistency, and with the teachers'
rating of the inspection methods,

The biserial r'e for the items of inspection on
the test range from 0,089 for the 4% length to 0,642 for
the finish on the 31/32 dismeter, Table 3, When Clark's (6)
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formula was employed, the highest index of validity was
0,791 for the finish on the 31/32 diameter while the
lowest was -0,002, again for the 43 length, According to
Lindquist and Cook's (14) method the lowest index of val=
idity was 1,09 for the 31/32 dlameter 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
obtalned 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 METHODS OF FINDING INDICES OF
ITEM VALIDITY

i

Inspection Clerk Lindquist
bis and Cook
item
I.V, Rank I,V, Rank I,V, Rank
5 2 3 4 5 6 7
4 1/4 .089 32 -,002 32 1,87 23
3 .« 320 16 <266 20 2,71 14
11/4 -
thread .094 30 .186 22 1,20 30
3/4 .255 18 . 326 17 2,00 19
1/4 .097 29 .039 31 1,85 29
31/32 .116 27 . 366 15 1,00 32
11/16 .168 24 .176 23 1,63 24
1/16 chamfer ,098 28 13 27 1,83 20
3/32 . 354 11 .285 18 2,85 13
.188 .534 6 .611 10 12,00 5.5
. 750 .162 25 .136 26 1,60 25
Thread P,D, .215 22 AN 24 2,50 17
.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 ¥ dEse de o 148w
30° chamfer .569 3 .701 5,5 23,00 4
90° holes . 349 12 .256 21 1.7 8l
1/4-20
thread depth ,247 19 .142 25 1,41 ' 29
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Table 3,--VARIOUS METHODS OF FINDING INDICES OF
ITEM VALIDITY--Continued

Inspection Clark Lindqulst
bis and Cook
item
I.V. Rank 2oV Rank T Ve Rank

1 2 3 “ 5 6 7
1/4-20
thread square ,117 26 .082 30 1,43 26
1/64 radius . 243 20 « 274 19 1,69 22
Shoulder . 323 15 «110 28 2,50 17
Centering hole ,181 23 . 086 29 1,25 28
Centering
keyway . 42 14 «432 12 2,50 17
End . +489 9 .656 2.9 5,50 12
Burring . 346 13 « 77 13 7.00 10
Finish
Tusning
12° angle . 466 10 o« 747 2 co 1.5
Turning 31/32
dliameter 642 1 79 p 3 24,00 3
Turning ,750
diameter «583 2 . 701 65,5 12,00 5.5
Facing
threaded end «5562 4 . 620 9 oo 1.5
Facing
shoulder « 550 5 . 704 4 5,75 11
Facling

tapered end « 029 T 604 11 8,00 8,5
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Inspection consistency ratio.--The inspection

consistency ratio was calculated from the reinspection
data 1l/obtalned from 30 cases, Each test plece was in-
spected three times, If a2ll three inspections on an item
were checked the same that was counted as a perfect in-
spection for that item, The ceses in which an item was
given perfect lnspection 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, 4% length,
was checked as satisfactory in all three 1nspeétions in 14
cases and unsatisfactory in all three inspections in seven
cases, This made a total of 21 perfect 1nspectioﬁs; 21 dl-
vided by 30 gave an inspection consistency ratio of Q,700.
The 1/16 chamfer ranked 28th, Table 4, by bi-
serlal r, 30th by inspection consistency and received a
composite teachers' rating of O, on a scale of 8, The 1/4
dimension was 29%h by biserial r, 13th by inspection con-
sistency and had a teachers' rating of 4, The 2-20 thread
square ranked 26th by biserial r, 27.5 by 1nspéetion con=-
sistency and had a teachers' rating of 4, The 30° chamfer
also recelved a teachers' rating of 4 and was 3d in the

biserial r ranks and 27.5 in inspection consistency ranks,

1/ Appendix A
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Table 4,--COMPARISON OF ITEMS BY BISERIAL r AND INSPECTION

CONSISTENCY, AND TEACHERS' RATING OF INSPECTION

——————

Inspection r Inspection 1Con-
bis consistency posite
item rating
I ¥ Rank Ratio Rank

) ¥ 2 3 4 5 6
4 1/4 . 089 32 . 700 22
3 . 320 16 « 700 22 6
11/4
thread . 094 30 «833 9,56 8
3/4 « 256 18 «067 29 5
1/4 . 097 29 .800 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 o D04 11l . 700 22 6
.188 534 6 767 16,5 4
«760 «162 25 .800 13 \ £
Thresd P,D, «215 22 933 2 7
075 219 21 .867 6.5 5
1 1/4 hole » 308 17 .867 6.5 ;
3/8 « 026 8 +400 32 7
129 angle .091 31 .900 4 6
30° chamfer 569 3 .600 27.5 4
90° holes . 349 12 .867 6.5 7

1The highest possible rating is 8,
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Table 4,-~COMPARISON OF ITEMS BY BISERIAL r AND INSPECTION
CONSISTENCY, AND TEACHERS' RATING OF INSPECTION--

Continued
Inspection r Inepection Com-
bis consistency poslte
item rating
I.V. Rank Ratio Rank

1 2 3 s 5 6
1/4-20
thread depth . 247 19 800 13 7
1/4-20
thread square WL 26 .800 27.5 -+
1/64 readdus 243 20 .867 6.5 i 3
Shoulder .« 323 15 467 31 8
Centering hole ,181 23 « 933 2 5
Centering
keyway o 42 14 800 13 6
End .489 9 800 13 7
Burring . 346 13 «633 20,5 8
Finish
Turning
12 angle « 466 10 «833 9.5 8
Turning 31/32
diameter 642 1 733 18,5 8
Turning ,750
diameter «583 2 733 18,5 8
Facing
threaded end +« 5562 % . 768 16,5 8
Facing shoulder ,550 5 «633 25,5 8

Faecing tapered
end « 529 7 « 700 22 8




Test validity

The validity of the test was studied by compar-
ing the averages of different groups of puplls and the
standard deviations of the test scores of the different
groups, Validity was estimated by correlation of the test
scores with the pupils' grades by the rank difference
method, The effect of ignoring the inspection record of
certaln items of low validity was studled 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, Table 5,
with a SD of 3,25, The lowest group average was 12,95 for
the B-200 group with 4,49 as the 8D, The average score for
all pupils was 17,26 with a 8D of 7,71, The test scores of
the two groups in school B had larger SD'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-
speﬁtively.

In the score for time alone, the average for all
puplls was 223 minutes, The 8D of these scores was 76,7,
Agaln the scores of the two groups in school B had larger
8D'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,

2/ In this group symbol the letter D represents one of the
schools in which the performance test was adminlistered;
the 400 indicates the number of periods of instruction
in machine shop that the group has had,
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In the comblned scores for both quality and
speed the average for the whole group was 17,256 and the SD
was 7,76, As in the former cases the groups in school B
showed greater variability with 8D's of 6,12 and 5,57
while the 8D's for the other three groups were 2,78, 3.43
and 3,18,

Table 5,--GROUP AVERAGES AND VARIABILITY

School of Quality Speed and
Groups Cases Speed
M 8D M 8D 8D
1 2 4 5 6 4 8
1

B-200 39 12,96 4,49 207 61.1 13,74 6,12
B-400 17 14,23 3.98 268 66,6 12,05 5,57
D-200 20 23,60 2,39 200 28,3 24,10 2,78
D-400 13 24,15 3.25 160 24,9 27,10 3,43
E-200 6 17,83 2,61 418 38,2 8,60 3,18
All 95 17,86 7,70 223 76,7 17.26 7,76

lIn the symbol for school groups the letter repres-
ents the school and the number represents the approxime
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 B in both the 200 period group and

