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ABSTRACT
The purpoge of this study was to determine and feport on Ehe'mathe—
matical knowledges akd skills that certificated journéymen from each of
three selected trades considered necessary to possess in order that they
»ﬁay be able to practice‘their trade in a successful manner. The three
trades selected.for the study weré thg Motor Mechanic trade, the Heavy
Duty Mecﬁanic trade, and the Welder trade.
The study arose out of rgps?tsforiginating from sources beth ﬂithin
and out;ide of educational circles exp(gss#%g concern about the su;Laf

bility and adequacy of matheﬁaﬁics instruction offered by the publicly

supported schodls. Some degree of dissatisfaction with the level of
. : ®

mathematical knowledge and skill achieved by students enrolled in high
v .
school vocational education programs had been expressed from time to

time by teachers and admiqistratofs of these progréms; These concerns

. had resulted- in the planning of an “Assocfate Studies" program by one
urban comgosiée high school. Thisaprog;am consis£s of ‘a clﬁster of
»chationally related general education subjgcts whdse curriéuiar
objectives were aimed at meepjng the needs of §tudents.anolled in
vocational education prégrams of sfudieg. «

) ‘fhe study; in deaiing wifh theAgeheral problem'bf mathematical

'¢ompetencies requireﬁ by jourpéymen attempfed to answef the following
questions:

>

1. What mathematical knowledges‘and‘skills do certificated

Ajourheymen cogsidér necessary. to possess in order that they may be e ;”
able to practice in a successful manner the ttadés of Motor Mechariic, ~
. : & e
Heavy Duty Mechanic, and Welder?

2. What mathematical knowledges and skills do certificated



journeymen consider desirable to possess in order that they .may be able
u%{practice in a successful manher the trades of Motor Mechanic, Heavy
Duty Mechanic, and Welder?

The design 5f the study‘called for opinion data to be obtained from
certificated journeymen sampled from each of three discrete populations,
namely, Motor Mechapics, Heavy Duty‘Mechanics, and Welders. Each of

these thrée populations was stratified as to the function performed by

- ”

. ,
the journeymen. These fuictions were placed into the following three

-

groups: - Supervisors; Journeymen;.Instructors.
The data for the stBy were obtained by means of a questionnaire in
the form of a mathematical checkoff list consisting of 45 mathematical

competency items-wbich respondents were asked to rate on a three poig}

Likert-type scale as ''necessary'', ""desirable'', or '""not needed'.

The data presented in the study show that 18 mathematical knowledge
and skill items wefe judged "'necessary'' by 50 percent or more df'fhe
respondents from the Motor Mechanic sample; 20 items were jhdged
(

l')'n‘ecessary' by 50 percent or more of the respondents from the Heavy Duty

1
QMechanlc sampleg and 25 mathematlcal knowledge and skill ‘items were

-
judged_fnetessary” by 50 percent or more of the respondents from the

Welder sémple.

The 'study, presents data in the form of compound bar histograms and
proposes a method of using these histograms to design mathematics

courses whose curricular objectives will meet the needs of students

enrolled in the high school vocational educatien programs in Automotives

and WeMding.

Vig ' | 7
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CHAPTER 1 J

THE PROByfg’
Introééction

® The enactment of the Technical and Q;EEF' nal Training Aséistance
Act marked the beginning of a new era {n the long history of Federal
Governmeﬁt participation.in techniéal apnd vocational education in Canada.
Cohen, (1964) traced the history of vocational educafion in Canada and

‘enumerated the developments which led up to the passing of the Act in

December, 1960: =
The financihl involvement of the Federal Government
in yécatlonal Training goes back half a century to
L the {ears immediately preceding the first world war.
The Agriculture Instruction Act of 1913 provided

$10,000,000 for projects in agricultural training.
The Technical Education Act of 1919 did the same for
industrial and technical education and introduced
the principle of matching provincial capital ex-

. ‘penditures. The Vocational Training Coordination

‘Act of 1942 established the added principle of e

“ federal .contribution to operational expenditures.

' This act was replaced by tht Technical and Vocational

Training Assistance Act of 1960.

1. The acceleration of technology which has been

particularly apparent in the post war years, has

. brought a growing demand for workers with higher
levels of education and training and with the
ability to adapt to a continually changing -
environment. The employment group embracing

~skilled, professional, and white collar jobs bds

be growing faster and is larger in numbers than

2 ¢ oHup consastlng of seml-skllled and unskilled .

_obs..
2. .anaca as been faced with the:Serious ~ee -lems of |
yc . g people leaving school too early. The ma-"~
jor '+ of yO@uths who have been entering the labor i

force -have not had shffucnent education "to meet
the needs of industry.

3. The 15 to 19 year-old age group has been growing
rapidly since 1960 and will continue to do so
until 1970.



L. The level of education and training of those
already in the labor force is also cause for
concern. About 43 p.c. [percent] of the work
force in 1960 had an education of grade 8 or
less. (pp. 737 - 738)

The Act (Statutes of Canada, 1961) which resulted from the recoghition

-of the above factors provided for Federal Government assistance for
nine differen; kinds of programs.. The one which concerned this study

referred to sgcondary schools:

The minister may, with the approval of the Governor )
in Council, enter into an agreement with any
province, for a period not exceeding six years,. to
provide for the payment by Canada to the province
of contributions in respect of the costs incurred
by the province in undertaking a program of
technical and vocational training in the province
for the training of persons in technical or
vocational courses given in regular secondary
schools in the province where such training is
given as part of the regular secondary school pro-

gram. (p. 39)

Alberta entered into such an agreement with the Federal Government and
the massive bUiIding ﬁrogram which ensued resulted in the opening, in
the fall of 1963, éf vocational higﬁ ;chools in the larger'population
centres thrqughout thé province.

The new vocational high schools were organized.as comprehensive
schools which offered, in addition to(vocational éducatibn, a full range
of programs‘incfu&ing academic;ﬁnivérsity-matriculation, general non-
métricu1ation,.as well as a wide-cﬂoice of optional subjects. ‘Most of
the vocational subject;, especially the ones which were of a>teéhnical
nature,‘wgré half-day programs yielding fifteen or twenty credits per
yea? in Grades 11 and 12. Students enrolled in ;ocational programs.
Spent>approximately half of their school day fn‘the vocational sub’ect

"whilé the other half of the day was dévoted-to the academic or'gerzral

subjects needed to complete the requirements for the Alberta High School
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Diploma. This sgemed to be an‘adequate arrangement because it provided
fér acquisition og skills spe;ific to aﬁ occupation while stili.doing
justice to the traditional general knowledge ob)ectjves of educationy

The academic and géneral subjects offered by the vocational high
schools held-a position in relation to the vocatiunéi‘subjects which:went
much beyond simply providing a balancing component of general education.

1 ,

This was due to the fact that many of the vocational subjects dealt with
technologies wh?qh were founded upon the academic‘aisciplines, notably
the mathematics ‘and the physical sciences. These subjects were perceived
as necessary studies parallelling the vocational offerings, often to the
point of being prérequisfte to their successful mastery. Kidd ;nd
Leighbody (1955) referred to these supporting disciplines as "related
subjects'' and discussed approaches and ;trategies teachers of these sub-
jec;S were to employ to insure that they were presented to the students
| as they éppiied to the vérious vocational subjects (pp. 177 - 188);
Teachers of vdcational subjects were thereforé~keénly”interested in the
"quality of instructjon in academic ana'general subjeéts and in the

£y

appropriateness of their curriculum content for vocational education

stucients.
. ¢

of the‘academic éndAgeneral subjects, the one that seemed to a-
rouse the most cbn;ern on the part of vocational educators was mathe-
-matics. One can only speculate as to Why mathematics Qas singled out
from aéong the other related subjects b&t if may have been beeause of
- .the importancé that'basié méthemética] skills have in subjects that are .
tradg-oriented, or because, shortly after the initiétion of the high
school vocafiohalAeducation programs, hafhematics instrucﬁional-ob-

jécr’ves -and curriculum content underwent a change in emphasis signa.lle.d'4

by the advent of ''Modern Mathematics'',



-

In order to more fully appreciate the implications of the change of
emphasis referred to above, it was thought advantageous to examine some
of the considerations which affect selection of subject matter for

curriculum content. Smith, Stanley and Shores (1957) presented five

standards that had been used by curriculum workers to guide their de-
cisions about subject matter selection. The first standard related 'to
the significance of subject-matter to an organized field of knowledge;

does it fit into a series of specialized sequential courses? The second
‘o

standard was concerned with survival; had the subject matter wi thstood

.

the test of time? Thirdly, was the subject matter useful in preparing

people: for the performance of activitfes tHought important to life?

8

Fourthly, was the subject matter interesting to the learner? Did it meet

his 'needs''? The fifth standard asked the question "does the subject-

matter contribute to the growth and develbpméht of a democratic so-
ciety" (pp. 133 - 137). These principles have been applied either singly
or fn combinétion to govern decision-making in the area subject-matter
selgction %or chrfculum content. The change in emphasis referred to
abo;e was manifested }n increasing concern wifh satisfying the first
criter}on when selecting tﬁrr}culum conten% in mathematics. Worth (196h)

wrote as follows in Thé A.T.A. Magazine:

In essence, what is being proposed by writers like
Jerome Bruner in Process of Education is that what
is taught should emphasize the structure of the

“subject . . . Here in Alberta the emphasis upon
structure is beginning to make itself felt through
the new elementary mathematics program based on
the Seeing Through Arithmetic texts. (p..7)

—_—

Need for the Study

In recent years, as evidenced by reports in the news media,

periodical articles, and reports of research findings, there has been

“~
kN

° i

~ N\



‘mounting public concern about the adequacy of mathematics instruction

and the appropriateness of mathematics curriculum content in the publicly

suppor ted schools.  As an example, a report in Edmonton Journal kntitled

New Math Just Doesn't Add Up" (July 19, 1976) stated in part: "The new

" math has been a wipeout,‘mainly because teachers don't understand it and

the textbooks they~use are a rip-off' (p. 1). The controversy raged over

o

a value judgment as to whx/aathematics should be learned. At one extreme

s the view expressed by Carmichael (1922) who stressed the “larger

human worth of mathematiés” and stated that “mathematics is autonomous.

logically, the mathematical sciences can be developed in complete

: independence of other sciences' (p. 462). An opposite view was expressed

‘
<

by Kline (1958) who wrote:

It seems curious to me that when the modernists
talk about applications they make no mention of the
application of mathematics to mechanics, sound,
light, radio, electricity, plasticity, chemistry,
chemical physics, physical biology, and the various
branches of engineering. (pp. k20 - 421)

in short, was matBematics to be learned as a mental exercise purely for

its own sake, or was it to be learned for application as a tool in every-

day life and work?

Even if one were to have acpeptéd the view that mathematics should -

be learned for use as a practical too!, there did not appear to be enough

information availabbe on exactly what mathematical knowledge and skills,

‘would serve a given purpose. . Referring to this problem, Griffiths and

Lo
Howson (1974) wrote:

lgﬁorance concerning what users of mathematics -
actually need, as distinct from what academic
mathematicians think they may need is beginning

to be combated by certain surveys. These attempt

to find out what mathematics is actually used by

graduate engineers and mathematicians in-their

later employment. (p. 122) B



Broad (1972) commented rather tangentially on the same general problem

when he wrote:

Insufficient studies on apprenticeship have been
carried out in North America despite the fact

apprenticeship as an educational method is both
widespread and common., (p. 116)

"
<

. . S
Nelson and Halfin (1976) stressed.the need for direct approaches to

curriculum development as opposed to the more frequently used indirect
ones: , o

Most curriculum developers have taken an indiregt or
discipline approach in answering these questions

All of the indirect approaches provide useful
information. However, total reliance on them wsually
results in a curriculum which is not attuned to the
students' present and future needs. (p. 246)

In consideration of the foregoing expressions of opinion, it was con-
cluded that there had been-a Iaﬁk of research on mathematical needs in
'occupations, on apprenticeship training heeds, and-also in curriculum
develoﬁment using direct methods.

This study attempted to Make a contribuxion to trade méthemqtics
curriAUIQm development by meeting eacH of tHe three cha]lenges enumer-
ated above.  The researcher asked.journeymen certificated in each of
three’se[ected trades to identify the mathematical needs of their

.

occupations in order to provide data that may be used by curriculum
C — - . .

developeré in the desjgn of high s;hoél mathematics courses to meet the

o

needs of students enrolled in high school vocational education programs.

Q-

Purpose of the Study
g [ -

The major purpose of this study was to identify the mathematical

a

skills, knowledges, and understandings, that”certificated journeymen per-

forming the functions of either supervisors or practiEing tradesmen or:

2

d

instructors considered necessary to possess intrder that they may ﬁf

~

.b\
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able to practice their trade in a successful manner. More sﬁecifically
. »

the supporting objectives of the study were: " RN

I~ To ident!fy the mathematical knowledges and skills which were
""necessary'' for journeymen to possess in order that they may be able to
perform successfu}ly in each of the fhreé designated trades-of Motor
Mechanic, H;avbeuty Mechanfc, or Welder.

‘

2.- To identify the additional mathematical knowledges and 'skills

which were ''desirable' for journeymen to bossess in order that they may

. . vy
be able to perform successfully in each of the three designated trades of

MotorgMechanic, Heavy Duty_Meﬁﬂ%nic, or Welder.

3. To devise for each of three trades, a trade mathematics histo-
gram which éfaphically illustrates the importance of each mathematica{
skill required in ea;h of the three trades named abave and which may be
used by designers §f curricula forlmathematics courses to be offered to-
students enrolled in the high school vocafional education programs of

Automotives and Welding whose corresponding trades are Motor Mechanic,

Heavy Duty‘Mechanic and Welder.

Delimitations and Limitations of the Study

The study was delimited to the subject of mathemaxicscgnd to the

designntedbtrades which corresponded to the vo;ational high school pro-

»

grams in Automotives and Welding. " These were three in number and their

relationshi~ -c vocational high school programs was explained by Alberta

-

Departmer.® < ~ation (1976) as follows:
Sor tional High School Programs are similar in
scop* ‘he junior periods of some apprenticeship
B progre in particular similarities prevail be-
twee: . Lutomo=ives and Motor Mechanic ap+
prent .ce Aut-motives and Heavy Duty Mechanic
- app-enti- - . Welding and Welder apprertice-

/

ship. Ip.



The study was aélimited to the designated trades.khich corresponded
to the High School Vocational Programs in Automotives and Welding, name-
ly, Motor Mechanic, Heavy Duty Mechanic, and Welder. These three trades
wereiselected for inclusion in the study because of"thgir correspondence
to the~vocational education programs in Automotives and Welding which |
were included in the same group of curricular offerings at St. Joseph
Composite High School.’

| The study was delimited to certificate& journeymen funétioning_in
one of three-empioyhent‘categories, namely,.”Supervisor“, ”Journe;man”,
and "Instructor'.

Thé'studx‘was delimited geographically to the City of Edmbnton,:in
the Proyjnce of Alberta.

For, thebﬁurposes of this'study, it was assumed that the ability to’
apply mathematics to problems xith“unfamiliar elements;waé of prime im-
- pértance and also thét it 'was.the highest level of outcome necessary to

)

enable journeymen to function successfully.i? the praétice of their
pérticular trade (Bloom, 1956: pp. 112, 125). Since the application
level was assumed to incluse the lower levels of knoWIedge and uhder-
sfand}ng, the scope of this study has been deLiﬁited to the first three
levels of the cpgnitivé‘domain. In this connection, Bloom (1956) sfatéd:
'""Objectives in one class are like]9 t6 make use of and be built on the
beHav}ors found in.theipreced}ng ciaSses” (p. 18).

The following limitati;ns werg-inherent to this stﬁdy:

1. The study was seleﬁtivg in thét restrictions werg’plgcedvon the
eligibility‘ﬁ? journeymen for inclﬁsion in the samble}i_

2. Thegstudy was basedﬁgn-the resppndents' percepFiéns which are

subject to a variety of distortions as pointed out by n (1964,

pp. 131 - 134).



3. Quota sampling, a ngn-probqbility form, Qas‘used in the second
stage of selection of the "Journeyman' stratuft of each éample.
4. The study w;s limited to the-mathematical functions identified
by. the partfcipanfs'of the stpdy.
Sigﬁificance of the Studx>

/ ) :
Vocational high school program curricula, in order to be relevant,

must reflect currentvpragtlce'ﬁn corresponding occupations or trades, so
/ Yoo S~
dla of general and academic subjects offered to vocational

thejcurri

stydents /must mekt their needs in terms of those items of content which

‘
.

are relevanf to %heir particqlar vocafionaf high school programs. This

study presénfs data which relate to items of ﬁontent which may be used by
. deéigners'of mathehatics courses offered to students of the high sﬁhool

vocational education programs in Automofives and Welding. |

Definitions of Terms

The fdllowing definitions are operational and apply to terms as they
are employed in the context of the study.

Accelerated Pattern of Apprenticeship

A shortened apprenticeship program which is arranged for eligible

graduates of vocational high school programs. This pattern was .referred

to in Opportunities in Apgfenticeshfp by Alberta Manééwer énd Labour

(1573): "Accelerated patterns.of apprenticeshié are arranged for
“graduates’of Vocational High School PTogfams“ (p. 3). The mechanics aﬁ&

conditions of eligibility for this paﬁterﬁ were described by Alberta

Department of Education (1976) as follows:

Some Vocational High School Programs are similar in
scope to the junior periods of some apprenticeship
programs . . . A person who presents to Apprentice-
- ship Authorities of Alberta Advanced Education and
Manpower one hundred high school credits, including
 at least 35 credits in one of the above High School

a2



Programs (exceptnng Beauty CultureL and an accepta-
. ble applicdtion for apprenticeship in the
.corresponding apprenticeship-program, may be granted

" apprenticeship credit on the following basis: e
¢ (i) For Building Construction, Electricity, Pipe o~
Trades, Automotives, Auto Body, Sheet al, Machine

.~ Shop, Electronics - upon recommendation of employer,
one year of time credit (3 months shortening of each
of four 12-month periods) and First and Second
Period Technical credit upon passing the examina-
tions for these periods . . . (iv) For Welding and
Food Preparation upon recommendation of employer,
one year of time credit (four months shortening of
each of three 12-month periods) and First Year
Technical Credit upon passing of the First Year

~examination. (pp. 27 - 28)

Apprenticeship ° %

A period of organized supervised training, both in school and on the
’ LN
job, to.prepare En apprentice for achievement of journeyman status. This
definition was derived from Canada Department of Labour (1957) which ©

stated: : _ ‘ B W
Apprenticeship . . . is considered by advocates of
this modern concept as meaning a period of organized
and supervised training . . . such comprehensive
training can anly be carried out successfully by a

~properly. organized and regulated system of ap- -
- prenticeship wh;ch combines both school and ''on-the-
job' training. "~ (p. 7)

Also, Albefta Manpowefuand Labour (1973) stated:

Apprenticeship is a learning while earning

arrangement. Apprenticeship is a training-on-the-~

job and trade school training program. Apprentice-~

ship is a certain route to Journeyfan status. (p. 1)
Finally, the above definition was supported by British Columbia De-

partment of Labour which stated: ' ' -/
The term ”Apprenticeship“ as used today means : ?
supervised employment to learn a skilled trade or
occupatlon A skilled trade consists -of two main '
parts..- manual skill and technical knowledge.
Manual skill is obtained mainly through experi-
ence on the job under the direction of a skilled o
person engaged in the trade - a tradesman. -
Technical knowledge is acquired at special ' :
training classes. - (p. 32) )

A~

10



( ApprenticeshigrAct (

\

dkfinition for the term Apprenticeship Act: ''An Act passed by the

For the purpose of this study Nielsen (1973) provided a suitable

Al éxga Legislature in 1944 governing‘appfenticeshib training" (pf 16) .
This éfinition is also supported by Canada Departmeht of .Labour (1957)

which stated: ''The present Alberta apprenticeship program came into

existence D\{h the passage of-the Apprenticéship Act in 1944 (p. 8).
Articulation \

An arrangehent whereby vocational high scﬁobl‘program graduates who
meet certain requirements may Be admit;ed to an accelerated pattérn of
apprenticeship in a éorresponding trade. Aiberta Manpower and Labour
(1973) stated: ‘'Accelerated pattern§>of‘apprenticeship are arranged for
graduates of Vocational High School Programs.' Also, Alberta Departmept

of Education (1976) stated: ‘7
A person who presents to Apprenticeship Authorities ‘
of Alberta Advanced Education and Manpower one
hundred high school credits, including at least 35
credits in one of the above High School Programs
(excepting Beauty Cultufe) and an acceptablie appli-
cation for apprenticeship in the corresponding ap-
prenticeship program may be granted apprenticeship
credits on the following basis. (p. 27) o

Automotives
A vocational hiéh school pfogram'which corresponds to an appréntice-
ship in the Motor Mechanic and Heavy Duty Mech;nic trédes.v.Alberta De-
pértmeni of Educatioﬁ;(1976)vstated: "In ﬁafticular; similarities
prevaflbbetween ,.. §aAutomotives and Mo;or'Meéhanic abp}enticeship,

‘Automotives and .Heavy Duty Mechanic apprenticeship" (p. 27).

