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OyERVIEw OF THI: PERFORMANCE TEST DEVELOPMENT PROJECT

Background
Tne 1968 Amendment to theiFederallVocational-Technical Education Act

manddted the development of stateendde evaluatinn,Eyetemb fot the administra- N
tion.and operation of federaliy'suppntted vocational edncatipnm Patailel_tol
thie mendate the Research Contdinating Unit direetor for the Commonwefltn_pf
Massachusette was in the process'of completing some predesign ectivitiee.for
the development of a vocational-techn1Eal edncation manﬁgement informatioﬁ'
system. By l9d9-the predesign of this system had moved into the feasibility

, stages and specifications of the system were being developed |

/ / At this stage of development New York State, which already had a fine

centralized testing program, became 1nterested in the philosophy espoused by

the Massachugetts system and joined in the funding of a more 1ntense feaei-

bility test, wnich eventually became.the sonrcg of the Performance Test De-~ R

velopment Project. The Evaluation Service Center for Occdnational Education

(ESCOE) was funded in July 1971 and was housed in\hmherst Massachusetts, to

I\‘

test the feaaibility of systems deveio;ment based upon tpe principles of (1)
local control and development of »ocational curricula, (}) data-based feedback

R

based upor tailored perfqrnance tests, and (3) curriculumtdeecription thrpugh ‘e
terminal behavior oﬂjectives. The following report deals with a subcomponent
of tne ESCdE system which was designed to develop performence tests as soft-

ware support for the ESGOE program.

Whats and Whys of Performange'Testhg

Performance testing is'more a new reality as opposed to a new concept in

- educational testinug. The concept grows out of the need felt by educators to




sample actual performances of tgainees\as opposed to merely measﬁring symptoms
of desired (or intended) competencies through paper and pencil tests and tien
relying upon the pre&iqpive,powers (i.e., previous.y established associatibﬁs~'
of paper and pencil test scores to some hypothetical or obseryed criterion of
competency inv;;r;ormance) of the test to infer.competency'acquisition. Thié '
felt need has grown in part‘from the inability of‘standardized achievemeﬁt
tests to deal with the unique objectives of a specific educattonal ﬁfogram,
iﬂ parc from the reportedly-low correlations between meaéured skills and on-
'¢he;job (or inféhe-shop) performance%éuand in part from the lack of realism
involved in the paper and pencil teétiﬁg situation.

Hence thelperformance tést cap-be conceivgd.of as a cr;LerTEh-feferenCed

AR

test, in that (1) it is objective or criterlavfcentéredv(in one-to-one cotres-
pondence with the extant componenﬁ ~f a stated objective); (2) it seeks to
ascertain‘a éubject's pqssessipn of a specific compétency raﬁher than~tofcom-
pie;e.ahcomparison of the subject's.competéncy Iével’to a previously.measured
‘norm group; and (3) it usually requirés aAdichotomoué decision as to whether
the competeﬁéy has been demonstrated. The perform;nce test can be construed
to be a special case of the criterion-referenced test in that there is a’deﬁ-
inite attempt to establish fidelity between the sample observation of the per-
formance test and the performance being sampled. |

In the evaluation of instructional programs in voéational-teéhnical edu-
cation, the‘concept of performanca testing is especially appropriate for sev-
eral different reasong, First, performance tests can be hypothesized to pro-
duce more relevant and vglﬁé date concerning the instructional program output.
Vocational program objectiQes tend to deal Qith competencies which require

Is

concurrent behavior changes across several domains of instructional objectives.




Hence thc-uccomplishmént pf a vocational objective may depend upon the devel-

opment of a psychomotor s*ill, the mastery of a cbgnafe process, the-acquiring
. 4 . ;' :

of some fundamental facts, and the development of a’périlcular attitude. Un-

like paper'and pencil tests, which emphasize the measurement of the cognitive

(R

aspects of the per formance or pbservattdns whith‘emphasize process and action

compunents, performance tests possess the potential to measure the mixture of
' ’: 7 . .
behavior domains appearing in the desired performance. The performance test

Y

can threrefore be ‘argued to offer a valid means of measuring intended outcomes.

Second, performénce tests produce product records which can be"studied by
teachers to'diagnose the place in the instruction where 1 weakhess:may have
occurred, diding coné;derably their ability to analyze their 1nscructionaL

methods. [{Since the ggacher can détermine what aspects of the competency are

—_~— /,/ .
missing, he can trace the point in his instruction where his objectives were

ot met. Also, since the ;rdﬁuct is concrete it can be kept longitudinally
to analyze pupil groﬁth at different stages of a multi-year program.

_Tﬁird, the nature of the data produced.by ﬁkrformance testing contains .
the flexibility demanded by the information nééds Qf an gvaluatiOn system.
The tests are constructed in one-to;one correspondence to sggted objectives,
thus enabliﬁg selection of test components from a data bank gituation in such

‘& manner as to. tailor the testing to the peasurement of.a.unique set of pro-

- . ’ \
gram objectives. Since the tests are objective specific, comparisons of small

aspects of an instructional program are pdssible.i Since the tests are criter-
ion-referenced, skill attaimment in a particular area of ifiterest can be as-

certained; hence output of instructional programs can be described relative

\

to percentage of skill development.
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Restraints -on Test Development

!

The design of the pcrformance tosts had to takc into nccount both the
philsophical and the operational structure of ESCOE. At times ‘both of these
structures served as restraining and occasionally frustrating hurdles for the
test development team. E . .