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




39

10,34 and 8,00, respectively, These compared with table
entries (8:190-1) of 2,67 and 2,76 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 agalnst 2,80 in the table at the ,01
level, School E was superior to school B in 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 0,57 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 B and 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 B and D
in this group since the CR was only 0,56 which was much
below the table entry for the ,056 level of 2,00, In the
400 period groups, school D was again superlor 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 superlor in school B and the 400
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period group in school D, The CR's were 3,67 and 5,77, re-
spectively, as against 2,67 and 2,76 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 B in both groups and to school E in the 200 perlod
group, All the CR's were well above those required for the
.01 level of significance, In the intra-school comparisons
neither group was superlor in school B, In school D the
400 period group was superior at the ,05 level of signi-

ficance,




Table 6,-~SIGNIFICANCE OF THE DIFFERENCES BETWEEN

GROUP AVERAGES

Groups No, Significance Quallty Speed
COMe of levels
pared cases ,L,05 .01 D t D t
1 2 3 4 5 6 7 8
B-200 39 o1
2,00 2,67 D=200 10,32 D=200 g 56
D-200 20 10,65 7
B-200 39
2,02 2,70 E-200 o 517 B=200 g ag
E-200 8 4,88 211
D-200 20
2,06 2,80 D=200 4. g9 D=200 35, 14
E-200 6 5,77 218
B=400 17
2,05 2,76 D=400 g oo D=400 5 48
D=400 13 9,92 108
B-200 39
2,01 2,67 B=400 1 oo B=200 3,67
B=400 17 1.28 61
D=200 20
2,04 2,76 D=400 o s7 D=400 g5 77
D-400 13 0,55 40
1

placed over the dlfference in each comparison,

The number of the group showing superiority 1is
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Table 6,--8IGNIFICANCE OF THE DIFFERENCES BETWEEN GROUP
Averages--Continued

Groups No, BSignificance Quality
com- of levels and Speed
pared cases L,056 .01 D t
1 2 3 < 9 10

B-200 39 D=200

2,00 2,67 10?97 7.67
D=200 20
B=200 39 B-200

2,02 2,7 5,14 1,97
E-200 6
D-200 20 D-200

2,06 2.80 15?11 11.43
E-200 6
B=400 17

2,05 2,76 p_ago 8.27
D400 13 15,05 v
B-200 39 B-200

281 2,87 1.69 0,93
B-400 A% 3
D-200 20 D-400

2,04 2,76 2.12
D-400 13 B
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The ranks of pupils by their regular shop grades
and by the varlous scores on the test were compared by the
rank difference method, Table 7, (8:299,344-7) 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 0,79 which was significant at the
.01 level, For the D-400 group, the rho's, 0,71 and 0,70,
for the correlation of grades wlth quallity 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 0,71 to 0,70
for the D-400 group was not significant,
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Table 7,--RANK-DIFFERENCE CORRELATIONS OF TEST SCORES WITH
SHOP GRADES

School No, of Quality Speed Quality—--
Groups Cases and and Speed
Grades Grades and Grsdes
1 2 3 4 S5
B-200 117 il .40 .63
B-400 12 12 79 43
D-200 20 L] 59 -e 18 L] 17
D=400 13 s Td 24 70
E-200 6 0 O3 -3l «20

1The number of cases in some school groups is less
in this table than in Table 3 because all of the cases
in the earllier 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,'s in each of
the rankings made in Table 3 were then deleted from the
test results 3/. 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-
talned 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

3/ Appendix 8
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were calculated, Table 8, The rank-order coefficlients 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 differences,
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 superlority over the original test
when compared with pupils' grades by the rank difference
method of correlation,
Table 8,--COMPARISON OF CORRELATIONS OF PUPILS' RANKS BY
GRADES AND ACCURACY AND FINISH SCORES ON WHOLE TEST

AND VARIOUS FORIS ABBREVIATED BY REMOVING THE LEAST
VALID ITEMS

e e T T e e e —————————————

Rank-Difference Correlations with Pupils'Grades
School Not

of Whole Test Shortened Forms of Test
Groups Cases r
s Clark Lindquist
and Cook
1 2 3 4 5 6
B-200 17 o4l . § 39 43
B-400 12 «12 16 -,01 .06
D-200 20 39 18 28 o 30
D=400 13 P 1 8 «60 «28 e TL

When the welght of the time score was varled and
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the resulting combined scores for speed and quallty 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 "liean 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" in the formula, The highest
rho for the D=200 group, 0,32, was obtalned with "Mean time
x 2", For the D-400 group both "Mean time x 4" and "Mean

time x 3" gave rho's of 0,70 which were high for that

group,.

Table 9,~--RANK-DIFFERENCE CORRELATIONS OF COMBINED SCORES
FOR QUALITY AND SPukv WITH PUPILS' GRADES, USING
VARIOUS WEIGHTS FOR SPEKD

Scnool No.of * Mean time Mean time Mean time Mean tim

Groups Cases X 4 xS . o

1 2 3 & 5 6
B-200 17 04 « 63 04 «02
B-400 12 « 02 43 oL + 60
D=200 20 16 od ¥ . 02 .02
D=400 13 70 70 65 +«56

11n Hunter's formule for the time score the denomin-
ator was "Mean time x 4) etc, The least welght for the
time score was given by "Mean time x 4" and the greatest
by using "Mean time" as the denominator,

Reliability
The reliability coefficients for the test,
Table 10, found by varlous methods and for different groups
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of cases, varled 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 0,070, 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 CR is 1,44, For these same 31 cases, the reli-
abllity of a shortened form of the test, again through use
of the odd-even split-half method, was 0.905.
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Table 10,--RELIABILITY COEFFICIENTS OF THE TEST AS FOUND
BY VARIOUS METHODS, BASED ON THE QUALITY SCORES

—_—

Equivalent Halves
No, 0dd - Rational Re-

of Experts' Divi- lltem D1ffi- Even Equi- test
Cases sion of Items culties valence

3 2 3 4 5 6
95 .838 832 .824 .894

31 «863 .883 903 - 796 «851
B 2(shortened form) 907

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

2'I'he shortened form of the test was made by ignoring
the performence on the elght ltems having the lowest bl
serial r's,
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Chapter V
DISCUSSION

Chapter II, The Review of Literature, sought to
present material from previous studles and investigatlons
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 adminigtration of the machine shop performance test to
a total of 95 senlor high school puplils, In the present
chepter the bearing of this material on the questions in
the problem analysis wlill be discussed, It should be empha-
slzed that thls 1s 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 "How?" rather than "What?!

What has been done in the field of performance testing

The answer to this queetion in Chapter II serves
as a background and a starting point for this study, The
actual number of performance tests avallable in print is
very small, not many more than a dozen tests in all,

Machine shop performance tests,--The two perfor-

mence tests in machine shop developed by Hunter (11,12)
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were for sophomores and juniors in a vocational school, The
level of skill involved in these two tests 1s comparable to
that developed in senlor high schools that offer 400 pere
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 candldates for teaching licenses,

Other performance tests,--Chapman published elght

performance tests besides those for machinists, They were
for othef mechanlcal trades and stenographers and typlsts,
The Board of Examiners of the City of New York 2/ 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-
formancesteata for industrial arts classes, These lncluded
one in woodwork which had been administered to 30 pupills,

The place of performance tests.--Performance

tests were considered desirable and useful, They were con-
sidered more relliable than grades or ratings ordinarily
made by shop teachers, Authors who made generallzations
such as Greene, Jorgensen and Gerberich (92) and Newkirk and

Greene (16) stated that the performance test is feasible

1/ Appendix B
2/ Appendix B
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but that up to the present time very little has been done,

e e e e

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,

Criterlia of a good item for a machine shop per-
formance test.--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 criterla of a good item, These criteria
have been reworded here to apply to high school machine
gshop c%gssea. 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 puplls of
different total achievement,

4, The operation must be easy to check or rate by
mere measurement,

5. The operation must be easy to administer,
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6. The operation must be one that can be performed
with eimple equipment,

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

Vocational Teacher Training Staff of the University of
Pitteburgh (19) and Orleans (18) maintained that the con-
tent of a performance test -- that 1s, the operations --
is based primarily on expert opinion in the firet sel-
ection, The operations in the test which is the vehicle
for this study were selected cooperatively by nine senlor
high school machine shop teachers,

Item validity.--Item validity of operations 1n a
machine shop performance test may depend on the nature of
the 1tem itself, which goes back to the selection of items
covered in the above paragraph, It may also depend on the
adequacy of the methods of inspection,

{ Since this study is one of technique, various
methods of obtaining indices of validity for the itenms
were investigated and compared, The biserizal r was tsken
as a standard since it was recommended by Garrett (8) and
Smith (21). The I.V's that resulted from the use of
Clark'e (6) method had a rank-difference correlation of
0,772 with the biserial r's., The correlation of the I,V,'s
obtained with Lindquist and CGook's (14) method had a rank-
difference correlation with the biserial r's of 0,880, A
study of Lindquist and Cook's method shows that 1t ine

volves only a fraction of the time needed to calculate
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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 aafély be
used by industrisl arte teachers in the investigation of

the validity of operations in a performance test.