) Corresponding.Tradev

]

A designated trade whose apprenticeship program, in its junior

periods, is similar in scope to a given ‘vocational high school pfogram.



Alberta Department of Education (1976) stated:

Some Vocational High School Programs are similar - .
in scope to some apprenticeship programs . . . and
‘an acceptable application for apprenticeship in

the corresponding apprentlceshlp program. (p. 27)

Designated Trade "

A skilled trade which comes under the terms of the Apprenticeship

~

Act. Canada-Department of Labour (1957) states:

The present apprentlceshnp program started in a
modest way in 1945 with the designation of seven
skilled trades under the terms of the new Ap-
prenticeship Act. By 1956, there were 15 trades
designated under the Act. (p. 9) :

Employing Agency

Any business establishment, corporation or institution which employs

e
S

journeymen. - . B v : o

-Heavy Duty Mechanic

| A competen;_craftsman kmo, through skill and knowledge, is capable
. of repairing any of the intricate units thcﬁ constitute modern station-
ary power uniis and mobile Tndustrial eouipment ' Th|s deflnltuon was
provided by Alberta Advanced Educatlon;and Manpower (1973) in its EEEXX
Duty Mechanic Program book let (p ).

'lnsttgctor v v

A certificated journeyman’who instructs™h or teaches a-particular

trade.or trade subjects to'apprentices or ‘to Students enrolled in
vocational hlgh school programs of stuJ’ The ‘term was used to descrlbe
one stratum of each of the three populations sampled in this study
Journexman | | |

A person who holds a certlflcate of profncnency in his trade‘awarded

under the terms of the Tradesmen s Qualification Act (q.v. )

o

W rhEa R s

-
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Junior Periéd

This term referred to the Technical Period in the first year of
some apprentiéeship programs and to each of the first two years of

others. This definition was established by the Alberta Department of

.

Education (1976) which stated: RN

Some Vocational High  School Programs are similar in
scope to the i ~ior periods of some apprenticeship

programs . . . and First and Second Period Techni-

cal Credit . . . and First Year Technical Credit.

(pp. 27 ~ 28)

Motor Mechanic

a A confident craftsman who, through the competent applicatién of his

. skills and knowledge, has developed the &iagnosﬁic,and repair abilities
required to satisfactorily service the basic as well as the technically
sophisticated comﬁo;ents ofifhé automot}ve udits being used today. This

definition was provided by Al%erta Advanced Education and Manpower (1974,

p. 1).

Provincial Apprenticeship Board (

A five member Board established under the terms of the Apprentice-
ship Act to advise -the Minister of "~dustries and Labour on all matters
. connected with the general conditions governing apprentices. In addition

'“to the above, Canada Department of Labour (1957) stated: ''The Board con-

sists of five members, one representing industry, one from organized

labour, one representing education, one member from the Department of

Industries and Labour and a chairman appointed by the government“

]

(pp. 9 - 10).

Related Subject

il [ =i
i

ST ... .
Any theoretical subject such as science, technology, or mathematics

which forms part of or helps the assimilation of the ocgupatibnabe}ng



N .

taught. This definipion wésygiven by International Labour Office in its
o

T. & D. Abstracts (1975, p. 7). It was also supported by Alberta

Manpower and Labour (1974, p. 4). Larson (1972) made a distinctﬁon be;
tween general education related cdhrses and téchﬁicélf& related courses.
General edhcgtion.was aeffned by this writer as '‘basic or‘funaémental and
liberal education' while technically related courses were defined as,

"Those courses that directly provide knowledge information essential to
el :
}

the‘performancerf the specialty" (pp. 24 - 27}.
Supervisor ‘

| A certificated journeyman who is a ménager, owner-manager, foreman
or other type of supervisor who is in.dailylcontact with practicing
jouﬁneymen in a particular trade.

Technical Period .

0

»

A free trade school course of four TS twelive weeks in each year of
apprenticeship. This is the trade school- part of the apprenticeship

program. 1t was described in Alberta Manpower and Labour (1973) as

[

follows: ? o

Apprentices under contract are required and privi-
leged to attend training courses designed for their
particular trade. These are short courses of four
to twelve weeks in each year of apprenticeship.
Fees are not charged for them. (pp. 4 - 5)G

“Tradesmen's Qualification Act

An Act passed by the Governmént of Alberta in 1936 establishing the
principle of qualifying as a journeyman by the passing of practical tests

‘apd examinations and prohibiting unqualified perSons from engaging in

designated trades. This definition was given by Canada Department of

Labour (1957, P-.9Yﬁ



Vocational High School Program

A three-level (Grades 10, 11, 12) series of courses yielding at
least 35 credits in a career field. These are listed by Alberta De-~
parthent of Education (1976, p. vii - xi) under "Industrial Education''.

Vocational Student

For the purposes of this study, any student who is registered in a

\‘. .
vocational high sch?ol program of study.

We lder
A competent craftsman wﬁo, through his skill and knowledge, is capa-.
ble of fabricating metals by fusion. This definition was furnished by

Alberta Advanced Education and'Manpower (1973) in its Welder Program

booklet (p. ).

‘P6pufation and Sampliqg

The three populations for the study consisted of three discrete
"groups of certificated journeymen, one from the Motor Mechanic trade, one

from the Heavy Duty Mechantc trade, and one from the Welder trade. Each

of the three populations ti

A
functions performed by the journeymen. The first -stratum, called
pa . .
“supervisors'', consisted of certificated journeymen who were managers,

ted above was stratified on the basis of the

owner-managers, or foremen who were in daily contact wfth practicing
jburneyhen. The second stratum, re?erred to as “Joufneymen“;‘consisted
of practicidg certificated jodrneymen who were judged_fo be succissfuI;
byvtheir supervisors. The third stratum, labélled fln§tr0ctors“ for the
purposes of this study, qonsisted of certificated journeymen who were
employed as instructors or teachers and who were instruct%ng in or

teachihg trades or trade subjects to apprentices or to students regis-

tered in high school vocational education courses. 'tféxgggglations were
| (



divided into three strata yielding a total of nine subyroups for sampling

purposes .-

iy

The design of the study called for a two-stage sampling procedure

for the "Supervisor! and "Journeyman'' strata of each of the three popu-
S ' ' ' .
latiénéf\\This approach which was referred to by Selltitz, Jahoda,

Deutsch, and Cook (1967, p. 534) was chosen for reasons of feasibility

and pracxicability?\\for the first stage, three lists of empléying agen-
cies were coépiled, on;\For the "Motor Mechanié trade, oﬁe for the Heavy
Duty Mechapic trade and one for the Welder trade. Using a simple random
sampling procedure without replacement, five employfng age;ﬁies were
selected'from each list giving a total of fifteen. D. Raj (i9”" ex~

~plaining this selection procédufe stated in part: - —

A basic method of sample selection is simple random
sampling. In this method each unit of the popu-
lation has the same probability of being selected
in the sample. Th& selection is usually made with
the help of random numbers after the units in‘the
“frame have been numbered from 1 to N . . . In case
the same number occurs ‘again, the repetition is
skipped . . . If repetitions are included, the
sample is said to be selected with replacement.

(p. 32)
For the secbnd stage df sampling, abquota Sampling'approgch as referred
to by Selltitz, Jahoda, Deutsch and Cook (1967, pp. 116 - 120) was used.
The service manager, owner-manager or foreman from each of the five
‘employing agenties seleétedj}rom each trade gfoup was designated a
member of the ''Supervisor" subéample for his trade category. ~ch of the

15 "'Supervisors'' .was asked to select from the group of journeymen who

worked under his supervision two individuals on the basis of success as a

~

practitioner of his trade and years of exberience in the trade. These 30

selected individuals were designated as members of the “Jourpefmén“ sub-

. : ’ - . .
samples to complete the three samples. The three samples, in their final

%



form, each consisted of five '"Supervisors'., ten “Journeymen“, and five

N

""Instructors' giving a total of 60 subjects in all for the three samples.’
Methodology
The design of this study called for.opinion data to be obtained from.
three categories of certificated journeymen inreach of the three skilled
trades of Maotor Mechanic, Heavy Duty Mechanic and Welder. Stratified

i
samples were drawn from each trade category population of certificated

journeymen.

The research instrument for the study was a questionnaire in the
form of a mathematical checkoff list similar in structure to the one used

by Laws (1966) for his study, Mathematical Expectations of Technicians{

Ca

{(pp. 48 - 51), The questionnaire con5|sted of 45 mafhematlcal knowledge

—~

and sknll items devéloped from a number of sources |ﬁclud:ng Wilson
(1952, pp. 28 - 29), cariton (1953, pp. 8 - 9), Laws (1966, pp. 48 - 51),

smith (1973, pp. 78 - 80), Fitzgerald ?1976, pp. 43, 4h), as well as a

umber of textbooks and other trade references. Respondents were asked

tofrate each of these mathematiCalikW?wledge and skill [tems'on a three

point Likert-type scale as either ""necessary'’ or ''desirable' or 'not

I3
.

needed' for the successful practice of the trade they represented. Also
included in the quesfionnaireywés a section for remarks and additions by’
the respondent. °

The research instrument for the study was>submitted to a specialiét
) -4
in Mathematics Education qu the MathematiCS'Depaftment of Thé Universi-
ty of Alberta for rev%ew and criticism. Thé instrument-was aléo revfewed
by a specialist in instrument désngn of the Department of Educatlonal
Psychology of The Unlver5|ty of Alberta. ‘

A pilot study was carried out for the purpose of pointing up any

possible errors or inadequacies which might have been present in the re-

,
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search instrument. The pilot study was conducted among a group of nine
subjects selécfed on the basis of one representative for each stratum of
the tﬁree populations. Alllbut one of the bilot study.subjectg‘remained
as elements of the populations and we;e therefcre edigible fd; selection
as sample subjects for the main study. THe lone exceﬁtion was a welder
who Wa; ﬁot a population member by virtue of the fact that his place of

e

busineséwﬁéé located outside of the boundaries of the City of Edmonton.

| Pilot study participants were éontacted by telephone, give; a brief
exBlEEFtion of the purpose and method of‘the study, and informed that
they could expectwto receive a questionnaire“ﬁﬁthi% a short time. The
questionnaires were then delivered along with a covering Ief;er and a
stampled self-addréssed envelopél The responses @e[e analyzed by the re-
searcher and the infdrmation thus gatﬁered served as a basis for mod%fy—
ing -the researcﬁ instrument as deemed necessary bgfore it was used»in the
main study. One area of particular concern was the unavoidable use of

mathematical tqgmino]ogy which might have been misinterpreted or not-

understood by respondents thereby eliciting responses which might be con-

-

sideréd invalid.

The modified and corrected instrument was printed and readied for
distribution alohg with a coverjﬁg léttgiyoutlininé the purpose and‘
briefly explaining the methodology of the study. For the ”Sﬁpervisor“
.and “Journeyman”’groups, arrangéments.were made- by the researcher fo
visit each of the fifteen supervisors of the selected empioying agencies
for the.pdrpose_of delivering thg 9pestionnaires-and obtaining the names
of the subjects.selected to coﬁplet; them. The supervisorsrwere asked

for their co-operation in expediting the completion and return of the

questionnaires. A follow-up call was made to any supervisors whose
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questionnaires had not been received within one week of delivery. In
addition to serving as a remin@er, this call gave the researcher an
opportunity to aftempt to resolve any difficulties which respondents
might havé been experiencing in éompleting the questionnaire. :

For the '"lrstructor'' category, the subjects were contacted by
telephone and given é brief outline of the burpose and methodology‘of,tﬁe
study. They were asked to complete énd ret;rn the ques}ionnaires which
would.be forwarded to them along with a stamped self-addressed envelope.
Ks.Qompleted.quéstfonnaireslwere received, responses were tabglated
for each iﬁem in each of the three.trade categoriés. The freqaéncies for

each response category (''necessary', ''desirable', ''not needed'") were

converted into percent proportions of the total number of responses for

each questionnaire item. These proportions were then used as a basis for

the construction of compound bar histograms to graphicalfy illustrate the
. I’ . . .

respective proportion of each category or response to each questionnaire
item. The information thus presented may be used by curriculum designers
in the developmen: of mathematics course ‘for students enrolled in higH

school vocational programs in Automotives and Welding.
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. “CHAPTER 1]
REy/é;/OF RELATED LITERATURE

P

- e ~

Introduction
- /)‘,/

The previous chapter dealt with the need for the study, the purpose
of the study, the delimitations and limitations of the study, the sig-
nificance of the stugy and definitions of terms used in the study. The

r . ' .
chapter also included descriptions of the populations for the study, the

~

sampling procedure used in the study, and the methodology of the study.
Thié chapter consists of a review of related literature which was

°

undertaken in order to determine the importance of mathematical skills ¢

and knowledges as they relate to developing mathematical competencies in

‘thé skilled technical trades of Motor Mechanic, Heavy Duty Mechanic and

Welder; to determine whether present school mathematics programs meet

the needs of students who may choose to pursue a career in one of these

trades; and to determine the mathematics content of textbooks and other

trade reference works.fof each of these thrée selected trades.
Eaucationa] literature was found to contain‘statements.which seemed
to suggest that learning was’dichotomized as to intent into two branchég
the first being referred to as liberal, general, or academic education
and the second being referred to as practical, vocational or occupational
education or training. In addition to shoWing fhese two facets of édu-

cation as _being in opposition to one another, some educational writers

‘and researchers such as Judkins (1926), Northrop (1955)»anq the Edu-

;ational Research Council of Greater Cleveland (1966) have made
statements which sugéeéted that the former was inherently more important
gr,valuable thanvthé latter. | o
A more balanced review of the relation betwee& the liberal and.
practical arts was presgn;ed by writers énd researchers such as

20



Priestly (1947) and Fawcett (1964) who drew attention to the dual nature
of méthematics as a computational device on one ‘hand and as a raﬁioFaI
structure on the other. Some writers and researchers such as Arnstein
(1965) and Larsén (1972) emphasized the academit/éontent of occupations
or the theoretical foun&ations of vocational sugjects while others such
as Kline (1958) suggested that theoretical knowledge has originally
developed out of a need to solve practical physical problems. There
seems to be general agreement among these writers and researchers on the
proposition that most if not virtually all,oécupétions require some
knowledgés or skilts tﬁat derive from academic or general education.

| Having proceeded on ;he assuhptiqn tﬁat occupations'did indeed have
academic or theoretical knowledge and skill content, it followed that
when the teacﬁing of those'occupatibnslwas Qndertaken, suEh te?chihg
would include the academic of_general education portion of the knowledges
and s&ills'which were_déemed»to be part of or necessary to the pracﬁiéé
of‘thosé‘occupations.' In ;practice, the. academic or general education and
éther theoretical components of occupations have beén organized into
divisions by discipline and thesé divisions have been commonly referred
to as related sﬁbjecf§. Among courses offered in subjects related to a
given trade or occupation one might find such titles as Mathematics,
Sc{ence, Communication: orkfechnology. The gontent of these courses was
usually restficted to.whét was fequired for teaéhing a particular occu-
pation and no attempt was made to teach the whole subject. In some cases
"core'' curricula of related subjects were developed to apply to two or
more occupations or trades which had common orioverlapbiﬁg academic or

theoretical requirements.

One related sub’ject which figured prominently in the technical

'atrades was mathematics. Writers and researchers including Werremeyer
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(1921), Larson (1972) and Smith (1973) have stated tha: most occupations,
especially those of a technical nature, tended to have a zonsiderable re-

quirement for mathematical knowledge and/ar skills.

Academic Content of Occupations

Several writers such a¢ Larson (1972) an&-Rappaport (1976) and re-
éearchers ;uch as Smith (1973) and Fitzgerald 11976) have drawn attention
to the nmportance of academic or general education knowledges and skllls
in most occupatlons The United States Office¥of Education in Jts 1963

~report on vocational education indicated that a lack of adequate training
in mathemétics and English had been a major problem for high gchool
graduates seeking to enter many occupations and suggested that ‘every-
thing possible ~hould be done to make these students understand that
mathehétics and.English are a very cruciaI paft of their future
o vocational success in many fields" (p.>ll). In uts 1964 report the
Unlted States Office of Educatlon agaln stressed the value of the baS|c

educational skills as a prerequisite for vocational education when it

stated:

"

Vocational Education @an be effective only when the
student has acquired the basic educatlonal skills.
Reading, oral expression, written expression, and .

. numerical computation are important for-all but the
most rudimentary forms of- employment. (p. 221)

Arnstein (1965) drew attention to.fhe academic content of many occu-

- pétions and stressed the fact'fﬁét thoﬁgh the physical aspects of‘én
occupation may change, the academic content is more Iikeiy to remain the
Jsame. fn-order to illustrate his point, Arnstein used the following
Jexamplé:

The panel seems to overlook to a great extent the

|ncreasnngly abstract and academic content of many

modern occupations. The. bricklayer, if he is to
remain- employed, will continue to read blueprlnts

22
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and diagrams although he may no longer work with
bricks. Plumbers have learned to use plastic pipes
instead of the traditional metal pipes, but they
continue to need skills in numbers,- in reading
instructions, and for communicating with their
colleagues. (p. 61)

Johnson (1971) haQing consul ted with‘?gpresenfatives from business
and industry reported that there had not been sufficient émphasis placéd/
on prepgration for Téarhing technical skiijs. This researcher wrote
''schools should tell students that they need to have a good foundation in
math and physics Before they can learn technical subjects'" (p. 60).