The philoSophical nature of ESCOE provided t&é foundation of princibles
which are believed to have caused the performance tests to be unique. Since
the objectiues were generated by each local school, several uery similar ob-

. jectives appeared for a single behavior within a subject. Dr. David Berliner,
now with the Far.West Laboratory for Educational Research and Development,
invented a processoto stste.these similar objectives-into a synthesized form

/ accompanied by item changeS'providing for the unique characteristics of each
objective. Thus, if enough objectives from diffetent schools were collected'
to represent the curricula, by synthesizing tbose objectives one could ar:ive
at a statement of all desirable behaviors within one curriculum. |

The raw objectives based upon the curricula of each of the psrticipating
schools were synthesized to identify the major behaviors within a curriculum -

T

area. ,Bence, if the process worked ideally within a curriculum area a linear

.y

.v ~

set of behaviors was produced. The degree to which this process failed to

produce suéh a linear array of behaviors compribed the first major restraint.
]

If a singular listing of behaviors could not be gained. then singular test

.,icems ccuid not be written.

?
.

N ..
M)

A second philosophical principle which developed into a restraining fac-
tor was the decision to test only locally-maintained objectives within a
specific pngram. This principle actually involved several implications for

testing. First, a student would be tested only on the objectives maintained
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by thc cdrriculum hc'wns’receiving; Therefore, the test ltems hud to be de-
scribed in a form indicating one-to-one correspoqpence with the synthcslzcd
objectives so that the local teacher couidlseiect only those items maintained
for his course. This selection pattern, home;er. did increase the logica}
assumption that the‘testsj?ossessed high validity in regard to the courses
for which they-werexdesigned to'measureﬂoutcomes. Second, eech'item h;d to.

. be indépendent in its abilitg to be adminiatered. since previoosyor adjoining

items would not necessarily be administered with it. This item‘independencé\,

served as a restraint to- test development in that objectives could not be

A

= ’

~ clustered into tasks involving several test items.

~

<
¢

« The third restraint involved both philosophical.and operational asp?cfs
in that two forms of scoring-were preferred by the two cooperating stotes,
PhiIOSOphically, the state coordinators differed on the location of scoring,
this disagreement became a restraint to test development in that the itqns
developed had to be scorable both in the local school and at a central test
center. Three forms of scoring meeting this restraint were adopted, with
. choice of scoring form depending upon the nature of the individual item.

Two of the forms are based upon meeting the restraint with a single scoring
process. The third form requires two different_processes in, order to meet
the dual scoring restraint. .
The scoring approaches requiring only one process are (1) the‘caliper or
mechanically scored form and (2) the selection of correct response form. In
the mechanically scored approach. severa’ measured settings can be placed in
a test scoring kit; the student or teacher records by label which of the set-

tings fits the finai product. A key of correct setting labels can then‘be

referred to, producing a dichotomous score for the product in terms of size

t-




-

“viii-

tolerances. In the selectlon of correct response approach, .correction keys .

" can be applied diréctly to the students' responses. .In both cases either a

central office or an individual classroom teacher can use the keys.

The third écoring'form is not as simple, since two types of scores are

reqqiréd'to,heet the dual-use restraint. This scoring form is8 necessitated
by the many'ﬁésks in the vocational curriculum'which require expert obseyver
judgment for the determination of perfcrmance quality. The two types of

scoring needed for these items are (1) structured criteria for observation,
7 E -

te

and (2) pictorial records (color-codeq to"facilitate central scoring). The

¢

~ - .

structured criteria for observation communicate to the teacher what aspects

of the product tdo check in order to judge the performance successful. These

?

criteria would be used in class. In the pictorial scoring process, camera

1
r - o

anglﬁs have been described which would allow Polaroid pictures to b téken/

N\

\-
‘as recotds of the finished product. Color-coding fhe criteria check gégld

2

v

L
enable observers in a central location to determine the quality of the ﬁ%f-
formance.'
Each of‘khese three approaches provides a means through which ¢redible

and unbiased dcores can be obtained. All of the processes can be scured by
)

individual teaTherS'and used within a classroom setting without the aid of a

central scoring station. The fourth restraint to test development arises at
this point, since it is impdssible to arrive at an immediately usable set of

norms through the current scoring system and the dichotomous item response

without implementation of a program designed to gather enough data to norm

the tests.
Two other restraints werg present throughout the test development proj-
i )

ect, both operational in nature. First was the quality and quantity of the

\
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/ .
- behavioral objeétives themselﬁes. Few if any of the curriculuﬁ areas were
fully ﬂescribed,'and the testg/devel?ped are lhn;ted to .described curriculum.
Inﬁ;wo test areas, more 1tem§ were deve;oped énd the synthesizétion process
. Was repeated in orde; to sharpen thé synthesizleobjectives. In these cases
much curriculum had Bécn'lef; undescribed and the fill-in process aided con-

-\

siderably in explaining the describiions. However, bompléte and ﬁultiple
gsets of items weré‘not availgble f rom each school; ;ﬁerefore the test it@ﬁs
may be _lacking in content vali?ity in cases of copsultant-wri;tgn items, may
be répreseﬁtative of several behaVioré, and/may hence be difficuic to test
or<represent only a small aggment'of the previousl unwriq;en.currigplum.

The second operational_rest:aint was th?t of time. Although the budget
was small, the seriously close.he;alinga in development work made tlmeian
even greater restraint; Creativity is sd@étimes espec!%lly evasive under
deadlines and within the constraints of administrative conflict. Still, the
time dimensions were met in terms of design. Since schools were closed dur—
ing the fglsacalhmonth of June, illustrations of some items of the tests
could'ngt|be’produced; therefore only plans, item descriptions, materials.
descriptions and administration instructions could be developed.

A fina} restraint can be observed in the language in which the proposal
was written. First, several terms apparfently changed in meaning;or in rele-
vance to the project once development began. One apparent change occurred
in the description of sixteen tests for four areas. One test fqr.each level
of a curriculum area cannot bé developed so as to be equally relevant to all
schools. Since the schools maintain differenﬁ objectives, diffgrent'items

must be assigned to each school, even on the same level. Hence a more ap-

propriate process beComeé the development of an item bank from which tailored
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tests'can be developed for each individual program. Second, the time re-

straints and the differencea,in'natufeiof!curriculum required different kinds

of tryouts, making the language of the proposal seem ;ometimes inappropriate.