What controls must be exerclsed in adminlistering the test

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 equlipment, the test
edministrator, the puplil 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 pleces, As for toler-
ances, the only actual comparison made indicated that the
use of fixed tolerances as 1n 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 0, 1/16 chamfer, was also ranked low
in inspection consistency and biserizl r, being 30 and 29

respectively, The three items receiving teachers' ratings
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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 biserisl r, and
13, 27,5 and 27,5 by inspection consistency, This colnci-
dence of low rating of inspection methods by teachers, low
rank in inspection consistency and low blserial r ranking
suggests a relationship between methods of inspection ad-
Judged unsatisfactory and low item validity, Thies further
indicates the necessity of review of the methods of lnspecCe
tion after they have been tried out experimentally,

Toope (22) maintailned that the use of gages is
superior to measurement with scales and micrometer as &
method of inspection,

What procedures must be used to determine the validity of
he test

One common method of obtaining a statistical es-
timate of the valldity of a test i1s to correlate 1t 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
dependablillity of shop grades, but for the present there 1is
no other criterion avallable, In the actual correlations
between grades and quallty scores the rank-order coeffici-
ent for the D-400 group was 0,71 which was significant, All
the other coefficlents were positive but too low to be sig-
nificant, In the correlation of speed alone and grades,

the coefficient for the B-400 group, 0,79, was significant,
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In thils category there were two negative coefficlents,
There were two eignificant coeffliclents among the correl-
ations of shop grades and combined scores for quality and
speed, They were 0,63 for the B-200 group and 0,70 for the
D-400 group, The other three group coefficients were posl-
tive, These coefficlents of correlation indicate two
things: first, a performance test for speed alone would
not be valid for the evaliuation of pupll progress; second,
a performance test for quality and speed combined is a
more valid tool than elther speed or quality alone,
Items of low iltem validity.--When the test was
shortened by ignoring the inepection on certain items of
low item validity no increase in the correlations with
shop grades was noted, In only two cases were the coeffi-
cilents increased and those increases were not significant,
The welgnt for time,--Throughout the study
Hunter's (12) 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,
The resulting coefficients of correlation of combined
gcores for quality and speed with puplls' grades had the
high coefticient for each school group eilther in the 3
constant or the 2 constant column, There was one exception,
the coefficlient of correiation 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
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soundness of Hunter's formuls 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 quallty 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
gsame 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 pupll does not
add appreclably to his manipulative gkill during the second
200 periods of instruction,

What procedures must 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 "equivalent halves", One palr of equivalent halves
was based on expert opinion, The other palr was based on
the difficulty of items as indlcated by the results of
pupils' performance, The third method was to divide the
ltems on inspection by the odd-even method, Thirty-one
cases were retested., Estimates of the relliabllity were
also obtalned by the method of rational equivalence, These
methods gave four rellaebility coefficlents for 95 cases,
and five for the 31 retest cases, When these coefficients

were compared 1t was found that there were no significant
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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 for further study

No extenslve 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
dlagnostic values in relation to the instruction given to
a class as a whole, Could i1t be used to give a teacher in-
formation about weak points in the program of instruction
that he 1s following?

The performance test and other criteria such as
intelligence, mechanical aptitude, and post-school success

in related fields offer possibilities for further studles,
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Chapter VI
SUMMARY

There are a number of elements in industrial arts
teaching that are measurable, Manipulative skill 1s one of
these elements, To measure the effectiveness of teaching
in this respect we must have relliable tools of evaluation,
At the industrial arte 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 toolse,
The problem 1s, "How can a performance test in senlor high
school machine shop be developed?"

The development of a performance test involves:
(1) 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) determininﬁ
and improving the reliabllity of the test,

The selection of operations, in the experimental

stage, must depend on the opinion of experts, In this stu
the operations were first selected from three authoritativ

texts, Then the 1list was reduced to include only the
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operations on which the pupile who were to be tested re-
ceived instruction, The finsl 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 instructione 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-
gldered, After the test has been used experimentally, the
relationship of 1tem validity, consistency of inspection
and the subjective evaluétion of the inspection methods
should be studled 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-
glstency coincide with low item validity, the methods of
inspection should be improved 1f 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 rells-
bllity, Attempts in this study to improve the validity of
the test by eliminating items of low item validity proved
frultless, The weight of the time score, which was
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originally used for the test, seemed to be as valid as 13

times the original welght and more valid than any further
increase of the welght 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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Machine Shop Performance Test
Criticism of Instructions for the Inspection of Test Pleces

Dimension Teachers' rating 1Compoaite rating

(o]

4% length -
5dlangtn

+ + 4

14 length of thread

+ 4+ o

3/4 to 5/16 drillied hole
4 to $-20 tapped hole
31/32-d1amoter

'
$

+ + 4+ + + + +

+ + + O + O +

+ &

11/16 dlameter

o

1/16 chamfer

3/32 depth of keyway

o ¥

«188 width of keyway
s 790 dlameter

Thread pitch dlameter

¥ = 4+ * 0O

075 depth of undercut
13 depth of reamed hole

3}8 dismeter of reamed hole

& 4+ % © O & % ©

+4 +4 O O + +

12° angle, turned

B O N N O N NN o0 O v oo 0 O

* O O -0 = O & &

+* + * +

30° angle of chamfer

90° relationship of the
9/16 drilled hole and the
2-20 tapped hole

R

#-20 thread, depth 0
2-20 thread, squareness -

1/64 maximum radius 0

+ + + + +
+ + + + +
+ + 1+

® N » N

Shoulder, squareness +

—

10 for - y 1 forQ, € for ¢ .,

MASTER DATA SHEET NUMBER THREE
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Machine Shop Performance Test

Criticism of Instructions for the Inspection of Test Pleces-=-continued

Dimensions Teachers' rating Composite rating

Centering, 5/16 drilled hole =

Centering, keyway
End, flatness of thread
Burring all edges

Finieh of turned surfaces

+ + + + +

+ + + O + +
+ + + + O +
+ + + + O O
@@ ® ® ~ o O

Finish of faced surfaces

MASTER DATA SHEET NUMBER THREE--Continued
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LETTER FROM DR, E, J., GANNON, AND ENCLOSURE




( copy )

S50
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 1list of trade subjects, lnstructions 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,
Very truly yours
Edmund J, Gannon
& Chairmen, Committee on Industrial Licenses
EJ
JED/D
(Enclosure)
Shop Subjects Trades
Air conditioning (M)(T) Gas and electrical welding (M)
Baking (M) Jewelry making (M&W)
Beauty culture (W) Leather goods manu-
Building maintenance (M) facturing (M)
Cafeteria and catering (M) Maritime trades (deck) SM)
Cafeteria and tea room training (W) IMaritime trades (engine) (M)
Clock and watch mechanics (M) Maritime trades (stew-
Commercizl and domestic ard) (M)
refrigeration (M)(T) Mechanical draftlng (M)(T)
Commercial photograghy (M) Radlo mechanics (M
Dental mechanics Trade dressmaking (w)

Electrical installation & Women's & children's gar-
practice (M) ment manufacturing (M&W)

Floristry (M)(W)



Board of Examiners Board of Fducation

September 27, 1941 Tire: 6 heurs--A:320 AN, to
Nama Banch lo. Candidate'z No. -
Address Work beman
Hork stopped,
Note: This Job sheet 1s to be kept on your bench until the clese of
the session.