‘Larson (1972) defined general education as 'basic or fu rental edu—J

cation and liberal education' and stressed its necessity ‘or -cupational

education when he wrote: |

Certainly the ability to read and interpret the
wrafien word as well as the appllcation of some
mathematics is necessary for most, if not all,
fields of vocational and technical education even
at the most primitive stages and beginning levels
as applied in the twentieth century. (p. 24)

, : ' Mathematical Requirements of Occupatfdﬁs
The literatur; on related subjecté was foﬁnd to contain ‘numerous
references to the mathematlca] requurements .of various occupatnons in-
cludxng skllled trades. For example, Brltlsh.Columbla Department of
Labour listed mathematics as part of the course content in 13 out of 22
trade apprentlceshlp programs ]lsted and lmplled mathematical content in
five more of these programs (pp. 7 - 27)
v Kadushiqé}LSMZ) pointed out: that-all kinds'qf jobs commén'in in-
dustry had higher mathematicéj\contents thaﬁ ggpera%ly believed. This
writer also staféd that producti}ity suffered from the fact that worker§

at all levéls_from endineering work through the skilled trades and down

to the unskilled production jobs were deficient in mathematical compe-
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tencies that would®make them,able to work more efficiently (pp. 260 -

261) .

Laws (1966) in a study whose burpose was to determine the mathe-
matical skills needed by technicians employed in Michigan industries
found a high level of need for computational skills normaily downglayed
in modern mathematics programs and found no need fér natural logarithms,

number’ theory, probability,-set'theory, inequalities, methods of proof

and reasoning, caléulus, and many other ‘items which tended to form an

important part of .these programs. Laws also made the point that while
neglecting mathematical skills deprives the studentw it is possible to

err in the direction of excess:

If the student acquires too little mathematical skill
he will not be able to function as a technician. But,
if the mathematical requirements are unrealistic, many
prospective technical workers will fail to quallfy and
the surplus of unskilled workers and shortage of :
skilled workers will continue. (p. 19)

The United States Office of Education's Diesel Servicing Curriculum
(1969) included a section entitled ''Basic Mathematicé” which ca]fed for
48 hours of classroom instruction in mathematics. The course description

of the Diesel Servicing Curriculum provided the following summary for

)

basic mathematics:

Basic Mathematics - ¢overing such topics as whole G -
numbers, fractions, decimals, and percentages -
play an important part in making many of the
calculations necessary in the Diesel ‘service area.
Precise measurements calling for close tolerances

N can be made only with a thorough understanding of
the use of measuring devices. A knowledge of

- certain formulas as they apply to volumes,

efficiency of engine operation, calculatlng
horsepower, and the like are covered in this .

course. (p. 19)

E

Larson (1972) described mathematics as a ‘'tool subjec;” and stated
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that as such, it performed two basic functions: R

First, it may be used as a method in teaching
principles of science and technology. Secondly,
it is necessary for calculations and computations
essential for operations and jobs to be performed
in the shop and .laboratory. (p. 38)

Smith (1973) in a study which was conducted with workers and super-

visors in a variety of gedgraphical areas in the Province of Saskatchewan

and whose purpose was to identif; generic skill components of tasks and
;ubtasks carried out-in 27 d}fferéﬁt occupations found a high frequenc§§
of basic mathematical skill requirement§ in virtually.all of the occu-
pations analyzed (Appéndix 3, pp- 1 - 120).

A. Fitzgerald (1976) of the Universify of Birmingham (England)
School of Education conducted an_ithstigation iﬁto the mathematical

requirements of an Engineéring Company for its beginning craft and

- technician apprentices. Information was obtained from students'

- notebooks and from discussions with training officers, and the results

were verified by visits to other companies. From this information this
researcher‘compiled a catalogue of mathemaéical.items ta&ght to beginning
cr;ft and‘technician apprentices by.engfneering»companiés. This list
inéluded metriﬁ and imperial udits, abilify}to:dréw neat‘diagréms,
parallel lihes and symmetry, measurement ofiang]es, common|y used
fractions, manqulation'éf foerlas expresséd as fractions,lsimple
decimals, conversion of vulgar fractions to décimals, the four rules
applied to whole numbers, wulgar fractions and decimals,.estimates and
approximations of simple_galculations, order of operations, standard form
and powers of'ten, sihﬁle two and'thrge aimehsiona].shapes, void%es.of

. ‘e - -
simple solids, percentage calculations, appreciation of tolerance, -

knowledge of and applicatidn’of formulae, manipulation and substitutijon

in formulae involving vulgar fra *ions and decimals, an understanding of
, : nvol
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the derivation of formulae, appreciation of ratio, Ohms' Law, simple

<

graphs, interpolation on a scale, positive and negative values, ideas of

error and of the relative importance of an error. Fitzgerald explained

that while the apprentice was ''not expected to have met all items while
at school, or necessarily to be very competent in all those they have
. _ .

met'', considerable competence was desirable in many of the items such as

calculations based on vulgar fractions and decimals and equations con-

taining one unknown which are likely to be met by the apprentice during_

the first few weeks of work. It was not necessariiy expected of pupils

. that they should be familiar with applications of mathematical'ideas to

workshop practice (pp. 43 —_thL\

Mathematics Programs: Evaluations and Comments.

Kline (1958) emphasized the fact that curriculum designers in

mathematics were moving ever further from reality when he-wrote:

The traditional curriculum is already meaningless,
and- by heading for abstract mathematics the
modernists are moving farther away from reality.

" To teach pure mathematics apart from physical
problems is to lose the gold and keep the iron in
the ore of real mathematics. The meaning of

‘mathematics, if | may be somewhat paradoxical is .

5t in mathematics. (p. 424) :

oteworthy that Kline not only faulted the modern mathemattcs
curriculum, but also found the'tradltlonal one wanting. Also, Kllne

addressed the problem of motivation in mathematlcs anstructlon and made

the point that ''for young people at. least, the motivation for a mathe-

matical idea or method is not a more advanced mathematical idea or

method"., This researcher argued thég_“we must motivate each topic with
a genuine problem and show that the mathematics does sohethfng to solve
that problem" (p. 426). Elaborating on this point, Kljné‘wrote:

In view of the actual motivation for the creation of

26
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mathematics, the mot|vat|on we can use is the solution
~ of simplé, genuine, and basic physical problems. Of "
course, the social sciences, art, and music alsp pro-
vide good problems. (p. L26)

. Travers (1965) in a study whose main purpose was to determine

‘whether students exhibited preferences for solving matlematics problems
based on some 5|tJ;t|ons %ather than others found that the study sample
Lp#eferred soiving mathematical problems that were directed ae\the social-
‘economic, the mechanical-scientific, and the abstract problem situatfons
vin that rank’order. This finding.applied to both the high and low

achievement levels within the sample although the high achievers selected

the abstract problem-solving situations more frequently than did the low

achievers (pp. 7161 - 7162).

Large school enrollments made possible a range of offerings within a

N

aubject area which accommodated varying interest and/or abilityvlevels

¢ o]
among the student population. In practice, this ptocess involved

grouping of students within a subject area iinto two or three levels and

-

was generally referred to as ”streaming“. In its rationale for revision

of the high school mathematics curriculum, the Alberta Department of Edu—
cation (1970) made specnflc reference to '‘three streams of mathematlcs
(p. 2). Also, the A]berta Department of Education (1971) stated: 'To

deal ‘with differences in ability, interest, and motivation, the curricu-
R ! ThaL:
lTum in mathematlcs consists of three programs, each of Wthh represents
‘ . T
good mathematics' (p. 1). ' ’ '

Johnson (197]) suggested a remedy for a percejved educational

o

" weakness about which' representatlves of business “and |ndustry ‘were con-

—

%

cerned:’ )

Schools should be .ore careful to traln young people i

in EreCISIon [italicized Pn original}. For many, an
approximation of the right form seems adequate. L

. , . | . . .

‘ )
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Some of the instructional methods seem to tolerate <)
haphazard or sloppy responses, Industry must
[italicized in original] have accuracy. (p. 60) <\

Although‘gtreaming made possible program offerings suited to a :
broader range of. student abilities or interests, its implementation has
not been an unqualified success. BoQon (1966) referred to a common atti-
tude on the part of educators toward less able students Wthh results in
their oeing shunted'idto applied mathematics courses. "We proclaim a
value system which says thaf applied mathematics is for dullards and

assume that the better students will learn applications by some mysteri-

‘ous osmos s (p. 542).

Mueller (1967) described a situation occurring in higher education
wherein the neglect of mathematics applications by mathematics de-
partments led to the development and teaching of utilitarian mathematics

courses by other divisions of universities in order to meet the specific

¥

‘needs of their own programs. Mueller also thought the signs were
’

ominous that a similar stalemate was.developing at the school-mathematics
level, expecrally since the resurgence of vocational education programs

whose students require mathematics '"'of a vastly different sort from what

°

is usually proposed for the liberal arts student" (p. 705)

ProFessor F. M. Arscott in his foreward to Rek'torys—l Survey of

Appllcable Mathematics (1969) commented on recent progress in mathematics

and stated: '"This c0|nc;dence of an explosuon of mathematical activity
with greatly enlarged scope for its application’ is, unhapplly, over- |
shadowed by a communication barrier. Between those/who haQe‘mathematica]
knowledge and those who wioh to ose'it, there lies a great gulf' (p. 2])
Arscott proposed that abstract mathematlcuans might be madesaware of

el

"intriguing and challenglng\problems waiting for them in other fields“

but he al<o advised the reader that “mathemat:c1ans are'not easily

28



tempted from their -ivory towers' (p. 21).
Mallinson (1974) stated that doubts had begun to surtace some time
previously about the value of the new mathematics programs, ‘especially

as to their usefulness in the solution of contemporary practical

problems:

It was, of course, evident as far back as 1967 that
the ‘gravy train was beginning to run out of gravy.
Concerns were being expressed about the applicability

N of the new program to national concerns, and par-

\\ ticularly concerning their contribution to the
knowledge of students. Students learned to inquire
about intangibles and nonsense objects in science’
courses, and learned about sets, rings and groups in
mathematics but could not make change for a hot dog.
Unfortunately, the programs did little to help the
students understand environmental problems, the
inpending energy crises, the problems of drugs and

| alcohol, and the need for marketable knewledge and

/ skills. (p. 558) '

/ ‘

Thé Secondary School Mathematics Ad Hoc Committee of Alberta (1975)

//

in/g'éurvey of high school mathematics found that 78 percer of re-

spondents thought that time allotted to probleh-solving.was inadequate

in current prégrams'(p. 18). Among conclusions reported by the
committee were'thét ""both conceptually and methodologically the current
hiéh.school mathematics program is formal r;ther ;han intuitive or re-
lated-to applications', and that ''there is a sore lagk of emphasis onv
prablém-sélving“ (p. 30).

Petersqn and Petersdn;(l975) wrote that teachers often have a dis-
dégn for teaching the non-academic, vocational, and service courses.

The cause of this problem was Yikely to be ''fear of the unknown'' due to
. S .

the fact that few mathematics teachers had.worked in business or industry

where they used mathematics. Thus, mathematics teachers were unable to

Q

‘communicate the uses of mathematics to their students because they ''do

not know how to apply their mathematical knowledge except to the study

3

X
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of mathematics or science' (pp. 84 - 85).

Farnsworth {(1976) reporting on a seminar organized tu discuss

* '"Modern Mathematics and Further Education for Industry, Trade and

Commerce'' stated that ''the jndustrial.represenfative - senior ﬁeople in
engineering, ins. ance, printing, and the Posf Office - strongly criti-
cized Fhe basic mathematical ability of young school leavers''. The
author'eﬁumerated three péints regarding the possible origins of mathe-
matical difficulties in the schools and went on to suggest that “gdme
attention must be directed at these areas, if youﬁg school leavers are to
be Setter equipped to meet the basic mathematical requirements of their
employmeng, and to cope with the rigorous demands of vécational courses
in further- education' (p. 26).

Réppoport (1976)sgescribed three groups of peéple of va;ying ability
levels which made up society. The first group which included 10 to 15
pércent o} the population was made up of the “ingpvativé and creative
people who are really the great minds of societ}%. The second group

: /
which included 15 to 25 percent of the population was made up of; “'great
: | & _

minds who, though not c¢reators, are capable of .understanding and@
. ‘ 7
appreciating the work of the creative people' (p. 344). He wert on to

describe the third group and their mathematical needs:

- The third group of people is the 60 percent who s
compose the rest of society. They are the bulwank
of society, the ones who make society function.
They are the people who work in factories, on.the
farm, in shops and stores, and perform the duties
of a we'll-ruh socnety . . . The 60 percent of
chlldren who are in the third group do not need to
learn mathematics [italiciaed in original],
certainly not as an abstract structured systém.
These children do need to learn the basic arithme-
tic skills in order to function effectively
society. (p. 344) . ?ﬁé

o~

Pike (1976) .in a Study whose purpose was .to evaluate the strength
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of feeling amohg college lecturers that the implementatioﬁ of modern
mathematics in the schools had led to\ao apparent oeo]ine in the standard
of those mathematical skills needed for vocational ends, found among
other things that little use was made of "modern' topics in Further Edu-
cation. Also, resoonoents' freebcomments showed that(“there is a strong
feeling in Further Education that a change of emphasis is required in the
teaching of 'modern méths' in the schools'. lL\was thought Lha; more
attention should be pofd to manipulative skills with less concentration
on some of the more abstract topics present on ''modern' syl labuses

(p. 27).

Reys (1976) reported the results of‘an extensive study of the eompu—
tational skilds of young édulté as applied to the.solution of maghe~
matical problems which é}e common., encountered in everyday life The
subjects in this study ranged in age‘from 26 to 35 years and 1ncluded all
educational levels from ”lessrghan high school' to 'college graduafe”.

I't was found that 30 percent of young adults \lncludxng 7 percent of the
college graduates could not answer a problem |nvolv1ng the fundamental
base-100 concept of percentage. Only about half of the subjects were
able to calculate Qages correctly from a time sheet which gave working
times and the hourly rate. |In a problem involving income tax, just over -
one half of young adults were able to determine the correct figure from |
a tax table. Only 16 percent of young adults were able to balance a
cheque book thodgh 87 pe?ceotiof them had chequing ‘accounts of their.
own. Even among co1lege graduates, nearly all of whom hed chequing
accounts, fewer then one third were able to complete the. chequebook
exercise correct]y (pp 258 - 259). '

Another accusation of failure in the‘schools'éppeared»in the

Newsweek article titled ''The Valedictorian' (Sept.-6, 1976). This

s



.articfe des;ribed the plight of a student who worked hard al1 through
school and finally.graduated as valédiétorian. This graduate's hopes-of
atteﬁding George Washington University were dashed when he pla;ed in the
lowest 13 percent in verbal ability and in the lowest two‘percent.iﬁ
mathematics on the Scholastic Aptitude Test. The dean of admissions at-
kid like this has been conned. He's been deluded into thinkiﬁé he's
gotten an education . . . Sometimgs I think averages are pulled out of
the air'". The article's concludfng statements said some;?ing about what
is expected of the schools and raisea doubté as to héw well this expec-
tation was being fulfilied:

How doés it happen that a valed;ctogian can bar;TE\\¥
read or compute as measured by standardized tests?

How well are schools preparing students for .
college? (p. 52) . . - ,

&}

Pdrposes and Objectives of Mathematics Instruction

Werremeyer (1921), sounded a warning of the dangers of neglecting

.

skill acquisition as an objective of mathematics education when he

-stated in part:

With the lack of constructive supervision [italics in
original], there is great danger of teachers -becoming
so highly enthused about the multiplicity of infor-
mational.subjects that are now being advocated for
the curriculum in mathematics that the pupils may be
left woefully weak in arithmetic skill, the very '
point that needs most careful attention, because it
is upon this point that schools meet adverse criti-
cisms on every hand in the business and professional

world. (p. 255) - o :

The criticism ma‘ Werremeyer in 1921 was similar to that made by J.
L. Chesney (1976) who omblafned that education was not doing enough to

prepare students for a productive role in society. D. E. Smith (1921)

Kl

thought that the most encouraging feature of the’recent advance in the

32
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teqching of mathematics was the.possibility of a new and stimulatiqg
course in the subject: "'"it allows mathemetics tq/f:?ate itself to the
intérests and apparent needs of young people instead of being presented
as a purely abstract science (p. 124). The foregoing seeme to suggest
' that the problem of excessive abstraction and>lack of appligation in
mathematics education are not oferecent origin but in fact have been with
us for quite some time.'

Judkins‘(1226) stated that teachers of mathematics can be most
effectiye by making the primary aim ‘"the study of the_subject for its own
sake, for the pleasute found in its pursuit''. In suppert of this view,
she citedba 1905 study conducted amoné mathematicians by an unnamed
French mathematical journal whichlreported that "their interest was due
. to a.desire to develoe}the subject for its own sake rather than for its
éppfications“ (p. 82). | b
| Rothe.(19N2) reﬁinded‘mathematics teechers that 75 percent ofvtheir ij;
_studehts would not Qo to college and shoula be'equipbed'with skills that
would be useful to them in ttade and iﬁdustriél jobsi(p. 70) .

;Priestly (1947) in an article entitled "Conflict Between Theoretical
"and Computational Mathematics“ drew attention to a distinction which
existed between'methematics as a ibgical, symbolic expression of &ij
“functional relationships or-mathematics és a device for computational

purposes While the theoret;cal mathematician found computation dis-

tasteful, the math%matlcs teacher usually found it dlfflcult to make the
transfer from theoretical to‘epmputat}onalAmathematlcs because of lack ' 3
of experienee in the latter. Thus neither mathehaticians nor mathe-

matics teachers are capable of mékihg the transfer from theoretical to

computational mathematids for the average student (p. 24).

=
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as he tries to understand and manipulate his

_grade levelé

More recently, Northrop (1955) expressed the opinion that secondary
school mathematics was becoming less and less relevant to modern mathe-
matics because it was slow to respondfxo new discoveries in the field of

mathematics (p.'386).

<

“the usefulness of subject matter reported that in most cases, utiiif?
. .

was defined in terms of frequency of use: ""those items of subject

-

matter most often used by adults being considered the most seful and, ”

hence, the most desirable as curriculum content''. They ¢ited one ex-

ample where school children collected arithmetic problems éncountered by

their parents ovey a two week period (p. 135).

Fawcett (1964) reférred to the '‘two faces“.b mathematics and

stated in part: [ ''on the one hand, mathematics Aerves the needs of man
f .

nvironment while, on the

other hand, it deals with a-body. of concepts and principles as they

slowly evolve into a noble, rational stru ture' (pp. 451 - 452).

The Educational Research Councjl of Greater Cleveland (1965) stated

o

that mathematics education had twovpar.llel objectives at the seventh -

The first objective is a tlear understanding of the
structural interrelationships of numbers . . . The N
second objective is ski 1ful and rapid computation.

_The first objective is thinking process and
cannot be hurried. Th second ‘objective is a.
mechanical process an should be practiced until
the pupil attains accuracy. (p. 182)

Mueller, (1967) criticized the lack of specifjcity typical of

mathematics objectives as folfllows:
¢
You didn't have to/ listen very long to realize how
vulnerable we are/in mathematics education. We
the missionaries and distributors of a product that
knows no peer in/precision and succinctness, do
indeed state our/objectives - our goals.-.in the

Smith, Stanley and Shores (1957) commenting on studies concerning////

34
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vaguest sort of rhetoric, couched in soaring

platitudes, rich in fervor and zeal, but utterly

devoid of any measurable crlterla (p. 705)
Mueller suggested that the phrasing of mathematics program objectives in
a vague manner creates difficulties in teaching and makes accurate evalu-‘
ation impbssible (p. 705). | |

J. A. Rhodes (1969), Governor of the State'of Ohio,.when he spoke of
the problem of the irrelevancy of preSent school mathematics programs to
v ‘

societa\ needs, cited the example of a carpenter who, though he had never
heard of the Pythagorean Theorem, could make practical use of it in his

work. Rhodes suggested that mathematics and science should be taughis in

relation to an occupation and real activities in which theory could

put to work (p. 25) .