Purposes of the Test Development Project

The design of the test development project included not only the goal of
producing tests as products but also the goal of establishing feasibility of
the test development effort across a broad Spectrum of vocational-occupational
‘curricula. For this reason four different areas |of vocational curricula were

selected for test development. These four areas @iffered in hypothetical

e

difficulty of test development. The areas chos 2N were machine shop, wood-

AN

working and carpentry, electronics, and automobile mechanics. The automobile

mechanics area was hypothesized to be the most difficult since manufacturer7
- \
determined the curriculum, which therefore differed across competing mahu‘ar

-

turers. . ‘ -
The performance tests were hypothesized to bé sufficiently flexible td
fulfill many purpoees of a comprehensive evaluation system. Because of their
proximity to the desired outcomes, performance tests were hypothesized to ;
serve as (1) student diagnostic and prerequisite instruments, (2) diagnostic
instruments for the analysis of instruction, (3) criterion instruments, (4)

A

measures of'clas?room achievement, and (5) program success indicators. Each
j .

~ of these uses has already been piloted to some extent. .

The performance tests as‘developed have several ayplication conyeniences.
First, since the test items are paralleled to synthesized objectives, computer
selection of test items or "synob" comparison of items can be‘ueed as a meth-
odology for tailoring tests to instruction. Second, since the conceptual

|

frames of the tests can be described, each test has built-in potential up-




. Problems Encountered
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)

dating or extension by the classroom teacher.

~

Problems occurred from three viewpointe. First was the problem of ‘lack
of known direction, a handicap vhich often occurs in the area of development.
Second was the problem of lack of perfection or completion of the cbjectives

. '_
used as raw materials for, the development of test items. Third was the prob-
‘ i
lfm of contending -with dual scoring requirements and with seve*al different

"kinds of program emphasis and structure.
\

The first problém,has been emphasieed recently with the development work™
Iy \
done on criterion-referenced testing. From a conceptual point of,Niew, the

N

criteria preyiouslf used to determine the %rality of norm-refereficed tests
can no longer_be used for criterion-referenced tests. Since the measurement
strategy of the'criterion-referenced test and the performance test is to de-
termine the'possession of either a skill or the capability to carrx'out an
activity or process,lthe'degree to which the test differentiates between
subjects taking the tests does nothing to indicate test quality. Unlike the
norm-referenced test, in whieh measurement strategy is to distinguish between
subjects, the performance test\cannot be hypothesized to produce large dif-\
ferences across subjects nor can any specific level of diffirulty\be expected\
Hence, average levels of difficulty and large differences between subjects do
not indicate quality of the performance test.

In performance testing, some concepts of reliability still_appear useful,
while others appear to have logt their relevance. ‘:;liability over time, or
test-retest reliabiiity, is still meaningful as long as the time betwven tests

did not include opportunity for the subject to acquire the skill in questjon.

Since performance tests are designed so that each item does not necessarily
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refer_to tne game skill or activity,'reliability indicesndealing with homoge-
neity of tne test no longer appear to be relevant criteriavfor test quality.

The degree tp which the items of a performance test cover the skills of
an area and dpprokimate actual required performances vperates in a similar
relationship to the performance test as that of a prediction index to a norm~
_referenced test./ This degree of_~1m11arity might be compared to the concept
of fidelity s8¢ often used in the recording industry.

The second problem area involved the quelity of the raw materials used.
As should be expected, the synthesis process does notrapply evenly to all
areas and was pot applied with tlie same consistency to each set of objectives.

F

In the machine shop curriculum area, between 70 and’ 80 percent bf the cohtent
was described by the objectives. These objectives.posseased adequatE‘depth
across ekill areas to enable the synthesis process to produce clear eynther
sized objectiyes deecribing unique performancea. _The creation of items
parallel.to_the synthesized objectives and‘posseosing'the_independence and
flexioility required By the philosophy of the systew was a straightforward
process. | |

In the woodworking area, petween 60 and 75 percent of the content was
deecribed Unfortunately, the syrthesizers of the raw objectives failed to
produce synthesized objectives which dealt only with single performances.
Instead, the raw objectives.were syntnesizedppy similar or related behaviors
and the product cf this procer was a matrix of\Eﬁuilar perfdrmances (rather
than a single performance) wﬂth several form changes denoting differences in

conditions and extents across schools. Since these productsiseemed usable,

.

the decision was made to produce a matrix of test items geneJated in one-to-

' ¢ne correspondence to the performances included in each synthesized objzctive.




"This decision was the source of some time lost due to the expanded number of
test items which had to be written; hoﬁever, this increase in items was ac-~
companied by a large increase in test specificity, which increases the'degree‘
to which the performance test can be tailored to fit a given instructional
program without any noticeable loss of efficiency of the item banking process.

Due to the variance of msterial and the limited scope of the objectives
-developed for the electronic; cnrriculqm area; a decision was made to rewrite
many of' the synthesiced.objectinesr For more than one-half of the contract f—
period two of the test development team wembers strdggled to find a format }
within which the scope of the electronics curriculum could be described. By
expanding the number‘bf,conditions it was found that classes of performence
could be &escribeoVBy synthesized'objectives. Hence, thrbugh considerable
redesign and a smull set of compronisés of the synthesis process involving
uniqueness of performances and allowance of performance form changes, sub-
collections of electronics objectives could be written which would allow
test development along similar conceptual lines as those followed in the
development of the machine shop test. Results of the test development ef-
fort again produced item banhs, as in the two prenious test areas, with the
ftems possessing gimilar telationships to the synthesized objectives,