You are to do the followine:

1. Sien the jocb sheet, the retine form, and the accident re-
leass. The job sheet iz tc rerain on your work bench. The other
papers will be collegtsd Emwt

2. Examine the stcok given l.o you. If n. la nnt. satisfactory

tr.\r the Job n -y be -uhnnm nw. \ oL .. k no Bx-

08€ o
.lnl—l;bl }ﬂ llw.t.

4. Candidates may be sxcused from the scssion after the Tirst
hour, with the approval of the axeminer-in-charge.

5. All dlameters must be concontrioc with the stud.

6. Conversation among candidates 1s not permitted. _—

PROBLEM: MALZ THE PLATE AXD STUD SHOWN IN THS SAZTCH BELOW.

FART-1 p“a’-z MRiEove ¢ @& ban

4z -
=—gbe T
i:a
L

!
o

Afag ow SMan,
S
e

MAKE oNE. AE r
58’

Board of Exsminers Board of Education
Enting Sheet
Eerforpange Test
Examinetion for Licenge to Teach in Day High Sohools
Mechine Shop Mork
Septomber 27, 1941 Time: 6 hours--8:30 AM. - 2:30P¥
Beneh Mo, Céndidate's No.

Candldates ars sdvised that no appsal will bas entertained from
tho findings of this parformancc test. If the conditions sttending
the test are unsetisfectory, ocandidates are to cell the attention of
the cxaminer at the timo of the test to such ¢onditions, Candldates
who are not in sufficicntly good hcalth to take a tcat at the time
thoy arc sumroned ars dircotcd to infors the examiner of this faoty
otherwlse thoy sre to sigan th: following:

I affire that 1 am in sufficiontly @#ood health tc take this
cxsmination and that I am nct indisposcd physfoally or montally,

(Sieoature)

FRCBLEM: MAKE THE PLATE AND STUD SHOWN ON THE JOB SHEET,

T

Eloments to be rated _B_\'hfu-'
EART I

1. Accursey of layout.

2, File and mill ends

SQuATa,.
3. Drill and tap hol:.

4, File square hole.

£. Bovel and round oor-
ners,

AR 1 '1
6. ﬂcga:): of longths

7. Tyroed outtins to it
plate,

3. Stould.r turnlne and
outeids dlamctors,

9. Taper turninz.

10, 1% square shank to |}
it plate.

Uaximum: 50 ercdits _5

sz Job completed? Yus No  (Crosa out onu)

BEMARLS AND COMPENGATCRY SKILIS. ota.
Flagge of Tust: Examinefs:

D,

i

42
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APPENDIX C
LETTER FROM R, S, HUNTER, IN PART
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145 E, Idaho S¢%,
Boise, Idaho,
Sept, 15, 1947

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

Dear Mr, Smith:

Your letter of Aug, 25th sent to Pittsburgh was
forwarded to me -~ hence the delay in answering 1it,

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 handlcap 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 1in speed at the expense of
accuracy, Accordingly, I arbitrarily used the factor of
3 to reduce the welghting of speed, Later I checked the
factor in order to determine whether the weighting
tended to decrease accuracy or increase 1t, I was
interested in maintaining accuracy,

L

The revised formula sppears to perform
satisfactorily for student tralning purposes, Further-
more, 1t correlates rather well with another investi-
gator's grading system,

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

Cordially yours,

Robert S, Hunter,
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APPENDIX D
MACHINE SHOP PERFORMANCE TEST,
MANUAL FOR EXPERIMENTAL USE
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MACHINE SHOP PERFORMAIICE TEST

Manual for
Experimental Use

1949

Prepared by

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

In cooperation with

John Armen, MNorwich Free Acedemy, Morwich, Conn,

Henry W. Bartnikowski, Stamfo;d (Comn, ) High School

Byron A. Berry, Bristol (Comn.) High School

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

George M. Crook, Pine lManual Training School, Ansonia, Comn.
Ts O« Kennedy, Norwich Free Academy, Norwiesh, Conn,

Joseph Madriclk, William Hall High School, West Hartford, Conn,.

John F, Shea, Weaver High School, Hartford, Conn.
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[ Machine Shaop Marterial | Date: 5/2/49 a/e
Perrformance 7est CRS Drawn by: i /=/
Problem ! dia x45% /g,

Other fract. +tolerances *&z
other deci. tolerances * L0085

Max.radius s4 7% drill thru  3-/0NC.3

~—

/4
’1;:*% (\

#7 drill- §-20 tap
L erit:4: Chamfer i6¥30°

Undercut §X,075 deep

Burr al/l corners

+00/
-.000

75’3“" ""' Ydy

6'4
3 -0

£4°
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Case To. Machine Shop Porformanco Tost 88
Individual Record
Name of pupil School

Class in school No. periods (45 min.) instruction Numbor in class

Rank in class Date of test _/ f to ¥

Name of test administrator

TIISPECTION RECORD RECORD OF TIME WWORKED ON THE TEST
Dimonsion  Tolersnco i Meas.i OK Date | Start Broaks Stop| Minutes
4= +1/64 Time | Start| End | FNo. | Time|Worked

M3
3 1/64 2L
1% - thread +1/64
3/4 *1/64
1/4 “1/64
31/32 *1/64
11/16 +1/64
1/16 = chemfor t1/64
3/32 +1/64
=

«188 Gage -
« 750 + »000

25 — «005
Thread PaDs + .000

5.4 l004

+075 * .005
_1_%"_- hole Gago ~
3/8 = roam Gage
120 anglo +1/20
30° chamfor 1t 1/2°
_900 = holcs Visual] =
$=20 threcad Dopth | = Total minutcs workod
=20 throad Squaro| = Time on milling machino
_L_/_GJL radius Max. - Start-sct-up time :
Shouldor Squaro| = Finish~-sot-up time
Contoring=holo  Gage -
Contoring=keyway Gago Milling soteup timee-in minutes
Eng Flat - gt
Burring all odges i Total work time loss
YR e milling machine sct=up
,i_i_glsh on turncd-faced surfacos T
31/32 diemotor Tot .1 nusbnr of itoms
2750 diamotor : oorrect on inspcetion
F&cing;-thros.ded ond Score, corrccted for
Facingmshoulder speed (Hunter's Formula)
L Acing=tapered ond
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Machine Shop Performance Test
Instructions to Test Administrators

preparations for the test

1. Familiarize yourself thoroughly with the wvarious parts of the tests:
as The blueprint, so that you can answer readily any question about it
be The "Instructions to Pupils", so that you can read them freely
ce The "Instructions to Test Administrators™ for "Administeringz the Test"
d. The "Individual Record"

2. 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:

Che ck the centers for rumning truth in the headstocks and check
and adjust the tailstocks for taper as specified.

be 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.

¢e . Drill press:

Prepare as specified.

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

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

8+ Prepare an "Individual Record" for each pupile Write his name on it.

7« Read the "Instructions to pupils about preparation for the test" to the
pupilse 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 ims to be
left to the normal procedure in each shop.
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Machine Shop Performance Test
Equipment for the Test

Machines and accessories
1. Lathes:

g" Model A South Bend screw cutting lathe or its equivalent or better in good
running order. The dog plates should be mounted on the spindles. The lathes
should be equipped with two good centers which can be removed and replaced without
altering the taper. The live center should run true within ,001", (.,002" by in-
dicator) The lathes should be corrected for taper to 001" or better in 4" of
length using a 4%” test barse The compound rest should be set at 0°, The lathos
may be equipped with thread chasing dials.