Griffiths and Howson (1974) quoted Professor John Perry, a former
. : %

physics teacher at Clifton College as saying in 1901: "'The study of )

mathematics began because it was useful, continues because it is useful,

H

and is valuable to the world because of the usefulness of its results,

»

while the mathematicians, who determine what the teacher shall do, hold
that the subject should be studied for its own sake'' (p. 17).
Brown and Kinney (1975) referred to Grade nine mathematics and
suggested a re- examlnatlon of purposes when they wrote:
.The study of mathematical appllcatson is Justlfled not
only to support the study of mathematics as”a science
but also as a major purpose. It goes without saying
that personal. efficiency of the individual is enhanced. -
as he learns more mathematics. That is, the range of
- problems he can attack is greatly increased. (p 616)
. The secondary School ‘Mathematics Ad Hoc Committee of Alberta (1975)
COnducted a survey of senior high school mathematncs and reported that '(;////

"The major concensus derived from the comments on the ObJeCtIVeS is

that: a) the appllcabllnty of mathematics to practlcal*real Ilfe

~
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problems should be emphasized; b) mathematics should be made more
enjoyable" (p. 2).

Kapur (1976) stated that 90 percent of today's mathematics could be
given up without‘affecting its applicability and reminded readers that
""As mathematics bécomes more and more abstract and moves further and
further away from the sources from which.the abstractions arise, its
relevénce bégins.to be questioned''. Kapur Qent on to-explain how tge
relevancy of mathematjcs coﬁtinued io be thréatened when he wrote:

Mathematics has always been a relevant component of
human culture and a large number of mathematical
scientists are trying to keep it so, but there are
others who consider the question of relevance
irrelevant. Fortunately, the latter have never got
the upper hand, but the former group of mathe- |
maticians and the society which supports mathematics
must always be vigilant. (p. 171) ~ '

J.. L. Chesney, (1976) general manager of the Edmonton Chamber of Commerce

writing in Business Reporfer, expressed views which might be considered

typical of those which emanate from business and industry groups via
their representatives:

In looking over a recent publication by the Department
of Education, | find that the goals of education
.certainly leave a lot to be desired by the business
community: They are basically how to be a good ‘
crtizen, how to understand the chénges in the world,
how to communicate, develop skills in communication,
how to organize, analyze and use information, how to
get along with others, learn about the use of leisure
time, how to understand health and fitness and to
‘appreciate the culture and beauty of the world and
develop basic and special knowledge competencies.

Now the one that really turns us on, of course, is the
final one which is develop basic and special knowledge
competencies. (p. 5) , ‘

Having found the goals of education inappropriate for the business
community, Chesney proceeded to describe the criterion by which he
P . ,

judged the validity of the schools' curriculum:

If a student is going to spend 12 years in elementary,
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junior and high school and then go on to further
education at the University of Alberta it certainly
seems realistic that after giving up and devoting
that kind of time to learning they should certainly
come out with the skills of the economic system
that they are going to be asked to make a.living in

It just seems realistic to me to suggest to
the education system of our province that when they
graguate a student, that can immediately go out into
the work force into whatever field they choose and
be productive in that work force, and to help and
create and genetate the economy that is needed to
move this country ahead. (p. 5)

A case for stating.instructional objectives in vague and general

terms was presented by Zahorik (1976) when he wrote: ‘''General objectives'l

develop democratic ideéls because they permit the kinds of freedom that

a democracy espouses' (p. 417). ,

Opinions of Mathematics Educators

Hardfng (1968) in a study entitled '"The Objectives of Mathematics
Education in Secondary School as Perceived by Vario;s Concerned G- q'
found a marked diverge;ce;between.the opinions of teachers and t
other adult groups on.the’jmportance of practical arithmetic skills.
Tﬁis reéearcher rgporged that the objective‘df becom;ng adept aéd
applying afithmetic to broblehs of.business and pérgonal finance ''was’

rated much higher by evefy other adult group than by mathematics edu- -

~cators" (p. 117). i}

Oregon State Department of Education (1975) alluded to a problem of

divergence of opinion Between teachers and users of mathematics when it

made the following statement in its Oregon Vo-Tech Mathematics Prgject

Final Report:.s - .

Consider more extensive use of industry people to
assure relevance of problem sets. (Make sure
problems reflect actual needs of industry rather
than what instructors perceive those needs to be) .

(p. 31) , ° - .7

Olson and Freeman (1976) conducted a study whose purpose was to
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determine which objectives for junior high'school mathematics were cbn-
sidered most important by each of four intereé%ed groups. Teachers,,
parents, students, and p;ofessors of éducation were asked to rank,.in
order of perceived importance, fifteen objectives obfqﬂned from a search
of related literature. These researchers found that the tﬁree objectives
perceived as most important and selected‘jn the same order by both
students and parents were, first, ''To develop mathematics skills used in
daily living, i.e., be able to usé mathema;ics in business and personal
finanmce e.q., insurance,'taxes, dLscognt, etc.'", second, '"To be able to
add, subtract, multiply, divide, and to solve equétions corréctly in
afithmetic and algebra“,vand‘phird, "'to acquire the process skills re-
" quired Th obtaining mathematical knowledge, e.g., methods of reading,
finding information, the way of thipking, and using the knowledge' (pp.

, \
53 - 54). Olson and Freeman also reported that teachers, parents, and

students considered practical mathematical skills to be more important

than the structural properties oy mathematics, while professors of edu-

' cation considered the structural properties to be more important (p. 57).

. Mathematics Obiéttives in Alberta

Worth (1964) coﬁmenting an curriculum changes that were then takiné
place stated tHat jncfeased uqé"of the subject matter criterion of
significance to an organized field of knowledge had been receiviné strong‘
supﬁort.(;Ingiauthority cited the new elementary mathematics program as
an example of\evidence that the emphasisaén structure was beginning to
make itself felt.in Alberta (p. 7).

The high school mathémat{cs curriculum underwent extensive changes
after the revision of 1970 (Albégta Department of éducation, i970) and it

was. thought advisable to examine and compare the contents of stated

objectives for high school mathematics program: both before and after the
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revision. Senior high school mathemafics curriculum guides'for 1959,
'1963 and 1971 were selected for this purpose. It was found that but for
a few exceptions the content of tue stated program objectives was almost
identical in all three guides. Among.the exceptions, the objective "“to
demonstrate the role of mathematics in the development of occupatioual
skills" was'inciuded in the two earlier curriculum guides (Alberta
Department of Educatioh; 1959, 1963, p.-h) but was Qmitted in the latest -
(Alberta Deeartment of Education, 1971, p. 3).v The 1971 curriculum

guide did however, lnclude two items not found in the earller editions,
namely, ''to consider the nature of proof as represented by various

reasoning modes'', and, ''to develop an understandln of the main under-

lying ideas that make up the structure of mathe ics' (p. 3).

Review of'Textbooks and Other Trad Reference Works 3

Textbooks and other trade reference works figure promineutly in
apprenticeship andAhigh school uecatjonal edqucation courses and for this
reason it was thought that they might provr pertinent information
about the mathematical.knowledges and skills Weeded by journeymen forr
the successful practi;e of each of the three selected skilled trades of
Motor—Mefhanic, Heavy Duty Meehanic, and Welder. Becaus~-of the special
relationship wich was presumed to exist betw . reference works
and the apprentlceshlp and hlgh school voce;TE:;Tb::j:;:T;R\programs;in.
-which they were used, it was decided to group them under a separate
heading withrn the review of related literature. ‘ 4 ;

Three textbooks or other trade references were reviewed for each of
the three selected skilled trades named above end the mathemetical
knowledge and 5K7i1 compenents included in either the expository materi- J/’

al or in the review questious and problems provided at the end of each

ws



R e P . -
TV 0 7 i ST YT BT N R 1 I e AT A gt QI T S T DY Y DTN AT A M it e e v A RIS ARG AP A Y,

N
Lo

chabter were tabulated under‘thé samé’ﬁe$a1ngs>a54were emplbyed in the
resgarch'instrumeht for this study. For the purpose of this review, no
speciél significance was attached to the number of occurrences of‘any
particular mathematical knowle@gevor skill }tem fo;nd in any one

reference work.

Textbooks for the Motor Mechanic Trade : ’ ;
: o

Stockel (1974) in .a textbook entitled Auto Mechanics Ewrdafentals

included basic mathemgtical operations (i.e.u addition, subtraction,
:multiplfcation, and/bf diyisjon).with whole numbers (pp. 193, 2]],_363))
fractions (pp. 197, 199), English weights and measures (pp. 85, 211,
298) , measﬁring with a micrometer (pp. 439, 4h4b), reading gauges>(p.
198), ratio and proportion (pp. 199,212, 225), graph interpretation
(pp- IQI,'IQ7,'307), appifcation of formﬁ]ae Epp. 193 - 197),"
parallelism (p.-320), measuring and producing angles (p.'h26), calcu-

’

lafing area a#gfvolume of cyiinder‘(p. 197). Review-questions were
inCIQded at the end of each of 21 chapters but these consisped mo;tly of
Eecal] itehs thch did not'requifeﬂthé application bf mathematicél
skills. For example, a chapter on éngine tests-and measurements }n—
clﬁded several formﬁlae and demonstrated their application (pp. 193 -
‘197), but tﬁe‘review questions did not call for any mathématicai skiils
beydqd recalling four of these formulae (p. 199). Metric weights and
- measureS'and‘convers}ons were referred to_only in‘téb]es at the end of
the textbook (pp. 453 - 459). |

Crouse (1975) in a textbook entitled Automotive Mechanics included

basic mathematical operations with whole numbers (pp. 360, 418, 459;
512), fractions (p. 136), decimals {pp. 49, 257, 259), English weights

and measures (pp. 49, 136, lbh, 155), metric weights and measures (pp.
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60, 133, 136), conversions (pp. 5k, 60) , measurement with rule (pp. 50,

'373, 476), measurement with micrometer (pp. 51, 410), reading gauges’

(pp. 256, 260, 291), ratio and proportion (pp. 137, 458, 506), ratio and

_ proportion problems (p. 473), use of. tables (pp. 141, 617), signed

numbers (p. 525), interpreting graphs (pp. 140, 141, 1k7, 307), appli-
cation of formulae (pp.A!Bh, 136), identifying géometTic‘figures (p-.
528), measuring angles (pp. 360, 545), and adjusting or laying out
angles (pp. 315, 391, 421, 545). References were made using percent
(p. lSé), but no problems or solutions usingﬂpercent were included.
Conversion tables were located at the back.of the book (pp. 633 - 635)
and virtually no.mathematical skills were included in the review
questions at the end of each chapter.

Nash and Banitz (1973) in their textbook entitled Automotive Tech-

nology included basic mathematical operations with whole numbers and

decimals (pp. 224, 419, 424), percent problems (p. 224), English weights’

and measures {pp. 21, 84), metr?égkéasures (p. 210), measuring with a
micrometer (p. 18), reading éaugesmﬂpp. 197, 259, 260, 264), r;tio and
proportioﬁ . 126, 129), ratio aﬁa proportion probrems'(pp. 84, 22&),
using’tabfes (p. 327}, scjentiiié notation (p. 208); sigﬁed numbers
(p.'64), interpreti€§’gfaphs (pp- 79, 312, 322, 279), applicatfqn of
formulae (pp. 221 - 224, 411), ﬁeasgfgment of.anéles (p. 218), calcu-
latinngolﬁme of ; cylinder (ps. 226, 22#?. This textbook @iffered from
the oéhers in this group infthat the chapter review questions tended to
include more prob}ems{iequiring mathémati;al ski!ls.for their .solution.

For example, of the te review questions aje the end -of chapter 26, four

were of this type (p. 224).

In summary, the three Motor Mechanic Trade textbooks reviewed in-
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fractions, decimals, percent, and signed numbers, English and metric

weights and measures, conversions, measurement with ru ind micrometer,

1

reading gauges, knowledge of ratio and proportion, solving ratio and
proportion probléms,'using tables, scientific notation, graph interpre-
tatibn, appl]cation of formulae, measuring and laying out or adjusting

angles, and-calculating area and volume of a cylinder.

Heavy Duty (Diesel) Mechanic Trade Reference Works

United States Office of Education (1969) in its Diesel SeWvicing

Curriculum included basic mathematical operations with whole numbers,

fractions and percent {p. 19), conversion of common fractions to deci-

mals (p; 19), percent problems and English and metric weights and

measures (p. 19), reading‘gauges {pp. 8, 12, 19}, ratio and proportion
problems, powers of numbers, square roots, graph interpretation, appli-
cation of formulae, measurement of angles, and caqulaEion of afeas ond

volumes (p. 19).

- Black (1966) in Audel's Diesel Engine Manual -included basic mathe-

matical operations with whole numbers (pp. 20, 254), fractions {p. 20),
decimals (pp. 241, 254), English weights and'measures (pp. 17, 20),

metric weights and.measures (pp. 18, 197), conversions. (p. 19), esti-

mating measurements (p. 347), reading-gauges (p. 202), ratio.and

. E L
‘proportion probiems (pp. 265 - 268), powers of numbers (p. 272), use of

-~

tables (p. 91), graph interpretation (pp. 3]; 251), application of
formulae (pp: 20, 90, 247, 257, 259),‘measuggment;of\angles (p. 232) and
volume of cylinder (p. 269). The book also contained a section devoted

to tables including one giving millimeter eQu}vaIents of fractional inch

- W e T Nl .
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measurgments. 5 : » N .
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Cdmpféssion Gas "Engine Fdﬁdaméntafs‘

Kates (1965) in Diesel and High
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. J0), tractions (pp. 85, 113), decimals (pp. 61, 70, 347), percent

“problems (pp. 115, 116, 311), English weights and measures (pp. 62, 63,

70, 253}, ratio and proportian problems (pp. 9, 120}, powers of numbers
(pp. 61, 70), graph ihterpretatioﬁ (pp. 106, 131 - 134), applicatioﬁ of
formulae (pp. 62 - 65, 72), cancellation (pp. 65, 70), measuring angles
(p. 63), a;eas pf rectangles sand circle (pp. 61 - 62) and calculation of
volumes (pp. 62, 78).

Included in the three Heavy Duty (Diesel) Mechanic trade reference
works reviewed here were basic mathematical operations with whole
numbers, fractions, decimals and percent, Engli§h and metric weights
and measures, conyersions, reading gauges, ratio and proportiony
problems, finding powers of numbers and square roots, graph ?ntérpre-

tation, application of formulae, cancellation, measurement of angles,

finding areas of rectangles and circles, and calculation of volumes of

cylinders and rectangular solids.

Reference Works for the Welder Trade

Kennedy (1972) in his thesis titied The Development of a Handbook

tor Welding Theory included basic mathematical operations with whole

numbers (p.-16), decimals.or percent (pp. 72, 82, 85, 97, 106), English

weights and measures (pp. SS, 56, 85, 86, 90, 122), measuring with rule

.(pp. 54, 56, 129, 151), graphhinterpreﬁation (p- 80), laying out angles

(pp. 54, 56, 129, I5!). The work makes numerous references to

fractional measurements used in discribing materials such as welding rod

. . — &
diameters, metal stock thicknesses, dimensions of metal pieces.
; ,

3
Pender (1968) in a textbook entitled Welding included basic mathe-
matical operations with fractions (pp?,ES, 124), decimals or 5ér€ent,

conversions and percent calculations (p. 124), English wéighfs'and

L3



i man

measures (pp. 23, 25), measuring with rule (pp. 39, 42, 45, 50, 57, 75),

—_—
(8

estimating measurements (pp. 26, 27, 38, 80), reading gauges (p. 28),

use of tables (pp. 45, 80), laying out or adjusting angles (pp. 49, 56,

58, 129).

Masson (1967) in a textbook entitled wel;?hgTheofy and Practice
S 3

included basic mathematical operations with whole numbers (p. 577,

tractions (pp. 41, 57), decimal or percent (pp. 15, 49, 52, 57), con-
versions (p. 57), percent calculations (p. 49), English weights and

measures (pp. l,[29, 40), metric weights and measures i(p. 21), measuring
with rule (pp. 29, 38, &I, 70, 73 - 75), estimating measurements (pé.
18, 19, 41, 72), reading gauges (pp. 17 - 19), ratio and proportion
problems (p. 57), use of ‘tables (pp. 46, b9; 62, 65), signed numbers
(pp. 3, W), measurement(of angles (p- 39), laying out or adjustment of
angles (pp. 38, 43, 70, 73). |

in summary, the three reference works for the Welder trade re-
viewed here included basic mathematical gperétions with whole numbers;
comﬁon frackions, decimals and signed numbefs, conversions of ;ommon
fractions to decimals, percent calculations, Eng|ish_and metfic weights
amd mgasu?es, estimatiﬁg measuremenfé,(measdring witﬁ a rule, reading

gauges, solving ratio and proportion problems, use of tables, graph

interpretation, and measuring and laying out angles.

Ly
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summary of Reference Works for Three Trades

It was found that the three trades of Motor Mechanic, Heavy Dutf
Mechanic, and Welder shared a number of mathemagfcal competency re-
quirements as indicated by textbooks and other trade reference works.
These shared mathematical competency requirements included basic
operations with whole numbers and fractions, knowleége of common English
and metric weights and measures, solving ratio and proportion problems,
graph interpretation and measuring angles.

Some mathematical competencies were shared by two Qf the tbree
trades being studied here. Reference works for the Motor Mechanics and
- Heavy Duty Mechanic trades indicated a common need for basic operations .
with.decimals and percent, conver§i0Q§ of English and ﬁetric weiﬁhts
and measures, app}ication of formulae and finding area and voluﬁe of
cylieders. ‘Motor hechanics and weldersAshared a need for measurements
with rule'and“micréagte;;\gse of mathematical tables, basic operations
with signed numbers ana for laying outland adjusting engles. No
mathematical competencies common only Fo the Heavy Duty or Welder‘trades
were indicated.

Some mathematiCa] competencies were found to be indicated for only

o

one of the skilleé trades beinb studied here. Motor mechanics were

found to need a knowledge of scientific notation and measuring with a»iﬁif
micrometer. HeaVy Dety mechanics needed competency in finding powers of
numbers, calculating square root, cancejlation, calculating area of
square or rectangle, calculating circumference or erea of avcircle,rand

finding area and/or volume of rectangular solids. . No mathematical S 'ih

competencies were found to be ndeded welders to the exclusion of the

SN B

other two trades being studied here. -
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In conclusion, it was found that the textbooks and other trade
reference works for the three trades of Motor Mechanic, Heavy Duty

Mechanic and Welder indicated considerable similarit; of mathematical

functions among .the three trades. . )

. Summary of the Review of Related Literature

This review of related literature dealt with the academic foun-

X . . C o eaan
dation and content of occupations and the mathematical requirements of

the skilled trades. Comments on mathematics programs and evaluations of
. sy . :

1S

them were examined as were purposes of mathematics and the objectives of

mathematics instruction. A review of textoooks and other trade refer-

ence works completed the chapter.
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CHAPTER 11
DESIGN OF THE STUDY

The brevious chapter consisted of a review of relatéd literature
which dealt with the academic foundation and content of occupations in
genefal and the mathematical requirements of the three sgleéted trades of
Motor Mechanic, Heavy Duty Mechan%c and Welder. Commengé on mafhematics
education and evaluations of mathematics programs were reQiewed aé were
purpo;es of mathematics and stated objectives of mathematics instruction.
A number of textbooks ana other trade reference works were an® yzed for
their mathematical content.. |

This chapter includes descriptibns of the population»and the -

éampling procedure for the study. The chapter also deals with the design

of the research instrument, the execution of the pilot study and the

¢

distribution of the research instruments and concludes with the

tabulation of data.