In the area of automobile mechanics, less th7h 50 percent of the content
was described by the raw objectives. Many of thé subdivisions of content werc
too sparse to aliow for the development of synthesized objectives In addi=
tion, the synthesis process applied seemed irregular across blocks ano unitsjﬂ _________
The 1’Ve] of abstraction of behaviors described by the raw objectives and the

interdependence of the performances raise questions concerning the appropri-

ateness of the synthesis process in this area. Certainly, the limited number
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of usable synthesized objectives and the necessary revisions of the existing

objectives made the decision to rewrite the objectives essential. Revision

I
/

of the curriculum descriptions were made in relationship to the job orienta-
tion of the curriculum. Test items were written around standard mechanics
tasks as described in the automobile mechanics curriculum. In some of these

items, synthesized objectives are tested in a format which includes a cluster

~

of the objectives provided by the ESCOE sYStem.‘ In other items, only parts

o

of ESCOE-produced objectives are "included in the new synthesized objectives ’
beingptested. Once a test item has been constructed, the process can be re-
versed so that system capability as achieved in the other three test areas
can be gained. Because of their time-consuming nature, tasks in the curricu-
lum such as disassembly or reassembly of & motor or transmission were not in-

' ¢luded as complete test items. Instead, either sample tasks ‘extracted from -

the large unmanageable task or written or pictorial selection items were

~created to test these phases of the curriculum,

The third problem area encountered was the difficulty involved in the

'exiStence of two separate scoring requiremenis and in the time limitations

of the test deve10pment project. It was not always possible to produce useful
in-class scoring of the performance item and credible, objective centralized

scoring of the performance through application of the same scoring process.

Therefore some items are guspected to produce more useful scores in the claés-

room than in a central scoring situation, while the reverse.is suspected of
uvther items.! Only time and study of the tests can alter or affirm these sus- !
picions. It is unfortunate that systematic refinement of the woodworking,

electronics, and automobile mechanics tests is not planned to occur along

tne same lines as those applied to the machine shop test.




eld testing procedures,

The following report includes development and fi

item bank descriptions, recommended analysis ?rocedures and uses for ome of

the four test areas briefly described above. .
/
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Introduction

The machine shop test has often beenireferred to as the Booth test, in
reference to Russell Booth, the Originalideveloper of the basic test format.
The test is the ploneer performance test upon whiqb.many of the basic ideas

_ 4
of the ESCOE system were initially implemented. .;t was the first test devel-
oped because of the completeness of the objectives obtained for the machine
*shop (urrlculum area in the Massachusetts pilot test. This completeness of
description by object1Ves was not replicated in the remainder of the ESCOE
‘project; perhaps. indicating some uniqueness of the curriculum area itself.

\'\

Work with the objectives in this area inddcates that the skill aspects

of tbc curriculum areveasily adapted to the behavioral objective format.
Performances are straightforward and can be described in terms of relatively
independent activities. ,The performance of the activities requested by the
objectives takes place in a somewhat standardized environment with a finite
sct“of alturnative behaviors. . Thus each synthesized objective stactes a fincd

‘desired berformance which is to occur in a rela.ively standardized environ-

ment.

Conceptual Scheme for Development

Once each LEA had described its machine shop curriculdh in terms of ter-
minal behavioral objectives, the objectives were grouped by desired perfor-
mance. Each performance grouping was then synthesized into a,single multi-
faceted objective called a "synthesized" objective. The synthesized objective
stated the unique performance and denoted the uniqueness of each LEA through

the inclusion of form changes, which were recorded for both condition and




extent. Ihis synthesized objective was used for the conceptualizatjon of the

machine shop test, and a test item was created in one-to-one correspondence
to each synthesized objective.

' The process through which .the test item was ultimately formulated was
one of communjication between a psychometrician and a consultant machine shop
teacher. Beginning %{fh the basic synthesizéd objective, the vocational
educator of fered a verbal description of the performance. demande%‘ Expecced '
time required to comp&ete the ﬁe§fotmance and uniqueness of the‘required per-
formance were then diségfsed. Following this verhalization the psychometri-
cian converted the performance description into a test event, which the vo-
cationdl educator translated into a form which‘cquldfbe used to communicate
the task to students. {n this case the form was b}ueprinting. Affer the
~ test item had been agreed upon, criterié for succéééful'perfprﬁance were
discussed and.a scoring scheme was devised. .This prqcegs was practiced for
each syﬁthesized objective until thé curriculum was completed. .

In the pilot run and iq the basic first test develqﬁed,'gqu about one-

A;bifd of the curriculum was tested. Field tests of thtg pioneer unit showgd
promise and suggested some focus changes as3ﬁei1 as the addition of detaiied
test administration directions. The past year'é work‘expandéd this test to
.tnclude approximately 75 percent pﬁ the curriculum and established a field

' \
administration trial of the total test.

N -~

\\\ Test Description
AN

\,

N\ .. .
Geneyal form. In addition to expansion of the original machine shop

test, seve;éQ teacher administration options were created. Figure 1 shows

\




\

\

N

'the‘item selection form, which allows the teacher to designate which iteme

Q

1are rn be taken by selected groups. of ‘students. Thus-the teachet can elect

\
to test students upon only a few of \the items or upon ahl of the items, can

] elect to test the whole class or onl part of the class, and can elect for '

the students to pursue the same testing program or for‘each student to com-

plete u different selection of items.| The item selection form- provides a.

vehicle through which the teacher can report his testing intentions if the -

system makes this option available. ' [

The total test is designed into oneretions performed on two pieces-which

can eventually be put together. Piece One covers 19 operations and Piece.Two

‘,,{

.includes 16 operations, as illustrated on the form in Figure 1. Using stan-'

: dard*grading practices, an additional l7 eupervisory and grading operatione

can be built into the testing proceesq Therefore. 52 terminel objectivee

l

can be measured by the perfqrmance teet. 35 of these performances result in
products which can be carrieﬁvacross‘years or levels of a student's progrem,
yielding visual product recoéﬂ% of his gfowth. The 17 remaining perfor-w

mances, most of which fall toward the completion segment of the curriculum,

- can be kept in written record form Figure 2 illuetrates a otential record

form for recording etudente' completion of grading 1tems.