Acecossories: (For each lathe, arranged within easy access of the mechine )

3 jew universal chuck, accurate to within .006" (.012 by indicator)
Key for the above chuck

Drill chuck for the tailstock, 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 adoquate to take the full cut on a 3/16" x 3/32" keyseat at a foed of 33" per
minute. The spindle should be set at a speed of approximately 50 R,P.M, and the
feed at approximately 2" per minute.,

Accessoriess (Arranged within sasy access of the machine)

3/16" saw or side-cutting plain cutter, 3" diameter preferred
Arbor for the above cutter and a draw=bar

Wrench for the draw-bar

Plain vise, 4" jaw or larger

Vise handle

Load hammer

Brass faces for the vise_jaws

Perallel, approximately 3" less in hoizht than the vise jaw.

S« Drill press:
3/8" capecity 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 visc, plain jaws, 3" or larger
Vise handle, if nceded
4s  Goneral

Cutting oil
WThite lead or other lubricant
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Hand and small tools

1. Measurement and layout:

Center head with blade
Seriber

Hermaphrodite calipers
Layout fluid or chalk
Punches

Hammer

Combination square, 12"
Combination square, 6"
Center pgage

1" micrometer

4" outside calipers
Thread ring gage, 3/4 - 10, 1C=3
Screw pitch gage
Protractor

Feeler gage

2« Lathe:

Combination drill and countersink
23/64 arill

3/8 machine reamer

10" mill file, second cut or smooth
Thread=cutting tools

Undercutting tools, 1/8" .
Brass strip for chuck jaws

3¢ Drill press and bench :

#7 drill

5/16 drill, sharpened to drill not more than .004" oversize
1/4 = 20 tap

Tap wrench

Vwblock and clamp

10" mill file, second cut or smooth -

Triangular scraper

4, Fach pupil'!s personal equipment:

Lathe 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" (The pupils may use those from the tool crib

if that is the custom of the shop)

Penecil
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Machine Shop Performance Test
Instructions to Test Administrators

Administering the test

1.

2

3

4,

Se

6o

7o

Start only as meny pupils at one time es 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.

Watch carefully to eliminate any help from other pupils.
Start each pupil on the test by reading to him the "Instructions to pupils

at the stert of the test. These instructions must be followed abggiutely
so that the results of the test will be consistent from school to school.

The use of the "Individual Record" = Record of time worked on the test

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

be At the end of each day draw a horizontal line under the time record for
that day.

cs Record the time that the pupil goes to the milling machine as
"Start-set-up time". 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 record is to see if the inclusion of the milling set-up

in the test is desirable.

At the end of vach day's work collect the tost pieces and tag them immediately.
Collect the blueprints.

The lathes should be cheocked from day to day to see that they continue to
meet the specifiications.

The milling machine must be returned to its original specifications after
each pupil has used it. For the last two items see "Equipment for the Test",
pagze 5.
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Machine Shop Performance Test
Instructions to Pupils

Note 32 test administrators:

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

Instructions to pupils about preparation for the test, 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 shép to issue steel rules from the tool crib)

"on (give date of test) you arc to start on a porformance test problem. In
preparation for the test you are advised to see 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" steel rules and
pencils,"

Instructions to pupils at the stert of the test; hand the pupils tho blueprints
and say:

"You arec 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 tost, you aro requested not seek any help from other
pupilse

" You will do your lathe work on the following lathes: (Indicete a lathe
for each pupil) These lathes are free from taper to a degrece satisfactory
for this test and have good centors. You will use (Indicate which) milling
machine for the milling operations. You will obtain your tools in the
regular way. Undercutting and thread-cutting tools will be provided.

"You may check and oil your lathe beforc starting the tost. Your time will
start whon you are handed your piece of stock. If you have to stop work at
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 tecst piece as soon as you stop work at the end of tho class

end then clean un your machine and turn in your tools,

"The completed test will bs scored for accuracy, finish, specd and correct
interpretation of the blueprint. Speed usually counts about nine percent of
the score. Finish counts about 1/5 of the score., Turned surfacos are not
to bo filed or polished. The 3/4 = 10 thread is to be finishod on tho latho.
If you should spoil the test picce as far as ono dimension or opercotion is
concerned, proceed with the tost ond complete the rest of it according to the
blusprint. You will not be given a seccond piece of stock.

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

In case of questions, reread the part of tho instructions that applies to the
question o.skeds
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Instructions to pupils when they restart the test on a subsequent day:

"Set up your work in your machine just as it was when you stopped work on
the test. Have me check it beforc you start work. If you are moving to
another machine or arec making a new set-up, your time will start when you

receive your 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 and the "Individual Record"

Lr
2e

Se

4,

Se

6o

7a

Leave the Case No. blank,
For the class in school use a number. (9, 10, 11, 12)

For the number of periods of instruction, enter the total number of periods

of instruction in machine shop that the pupil has had in any of the four years
of high school. If the length of the period is more than five minutes longer

or shorter than 45 minutes, cross out the "45" and write in the nearest multiple
of five.

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

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,
etcs in the class. Do not give the aveorage grade.

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

The inspection record:

ae Moasure the first eight dimensions in the inspection record with a
stecl rule and calipers. Record the actual measurement to the nearest
64th in the measurement column. If the measurcment is within the
tolerance of plus or minus onc 64th, check (&) the OK column.

be leasure the 3/32" depth of the keyway by placing the .115" square stock
in the keyway and measuring to the opposite side of the 750" diameter.
Make the measurement 1/8" above the undercut. Record the actual measure=
ment over the square stocke The correct moasurement is from .759" to
.oT74", If the mecasurcment is within these limits, check the OK column,

ce Moasurc the width of tho keywany, »188", with the 3/16" square stock.
The key should enter the keyway, but should show no playe. If satisfactory,
chock the 0K column. :

de Mepsurc the .750"dismeter vwith a micrometer. Record the actual measure-
ment. The correct measurcment is from 745" to .750". If the measurement
is within these limits, check the OK column,

es Moasure the pitch diamoter of the serew thread (3/4 = 10) with tho .0625"
wires ond & micrometer. Record the actual meansurement over the wires.
The correct moasurement is from 782" to .786". If the measurcment is
within these limits, check the 0K column.

fo Ipasure the (078" dopth of the unddreut by Hlacing “t7o piccos.of: the »1ME"
squarc stoelr in opposite sidos of tho undoreut. Tlasurc ovor the sduarc
stoel: ~dth a ricromctore. Hecord the zetual measuroments Tho corrocct
mossuromontris frome.825" to 835", If the nmcasurement is within these
limits, check the OK column.
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Check the 13" depth of the reamed hole with the plug gages The gage
should go into the hole at least as far as the shoulder. If it does,
check the OK co%umn. Remove the burr where the tapped hole enters the
reamed hole if necessary to make this check.

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 plays
If it goes in satisfactorily, check the OK columns

Measure the 12° angle and the 30: chamfer with a protractor. Record
the measurements to the nearest °, 1f they are within the tolerance
of plus or minus 3°, check the appropriate space in the OK columns

Check the 90° reletionship of the %320 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

OK column.

Check the depth of the 220 tapped thread with a commercial screw or a
plug taps If there is a full thread into the reamed hole, check the
OK column.

Check the squareness of the tapped hole., Screw the plug tap or commer-
cial screw into the tapped hole. Check the squareness with a solid
square., If no out-of=-squarencss can be detected, check the OK column.

Check the 1/64" max. radius with a 1/64" radius gages If the radius is
1/64" or less, check the OK column.

Check the squareness of the shoulder with a 1/32" radius gage or a good
steel rule. If the shoulder is porfectly square, showing no light under
the rule or radius gage, check the OK column.,

Cho ck the aligmment of the 5/16" drilled hole with the conterline of the
work with the centering pgare. If the gage goes over both sides of the ,75C
diamotor with the pin in the hole, check the OK columne. (This gage
allows the hole to be ,008" off the conterline.)