Description of the Populations

The populations for.thisvstudy included three discrete gfdups of

certificated journeymen. One population included journeymen from the

-MotorAMechanic trade; the second population was made up of journeymen

from the Heavy Duty Mechanic trade; the third population was comprised of

v

jpurneymen'from the Welder trade. Each Qf these fhree populations was
stratified as to the function pérformed.by the journeymen. These

functions were placed into the following three groups: Supervisors;

L]

Journeymen; Instructors. The Supervfsoi group consisted of certificated

journeymen who were managers, owner-managers, or foremen who were

~

daily contact with practicing journeymen in one of the three trades in-

volved in the study. The Journeymen group of each of the three

Q
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populations consisted of| practicing certificated journeymen who were

judged to be successful by their supervisors. The third group consisted

Il

\

Each of the three populations was stratified into three groups which

gave a tatal of nine gubgroups\for sampling purposes.

\ o
Samplipg Procedure

study called for a two-stage sampling procedure

The design of th

for the ''Supervisor' and '"'Journeyman'' strata of each of the three

o
<

otor Mechanic,

populations, namely, Heavy Duty Mechanic, and Welders.

: oo
This approach which was referred to b

Selltitz, Jahoda, Deutsch, and
Cook (I967,*p. 53%) was decided upon for reasons of feasibility and
practicability. ‘ ' A\

For the first stage 6f the sampling ﬁroceés three lists of
employing agencies were edmpiléd, one for each trade group. The first
list consisted of 4l employihg agencies which'empioyed jqurneymén'mdtor
mechanics. The secdnd.lfst'includéd 28 emblofing agencies such as 
Diesel and heavy ddfy»shops which employed, journeymen heavy duty
mechanics. The third list consisted of‘103 ehploying agencies such as
welding and fébricating shops which émployédvjourneymeﬁ Qelders. Each of

these lists of.employing agencies was compiled from information obtained

“from Edmonton and Vicinity Yellow Pages by Edmonton Telephones, 1976.
Using a'simple random Sampling procedure without replacement, five
employing agencies were selected from each list giving a total of

fifteen. The service manager or other supervisor from each selected

.

Bl



employing agency was then contacted by telephoné, given a brief outline
of the purpose and method of the study and asked if he wanted to
cooperate in the study-along with two successful Jjourneymen of his

choice who were working under his supervision. At the same time, an
appointment was arranged with the supervisor so that questionnaires could
be delivered and further-explanetions given reléting to the eompletionA
and return of the.questionnaires. At the.time_theAquestiennaires were
delivered it was suggested to the éupervisors that they mighr selecr,
where possible, one subject with rive years or»le$s‘of.experience as a

’

journeyman in the trade. and ane with more than five years of trade ex-

perience. It was thought that this procedure would produce a high

. proportion of returns, yield a greater variety of experience amongk~v
respondents and evojd select}on of marginal joerneymen whieﬁ might have
occurred with the use of alternatrve selection procedures.

The "instructor" categor? for each trade divisron‘samp]e was
arrived at by simple rendom seleptidn wi thout replarement,ofvfiVe
ihdivfdualsrrrom each of three lists of candidates compiled for the
burpose. These three ”Instructor” groups were then added to the ap-
proprlate ""Supervisor' and ""Journeyman' groups to complete the three

samples. Thus the three samples, in their final form, each consisted of

five ”Supervisors“ ten '""Journeymen', and five ”Instructors“ giving a

-
-

total of 60 subJects in all for the three samples.

The Research Instrument

"The research instrument for. the study was a questionnaire in the
‘form of a mathematical ¢heckoff list similar in structure to the one

used‘by Laws in his 196, §tudy on the mathematical expectations of

technicians (pp. 48 - §7). Respondents were asked to rate;each of 45



marhemétical’knowledge and skill items on a three point Likert-type scale
as either '"Necessary'' or ﬁDesirable” or “ﬁot Needed'' for journeymen to
possess in order that they may' be able tb practice-thei} respective
trades in a successful manner. Zeizel'(1968) supported the use}of

A

checklists rather than numerical answers because thg former redgced the
number of "'don't Rnéws“ (p. L48). | |

The mathematical competency items included in.the‘ques;ionnaire
Qséd for the study were derived from a number of sources including re-
search reports,‘artitles in learned jourhals, and from textbooks ana
other trade reference works. |

Wilson (1952) reported the results of joint sessions of shop and
mathematics teachers whose purpose was to carry out an analysis of the
extent of use of applied mathematics in a number of representative
skilled trades. A chart was compiled listing 16 mathematicsvtopits and
graphicaily jllustrating whether or not they épplied to each of the
skilled trades (bp;.28 - 29). .
| A séries of mathematical éompetencies whose application was thnght_
to be fundamental to many skilled trades was presented by Carlton (]953)i
The author stressed the importance of a.mélﬁod of checking thg accuracy
of calculations in order to'avoid'costlf mistakes in the shop (pp. 8,5
9). |

Laws (1966) used a 104 item queétionnaire.for his study of mathe-
matical expectations o% féchnicians (pp. 48 ~ 51). Since mathematiéal
skill items used by Laws were dirécted at technicians it gas thoﬁght—
that they were too numerous and of too high an order of difficulty for
ﬁhe purposes of this study which was directed at joUrneymen. This cod;

clusion was sdpported by a finding of the study by Laws that 47 out of

’-’-\
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104 skills listed in the questionnaire were considered '"not needed'. by

QQeE 50 percent of the respondents.and that only 23 out of the 104 skills
lisfed in the.questionnaire weré congidered ”essential“ by over 50 per-
cent of the respondénts.(ppl 4 - 18).

Smi th (1973) in a study whfch was conducted -with workers and
supervisors in a variety of géographical areas in the Prpvince of Sas-
katcheWan-and whose purpose was to identify generic skill ;omponénts of
tasks and subtasks carried out in 27 diffefent occupations used a
questionnaire which 2ncluded 70 mathematical.skill items listed under 18
major mathematics topics (pp. 78 - 80);

Fitzgerald (1976) ihveétigated the confents of mathematics programs
-proQided by .engineering companies fbr their beginning craft and
technician apprenti&es and from the fnforﬁation obtained drew up a
catalogdé of mqthematical items contained in these cohrsgsl These
mathematical competencies were deemed necessary for beéinning appfentices
to posseES»because they would likely encounger proﬁlems which Qould re-

quire their application within the first few weeks of apprenticeship

(pp. 43 & Lb).

The list of 45 mathematical competencies included in the research

instrument for this study was adapteg from the above sources. In order.

‘to ensure that all the requ1red ma hematlcal competencies were included

three textbooks or other trade r ference works for each of the three
selected trades were analyzed for mathematical content. It was found
that all of the mathematical competencies encountered in these trade

reference works had been included in the questionnaire and it was

thought unlikely that_further-additions would be necessary.
i ) f

'
’

The Likert-type scale with three response alternatives for each

AT
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questionnaire item which was used by Laws (1966) was adapted for use in
this study (pp. 48 - 51).

The completed instrument was then submitted to a specialist in
- Mathematics Education from the Mathematics Department of The Universify’
of Alberta for review and criticism. This specialist recommended the
inclﬁsion in the questionnaire of a.request directed to the respondént
that he describe-any mathematical sh%rtcuts that might be used in the
practice of his trade. The instrumeﬁt was also reviewed by a-specialist
in instrument design form the Department of Educational Psychology of
The University of Alﬁerta. This specialist stated that the instrUmenf
appeared to be well designed and recommended. that a pilot study be
undertaken. A pilot study had been included in the original design of
the stqdy; so the only change requi:ed in the research instrument was“

~the inclusion of a request of participants for mathematical shortcuts of

their trade.

Pilot Study

A pilot study was carried out for the purpose of pointing up any
possible errors or inadequacies which mightlhave been present in the
research instrument. The pilot study_was conducted among a @roup of

nine subjects selected on the basis of one représentative for each

stratum of each of the three populations included in the study. All but

one of the pilot study participants remained as elements of the
populations and were therefore eligfble for Selegtion as sample subjects
for the main study. The lone exception was a welder who was ndé a
population member by virtue of tHe fact that Hié place of business was
located outside of the boundaries of the City of Edmonton.

Pilot study participants wefe contacted either by telephone or

52



in pérson, given a brief expianation of the~purpose and method’ of the
pilot study, and asked whether they woufd be willing to pargicipate in
the pilot study by completing a‘questionnaire. All indfviduafs contacted
agreed to participate in the pilot study. The Questionnaire; werée then
posted or delivered to the partjcipants along with a covering letter and
a stamped self-addressed envelope.

The pllot study -returns were examined by the researcher 52 order to

oot 8,

strument .

matical Knofy wkill items with either %n asterisk or a question

R
. .

‘&ark. it appeafedﬂth%t these respondents may ha%e experienced difficulty
in understanding the meaning of these items thereby eliciting reéponses
which might be considered nnvalud |+ was therefore decided to .attempt

to clarify the meaning of three of the mathematlcal knOWIedge and skll]

items by changing the wording in such a manner as to include one or more

‘6xample§. '
The pilot study returns were examined by a staffvmember of the
pepartment of Industrial and Vocational Education at The Un;vérSity'of'
Alberta and were found to have,aﬁ;acceptable distribution of responses
among thelthree scale alternativesvin the questionnaire.

The modified and cqrrécted instrument.waé printed and readied for
distribution along with a étamped self-addressed envelope and a coveri
Jjetter outlining tﬁe purpose and briefly explaihing the methodology’ of

i

the study. B S

Distribution of Research ‘Instruments .

For the ''Supervisors'' and "Journeymen” groups, arrangements were

made by the researcher to visit the supervisors of each of the fifteen

U
5

Y
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selected empio;ing agencies for the purpose of delivering the research
¥instruments and obtaining the names of the subjects ;elected to cempiete
the instrdments. The supervisors were asked for their cooperation in
expeditiﬁg the completion -and return of tha duestionnaires FoiioQ-up
calls were nfade wnth’the result that completed qUestlonnaires were
received withln a short time after the calls were placed One exception
was the case of a heavy duty repair shop whose foreman infotmed the
gesearcher that he and his men were working long hquts and ﬂ(d_not-havec
time-to fill out their questionnaires. | | |

For the "lnstructor" category, the subjects were contacted by

telephone and given a brief'outiine of the purpose and methodology of

IR

the study. These subjects were then asked to complete and return the

Y-RN7 AN

questlonnaire thCh would be forwarded to them along W’Lh a covering

ﬁ
P
3

letter and a stamped‘seif addressed envelope.
For tabuiation purposes, practicing certificated Journeren Qith 5 .

years or less of experience in their respective trades.were placed in

“Group A" and journeymen with over 5 years of such experience were

assigned to ""Group B'. ' | - . o

Returns were received from a total of 50 respondents thCh is

)
¢

‘equivaient to 83.3 percent of the number of questionnaires wblch were
distributed. Numbers and percent proportions of returns by sample

subgroup are shown in Table i

'
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TABLE |

RETURNS BY SAMPLE SUBGROUP

s » Motor Heavy DUty :
Mechanics Mechanics Wedlders Totals
Supervisors ’ /
Posted - 5 5 5 s
) Returned 5 3 i 12
Pércent 100 60 80 - 80

Journeymen '\\“ﬁ\

Group A ’
. Posted ) ‘ﬁi\gyg‘ 5 5 15
. Returned | s 3 A 12
Percent - 100 60 80 80
Group B o ' T . . . g
| Posted 5 -5 5 15 é
Returned 4 5 3 12 | %
VPercent - 80 100 _ 60 . 80 f
lhstruct;rs _ , | » ' ’5 ;
Posted 5 5 _ 5 | 15 ’ ﬁ
Returned s 4 =~ 5 14 _ 4
Persent 100 o 80 . 190 ‘ 93.3 — ' ?é
‘ . ‘ .5

¥

These data show that the Instructor group had the Highest
,proportioh of returns-with 93.3 bercent of the research instruments

having been Eomp¢g§g¢ and .returned to the- researcher.
B o iEE :

“
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Data Tabulation for the Motor Mechanics Sample

. Table 1l shows mathematical knowledges and skills frequencies ob- .

tained from five completed research instruments returned by supervisérs

from the Motor Mechanics sample.

Table 111 shows mathematical skills frequencies obtained from five

completed research instruments returned by group A] journeymen from the

I3

Motor Mechanics \sample.

9

ows mathematical skills and frequencies obtained from )
ur completed research instruments returned by group B journeymen from

the Motor Mechanics sample.
Table V shows mathematical knowledges and skills frequencies ob~

tained from five completed research instruments returned by instructors

*
5

from the Mptp% Mechanics sample.
Tabl¢?VT'shows mathematical knowledgessand 'skills frequencies and
percentages combined for the 19 respondents from the Motor Mechanics

EY

sample.,

i .
]Group A = journeymen having 5 years or less of experience in their

trade.

2. . N , ,
Group B = journeymen having more’éhan 5 years of experience in
their trade. v B . )

)

&
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TABLE 11

MATHEMAT ICAL KNOWLEDGES AND SKILLS FREQUENCIES
FOR™ SUPERVISOR GROUP - WOTOR RECHANICS SAMPLE

;vf‘biﬁerp‘reling linevand/or bar graphs.

El

MATHEMAT ICAL KNOWLEDGE p
' N
AND SKILL ITEMS ~ ECESSARY DES IRABLE  NOT NEEDED
Basic operations (+, -, x, *) with
whole numbers., ’ -5 0
Basic operations with common "
tractions., 5 0 \
N »').
‘Basic operations with decimals and :

N . e ey
percent. j 4 0 )
Conversion ot common fractions ta.. N
‘decimal. or percent and vice versa. 4 )

Using percent to calculate interest,

mark-up and/or discount. 2 2

Knowing common metric.weights and

measures. . S 0
S Rnowing common English weights and

measure, . 3 t .
Converting £aglish to metrie weights

and measures. L] 0 .»
Measuring with rule or tape. S o
Measuring wit! nicrometer. 5 0

Estimation of measurements, (e.g. -

hold electrode 1/8" from work). 2 ~ i

Reading gauges and meters. 5 "‘ 0

P , -

Calculating ratio andfor proportion. 4 0

Solving ratio and propartion problcm‘s..

(e.g. interpreting -scale drawings). 1 20w o
Finding Powers of numbers. 0 i '
Using mathematical tables.- -+ LI
Calculating square root. \ 1 3

3sing scientific notation (powers

of 10) . ‘0 3

Using common logarithms to solve N

mathematical problems. . 1 & -
Basic operations with positive and

negative numbers. 1 b~

Basic operations with literal

expressions. {(algebra)- | 2

' - - —
0 2

»




~
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TABLE 11 (contd.)

DESIRABLE

MATHEMAT ICAL KNOWLEDGE
AND SKILL ITEMS NECESSARY NOT NEEDED
Constructing line and/or bar graphs. 0 2 3
Applying formulas (by substitution of
numerical values). i 2 2
Solving linear equations. 1 0 4
Transposing, factoring and
" cancellation. | e , ] 0 4
Solving simyltameous equation<. - | I qQ 4
. . 4 AN o {‘%
N , o
Solving quadralic:équq[ions. - 0 * 1 ]
“krowing qegning of parallelism between =
I Pnes R T planes . ‘o B 3 1
. Ldentﬁyrnq basic geometnc figures such ‘
‘Tas squard,‘ rectangte, hexagon, cylinder. 1 3 1
. Neasu(rng angles. '3 i 0
[
- Laying out or adjusting angles to ) .
'g!vgn'number of degrees. i 2 0
Caléulating area of square or T i .
r"éctangle B 1 3 1
Calculatmg circumference and/or area o
of circle. o 1 3 - 1
andmg unknown side of rlght trlangle ‘
(Pythagorean theorem). ] i
Finding area and/or volume of rec-
tangular solids, (e.g. .tanks). ) : ! 2 2
Finding area and/or volume of
cylinders. | . ' 2 2 ]
Interpreting "'pie'’ - rcle graphs. ) 1 <3
"Ccmstrucging ‘'oie'’ or circle graphs. > | 1 3
Usung slide rule to solve mathetutlcal
problems. . 0 Y |
Using calculator for basic . s .
operations. - : 0 .3 2
o : Ao <
Knowledge of set theory. . * i I 3 |
i . - .
Completmg busmess fom, (e.g. in~
vmces work orders, bills of ule) -2 2 1
. Re\;of'd keeping. - *"’ . 2 2 ]
R
solving vector analysis problems, i N 3 t T
5 so
+ \ /
@ .
. Q
/ \ 'o:-av’f -
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TABLE 111

MATHEMAT ICAL KNOWLEDGES AND SKILLS FREQUENCIES

FOR GROUP A" JOURNEYMEN - MOTOR MECHANICS SAMPLE

59

MATHEMAT ICAL KNOWLEDGE

interpreting Vine and/or bar graphs.

.