" The total test was conceived' to require eight to twelve hburs for com-

o

. pletion, and only the shop toola normally present in any machine shop in-

»t
structional setting arg needed for the administration of the test. In fact,

it As. felt‘that greater instructional validity is gained when the students

are teeted on the same shop equipment on which they were instructed. Heﬁce

no change of equipment or additional equipment is needed to conduct the test.

Administration procedures. As previously streeoed.'the machine shop
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o ' ' _ MACHINE SHOP ITEM SELECTION PORM ‘ '
. : 8chool Clane e

Testtng | ?

Nuwber Teught OLjective  *

PHECL ONE OUPERA D Ll .
FLELL N QURALL Nuaber ‘To Attempt Ubjertive

\ ' ‘ Vat sl qtan b ’ i |

-

g :.. Ponttfon stack tn chuck - : ' . BESI cow AVA“-ABLE

Pace of { und center drill both ends
e .

Place between centers o s Y

layout varfous "stepa” ' ' 3

Straight turn all dianeters : ‘ ' ' s

u

Perforn “c,mng operations
Cut chamfers |
o ! ' Cut thread to be "chased" (tool bit)
\ Reverse E‘ece - : N
\ ,Shouldor turn |
Tapéi-:;;;
Cut thl;:ad with die
Drill and tap hule
Cut goodruf kevseat
’ \ Inspection
Repﬂl’ Lenter holes

Cylindrical grind (taper) : I A ' . ' L

. Inspection (taper and £inish)

‘MACHINE SHOP ITEM SELECTION PORM
. _ School ___ __ Clade Y,

- ) ‘ S - Testdng 1 2

. humber Taught Objective L
. Mumber To Attempt Objectiye ’

.

PIECE TWO OPERATIONS

Cut of\I 'sn:ck (pover saw) . X
Plain m{11 (ot end nf11) to thickness \

\ ) Posftion stock In chuck of lathe K '
Drill, b\re end cut thread

Inspectton for thread

Pesition stock in vertical m.m.

Bore out :h\ thread
Cut keyway |\ ' C . : / . .
tumeriial contgol . ;
Press piece on pandrel
Turn OD and fnspect - .
) _ " dount on {ndex centers >
«ut gear teeth or cutter teeth ano t?upeét
Heat, treat and (nspect

RN

:utter grinder and inspect (if necessary)

Surface grind toth éides ! -
o . s :
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‘test requires onlp the normal machinery or equipment used in lnstruction.
- The only additional materials needed are (1) the pieces of stock, (2) the
instruct lons for administration, (3) the blueprints describing the test
{tems, and -(4) the optional grading kit. |

Figure 3 showe the administration instructiops used during the field
tests Obviously, these instructions are highly dependent upon plans for
~ data use and upon the system s reduirements. Different 1nstructions will
be necessary if all students are to take the same test. Figure 4 kecords
the instructions given to the etddente. ‘Again, hese instructionﬂ depend
upon system requirements for much’ of their content. fbr instance, if the
test were to “be centrally acored or graded, the students would be/instrucr

ted to use the grading kit rather than the instruction center prdcedure.-

Figures 5 and 6 illuatrate the test kit used for the field tests.__ L '_4

"Field Testing x
. \

\

‘1 The machine shop test waaifield.tested in three schools over several

K e
-

- levels of students (Levels l, 2 and 3 in four-level programs, Levels 1 and
2 in three-level programs) at two different times.. the field test was
degigned to (1) develop estimates of requirod testing times, (2) produce |
estimates of, item difficulty, (3) produce some estimates of test-retest
reliability, (4) try out administration instructions, (3) try out record-
ing forms, (6) gain the reactions og ahop’instructora to the tests, and
(7)'indicete directiono for future'revision "~ Although the sample3si;eﬁ

was greatly decreased by poor timing and by a somewhat reactive attitude

in the field to the fact that the ESCOE system was being terminatéd, thus
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* TO_THE STUDENTS o

You have been selected to work on a government-aponsored study, of
Ty vocational education, specifically machine shop. This is a "field
test' ‘so that we can modify- and improve the test before giving it to .

. . - more students. : .
' , ' | ' o
Your performance on these skills (in the lathe, drill press, and

- . o
«

'bench’work afeae) will noc'be counted toward your'coo:se ﬁork. A

. checkl}st ofoperformance'(lncluoed 1n'you: cest kit) will be kept,
- Qs you will be bringlng your test piece to the inspection center for
check1ng after each step is performed. éowever, if the inspection ’

. area is full or the checker is not available, just go on to the next

.,
[l , . ..

step.

1 ) . '

Your test kit contains either one or two pieces to be worked with,

a saquence of operations with imstructions, a blueprint, and the check- ®-

N ~ N >

list already mentioned.

You are not expected to be able to perform all/the operations, and : c

no one;s work will be perfect. Do ngt do those opgrations you have not

had expcriehce with.

Arc there any questions now, before you get your test kit’

o —-
&

- - | (Pass out kit) /
Any further questions?
Please keep this piece and work on it wheneVer you have (Jmpleted

any of the itenms. | 0
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Caelamli

~

[

i seence o3 Lo v peflormed

10

il

Plece has been reversed between the centers.

“¢ [ the freshman {s capable of pérforming this opuration, 1t will be the

sixth operation i{n sequence.

Y

J

5izes of threads may be changed to accommodste availadle taps and dies.