Che ek the centering of the lkeyway with the keyway centering gage.

Place the gage in the koyway with the hook over the thrcaded end of

the test pi.ce. The end of tho hook should be cxactly in the center of
the center hole. Hold the test picce and the gage with the hook of the
gagoe vertical. DMeasure the distance from the end of the hook to each
side of the center hole. Record the actual difference botween these
two measurements in 64thse If the difference is not morc than L/B4",
check the OK column.

Check the burring of all sharp corners - 11/16", shoulder, 5/16" hole,
S/B" reamed hole. If all have been burrod, check the 0K column.

Chock tho finish of cach turnod and faced surface. Comparc cach turned
surface with the turnod samplo. Compare cach faced surfacc with the
faced sample. If the surface becing checked is as good or botter than
the sample, check the 0K column.
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Check the 1%” 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 ﬁscessary to make this check.

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.

¥easure the 12° angle and the 30: chamfer with a protractor. Record
the measurements to the nearest Z°, 1If they are within the tolerance
of plus or minus 3°; check the appropriate space in the OK columns

Check the 90° relationship of the =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

OK column.,

Check the depth of the éuzo tapped thread with a commercial screw or a
plug tap. If there is a full thread into the reamed hole, check the
0K column.

Check the squareness of the tapped hole. Screw the plug tap or commer-
cial screw into the tapped hole. Check the squareness with a solid
square, If no out-of=squarencss can be detected, check the OK column.

Check the 1/64" max. radius with a 1/64" radius gages If the radius is
1/64" or less, check the OK column.

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

Chock the alignment of the 5/16" drilled hole with the conterline of the
work with the centering pape. If the gage goes over both sides of the ,75C
diamotor with the pin in the hole, check the OK columne (This gage
allows the hole to be .006" off the centerline.)

Check the centering of the keyway with the keyway centering gage.

Place the gage in the keyway with the hook over the threcaded end of

the test pi.ce. The end of the hook should be oxactly in the center of
the anmiban hala Hald thn test pricce and the gasme with the hook of the

oCheck the flatness of the threaded end of the test piece with a

steel rule or a machinist's square. No lipht shonld be visible except
in the center hole, If satisfactory, check the OK colurm.

Check the burring of all sharp cormers - 11/16", shoulder, 5/16" hole,
a/b“ reamcd hole. If all have been burrod, check thoe OK column.

Chock tho finish of cach turnod and faced surface. Compare cach turned
surface with the turned sample. Compare cach faced surface with tho
faced sample. If tho surface being checked is as good or botter than
the sample, check tho OK column.
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8« lMoasurcment and inspection toolss

6" steel rule

4" outside calipors

1" micrometer

2 pce 115" square stock*

1 pee 3/16" squarc stook#

3 pces #0625 wires#

3/8" plug gage*

Vornier protractor

1/64" radius gage '
% = 20 thread plug gage, or plug tap, or 2" long machine scrows
80lid machinist's square

Centering gage for 5/16" holox
Contering gage for keyway*

Turned surface sample*

Faced surface samplex*

* To be furnishcd to the test administrator along with the blueprints of
the test problem and copics of tho "Individual Record".
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APPENDIX E
LETTER TO CONNECTICUT
INDUSTRIAL ARTS TEACHERS
OF MACHINE SHOP
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193 Morningside Drive East
Bristol, Conn,
September 22, 1947

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

Dear Mr, Healy:

As a part of my work for a Master of Education degree at the Colorado
A and M College, Fort Collins, Colo, I have to develop a performance
teet 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 1s defined as one in which the pupll 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 obtaln an adequate number of pupils to be tested, I shall
need the cooperation of some other machine shop instructors in deter-
mining certaln elements of the test and in administering the completed
test to a limited number of puplils towards the end of the school year,

I am writing now to ask if 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 1list 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 1if
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 of your pupills,
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 inclosing a typed form for you to indicate in which, if any,
parte of the study you wish to participate, f

Cordlally yours,

Richard B, Smith
Machine Shop Department
Bristol High School
LIBRARY
Copy to Mr, Harriman, COLORADO A. & M. COLLEGE
FORT COLLINS, COLORASD



Mr. Richard B, Smith, 102
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 1list 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 thelr 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)
l. Approximate number of machine shop puplls
in 1947-8

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

J. Approximate date these puplls will complete
200 periods of instruction,

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

5. Approximate date these puplls wlll complete
400 periods of machine shop instruction,

Signed

Address

Telephone, home school




APPENDIX F
CHECK FORM OF THE AREAS OF INSTRUCTION,
AND SBUMMARY 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 Millihg machines Shapers

Planers Drill presses Tool and cutter grinders

Surface grinders Cylindrical grinders

1

L

Others
Signed
High School
Summary of Replies
Name of machine S8chools
A B D E F G

Drill press 3 2 2 lY 2 3
Bench work X
Engine lathe 10 20 6 Y g 12
Milling machine 2 8 1 Y 1 2
Shsper 7 2 2 b4 2 1
Planer 1l
Surface grinder 1 7 - 5 X - 3
Cylindrical grinder
Tool and cutter grinder i X
Turret lathe 1 Y

)3

lindicates a positive answer without giving the
number of machines,
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APPENDIX G
CHECK LIST OF MACHINE SHOP OPERATIONS
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CHECK LIST OF MACYIFE SHOP OPERATIONS

106

Bench operations

1,
2

34

de

S

1l.
12,
13.
14,
154

16,

17,

18.

19.

20,

2l.

22

23

24.

25.

Lay out
Lay out

Lay out
surface

Lay out
Lay out

Lay out

centers in round stock with a center head and secriber.
cénters in round stock with hermaphrodite calipers,

centers in round stoek with V-block, surface plate and
gages
centers in rectangular stock.

-

holes for drilling.,

curves and tangents.

Scribe circles.

Leyv out
Lay out

Lay out

rectangular stock for milling.
lires with a surfece rcage.

lines with a vernier height gage.

Cut square or round stock with a hand hack saw,

Cut thin stock with a hend hack saw.

Grind a

flat cold chisel.

Shear thin stock with a cold chisel.

Chip a flat surface.

Cut an o0il groove with a chisel.

Chipr with a power chisel.

B roach

with a drift,

Cross file a flat surface.

Drew file a flat surface.

Sharpen

a flat scrapers

Scrape a flat surfacec.

Scrape

bearine,.

<

Drill with a breast drill,

Ream with a hand rcamer,

Tap a hole.
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28,

29..

304
3le
32,
33
34,

354

Cut threads with a dies
Rivet-

Remove a brolen tap.
Remcve a broken stud,
Dress a scraw driver.

Drive studs by hand.

Drill press operations

24

2e

3._'

4
5

Ga

Te

Be

9a

10,

11.

12.

Grind a twist drill,

Drill a hole to a lavout.

Drill a blind hole.

Drill a hole with a jig.

Set up and secure work on the table. -
Set up work in a vises

Drill eylindrical work,

Drill holes at an angle with the surface,
Ream a hole.

Counterbore.

Countersink,

Spot~face.

Tap a hole.

Bore a hole.

Bore a hole using buttons.

Drive studs.

Seat.
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18a

19.
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Engine lathe operations

l, Grind lathe tools.

2. True a live center. (soft)

Se Grind a hard centera

4 Adjust: the tailstock to eliminate taper.

S¢ DlMount a chuck on a lathe.

6s Mount a faceplate on a lathe.

7'. Mount work on a faceplate.

8: Test for allignment of centers,

9¢ Drill a center on the drill press.

10s Drill a center with the drill in the headstock..
11, Drill a center with the drill in the tailstock.
12, Rough and finish turn work held on centers.
13 Face work held on centers.