\

AND SKILL ITEMS NECESSARY "DES IRABLE NOT NEE‘DED .
Basic operations (+, -, «, *) with
whole bers. L] 0
Basic oper¥tions with cc
tractions. 5 0
Basic operations with decimals and
. . . *
percent. 5 /‘U“ o 0
. y z
Conversion of common fractions to
decimals or percent and vice versa. 4 1 0
Using percent to calculate interest,
mark-up and/or discount. : 2 2 1
Knowing common metric wefghts and
measures. 3. 2 . 0
Knowing common English weights and
measures. 3 1 )
Converting English to metric weights
and measures. ‘ 3 2 0
Measuring with rule or tape. 5 0 o
. : o
Measuring w@ micrometer. 5 - 0 ¢
' q
Estimation of measurements, (e.g. '
hold electrode 1/8" from work).- 5. ') .0 rQ(l
Reading gauges and meters. .5 0 Y
Calculating ratio an&&br'proportioq. b r 0
Solving ratio and proportion problems,
(e.g. interpreting scale drawings). 3 " 2 0
Finding Powers of numbers. 0"\' ] b
Using mathematical tables. L 2y { 2
. f:‘-. -
Calculating square root. 0 Seio 0 5
" Using scientific notation {powers o -
of 10). ) 0 \ 0 5
~Using‘cqmmon logarithms to solve . - - R
mathematical problems. . i 1 3
Basic operations with positivexaﬁd . '
negative numbers. . L 2 2
Basic qperatlons with literal -
_exgressions ‘(algebra). * 1 3 .
- 3 1

'Gfoup A -;Journeynan having 5 years or less of experience in their

trade.
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I
TABLE 111 (contd.)
MATHEMAT ICAL KNOWLEDGE
AND SKILL ITEMS . NECESSARY DESIRABLE NOT NEEDED
Constructing line and/or bar graphs. ] 3 |
Applying formulas (by substitution of
nunerical values}. i 2 2
Solving linear equations. 0 . 2 3
Transposing, factoring and
cancellation. 0 2 3
Solving simultaneous equations. d) 0 5
Solving quadratic equations. 0 ] & -~
Knowing meaning of parallelism between
lines aid/or ntanesg B | | 3.
Identifying basic geometric figures such P
as square, rectangle, hexagon, cylinder. 3 0 L 3]
Measuring angles. 3 2 ‘i o
. Vs -
Laying out or adjusting angles to
given riumber of degrees. ' y ? 0 » B SN
- Calculating area of square or ) :
rectangle. o 2 1 .2
Calculating circumference and/or area )
of circte. ’ 3 1 ]
Finding unknown side of right triang!»e‘ . o
(Pythagorean theorem). 0 @2 3
. SR .
Finding area and/or volume of rec-
tangular solids, (e.g. tanks). 1 m 1
Finding area and/or volume of ‘;;’ . ! —
cylinders. 2 S 2 \
tnterpreting ''pie' or circle graphs.h i 2 2
Constructing "pie" or cil};.le graphs. 1 I 3
Us‘ing slide rule to solve mathematical : -
problems. : 0 2 3
Using calculator for basic ’
operations. 0 4 . 1
Knowledge of set theory. 2 1 2
Completing business forms, (e.g. in- ) )
voices, work orders, bills of sale). 3 2 0
) ‘ »
. Record keeping. .- 2 3 0
Solving vector afialysis problems. g0 .. 2 3
. v

‘?,',)iru ‘

cent
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TABLE 1V

MATHEMAT ICAL KNOWLEDGES AND SKILLS FREQUENCIES
]
FOR GROUP Bz JOURNEYMEN - MOTOR MECHANICS SAMPLE

MATHEMAT ICAL KNOWLEDGE : . :
" AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED

Basic operatic;ns (+, -, x, =) with"

whole numbers. “ b o 0
Basic operations with common
fractions. . b 0 . 0
<
Basic operations with decimals and .
percent. ] 0 0
Conversion of common fractions to
decimals or percent and vice versa. b 0 0
Using percent to calculate interﬂe_r,’ij(\i'?@: VQ!
mark-up and/or discount. C R . 2 !
Knowing common metric weights and
measures. 3 ) Y
Knowing common English weights and’ ¢
measures. 3 Y !
Converting English to metric weights . :
and measures. 3 . i 0,
Heasﬂ?’ipg with rule or tape. 4 0 0
Measuring with micrometer. ' 4 -0 Y
Estimation of measurements, {e.g. v v
hold electrode 1/8" from work). ’ & 0 0
AWding gauges and meters. b 0 Y
Calculating ratio and/or proportion. 3 1 Y
vSo|ving ratio and proportloﬁ problems, i ;"
(e.g. interpreting scale drawings). 2 1 N o r
Finding Powers of numbers. » -0 ' 3
Using mathematical tables. 3 1, o
Calculating square root. LI 0 3
, Using stientific notation (powers
of 10). ) _ - .0 P 3
Using common logarithms to solve : '
mathematical problems. ' 1 . 0 {*
v. » . -
. Basic operations gi th positive and ’
. negative nusbdrs. ) 1 2 [
" ‘Basic operpt. _“ with literal . : - S
expression ,T(a‘yb, ra). 0 L
AR . S L ) |A 2
. l,terpre(_mg llnc-gp_ndlo_r bar graphs. R :

>

1 Y
R rS -
-’ nr 3 ) 2

A .

2§r6up B « Jougnpysisg having more than 5 years of. experience in
thelr trade. . .~8 9 " - : . - .

. > .-
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TABLE 1V (contd.)

62

DESIRABLE

Solvlng({e:tor analysis probieu.

+ N 3
{ .

MATHEMAT 1CAL KNOWLEDGE
AND SKILL ITEMS  NECESSARY NOT NEEDEQJ‘,
Constructing line and/or bar graphs, 0 0 4
Applying formulas (by substltution of S
numerical valdes). 0 0 4
Solving linear equations. 0 0 §
Transposing, factoring and
cancellation. 0 0 [
Solving simultaneous equations. 0 0 ]
e )
Solving quadratic equations. [ 0 lo
Knowlng meaning of parallelism between )
lines and/or planes : . 1 1 2
Identifying bas*ic geometric figures such .
as square, rectangle, hexagon; cylinder. 3 ) Q )
. ’ ’ : w
Measuring- angles. 3 1 0
Laying out or adjusting angles to
given number of degrees. /3 } 0
Calculatmg area of square or
rectangle. 2 2 0
Calculating circumference and/or area
of circle. 3 1 0
Finding unknown side of right trfangle )
(Pythagorean theorem). ~ 1 3
Finding area and/of- volumé of rec- - .
tangular solids, (e.g. tanks). 2 0
Finding area and/or volume of v PR
" cylinders. : 2 2 0
Interpreting "pie" or cil_'cle graphs. 2 1 I ‘
. Y,
Cons‘gructing "pie'" or circle graphs. 1 ] 2
Using.stide rulé to solve mathematical .
problems. 1 2 1
"Using calculator. for basic - o
operations. .0 2 2
‘Knowledge of set theory. 2 0 o 2
Completing business forms, (e.g. in- . :
vpices, work’ orders, bills of sale) 1 3 0
Record keepanq. 1 3 0
0 0 4
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i~y

TABLE V .
- Iy
MATHEMAT ICAL KNOWLEDGES AND SKILLS FREQUENCIES S
FOR 'INSTRUCTOR GROUP - -MOTOR MECHANICS SAMPLE -
MATHEMAT ICAL KNOWLEDGE ‘ '
AND SKILL -1 TEMS . : NECESSARY DESIMBLF NOT Nﬁ;oﬁb
Basic operations (+, -, x, ) with
whole humbers. : ) S 0 0
Basic operations with common . )
fractions. -k ] 0
Basic operations with decimals and -
percent. * ] 1 0
Conversion of common fractions to .
decimals or percent and vice versa. 1 0
Using percent to calculate interest, .
mark-up and/or discount. 1 0
Knowing common metric weights and )
measures. T2 2 A
Knowing common English weights and . -
measures. : 5 -0 0_
Converting English to metric weights '
“.and measures. . ) 3 |
St . - R
Measuring with rule or -tape. b [ 0
Measuring with micrometer, i’ _3"" . 2 0
Estimation of measurements, (e.g. - ’
hold electrode 1/8" from work). : 2 3 )\/0_/_‘_7<
Readihg gauges and meters. ‘ . 4 _‘ » o .
‘Calculating ratio and/or proportion. L b 1, 0 -
Solving ratio and ;pﬁroporti_on praoblems, ) . '
{e.g. interpreting scale drawings). i 2 3 0
Finding Powers of numbers. 0 1 N 4
Using mathematical tables. % i 0. 5 0
Calculating square root. - 0 1 h
Using scientific notation (powers , o -
of 10). 0 2 . 3
Using common logarithms to solve ) n 7’?“. a
mathematical problems. 0 ! R
Basic operations with positive and !
negative numbers. v 1. 3 1 -
Basic operations with’literal ‘ S
expressions (algebra).. ! 1 3
tnterpreting 1 ine:and/or bar graphs. 2 3 1
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“ " TABLE V (contd.)

ey

MATHEMAT ICAL KNOWLEDGE o
AND SKILL ITENS NECESSARY DES IRABLE NOT NEEDED

Constructing line and/or bar graphs. 2 2, 1

Applying formulas (by subslltutlon of

numerical values). 1 [ 0

Solving linear equatfons. I 2 "2
Transposing, factoc ing and '

cancellation 2 1 2

Solving scmulta&:s equations. 1 0 Cg

. - N .
Solving quadratic equations. | ’ ' 4 ) ke
! Knowing meaning of parallelism between . .

lines and/or planes. . ‘ ) 1

1dentifying basic geometrnc flgures such

as square, rectangle, hexagon, cylinder. 5 0

Measuring angles. -4 1 0 .
Laying out or adjusting angles to

given number of degrees. i 1 R 0

Calculating area of square or’

rectangle. . 4 1 0
Calculating circumference and/or area’ N
of circle. - 4 1 0

Finding unknown side of right triangle

(Pythagorean theorem). _ 1 N 2 2,

Finding area and/or volume of rec- ' - e '
tangular solids, (e.g. tanks). 3 2 '.-y ) 0

Finding area and/or volume of } - :
?«N\ - Y _ 1 . 0

n“ter.p.retiug '.'pie" or tircle graphs. 3 0 . 2
Constructlng "pae" or circle graphs. I 2 2

Usnng sltde rule ‘to solve mathematical '

problems. ~ jv o0 LI I

Usmg calculator for basic ’

operations. 0 3 2 L
Knowledge of set theory. X ' o _ 0 - 5

Completing business forms, (e.g. in~ )

volces, work orders, bills of sale). ) 4 ) I. 0

Record keeping. =~ o Iy . ) . | S 0

Solving vector analysis problems. e . . ey




MATHEMAT ICAL KNOWLEDGES AND SKIiLLS FREQUENCIES AND
PERCENTAGES FOR MOTOR MECHANICS SAMPLE" -

TABLE VI

65

percent.

measures,

measures,

of 10).

Intefprating |1ne and/er bar graphs.

*

MATHEMAT ICAL KNOWLEDGE NECESSARY DESIRABLE NOT NEEDED
ANO SKILL (TEMS "NO. X NO. % NO. 4
Baslc operations (+, =, x, ) with
whole numbers. Y, 18. 947 0 0.0 1 5.3
Baslc operation wi th" common
fractions, 18 94.7 N Y. 5.3 0 0.0
Basic opérations with doclmnh nnd . :
17 83.5. 2 10.5 0 -0.0
Conversion of common fractions to : ) K
decimals or percent and vice versa. 16 84.2 2 10.5 ] 5.3
Using percent to calculate Intsrest, :
mark-up and/or discount, 9 k7.4 6 3.6 b 211
Knowing comman matric walghts and
13 68k 5 26.) | 5.3
Knowing common English waights and
14 13.7 2 10.5 3 15.8
Converting English to metric welghts . : . ¥
and measures, " 57.9 7 36.8 1 5.3
Measuring with rule or tape. 18 54.7 1 5.3 0 0.0
Messurlﬁ'g with micrometer, 17 89.5 2 10.5 0 0.0
Estimation of measuremaents, (e.9.
hald electrode 1/8' from work). 13 68.4 5 26,3 ! 5.3
Reading gauges and meters. 18 947 ! 53.. 0o 0.0
talculating rat¥ and/or proportion. T4 78.9 b a0 0 0.0
Solving ratlo and proportion problems -, i : :
(e.q. Interprutlnq scale drnulngs) 8 k2. 8 ha,it 3 15.8
~ i :
Finding !?ow_grs of numbers, 0 0.0 b 20 15 78.9«,%,*
Using mathematical tables., ’ 5 26.3 1" 82.9 J- ¢,15.8
Calculating square root, ‘ : 2 10.5 -2 10,5 15 78.9
Using sclentific notation (powers :
()] 0.0 5 2.3 A 3.7
Using common Iogarlthms to solve i - o
mathematical problems, 3 15.8° 2 10.5 1h 3.7
Basic opetations with pasitive end -
negative numbers. & 21.1 7 36.8 8 ~-}53-|
_ Baslc opacations with 1ltetal . ) ) '
expressions (algebra), - 15.8 7 308 L B YN |
21,1 0 526 5 263
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TABLE VI (contd.)
MATHEMAT ICAL KNOWLEDGE NECESSARY , DES IRABLE _NOT NéEDED
AND SKILL ITEMS NO. b4 NO. 4 NO. 3

Constructing line and/or bar graphs. 3 . 15.8 7 36.8 9 47.4
Applying formulas (by substitution of h )
numerical values). 3 15.8 8 421 8 421
Solving linear equations. 2 10.5 4 21,1 13 68.4
Transposing, factoring and )

cancellation. 3 15.8 3 15.8 13 68.4
Solving simultaneous equations. 2 10.5 0 0.0 17 89.5
‘ Solving quadratic equations. [ 5..3 2 16.5 16 84,2
Knowing meaning of parallelism between . :

lines and/or planes. 5. 26.3 7 36.8 7 "36.8
Identifying basic geometric figures such :

as square, rectangle, hexagon, cylinder. 12 63.2 5 26.3 2 10.5
Measuring angles. 14 73.7 5 26.3 0 0.0
Laying out or adjusting angles to

given number of degrees. 14 73.7 4 21.1 } 5.3
Calculating area of square or ' ) .
rectangle. S h7.4 7 36.8 3 15.8
Calculating circunference and/or area 4 :
of circle. _ 11 57.9 6 31.6 2 _10.5 .
Finding unknown side of right triangle -

(Pythagorean theorem). 2 0.5 6 31.6 11 - 57.9
Find area and/or volume of rec- )
tangular solids, (e.g. tanks). 7 36.8 9 47.4 3°  #5.8
Finding area and/or volume of . - -
cylinders. : 10 52.6 7 36.8 “2 7 0.5

o intefpreting ‘'ple" or circ-i‘{i’éaphs.: 7 36.8 L 21 8 h2.1

Constructing 'pie'" or circle graphs. 4 21.1 5 26.3 10 52.5
Using slidé rule to solve mathem: cal ) R
problems. 1 5.3 12 63.2 6 31.6
Using calculator for basic - ‘ . . .
operations. E ' 0o " 0.0 12 63.2 7 36.8
Knowledge of set theory. 5 26.3 L 21.1 10 52.6
Completing business forms, (e.g. in-. o ‘

voices, work orders, bills of saie). 10 . 52,6 8 k2.1 - 5.3
Record keeping. ' 97 h7.4 9 47.% ] 5.3
Solving vector analysis problems. t 5.3 L] 21,1 A - 14 3.7

re r
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Data Tabulat\on_for the Heavy Duty Mechanics Sahple

Table Vil shows mathematical knowledges and skills frequencies ob-

tained from three completed research instruments returned by supervisors

from the Heavy Duty Mechanics sample.

Table VIl shows mathematical knowledges and skills frequenties ob-

tained from three completed research instruments returned by group A

journeymen from the Heavy Duty Mechanics sample.

Table I1X shows mathematical knowledges and skills frequencies

obtained from five completed research instruments returned by group B

journeymen from the Heavy Duty Mechanics sample.

Table X shows mathematical knowledges and skills frequencies

obtained from four completed research’ ns ruments return

from the@beavy Duty Mechanics sample.

nstructors

AN

Table X! shows mathematical knowledges and skills frequenéies'and

percentages combined for the 15 respondents from the Heavy Duty Mechanics

samhje.

“

'Gr‘oup A
trade.

2
Group B

their: trade.

journeymen having 5 years or less of experience in their

journeymen having more than 5 years of experiegce in

/!

67
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TABLE Vi

MATHEMAT ICAL 'KNOWLEDGES AND SKILLS FREQUENCIES FOR k ‘ -
SUPERVISOR GROUP -)HEQVY DUTY MECHANICS SAMPLE . .

' MATHEMAT ICAL KNOWLEDGE ' '
vt AND SKILL ITEMS . NECESSARY . DESIRABLE NOT NEED'ED
Baslic ope'rat-ioné" (+, -, x, ) with
whole numbers. 2 1 0
Basic.operations with common - . '
fractions. 2 ! o
Basic operations with decimals and
percent. . 2 0 |
Conversion of common fractlons to .
decimals or percent and vice versa. 0 2 1
Using percent to calculate lnterest, ’
mark-up and/or discount. ) 0 w2 1
“Knowing commoi metric weigh}s and T ‘
measures. | 2 0
Knomng common English m:lghts and
measures. 3 0 -0
Converting English to metn:tc weights )
and measures. 1 2 0
Measuring.with rule or tape. , ‘ 3 0 Y
‘Measuring”wlth mlcfometer; . 3 0 . 0
Estimation of’ measurements. (e.g9. S o . L
hold electrode 1/8" From work). : 2 0 B
: : "
Reading gauges and meters. N 3 .0 - 0 -
Caléulating rathvind/or7probbrtfon. . 1 .2, 0
B Soleng ratio and proportion problems.. S E : . ‘
(e. g. interpreting scale drawlngs) RS L 2 . .
Flndlng Powers of numbers. - . EERI R ST S LIS )
-~ -Using mathemat'ic'al tabies." B - ;,- 0 -2, 1
Calculating square root. ’ 0 1 s 2
e .
§ &
_ . Using scientific notbtion (powers . o o -
U Usl’ng common !ogarlthms to sohle SRR
. ,,mathamaticai problems. R R ;'Z. ,.;}~”0; N
j' co "Basnc ‘eperations with posituve and oo ‘» ‘;_ ”‘J7 i

negatlve numbers. . -

Basic opet“ations with llter
: expresslons {algebra)

lnterpi’eti'ng 1 ine ,lnd-‘fi_lf)'b_l



) So'lvtng ver.tor mtysls problm

TABLE VIt (éontd .)