*

. Day #1 \Oav 2 -

\
v

t : —
b
L b ’

Dimensicns for external threads are given for thresd micrometer measurements.
It the LEA teacher wvishes to test the three-vwire eystem, the students will
compute the messurement . '

At the discretion of the locsl tescher a I'Cl'll.ht slot may be substitured
for the Woodruff key slot.

\
-10- , Fioteh T
) . BLE,, : Start o
* " . BES‘ CUP' AV““-A ubtract Breaks
\ TOTAL
EQUENCE OF OPERATIONS (PLECE €1) I
- s |  Tiae  Satisfactory
vperatton | Block  Unit  Dimensions | Required
Face off both ends o1 o .6-1/8".
Ceater deill both ends 01 05 3/16 Dia.
Straight turn o1 ol 1-1/8 ' '
. )
3/16x.553 .
Necking 01 10 5/16%.620
: 1/4x11/16 - ;
Chan! er : or° 13 3/64 and 5/64, ‘ )
) \ X 1Y h .ﬁ ',‘
Shoulder turn o1 08 1/8x1l/l6. [ Lo
* Taper turning (1]} 22 .875x.77522.000
. - .000 ) iw
Die-cut 5/8-18 09 13 p.. .se9 Dol :
: : l / b
Drtl} (for tap) 03 04 ..201" (97 dr11) Lo
. S, ! X
. . ! : '
Tap (1/4-20) 0 o mo. o217 00 ! ‘ :
Cut ext. thread 3/u-10a8 M e e85 000 o ' -
: : [} i
S I '
M1l keyway L2 02 o7 .250" fm;‘ i o
' BOTES (PIECE 1)

Unuat4atactor

—-— o —— = = ——— - - ——
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NAME o e+ o - ¢ e s

GRADE LEVEL .- .
—~a

[

\ X Sequvm-.v
| ! Nusber
I l
2
w
)
. .
¥
2
3
i s
.
v
¢ 5
¥
n
e bl
» .
[
:ﬁ T
C 8
h o
B ‘ 9
. l 10
[]
!
; i i 11
. 12
13
14

& No decision hes besn made on inspection of the matching operations.
the holes may be checked by measuring over inserted pluge (pleces of uilil

- 1 2-
BEST COPY AVAILABLE

SEQUENCE OF OPERATIONS (PIECE #2)

vprration

il (for boie o1 Leam)

Bure or ream AN

Lut keyway

Face otf or mill to thickness

Strnlgh; turn (cleaning cut)
Prepare program (N.U.)
Prepatre tape (N.L.)

Delll and cntrsk (N.C.)8
Cylindrical grind

Set up index head

Cut milling cutter tecth
Harden and tewpet
Crlnd clearance angles -

Sutface grind

Fy ‘ .
Block  uUniy  Dimensione
02 02 nney
02 ul = "
02 0y  1.000
0? 07 .250x%.125
' 02
02 0s 30
) a1 1-1/8 -
08 01 .
/
08 .02
08 03
1 01 3.7%0
02 11 No errot '
ellowed
Ui 09 1/2" deep
11 n2
]
1 02 ‘_'3.,
17 -03 .250

NOTEBS (PLLCE #2)

1.

Pintish’
Stare

Suntract Breaks
TOTAL

‘ Time
Required

90

this would necessitste adding & reaming cperetion to the procadure.

plate.

.vay s

o e, ce

.

-

Unedt

-

The position of
rod), end

Because of the 1/4" thickaess of the plece, it sy be necesssry to produce @& backup

Tolerences’ on dimensjons will be dsatermined by the LEA to confora to rav objectives.

v .
Sheet 71 will be ueed 1f numericel control is tested. The holes will eudbsequently g
be milled out of the plece when the gear or @illing cutter is made on the ailling
sachine. It 1o suggested that the ailiing cutter be made becaues:

1)
2)
3
6)

le ueed.
$)

®
Objectives releting to gears cen be effectively tested on writtén teste.

The 6Q° engle cutter is more likely to bs evailadle in the shop.
Objectives pertsining to cutter grinding can be tested.
The resulting cutter may be put to practical uee in the shop.

The results of the hest tresting wili be more impressive vhen the cutter
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prevent ing the administration of some posttesté in the reliabieity study,w
the ficld test was deemed é_success on all seven purposes.

. -Table 1 rep;esent§ the distribution of students cooperating:in the

IR

test. Results from any one gfoup'a:e not reported individually since édmég

‘parison of schools was not part of the field test. This table shows only

participation for the testing and does not include separa;efitem,counts,
ﬁptch are reported in later tables giving btatistiesﬂforf1ndividqa1~items,
It should be noted here:that not all students teok every item and that not
;11 students participated in the second tébting.

Table II records the average time required for Eompletion across ltems

as well as the number of atudents completing each item. ‘This'table also

4

indicates both maximum and minimum times to completion by levels of stud-

ents across testing sites. It can be seen ﬁrqm Table 1II that the var{;nés/
of time needed tolccmplete'each itém.vaé greater than expected, causing g%e
total range of required time per center iLo vary betweeﬁ‘eight«houréfand-16
hours--eight being the minimum estimated an& 16 being four hoprs longer
than the maximum estimated. The overage time of'9.8 hours is 5hat under
the predicted tqn houré. These time eetimatés should be sufficiently ac-
curate to providé the test adninistrator with completion time estimates for

any combination of itgms. However, the field test did indicate a need to

improve or standardize time-keeping ﬁrocedures and to provide a better-
. i

organized form for recording completion time.