14ﬂ‘ Turn work to a shoulder,

15. Face a shoulder.

16, Knurl.
ETe= Fided.
18. - Polish

19, Undercut work held on centers.

ZDf Turn work with a follower rest.

2le Set up work with a steady rest.

224 Turn a taper with a taeper attachments

23« Turn a taper or an angle with the compound rest,.
24, Turn a taper by off-sptting the tailstocks

25« Mount work in a three jaw universal chuck.
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264
274
28,
204
304
31
32,
334
344
354
364

374

38,

39.
40,
41,
42.
43,
e
45,
46.
47,
48,
49,
50.

51,

e [l cpexstions Cown's] 109
Mount worls i1 a fonr i «cdepandant chuaok,
Center hollow ring work in a chuck.

Face work in r. chucks.

Cut off work in a chuck,

Drill.

Bore.

Ream with a machine roamer.

Ream with a hand reamer.

Turn irregular forms with the compound rest.
Form with a forming tool,

Bore a taper with the taper attachment,
Bore a taper with the compound rest.

Cut an American Netional TForm Threcad.
Cut an Acme Thre=ad.

Cut a square thread.

Cut: a taper thread.

Cut a left=hand thread.

Cut & thread using a threoad chasing d#al.
Cut en internal Americon National Form thread.
Cut an internal Acme thread.

Cut a multiple thread,

Cut thresds with o self-opening dio.
Measure threads with a thread micromoter.
Measure threads by the three wire method.

Tep threads with work held in s chuck,




524
634
54,

55.

1.

24

e
4.
o

6

i

9
10,
11.
12,
13,
14,
164
16,
174
18,
194
204
21,

224

110

¥illing mochine operations

Set up a cutter on the arbor.

Set up an end mill,

Set up a vise.

Indicate a vise jaw.

‘Set up work in a vise.

Set up work in a fixture.

Clamp work on the tablo.

" Set up an index head for dircet indexinz.

Set up an index head for dimple indexing.

Set up an index head for differential indexing.

Set up an index hend for spirzl milling.

Mill

rectangular work.

Square the ends of roectomgular work.

Straddle mill,

Mill

Mill

Mill

Mill

Mill

Mill

Mill

Mill

a wquare or a hoxagon,

2

spur geor.
a bevel geare.
a spiral gear.

spiral groove.

=]

the flutes of a reomer or similar tool.
a worm gear.

a screw thread.
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24,

254

26,

27,

28,

29,

30,

31.

32

33

34,

35,

364

37

"
e ica

Milling meshine openuiicns lcontt)

Mill a koy way or similar groovoe.

Mill a Whitney CNoodruff) keyseats

Saw with a slitting saw.

Drill,

Borec.

Form mill.

Mill a rack with a rack cutting attachment.

Mill grooves with a slotting attachment.

Mill with a rotary table.

Mill with a vertical attachment.

Mill speeial shapes with a fly-cutter.

Profilc.

111

Shaper operations

1.

2

3

4,

|
j__._r.__ ’ Se

I
;__g__ 6
R
¢ | Te
JI___I od
'j“";"""ﬂ 8.
e 1T
l"'—---l'—'--"—i 93
| __;__,J 10,
o

Set up work in a vise.

Set up work in a jig.

Set up work on the table.

Set up work on an amgle platc.

Plane

Plane

Plane

Plane

Plane

Plane

Plane

a horizontal surfacc.

2 vorticel surflace.

an angular surface.

adjecent surfaces square with each other,
an end square.

an irrcgular surface.

e tongue.
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Shaper operations (con't)

12,
13,
14,
15,
16.
17.

18.

Plane a groove.

Plane a slot or keyway.

Plano a keyway in a gear or pulley.
Plane a T-slot,.

Plane geqr teeth.

Grinder operations

1.
e
L

4.
5.

6o
T

Be

Dress the face or a grinding vheel,
Dress the side of a grinding wheel.

Surfece grind a flat surface.
Face grind with the side of the whoel on a surface

Grind an angular surface on a surface grinfer,

Form grind on a surfoce grinder,

grinder.

Miscellaneous operations

1,

Ze
Se

4,
5.

6
T
8
9.

10,

11.

Cut stock with a powor hack saw.

Anneal metal.

Harden and temper tool stecl.

Case harden mild steel.

Grind valves.
Fit by lapping.
Pack stuffing boxess

Lace leather belts with rawhide.

Lace leather belts with metal lscing.

Cement leather belts,

112
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193 Morningside Drive East
Bristol, Conn,
December 8, 1947

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

Dear Mr, Crook:

Inclosed with this letter you will find a brilef bibliography and re-
view of literature and two coplies 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 inlitial 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 1list 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 test problem, We should keep in mind certaln principles when
making our selectlions:

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

2, The operations must be such that they can be performed safely
by a pupil who has had spproximately 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 four
periods, or less, by the average pupill,

A performance test in shop work 1s 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 appreclate having the check lists back before Christmas, if
possible, so that I can work on the test problem during the vacation,

Cordlally yours,

Richard B, Smith
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APPENDIX I
INTERVIEW REPORT FORM
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Machine Shop Performance test 117
Selection of Operations

(Supplementary interview report)

Date of interview / /

With
At

The first circulation of the Check List of Machine Shop Operations
did not produce enough unanimity in the selection of operations,

S1x operations were checked by seven instructors, twenty-one oper-
ations by six instructors, and twenty operations by five instructors,
The purpose of this interview 1s to:

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

2. Obtain a smaller 1list 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 operatlions 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. (

€.

{2

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

(Circle one) : A PR TR e 7 .8 9 18
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3. Approximately how many machining operations could such a teet
include?

(Circle 6me) 1 2 3 4 5 B R & 9. 28 3R GEE
14 '3 36 17 18 9 W

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 1list, Note the
following in each case:

a, The probable number of minutes the operation will consume,
Write this 1n column A,
b, How the pupil will check the accuracy,

¢, 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,



APPENDIX J
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 tallstock
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)
Qhecked by two instructors
Lay out centers in round stock with a center head and scriber
Tap a hole
Drill cylindricel work
Mount a faceplate on a lathe
Set up work in a four jaw chuck
Drill on a lathe
Bore
Ream with a machine reamer
Mill a keyway or similar groove
M11ll a flat on round stock
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APPENDIX K
FIRST FORM OF THE BLUEPRINT
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APPENDIX L
BLUEPRINT QUESTIONNAIRE




Machine Shop Performance Test 121
The Blueprint

Questionnalre, 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:

2.

Se

5.

Item on the B/P Sugges ted change

Are there any
inate because

&,
b,
C.

Are there any
inate because

a.
b,

Are there any
inate because

a.
b,
Ce

Are there any
inate because

a,.
b,

Ce

featuree in the test problem that you would elim-
of equipment deficlencles? List them:

features in the test problem that you would elim-
of safety? List them:

features in the test problem that you would elim-
of difficulty? List them:

features in the test problem that you would elim-
of the length? List them:
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APPENDIX M
EQUIPMENT AND TOOLS QUESTIONNAIRE
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Machine Shop Performance Test
Equipment List
Questionnalire - Made out by

1, Can you meet the specifications for the machines? If not,
1list any suggested changes:

Lathes:
a,.
b,
Ce
Milling machines:
a.
b,
Drill press:
a,
b,
2, Can you supply the accessories listed for each machine? For

how many lathes? For how many milling machines? List
the iteme that you are short on:

a, bo
C. 4,
e, r g

3., Liet here any of the small and hand tools that you do not have,
Can you supply other slizes?

Item lacking Suggested substitute
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APPENDIX N
INSTRUCTIONS TO PUPILS QUESTIONNAIRE
AND INSTRUCTIONS TO PUPILS




Machine Shop Performance Test
Instruction to Puplls 128

Questionnalre, Made out by

l, Are there any parts of the instructions that are not clear?
List:

&
b,
Ce

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

a,
b,
Ce
d.
€.
f.