N e

NEEDED

MATHEMAT ICAL KNOWLEDGE ,

AND SKILL ITENS ‘NECESSARY_ 'DES"\ABLE .NFJT
Constructing line and/or'bar go‘aphs. 0 1 2
Applying formulas (by substitution of .
numerical values). 0 1 2
Solving linear equations.: 0 1 - 2
Transposing,. factoring and
cancellation. ~~ [ 1 2
Sqlving simul;aneogs equations. . 0 1 2

"'Sbl"\)'ing quadratic equations. B SURR S T . 2

. . , : Soa!
Knowing meaning of parallelism between )
lines and/or planes. 0 1 2
Identlfying basic geemetric flgm‘es such o , B
as square, rectangle, hexagon. cyllnder. ; A RN e 1
Measuring angles. ' 1 2 0
Laying out or adjusting lngles to '

_given number of degrees. , t 1 1
Calculating- area “of square or’ o E
rectangle. et ) | R 1 1
Calculating clrcumference andlor area ‘ b
of circle. ) 1 | 1
Finding unknown slde. of. rnght trlanqle : , . o
(Pythagorean theorem) , 0 2 1
Finding area an v vqlume of rec- - . :
tangular solids, Ye.g. tanks)-’ i 2 -0

‘ Finding area and/dr volume of _ =
cylinders. L 2 L E X
Interpreting "pie or circle gri_Ph'S-;‘- B 0 N 2 1
Constructing “'pie* or clircle graphs. | 0 2 [
Using siide rule to solve mathmtlc.l ‘ C
problems. T o . T2 -
Using calculator for baslc o

" operations. ) -0 3 0
Knowledge“o\set-thebi‘fi’;"v"' B e RS I B 1 I _
Completlng business forus, (e.g9.5 fn="" ' . S
‘voices; work orders. bitls of u!s) o 0

',Ret.ord keepmq : = ) L 0

| T
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\ TABLE Vi C R \
\\
HATHEMTICAL KNOVl\. DGES AND SKILLS FREQUENCIES FOR '
GROUP A‘ JOURNE‘_YH \’ HEAVY DUTY HECHAN!CS SAMPLE
\‘ ’ ' \\\\.
. _ s
MATHEMAT ICAL KNOWLEDGE \ )
AND SKILL ITEMS \ ﬂECESSARY DESIRABNLE ‘NpT.NEEDED
. . o,
Basic operations (+, -, x, =) with AN ) .
. AN NN 4
whole numberg. N .0 : 8 .
. - . ) AN . . N
.Baslic operations with common " \\ i S
fractions. ) 3N 0 0.
Basic operations with decimals and = - ] ' _ : !
percent. . - 3 0 0 !
_Conversion of common fractions to i \ e I
- decimals or percent and vice versa. S 2 0 .
. . : i i N
" Using percent to calculate interest, ; i o~
mark-up and/or discount. 0; 2 - 1 l .
Knowing common metric welghts and \ \ )
measures. ° - 2% } 0\
Knowing common English weights and ' e, 5 N
measures. - 3 : 0 o 0 - N
Converting English to metric welghts -~ , ; 2
and measures. 2 . LI 1
Measuring with rule or tape. - 3 A o 0 \
. - . ‘. . ‘m X ‘. R
Af’Héasﬂrmg wlth mlo’cmeter o 3 . 0 ’ -0 ) o -
. ) B ) ~ CLta ] .
Esttmatlon of measurements, le.g. ’ ] . B C :
hold electrode 1/8" from wark). . 2 , 51 Dot 0 . . |
. Reading gauges and meters. RS 10 . 0 .
. ‘ e o . R k-‘ e . :
. R . ’, K g
Calculating ratio and/or: proportion. ! B e o - :
. . Ch. o, .
x.' Solving ratlo and proportnon problems, o B o > bl
4 Ye.g. interpreting scale drawings). LI B 1 | &' . 1 -
A : : LS S e
_Finding Powers of numbers. 0 . oV 2 .
. _ v Y
s ; o A et
Using mathematical tables. o SRR !
) R I Ao B AR -
o . . ST 2 A L
Calculating square root. R S N L2 Y
. ” : - . G . =) ,:‘ Lo . \
Using scientific motation (powers . S : S &
of M) . . e T— VoY 2 i ’»
_Using common logarithms to solve - S S ‘.
° mathematical problems. - : ) 0 S 0 § EE
" Basfc operations with positive and~ . : ' ’1& . By ‘ .
~  negative numbers. - 1 ‘ LR 1 : T
Basic operations with hteral ) ’ B d _ - . o * =
expressions (algebra) S . LS LI oot .
Interpreting line and/or bar graphs. ' o Z '; e ) 0 \ :
. . TR, . K : . T . . ;_ ,‘l° . L ‘
- ~ oroup'A = Journeymen having 5 yours or Tess of experience in their & =
trade. - oot T T o PRI T T T
S . '
T .
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B . . i X . N e
v o TABLE Vi1 (contd.) k EX
! 1'"/ L N ' ' \ ‘
F . MATHEMAT | CAL: KNOWLEDGE i ey |\ ' R
" AND SKILL ITENS , NECESSARY ,\OESSIﬁ.tE‘ . NOT NEEDED
{ e . : -
. Constructing line and/or bar graphs. ‘0 . 2 i |
Applying formulas (by substitution of . .: " . \ . _W‘;“.ﬂ;
numerical values). " - - N IN |
N IR Solvlng linear equatlons., v 0 | N 2 w

, .Transpos!ng, 'futorlng and’ ‘ — . _ -

N cancellatlon. - ] ' 0 S 2

,' , " Solving simultaneous equations. .0 R 33

i v B : PR R

; Solvlng qﬂadratlc equotlons. - ) 0 . 3

o A - :
Knowing meanlng of parallellsn ‘betwaen . .
lines and/or planes. . 1 , B | . !,
Identifying basic geometric figures such ' _ . o ) v
as square, rectangle, hexagoo, cy)inder. 2 ) 0 B 1

g, Measuting .angles. - e 2 : ] A o ’

R Laying out.or adjustlng angles .to |, B o . )
given number of degrees. . . i - 2 ] T 1
Calculating ares of square or V- ' . e Yy i s
rectangle. o . " i : b
Calculating circumference .nd/or lru _ ’ _" )

. v of.circle. . - S R ’ Vo 0 W SR RE
T Finding unknown side of rlght trunglg T Co ’ s e ' T
. ) (Pythagoreap-theorﬁ) ' . -0 - ™ . } e 2 L
@ Finding area ard/of volume of rec- .- e y Seo o, .f
X tangiilar soHds. (e g: tmﬁﬁ , I ] A M N SR B
T :Fl.ndlng area nnd/or volume of . “.;_'df"' R kS O o T PR
e . CY' lnders. . ’ L2 \\ ' 2 n‘ ’ x; . 0 . 'f I
A \\ T . K N [ A - »h o . (} < . ’ . o
. lntel_’pretin{; “pie" or clftiingeaphs. | ° _1 2 LN 0. NS N ‘
. ‘Constructlﬁg “pie' or circle graph¥. . -
- Using slide ‘rule to—solve athomtlul gl '
: 9rohlens. _ %:
Using calculator for bai; L .
operatlons . . T . . “
Knowledge of set th.ory. T L - Q"

_ Completing business forms, (e.g.. ln- ‘.-_
'voices, work orders, bills of sale)

oL Regord keepmg -



Knowing - common metrlc weights and ‘A‘],
" measurps. - 4 .
i Knowing coad‘l E’Igllsh walghts nﬂd
s greasures. . .
. Convernﬁg Engllsh to me(rlc uclghts
©  and measures. ‘a
L : v,

. @ ; , , 72
b M
. L TABLE IX ;
PATHEMAT ICAL KNOWLEDGES AND SKILLS FAEQUENCIES FOR -
_ CROUP B2 JOURNEYMEN - MEAVY DUTY MECHANICS SAMPLE
I'd . ) .
: T MATHEMAT § CAL u:klmosc - ’ L
W T e ‘ MECESSARY DESIMABLE 0T NEEDED
1
—;h -
' H
s 0 0
y i . 0
. " ' Basic operatla\s with decimals snd L " \ ' : R .

N percent.
Tonvérsion of common fr-ctlons to
'jd or percent and vice versa.
Usln rcent to cslculate Interest,

mark-up and/or discount. ' ‘
AL

Neasuring ulth rule or tape.

v

Heasurlng wlth mlcroniter.

-

Estimation of measurmnts, (e.g.
.hqld electrode 1/8'" from work).

Reading gauges and mete:s. -

6 Calculatlng rat:o and/or p‘roportion.

Solving rq,tio qnd 'proportion ptoble-;, =

e 94 interpretins scalg,drawlngs)

~' -""'e' 'Flndlné waers o‘f nulbers. "

: s
u;ing mathemtlcal “hbfes. '

o talcu'atlng square 'root. . ‘ : 2
Using sc}entifjc nontion (p;ccrs 3 . o s
Of |°) i R~& ‘ o . K ' ‘,_ o ) _T‘ .,
Using éomtion’ ‘loga#ithms to 6olve IR R o
. mthematlcal problems e , 24, . 1

' Bas*lc oper Ioni with
expresslons (algebn)




. A .
. - ]3
LT TABLE 1X (contd.)
v A N o ’
e =L < .
: MATHEMAT ICAL KNOWLEDGE ' .
- AND SKILL 1FENS | NECESSAAY DESIRABLE NOT NEEDED
i .) “x A *
Constructing line and/or bar graphs. o L] : 1
el Applying formulas iby,substirution of
numerical values). ) A o . 1 3
. . : " . ) . )
. Solving Vinear equations. 1 2 - . ik .
 cwations ! o L
Transposing, factoring snd . . : i R :
Ilation. ° R . oo .
cfnce ation 5 > . g ) 1 . R ' 2 2
v ' Solving slmultaneous equa}lodi!r. - iﬁ @ 1. R 2 .
X . : L o 4 . . . I
PR L P ”f\“!«, ' -
Solving. quadrac&c gquations. . A ] o 2 : 3
Knowing meanin of ﬁhrallelism botueen ?’*;‘a - ,4?" “; ‘ .
lines and/or p arves. N A ;‘{"Q 2 1
&y ldentifying basic geometrid figures : i - . e
) ¥ as dquafe, rectan?)e, hexagon, cy!inded ) R | 2 0 :
- N T R R A a
Heasur:ng angles. - e : 2 ¥ r3 "~ ‘0 o
* N A ’. Ry ; . ) ; ‘w . Q" a
= Laying (wt or adJustﬁqg angles to T ! . T / . s & R
Wy give *‘éﬂ’nber ‘of degrees. . % ) N 2, 2 A I
3 ' R i * . 5
T @alculeting area of squaro or - s e T ' | Y . oy
A %ectangle S0 - . 0 i " I
. R C e . I Lo . N .
o fglculatmg clrcumference and/or " area o fa;‘r}..w-‘-“d - ' @& ) ] &
*'m _of circle. - . : 2 IR Los R I k
‘ Finding unknown 5!53 3 right trhngle ST W S ' T
” S (thhagorean tqforem) \‘R‘ . | Q. v 4'3 o . 2 '. hl
. * Finding area “dnd/or olume of rec- .’ '~ - e B &
~ tangular solids, (e. g tanks}. e 0 o 5.}.}(‘b 0 T
. . i - . . . . . ) ’
o Finding area and/or vogmw»of ol ; . v - )
. © éylindefs.., . L . -3 . 2 ‘ . o .
;w o interpeeting ‘'pie" or qlfcie‘graphgn ; 3 f;!"ﬂ z
. T Consir g "pie" orﬂ21rcle graphs. . g 3 2 *
1y - - . . P
. Ustng'ﬁj{de rule to solve mathcma«lcal « ] _—
* problems. " - O P NP E
Using calcuiator for basic o ~— : '(ka--.“‘ RN
¢ operations. - _. . .. B R
Knowledge of s.c..m.ory. . 2 1 S *
.0 ' . . . B .
ompletlgg buslncls forus; (o.g. ins S * “na e -
'volceg. work ordars. bllls of, sale) 3. 2. - '

Record-keeping;



_ TABLE X

MATHEMAT ICAL KNOWLEDGES AND SKiLLS FREQUENCIES FOR
_ INSTRUCTOR GROUP - HEAvY outy HECWIB SAMPLE

MATMEMAT ICAL KNOWLEDGE
AND SKILL ITEMS

N Ar—
2) with™ ooen

Ba . .oerations {+, -, x,
whole -umbers.
Ba- operatlons wlth comnon -

f- . tlons. Ay

Basic opcrauons u!th decimals and
percent .

Converslon of common ‘fractlons to
dccl,mals or percent and vice versa.

Uslng percent to calculate interest,
mark- up and/or discount.

Knowling common: metrlc welghts and

measures.
Knowing' cbmmon Engllsh weights and i
measures.
Converting Engllsh to metric weigh\§ .
and masures !
¢ v
Heasuring with rule or tape.
Q?

o
Measgir‘i ng wlth micrometer.

Estimation of measurements, (e.g
‘poid electrodc‘- 1/8" fr'om»wfk)._» N

Read MQ gqu_ge#s’ and meters.

Calculating ratio and/or .p{oportion.

v

vl i b
¥ ) So!ving ratlo and proportion problem, =
e. 9+ |nterpreting scale drawings)
Y . *
) Fmding Powers of nm\bers. -
£ .~ _.1;__% - - :
Using mathematical tables\ R
\‘ \.‘
A" ' ]
. Qalculating square root. e
~ - . - .
) _‘. Using scnentlflc notatlon (powers
) of 10); ~ ..
) Uslng n Iogarlthms to solve T~ o
w&fnatbe ca} problems. . . . . -

- i

Baslc operatlons with posutwe and
- nega;lve numbers.

{aslr. operaﬂons with Htcral v
expressions a gebra). N ~

>
; . DESIRABLE | NOT NEEDED
4 0 0 o
L} 0, 0
4 "0 o]
0 3 i
g
3 1 . N 0 » «
b 0 ¥ 0
0 0 .
0 - 0 » - "
L0 ‘Mof@ &
§ “ o.f\ " o
L ' ,0 - [+ 3
. o wa
2 2 i
3 | \éﬁ @0 L . v
0 ( 0 . 3
0 - 2 - 2 g
- S .
0 ~ 1 3 .
- “u,
0 0* &
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TABLE X (contd.)
MATHEMAT ICAL KNOWLEDGE - . .
AND SKILL 1TEMS . NECESSARY DESIRABLE NOT NEEDE[?
. i
Constructing line and/or bar graphs. 0 2 2 ]
Applyiny formulas_(by substitution of - A i -
numeri-al values). -1 ,, 2 1
Solving linear equations. 1 ’ I' 2
Transposing, factoring and

.cancellation. » 1 0 3
’ : $ _

Jving simultaneous equations. 0 0 4
Solving quadratic eqdationS. @ ’ 0 ( 0o 4
Knowing meaning of parallelism betweqp, ) A
lines and/or planes. 1. L 2
Identifying basic geometric flgures such
as sduare, rectangjle, hexagon, cylinder. 4 0 0
Measuring angles. 4 0 0 .
Laying out or adjusting angles to '1;:- AR -
given number of degrees. T 3w 1 0
Calculating area of 5quarf b( QR ' 3
rectangle. . AN 3. 1
Calcularipg circomfer cc“and/dlﬂa u . Q .
of circe. . ) "3 Yoo ’

_ Finding unkgown slde of rlgh: trlangle & ‘5 g . 2 o O
(Pythagore#n theorem). 0y b (

« Finding area’ and/or volume of rec- ’ 5 .
tangular solids, (e. g. tanks). 4 . o 0 .
Finding area and/or vqlume of ’ o S - '
cyllnders. ’ y 0 o

T R . © :
ln;q&pf‘etmg"'ple" or cjrcle graphs(- ¥, I 2 . 3

) n
Constructmg oie" or qi rcle graphs. 0 1 2
. R R v , ]

Using slide rufe to solve mathematlcll R . L :
problems. : 1 2 e g
Using caleulator for’ bqslc 3 . . ) - ”
operanons. . ‘W 7 0, \’; 0 .

. '% , v . . - . a
Knowledge of set theory . / T RS | .30 :
Comp! ting bus!ne s fq,nns/ (e. g.<\|n- . s ‘ )

2t 1 o

i sale), -



;" S pasic opcrations ‘with. Hteral ;o
—"° e-xpfess!ons (algeh,ra) wo
"-:" Inigrp
‘:@“Qf'ﬁ

Mof
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" TABLE XI
& S - . . .
\\ MATHEMAT ICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR .
» PERCENTAGES FOR HEAVY DUTY MECHANICS SAMPLE ,
L4 ‘ : ’ >
‘ MATHEMAT [CAL KNOWLEDGE NECESSARY '  DESIRABLE NOT NEEDED
' AND SKILL ITEMS NO. 2 NO. 2 NO. 'Y
* LJ
- Basic operations (+, -, K‘g—) with . »
- whole numbers. L] 93.3 1. 6.7 0’ @/m'o
Basic operation with common ' ‘ D
fractions. ’ 13 86.7 2 13.3 ] 0.0 .
Basic operations with decimals and _ !
‘ percent. : 13 86.7 1 Ny 41 6.7
Conversion of common fractions to o ' K ~-- 3 RY
decimals or pertent and vice versa.’ ‘8 53.5 6 ho.o ' 1 6.7
Using percent to calculate -nterest, - '_J‘;'\.'—i . .
mark-up and/or discount. o 3 200 9 ' 60.0 -3 20.0
Knowing common metric welghts and ke ' L - '
measures. ‘ ' .8.,.7753.3 ° 7 h6.7 0° 0.0
Knowing commoj ngHsh weights-and T ~, Sl L -
sures. = W IS 100.0 + Q. 0.0 0 - 0.0
R Co\‘(uvertlng English to metrl‘.é\weigjxts » s - .
- and measures. % . 8 53.3 6 _ho.4- 1 6.7
< P Q—' * ’ - o
Measuring w»th rule or tape. 15 -93.3 1 6.7 0 0.0
P o v ) R . S ~
: Measuring wi thymicrom 15. -100.0 0. 0.0 0 0.0
: ) o o \ N “
_ % Estimation of me?%‘ré ;- {e.q. . APV LA . -
bold electrode 1/8" From work) gl 2 133 67
v Readlng gauges and, meters 15 T 100% .0 - 0.0 1) 0.0
Calculating ratio an!l'/or proportion.' 9 - 60.0 6 “hovo o 0.®
'Solvmg ratio and proportion problems . ) .
(e.q. interpreting scale drawings) 8 53.3 4 26.7 3~ 20.0
Fi,ndung Powers "oF numbers. I 7.0 - 6 42.9 L7 50,0
: Using mathematical tables. 3. 20.0 8  53.3 _loz 26.7 .
« ’ ) L : S B s = .
Cglculating square root. e ‘ i /" 6.7 - 'h 26.7 10 6.7
. : - & - " . : A
. {n :
! ing sctentlfnc notatnon (powers R Sy S
- of 10).»  ” P 2 13:3 2 J3-3{' ) - 73,3
. . .- ' -
Using cosinon 1 arithms -to solve ) - N TR
. mathematical problems « 2 13.3 2 13.3 1 73.3
LI RN e« 7 .
Basuc oper’&tions “wi th poslrlve and ' T . . ) :
negative mumbers. . i . .5 .33 T ko 2607




"N

TABLE X! (contd.)
© MATHEMATICAL KNOWLEDGE 'NECESSARY DES IRABLE NOT NEEDED
o AND SKILL ITEMS NQ. | S -NO. % NO. 2
C ¢
SN Constructlng Iing “and/or bar graphe [ I .0 - -9 60.0 6 40.0.
o .
N
Applymg formulas, (by substntutlon of '
) numerical values). ) A : 3 2000 . 5 33.3 7 he6.7
solving Virear equanons T2 133 s 333 8 ° 53.3
Transposing, factoring and e o el ) ‘ ' '
“ cancellatlon - ;L ¢ ""*2”:?‘,5;"3'.3” w 4 26.7 9 60.0
¥~ solving simultaneous equatigns. . t 6.7 - ..\,l,_’o 26.7 10 66.7
Solvnng quadratlc ;quatlons‘ . o . » .0 ‘0.0 e 3:“‘ 20.0 12 ) 80.0
“ . ' ' -‘», ’ . . o o
.‘~Knowl'ng meaning of parallellsm between ; v S R R % . X
Hnes and/or planes. S . h" 26 ; .. 5a :33.3 6 40.0
Ident;fying basJc geo«netrlc figures such . e P e,
as square,' regtangle hexagqn, cyllnder 9 ﬁO.o' o [ 26.% 2 13 3‘
Loy IO . - P BT .
LU, .,;. N . i . . B - ave » S, .
\-\(yeasurlng angles A "'41 s ¥ .9 60,0 .. ho.o . "0 - 0.0
T L ST . - .
\ &lLaying out 72 ad;u’st&n&angleshto CaiF : R o 7 I 3
.« glven numb 0! degres! o o ﬁ - 53.3 L _'~26.7 . 3, 20.0.
Ca)cu1atlng area of squaré Of. . . - : '-“‘3 ’ T 5 ol
_rectanghe. ‘ 3;, e % W9 6 b9 . 2 th,3§
e - Co ’
o =" .
_ X . 533 . 5 33.3 2 13.3
' Finding unkn‘b‘m slde of rlght trlhngte Lt o o v
(Pythagorean theorem).' L et o _0.,0°. - .10 66.7 5 * 33.3
Find area and/or-volume of tec- ¢ .y - LT LT .
tangular solids, (e . tanks). .- . 7 k6.7 T 4647 B I - |
. Finding area and/or volume cf ‘ : B
dospaylinders. 00 UL L Y- 733, a3 2007 6.7
& Interpretlng Ypie* or carc\e graphs. K 3 ®.o 6 §0.0 40.0
, . : s - ) - >
. Constructlng "ple'kor clrcle graphs. ' o v 7.|-_ 7 .50. 0 B 42.9
Tt Using slide rule to solve maﬂfnit.h:o‘G S e o
- jproblems. Vel v o L0 0N 8 533 7 jus 7
o - . - Using calculator for bassc .. ST S )
. ~ operations. S _ SRR R T SR L "73 3 .
L Knowledge of set theor T *h 267 I 21.‘0 N A 50;0'
Completu\g buslne:j foms, (e 9% h\-‘_"." ; . - R ."" e
voices. ‘nrk orde *lg_ll}s__.,of ‘sale, 6.7

.I:wor@}‘i;plng.. & . :‘!7



& s
Data Tabglatlen for the Welders Sample

md

Table X1l shows mathematical knowledges and skilds frequenCAes ob-

3

tained from foq;wcompleted research instruments returned by supervisors

“from the Welders sémple. _ .