Table III répresenta the estimates of item difficulty calculated from N

the field test. Most of the percentages of correct response rangad from 60
to 80 percent--perhaps indicating that the items are not quite difficult

enough. This indication is not of serious concern, however, because of the

' \




-"1“ .. L . "15"
f
j .
| -
TABLE I - .
4 SéHOOLS PARTICIPATING IN‘MACHINE SHOP FIELD TEST
- . .
School . , . Level" No. of Students |
Diman Regional Vocational- 9 6
Technical High School- .
: ' _ 10 6 e
DS S 4
.. Greater Lawren.: Regional o C9r* 6. .
Vocational High School ok '
. ‘ 9RT 6 -
’ 1t 3
1Y ‘
1RT* 3
" Nassau County'BOCES 1 ' 2
3 2
* Test
"/ k& Retest ‘ N ¢
//
) //




TABLE LI

TESTING T IMES FOR MACHINE SHOP*TEST ITEMS

" (Average Time, In Minutés, Reported for lLtems
with Maximum and Minimum Times Observed at a Test Site):

Average g Maximum Minhum

Numher - Completion Observed -  Observed
Item Taking ~  Time ' Site Time -  Site Time

1 37 . 12.2 22.8 3.6

2 36 5.4 17.5 32
3 18 4.6 - . 88.3 15,0
4a 37 14.2 30.00 5.3

w3 14.1 - 22.0 s
he 37 13.5 . . 203 5.5
5 37 9. . 250 1.0
6 37 14,5 45.6 " ' 2.0
7 35 - 28.2 55.6 . ~ 16.4
8 34 7.7 -~ 3.0 . = 8.8
9 33 - 8.4, 18.5 2.8
10 LR 8.9 | 17.5 2.0
1 .29 L 29,9 72.3 6.0
12 2 13.1 . 22.5 4.0
13 3 10,0 10.9. 10.0
1 10 . - 20.8 27.0 14.5
2 9 19.7 30.0 11.5
3 | 110.0 0.0 10.0.
4 11 . 76.4 84.1 67.0
S Al 24,2 29.4 . 20.0

6 11, 63.6 ' 84.0 Lo
7 11 44,1 41.5 40.0°
8 6 103.8 105.0 103.2

! o
: ¢

‘,__-2.




"TABLE 111

ITEM DIFFICULTY ESTIMATES FOR MACHINE SHOP TEST

(Indices Report Percent Correct) -— o . e

>

)
-

‘Number Percent

. C Number
Piece. . _ Item Taking Correct Correct
1 1 Y 2 . 2
1 2 % 2w T 7 Ter
1 3 8 VA - 70
. 4a 37 14 — 38
1, 4b oW 15 w0
1 be 1 16 W@
1 5 37 25 66 i
1 6 37 2 .08
SN 7 35 16 46
1 8 TS 27 80
1 9 B T \ 90
L "/ 10 B T S 84
1 11 ' 29 20 | 68
1 12 24 | 6 67
1 13 33 100
2 1 10 10 - 100
2 2 9 9 - ' 100.
2 3 5 5 100
2 . 11 9 81
2 5 11 7 63 .
N 2 6 ) 11 9 81
2 7 11 9 81
2 8 - 6 4 67

X
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. to bé the most dl[ficult, and L__pexhaps_the—mes%—desfrabtﬁ“iE" from a

- .

number ut advanced students taking/the test. Item 4 on Piece One appears

N

e e

difficulty level standpoint.r~ No incorrect responses were recorded on Item

,l3 of Piece One or Items 1, 2 and 3 of Piece Two, HeweVer,'pnly a few stu~

dents attempted these items, and due to their natute there appears to be no
reason for concern. |
Table IV indicates the results of the reliability ‘study. uué to fail-

ure of two of the participating schools to provide for adequate retesting,

: _the reliability study had to be based on a smaller than desirable sample.'

Two indices of test-retest reliability were computed The first ceefficient :
represents the percent of agr eement between the pretest and posttest perfor~
mahces on each item. The second reliability estimate is the correlation of
pretest completion time to posttest complétion time for each item, A'feﬁ
items gave:sufficient evidence of weakvreliebility to merit.analysis amd .
fhrther-study. Conceptual analysis of the'four items indicating low ‘relia-
bility estimates failed to produce any reasons to suapect their consistency.
Item 4 on Piece One showed low but acceptable reliability in terms of

replicated performance success, but showed little or no consistencyhln terms

of completion time. This phenomenon is perhaps due to the difficulty of the.giw'

item‘ Items 2, 7 and 12 on Plece Two ihdicated low percents of agreement
(all neer 40 percent\lerels). Items 2 and 7 also showed 1°€ completion time'
cbrrelatiohs. Perhaps their order of atteept could be an explanatory faetor;
further study should be conducted. The remainder of the items possessed ac-
ceptable reliabilities and percents of asreement (55 percent or above) and

in most cases also showed acceptable correlations’ be\ween completion times

(60 percent or above). The time reliability should improve with imprqved
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TABLE 1V
TEST-RELEST RELIABILITY ESTIMATES FOR THE R
' MALHINE SHOP TEST ITEMS (N = 11)* |
. ’ ‘\A
‘Percent of ' Correlation Between
Plece Item. Agrgement**_ Completion Times™**
1 1. 6 | !
1 2 37 : .45
1 3 | 100 | . 42 .
1 b 55 ‘ .08
1 &b - / 4 | .06
1 se -5 a0 T .04
1 5 | 75 o .27 |
1 6 42 ' .22
1 8 50 ;71
1 9 100 .81
1 " 10 67 . R &
1 11 62 - .65
1 12 40 o - .98
1 13 - --
2 1 100 ‘ .22
2 2 80 .65
2 3 100 .36
2 4 80 | .46
2 5 67 £.69
2 6 60 .70
. 2 7 60 .25
2 8

100 .67

.

* Not every participating student completed each item.
#% Scoring same on posttest and preteat.

**% Time on pretest cotrrelated to time on posttest./
' /




timlng and recording procedures.

The fleld test generated the following comments concerning the machine

shop test, the testing instructions and the recording forms: | -

Diman Regional Vpcacional-Technical High School

1. Type of steel: " Piece {/1 is machine stéeel, cold-rolled ' o
Piece #2 is Carlion t®ol steel (finished piece can ‘be
used) . , /

l‘

2. Any operations may be alteted to fit" achool ;} e., on Sequence #8 'Diman
Regional used 1/2-20 instead of; 5/8-18. Also, different type ke ay was
cut as there were not enough“mgghines to cut WOodruff key)."