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

a.
b.
Ce
d.
€.
8

Note; Mark or underline the attached copy if naceaaary to .
make your comments clear,
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Machine Shop Performance Test
Instructions to Puplls

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 the test 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 puplis at the start of the test; hand the pupils the
blueprints and say:

"You are to make thls plece as a performance test, Examine your
blueprint carefully, (Pause fifteen seconds) You may ask ques-
tlons 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 pupll) These lathnes 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 miliing operation,
You will obtain your tools in the regular way, Undercutting and
thread cutting tools will be provided,

“You may check and oll your lathe before starting the test., Your

time will start when you are handed your plece of stock, You
may take as much time as you need for the teet, but your speed
will be a part of your final score, If you have to stop work at

any time because of inablility 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 plece 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 basle of accuracy and
finish as well as speed,

“If you should spoil the Job as far as one dimension or operation

1s concerned, proceed with the test and complete the rest of 1t

according to the blueprint specifications, You will not be given

a second plece 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:

"Set up your work in your machine just as 1t was when you

stopped work the last day you worked on the test, Have me
check 1t, When I tell you to start you may start working on

the test,"
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APPENDIX O
QUESTIONNAIRE-CRITICISM -- 1948




MACHINE SHOP PEXRFORMANCE TEST
Questionnalre-Criticism
on experimental use

May-June, 1948

Filled in by

132

High School
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I, The test problem blueprint

A, The operations

1. In the 1light 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 in inspection
¢, Unwieldy length of the problem

2. Please 1list 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 of administration and the results obtained 1f 1t
wag limited to lathe operations?

4, Do you suggest any changes in the tolerances allowed?
List the changes here,

0ld dimen- New dimen- 0ld dimen- New dimen-
silon and sion and sion and sion and
tolerance tolerance tolerance tolerance

B, Dimensioning

1, Which of the following dimenslons or specifications on
the blueprint did the puplls show a tendency to miss en-
tirely? Please check and 1list any others,

a, 30° chamfer _ b, Undercut__ c, Depth of reamed hole _
d, 90° relation of the 5/16" drilled hole and %-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 1t 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

¢, Desire to stall

d, Other cause (Please give other cause)

II, Machines and equipment

A, Which of the followlng difficulties d4id you encounter in maln-
taining machines and equipment as specified in the manual?
Please check and 1list 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 sufficlently accurate ____

4, Drill chucks sufficlently accurate _

5. Proper run-out of the live centers _

6, Proper taper of the lathes __

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 the
table and indicated and the cutter on the arbor

5. Use a keyed instead of an unkeyed vise on the miIling
machine
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C., How were small tools handled? Check more than one method if
both apply.

l, In a tool crib with an attendant _

2. In a tool crlb without an attendant ___

3. On panels in the shop

4, In a special location Tor pupils taking 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 1list that
follows the steps that you included in that set-up time,

1, Mounting the arbor in the epindle of the milling
machine

Mounting the cutter on the arbor _
Mounting the vlise on the table __
Indicating the vise

Mounting the work in the vise _
Centering the work under the cutter _
. Setting the depth of cut ____

qmcn:bum

IV, Inspection
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,

8. b. c. d.

e, b e h,

2. 5/16" drilled hole

a, Is the method given for checking the centering of
the 5/16" 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. ¥ =20 tapped hole

f 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) Diameter 3)Squareness

B. Check any of the following inspection points that you think
should be included in the scoring of the test,

i
2,
Se
4,
5.
C. List
1.
2
e

V. Attitudes

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" drilled hole

The 90° relationsnip of the 5/16" drilled hole and the
$-20 tapped hole__

Concentricity of the reamed hole, taper, .750" diameter,
31/32" dlasmeter, ete,_

any other inspection points that you suggest,

of the pupills

A, Did the pupils display any of the following attitudes that
might have affected thelr performance? Please check and add
any others,

1.
2e
3.
4,

5.

Indifference
Over-emphasis on speed with a loss of accuracy and finish
Over-anxiety

Would you write on this page any other criticisms or suggestions that

you have,



APPENDIX P
SUMMARY OF REPLIES TO QUESTIONNAIRE
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The following 1s a resume of the answers given on the Questionnalre-
Criticism on the Machine Shop Performance Test, Items where three or
more instructors expressed opinions are included, Seven lnstructors
checked the questions,

1, Four thought that some items might be eliminated from the test be-
cause of unsatisfactory results 1n 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 1t was limited to lathe operations,

3, Three thought that the test would be more satisfactory from the
standpoint of results if 1t was limited to lathe operations,

4, Filve found that pupils showed a tendency to miss the required
depth of the reamed hole,

5., Four found that pupils showed a tendency to miss the 90° relae
tionship of the 5/16" drilled hole and the 3-20 tapped hole,

6. Four found that pupils showed a tendency to miss the fact that they
were required to bresk all sharp edges,

7. Seven thought that i1t was not worthwhile keeping a record of the
questions asked by pupils about the blueprint,

8, Four found it difficult to supply universal lathe chucks of suffi-
clent accuracy.

9, Three found 1t difficult to maintain the proper run-out of the
live centers,

10, Four found it difficult to maintain the required taper of the lathes,

11, Four thought 1t desirable to make the use of thread chasing dials
optional,

12, Three thought 1t would be better to have the milling machines set
up with the vises indicated and the cutters on the arbors,

13, Four thought i1t would be better to use a keyed vise rather than an
unkeyed vise, -

14, Five thought that three inspection points on the #-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 of the 5/16" drilled hole
and the 3-20 tapped hole should be included in the inspection,

17, Four thought that concentricity 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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APPENDIX Q
FORM FOR CRITICISM OF
INSPECTION METHODS, 1949




Machine Shop Performance Test
Criticism of Instructions for the Inspection of Test Pleces

4% length

3 length

1% length of thread
3/4 to 5/16 drilled hole
42 to 3-20 tespped hole
31/32 diameter

11/16 dlameter

3/32 depth of keyway
.188 width of keyway

« 750 diameter

Thread Pitch Dlameter
.075 depth of undercut
14 depth of reamed hole

3/8 dlameter of reamed hole

141
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12° angle, turned

30° angle of chamfer

90° relationship of the 5/16 drilled hole and the $-20 tapped hole
4-20 threed, depth

£-20 thread, squareness

1/64 maximum radius
Shoulder, squarenees
Centering, 5/16 drilled hole
Centering, keyway

End, flatness of threaded
Burring all edges

Finish of turned surfaces

Finish of faced surfaces



APPENDIX R
EQUIVALENT HALVES OF THE TEST
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Machine Shop Performance Test
Equlvalent halves of the test
Results of three lists submitted

Three agreements

g :

3/4

120 500

Two agreements
13 thread 31/32
11/16 1/16
3/32 075
.188 3/8 ream
« 750 P D
$-20 squareness 90°
1/64 radius Shoulder-square
End-flat Burring

Finish 31/32 dlameter

Centering keyway

Finish ,750
Centering hole

Items of no agreement, arranged in a suggested order of
difficulty from easy to difficult:

4-20 depth

Finish on shoulder
Finish on tapered end
Finish on thgeaded end
Finish on 12" angle

13 depth of reamed hole

Pairing of these six 1tems resulting from conference
$-20 depth of thread Finish on shoulder

Finish on thgoadod end Filnish on tapered end
Finish on 12 angle 1% depth of reamed hole
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APPENDIX 8
ITEMS DELETED FROM THE TEST
FOR THE SHORT FORMS
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ITEMS DELETED FROM THE TEST RESULTS FOR THE SHORT FORMS

For the calculation of rank-dlfference correlations

with grades

Biserial r

1
1z thread
3

31/32
1/36
12

Clark's Lindquist and Cook's
formula formula

4% 1% thread

1/16 31/32

4-20 thread square 12°

Shoulder 4-20 thread depth
Centering hole Centering hole

For the calculation of the reliability

4
1l thread
3

31/32
1/16
129
.'760

4$-20 thresd square
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