-.._ ¢

3. Sequences may be altered if machines are not available or other limita-
’ tions arise.

4. Only one piece of stock is available per student. 1Anyvmiatakés.shou1d .
alter only one other operation at most. . '

5. Checking can be done by the teacher Bt the end of the opera ion. There

’ are too many operations to check after each one (each student should
check his own after each opegation). Estiqﬁted time to check each Piece
#1 is 5-20 minutes. If tigh senioré may be used to check work.

/-
6. Tools required have not been listed so thaﬁ each school can better fit
‘test to, existing conditions (ex: after nugerical control. Piece #2 may
be strapped to table, put in vise, or hagb a special piece made up-to
hold it). / '
Alternate view: Do not list tools necesgkry--may cause%rigidity in
viewing test. s ‘ :

7. Straight turning needs three time areas.

" Greater Lawrence Regional Vocational High School %“

1. -Perhaps an arbor piece could be made or provided for each school to cut -
flukes with dividing head. :

2. Staggered start could ﬁe made on Piece ﬁz,laome doing numerical control.
3. Type of metal shoulc be listed for Piece #2 (No. 11 npeciall.

4, Make note on blueprint that center hole can be left in.




}

Could put a 5/16" ream at tapered end of Piece #1.

> a. Center drill o]
b. Drill and ream , i | |
6. Set up the dividing head only once for all students.
7. Cannot do Plece #2Awork on a milling machine (Block 2 sequences?.
8. Change sequenée f;om_l-2-3t4:5-6;7-8 to 2-3-8-1-4-5-6-7. h‘{
9.:.Diameter should noﬁ be diffe;;nt; 4".vs. 3.?5" on some piéces.
10. Do only eight operatioms. . = " o

General Comments: These tests are good for the studeats as they uncov-

. ered weaknesses--i,e., students who were proficient in certain areas

were given projects or "jobg" covering those skills while others were
weakened or left undeveloped. (It was too much like industry with the
specialization that went on in the shop.) : '

Nassau County BOCES‘

1.

. 5%

7.

about two hours per day all year.

"create a toolmaker rather than a machinist."

Pigée #1 test is tougher than state practical test for shop teachers,
which is a five and one-half hour test. Students are in machine shop

3
A

Piece #1 test is good«for all grade levels (two grade levels are mixed

.in together for machine shop).

. Make Piece #2 square so that lathe is .not required prior to milling."

Make only one undercut on Piece #1.

Make tapered arbor out of Piece #1. Standard taper could be made in-
stead of listed taper. f

Eliminate the_3/4" thread and make the small thread a turn thread to

Many of ﬁpe constructive“c}iticisma [discussed prior to the field test)
werg;eliminated from my mind once I received the-wgll-written instruc-

tions on the testing proceﬁures. ' T r

\ . ’ . "‘"

The objectives built into the drawinge are excellent, with the possible
exception of Piece #2 (Note #3), being actually used in the shop, due

to safety reasons.

The objectives pertaining to cutter grinding can be achieved tarough’
the grinding of standard type cutters.

—
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) : Revision Recommendations

The field teet brought out the need for several revisions. Items »
and 7 on Piece One and Item 3on Piece Two should be redesigned. The grad-
B ing iteﬁs ehould be better structured and shoyld: be included as part of the
total test, Improved instructions for timing and grading the- performenoes
,.eusffbe written.(perhaps by a machine shop teacher); possibly the instruc-':

tions should be recorded on videotape.

Before closing this report two concerns must be discussed. The first

\ ”}'
. is with the potentiality of creating different forms of the test by simply
chenging‘theﬂuetel pydvided for the test item operations. It is conceivable
. that parallel forms of the test-can be created by changing stock or by chang-

ing machinery upon which the operations are performed. The change of mater-
.ials is preferred, since the change of -equipment may threaten the validit&

of the test in meaeuring the output of inetruction.

The second concern is8 with the centralized ecoriﬁg kit. There appear

to be two ways such a kit_could be conetructed,ewith a third ootiou being -

- c

~that of the scoring center used during the field test. The first ooeeibil-

ity for centraiized scoring 18 the use of plastic measutres color-coded to
facilitate reportﬂog and to disguise the correct reeponee measure. These
plaetic pleces wouid be inversely shaped to the performance test producte.
For each test dtem, several plaetic_meeeuree would be included in tue’kit:
a red piece at the lower tolerence threshold, blue at tﬁe uoper tolerance
level ~yellow in the center, green elightly below tolerance, and white _
slightly above tolerance. The student would be instructed to-try each

LN

plastic piece until one fit his product; the color of the piece fitting
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1
would be recorded and Reyed fof scoring at a central iocation.

The second possibility isAsimilar.to the first, except that}it.makesa
336'05 the tools normally used for me#eurement in the shop. A eet of IR
calipers would be customized to meesure oely_the tolerances of each task.

Each caliper wbuld be numbered, and the student would report tﬁe number of
the smalleet caliper setting which fit the cut. Keyed caiipet codes could

k* _
be. checked at the centrbl office to determine that the measured slze was

b {

withiu tolerf&%e. Eitner of the two scoring forms described above would

" apparently be feasible, with the plastic keye being preferred because of

B the advantage of simplicity. ’{ o A \”
- . 4 ' - .
S Future development of tﬁe=bachine shop test should investigate the | \

\ifw reliabilities inoa ‘controlled study and experiment with the centralized

chring models. However, prior to any further work a more detailed state~

c

ment \of misgion should be formulated so that future studies can. continue

the development of the tests within those frameworks in which they will be

-

most often used.