Table X111 shows mathematical knowledges and skills frequencies ob-

Y

tained from four completed ‘research instruments returned by group A

journeymen from the Welders sample.

Table X1V shows mathematical knowledges and skills frequencies

. L ' . 2
obtained from three completed research instruments returned by group B

W o

journeymen from the Welders sample.

Table XV shows mathematical knowledges and skills frequencies

sy
;)

il
NS

obtained from five completed rese’rch lnstruments returned by instructors

from the Welders sagpﬁe ' . ' | y;#x ﬂgJ

.Table XVI

#ﬂ " .
s g fhtmatlcal knowledges and skills frequenC|es and

3.

percentages combnned ‘or the 16 respondents from the Welders sample.

v T . [y
7 ‘ .
N — )
4
(339
- N .
-3 o L] \
- ¢
: - b -
, Group A = journeymen having 5 years or less of experience in their
trade. : : ' ' - -
. . ,
2. . . ; . .
Group B = journeymen having more than 5 years of experience in

their trade.

..

78
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-TABLE X1
MATHEMAT ICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR
SUPERVISOR - WELDERS SAMPLE .
o ,
MATHEMAT I CAL KNOWLEDGE NECESSARY DES | RABLE HOT NEEDED <

AND SKILL ITEMS

Basic operations (+, -, x, %) with = T i ‘ .

whole numbers. “

Basic operations with common .
fractions. b 0 0
Basic 6pera_tlons with decimals and : : ] / A Y )
~percent. 4 0 ' oo )
¢ e
Conversion of common fractions to ’@
decimals or percent and vice versa. 4 0 -0
- W
Using percent to calculate interest, .
mark-up and/or di%scount. 2 2 Y
Knowing common metrlc weights and , - .
measures. . . 2 - 0 2
: Knowing common Engllsh wenghts and . .
measures. } , 4 0 0
Converting: Engl ish to metric weights :
hand measures. - 1 2 1
" Measuring with rule or tape. ’ » 4 : L0 Y -
R - . : Ar
Measuring with micrometer. ) 2 o ) ] 0
el Estimation of measurements, (e.g. ' @l :
. hold electrode 1/8" from work). 3 4 X 0 : 0
Reading gauges and meters. ] 0 0
o Calculating ratio and/or proportion. c2 2 Y
Solving ratio and proportioh problems, - ‘ . ’ -
- (e.g. interpreting scale drawlngs). .3 1 o .
Finding Powers of numbers. o L 1 2 !
Using mathematical tables. 3 - . 1 0 -
. »o .
Calculating square root. ’ 2 1 ’ 1
- Using scnentlflc notatlon (powers . _
of 10). 3 : 0 . L2 : 2 -
Using common logarithes to solve . . R - . 0 :
mathematical probdems. : 1 -3 - .0 <
- Basic operatndn.s with posituve and v o i . b .
negatlve numbers.  « .o . S . .2 L 0
Basic operat lpns-wlth titeral . e Lt ! . -
N expressions (algebra). . - ‘ el T30 e 0,
N RTINS 0

Interbre’tliﬁg ] ‘ét;d/o‘n, bar graphs.




. YR R . 8
2 et T A . ’ '
Iy T . .

N . = '\' .
TABLE XI1 (contd %\;’

MATHEMAT | CAL, KNOWLEDGE ) '
AND SKILL ITEMS N;CESSARY DESIRABLE NOT NEEDED

lu- " Lonstructing line and/_dr bar graphs. 1 : 3 4]
Applying formulas’ (by substitution of
numerical values). . ° 3 i ., 0
Solving linear equations. 2 - 2 0
Transposing, factoring and ‘
' cancellation. ’ I 3 0
e :
. . : . . -
Solving simultaneous equations. 0" 3 (I &
Solving quadratic equations. 0 2 2
. Knowing n’beanihg of parallelism between
' lines and/or planes. ) . 3 1 0
Identifying basic geometric .figures such )
as square, re‘ctangle, hexagon, cylinder. 0 0
Measuring angles.’ ’ 4 ¢ 0 0
: i B g :
Laying out or adjusting angles t § o ' N
given number of degrees. ﬁ e [ 0
" ctalculating area of square or } U, . .ot .
. rectangle. > O . 0 0 .
¢ Calculating circumference. and /5% L Cog '
of circle. Ve A ‘ 0 0 %
: LA _ . o .
Finding unknown side of right triangle - ) o @
+{Pythagorean theorem) . 1 3 ) o
Finding area apd/or volume of rec-
tangular solids, (e.g. tanks) . b ] 0
f-:inding area and/or volume of. .
-cylinders. . : 4 ° 0 0 »
Interpreting "'pie' or circle graphs. 2 . 2 : 0 '
: . ' <
nstructin' tnie!t or circle graphs. . et } L
| g "pie” _ grap -”‘~’~b:’¢§;2' 0 ,.15*‘
. . N . 1 -t
b . . Using stide rule to golve mathematical’ - ) o *
. problems. : . i 3 “~Q
. Using calculator for Basic ' 4 . \,’ _ . S s ‘ {
: operations. e - ) . 2 o 2 . 0. v, -
~ ~ . ' . G ‘ . . .
“ Knowledge of -set theory.’ i R 2 2 i 1
. ¢ ke . e - .
?, ) - Completing business™ forms, (e.g. in- . . ) -
. vo!c'es., vk ord%sr, ‘billsl of sale). . 2 . 1 » | o
L L P
. ' ecord keeging. > o o 3 - . 0 - 1
R ‘:4 V ' - ) . ) . N : s
. - Solving vector ahalysts.f)rpb!ans. ’ _ o | B L : 2 -,
SR 4 o . 4 : . - a




expressaons (algebra)

Interpretmg Hne and/or bar graphs.

.4
& 81
) TABLE X111 y '
N A .
MATHEMAT ICAL KNOWLEDGES AND SKILLS FREQUENCIES FOR
GREUP.A' JOURNEYHEN » WELDERS SAMPLE
e
MATHEMAT ICAL KNOWLEDGE .
AND SKILL ITEMS NECESSARY DESIRA'BLE - NOT NEEDED
Basic operations (+, -, x, %) with
whole numbers. - h . 0 0
Basic operations with common .
fractions. / 4 0 0
Basic operations with decimals and W
percent. 2 ‘2 0
Conversion of common fractions to
decimals or percent-and vice versa. 2 2 - Y
Using percent to calculate int‘erest’, Y Sy
mark-up and/or discount.’ | 2 y {“/ L
Knowing common metric weights and .
measures. . : 0
Knowi'ng common English weights and .
medsures. ) _ 4
Converting English to metric weights .
©  and measures. o ey .20
N N - %ﬁ RN
Measuring with rule or tape. LI
Measuring with micrometer. . 0
Estimation of measurements, -(e.g. §
Hold electrode 1/8" from work) . b 0 0
LR ’ taa . - - D
~Reading Fuges and meters. ¥2 L 2 Y
Calculpting ratio and/or p?‘oportion. . " a2 0
: 4
" Solving ratio’ anzi proportion problems, . d ‘ o/ : »
(e.g. interpreting scale drawlngs) 2 . 2 0 .
Finding Powers of numbers.t g . 2 . 0 o 2
Using mathematical tables. 2 v 2 0~
& : RN : ’ ) o
Calculating square root. 3.0 s 1 IR 0 -
Usong scientific-notation (powers oo - _ o
of 10). . . 0 2 , 2
Using common |ogarithms to solve ) . oL .
h mathematocal problems m, 0- PR 2 2
<« - e
Basic operatlons with posltlve and * _ ‘0 ; B
negatlve numbers. A 2
- Basic operations with literal * O
2.
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. . . g
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TABLE Xi1} (contd.)
MATHEMAT 1CAL KNOWLEDGE ) ' . g
AND SKILL ITEMS NECESSARY. DESIRABLE NOT NEEDED
Constructing line and/or bar graphs, 0 . d 2
Applying formulas, {by substitution of A
numerical values). v "2 !
Solving linear, equations. N } 3 . . 0 .
Transposing, factoring and
cancellation. - . _ ‘ 2. ’ -0 ’ 2
’ Solving svimultaneous equations. oo 6 ' . 2 2 .
. A . ) o
Sulving quadratic -eqéations. ) 0 _ 2 2.
Knowing meaning of parallelism between N ) & . T
lines and/or planes. . . » : 3 iy Yo o . 0
Identifying basic geometric figures such A .
as square, rectangle, hexagon, cylinder. . 4 T -0 o7 .
' " Measuring angles. S e ﬂx 4 .0 Tt 0.
T M N R
Laymg out or adJusting angles to ’ - 5 Tt
’given number of degrees. N 3 . . . 1 . 0 - .
Calculating a?ea of square or S N s . . ERT
rectangle.: ¢ i A T A 0 R
oo oy _ y N
Calculating circumference ahd/or area . ' ) \ iy
of circle. . . ' 4 : ‘0 : ’ * o v
Finding unknown side of right triangle o L . o
(Pythagorean theorem). BT o 3 S, 0 oo ENE
® fFinding area and/or volume of rec-’ . 2 "
tangular solids, (e.g. tanks). _ N , o o ,
P S . . ] B 4
Finding area and/or_ volume o - ] N - : ‘
cylinders. 4 . .0 1] -
4 lnterprefing ‘ipie" or éfq‘E'le graphs. ‘}‘ N ) : EEE T - LR T
5 . , . . —_— : ’ R o ‘ . ‘,’ - ,’-’ AT
i . B . L. * - .,:_,,:,‘_04" &

Constructing "'i;i{e'"o} circ’\’e grepyhs.ﬂ e ,.,‘3‘:. e B S « -




.‘. - “
TABLE X1V ' ’ .
MATHEMAT ICAL KNOWLEDGES AND SKILLS FliiEQUENCiES FOR
GROUP 82 JOURNEYMEN - WELDERS SAMPLE l »
MATHEMAT ICAL KNOWLEDGE
AND SKILL ITEMS . NECESSARY DES IRABLE NOT NEEDED
Basic Bperatlons (+, -, x, 2) with .
‘ whole numbers, - 3 0 0
Basic opergiions with common
fractions. « ) 3 . 0 0 A
‘Basic operations with decimal{iﬂd )
‘ _ percent. C 1 1 R 1
“W\, ConvéMpion of common fraftions. tao -
i, decimals or percent and vice versa. A o, - |
S : T ;
T Using percent to calculate interest,
_mark-up and/or discount. ., . -0 2 1
«. Knowing common metric wclgﬁts jﬁa coe o ) :‘_ '
* measures. _ o S 3w o 0
. , oy . » .
o Knowing. common English weights and o, - :
. measures. T ’ 3 O . Y
Converting English,to metric weights ’ T . L -
and measutes. =) 0 B rs cz ot oL e
L 'Measuring with rule or tape. . ER 0 w0
*~ ' . L '
dasuring with micrometer v T ’ I
J'.D . e
- Estimagion of qs35urements, (e. gg“ ) . — : :
¥ % "hold crode 1/8" frOm work) ﬂ‘ -3 o9 0 ‘
Readnng gauges. and mevbrs.>;- T -3 o ‘0 o
. . . ’ B A . :
Calculating ratio and/or proportion. 1 e 2 -0 S "
it . . - ) i . LT
) ) $olvung ratio and proportion prqblems, o ; ' ) .. 3
(e g. interpreting scale drawings). ~ g - T N w. 0 o
. _ . .'— ) : Lo R " . S
anding Power$ of numbers ‘ C o - " 2 P A N
| o - . C
Using mathematical tables. « B 2 - . | I 0.
‘Célcul%ting sqﬁare'root. ‘ “ » o B -3 e S0 s
~ Using souent|f|c notation (powers . ) oo i ’ ‘;.~ - v
Of 10) e ) R B . 2 _vo . .
N Usnﬁg common Iogarnthms to solve T TR - - . - T
mathematical problems. - ] R - S0 .. 2 o
: Bach~operatlons with po‘?tlve and : o : T
: negatave numbers. . PN 2 .
‘Basic operations with luteral PR o
o expressions (algebra) . . e - |

o » Interpretlng llne and/or bar graphs. } :*f N

P
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TABLE -XIV {contd.)

MATHEMAT ICAL KNOWLEDGE : ’ X
AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED .

Constructing line and/or bar graphs. | 1 1

Applying formulas (by substltutlon of

numerical values). 1 o o ]
« . o :
Solving llnear equatiohs. w | 0 -2
Transposing, factori.ng and - ‘ ' - - AR
cancellation. ‘ 0 i 2
Solving simultaneous equations. . 0 - ’ 1 2 "
»v . N ’ : ‘
Solving quadl:.atlbﬁquatuons 3 ’ 0 : WH a 2
M : )
Knowing meagkng ‘of parallelism ‘J)etween
lines and/§f:planes. 3 b ) R 1 . 0
/ : . -
Identifying Kasic geometric figures_such - -
,as square, rectangle, hexagon, cylinder. 3 ' o . 0
o L 1 ) » K ‘ ,
- Measuring angles. -~ 3. ) .0 ; 0 _—
Laying out or adjusting angles to- - IR o .
given number of degrees. . .3 <0 o .-
" Calcypating area of square or vy A
_,rectangle. v .2 1 . L 10‘ o -
A ) ™ "y -
Calculating circumference ahd/or area . . L ' o
A !
of circle. . -3 . [ : i 0.
Finding unknown side of right triangle s . . S
" (Pythagorean theorem). o ) 1 A 2 - . 0 7

Finding area and/or votume of régt
tangular solids, “(e.g. tanks)

Finding area and/or volume of ‘ ’ /
cylinders.

Interpreting ''pie' or circle graphs.

Constructing “pie! or circle graphs. .

«

Using st rule to solve mathematical -~
P roblems ‘ : u,' ’ < P
Using calculator for: basic .- -:f
.-opera‘clbns- T " j L ! .

©

Knowledge of. set theory.

Completlng busﬂness forms, (e.g. ih-
volces, work orders, bllls of sale).

. Reqord keep_l_nq. N

st
. f -

" .
* o a
o .

So?vang?vector analysls problems
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TABLE XV

MATHEMAT 1CAL KNOWLEDGES® AND SKILLS FREQUENCIES FOR
INSTRUCTOR GROUP - WELDERS SAMPLE .
MATHEMAT ICAL KNOWLEDGE '
¢ . NECESSARY DES {RABLE NOT NEEDED

AND SKILL ITEMS

Basic operations (+, -, x, %) with

‘Using scientific notation (powers

whole numbers. 5 Y 0
Basic ogperations with common

fractions. 5 <0 Y
Basic operations with decimals and -

percent. . 4 [ 0
Conversion of common fractions to

decimals or percent and vice versa. 4 1 0
Using percent to,calculate interest,: 1
mark-up and/or discount. 5 0 0
Knowing common metric weights and, - .

measures. & 1 0
Knowing common English weights and A

measures. 5 % 0
Converting English to metric weights - ’ |

and measures. 2 3 0
Heasuriﬁg with rule or tape. . 5 o] 0
Measuring with micrometer. - i 4 0

. . [4

Estimation of ‘measurements, (e.g. '

hold electrode 1/8" from work}. 5 - 0 Y
Reading gauges and meters. 3 2 0
Calculating ratio and/or proportion. 3 ] 1
Solving ratio and proportion problems, . s

{e.g. interpreting scale drawings). 3 2 0
Finding, Powers of numbers. I 2 2
-Using mathematical tables. 1 : -3 1
Calculating square root. : 2 2 1

~f. 10). 3

Using.conmon logarithms to solve

mathematical problems. 4

. Is

Basic operations with positive and -

negative numbers. ' 2

Basic operations with literal

expressions (algebra). 2
2

Interprelingbline and/or bar graphs.

]
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MATHEMAT {CAL KNOWLEDGE

AND SKILL ITEMS NECESSARY DESIRABLE NOT NEEDED
[ (Camond M
Constructing line and/or ba qraphs. 0 3 2
Applying formulas (by substitution of
numerical values). 5 0 0
Solving linear equationms. 2 3 0
Transposing, factoring and
cancellation. 2 2
Solving simul taneous equations. 0 ) 3
Solving quadratic equations. 0 ) 5
Knowing meaning of parallielism between
lines and/or planes. 3 2 0
Identifying basic geometric figures such
as square, rectangle, hexagon, cylinder. 3 2 0
Measuring angles. 3 2 0
Laying out or adjusting angles to
given number of degrees. 3 2 0
\C}kulating area of square or
rectangle. . 3 2 0
Calculatir:ng circumference and/or area '
of circle. 2 4 ! 0
Findhg unknown side of right triangle
(Pythagorean theorem). ) 1 3 i
Finding area and/or volume of rec- ’
tangular solids, (e.g. tanks). 5 ] 0
Find’ing area and/or volume of
cylinders. 5 0 0
Interpreting ''‘pie' or circle graphs. 3 1 1

. e o I
Constructing "'pie' - or citcle graphs. 1 1 3
{sing slide rule to solve mathematical .
problems. . 0 L} 1
Using calculator for basic )
operations.. C 0 5 0
Knowledge of set theory. 0 i 4
Completing business forms, ?e.g. in-
voices, work orders, bills of sale). 3 2 0
Record keeping. ' 3 2 0
Solving vector analys"is problems. 0 2 - 3 .
1
\
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MATHEMATICAL KNOWLEDGES AND SKILLS FREQUENCIES AND '
PERCENTAGES FOR WELDERS SAMPLE
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MATHEMAT ICAL KNOWLEDGE NEGESSARY DESIRABLE NOT NEEDED
AND SKILL ITEMS NO. b NO. b4 NO. g

Basic operations (+, -, x, *) with
whole numbers. / 16 100.0 0 0.0 0 0.0
Basic operation with c&vmon
"ractions. { 16 100.0 0 0.0 0 0.0
Basic oper : < with decimals and
percent. R 68.8 4 25.0 l 6.3
Cunvérsh +t  ommon fractions to ;
decimals ¢r percent and vice versa. 1t-  68.8 4 25.0 1 6.3
Using percent to calculate interest,
mark-up and/or discount. 9 56.3 5 31.3 2 12.5
Knowing common metric weights and
measures. 6 37.5 7 43.8 .3 8.8
Knowing common English weights and oy - : )
measures’. ' ) . 16 .100.0 0 0.0 0 0.0
Converting English to metric weights
and measures. o 3 ,18.8 10 62.5 .3 18.8
Measuring with rule or tape. 16 100.0 0. 0.0 0 0.0
Measuring with micrometer. 4 26.7 9 60.0 2 13,3
Estimation of measurements, {(e.g. i
hold electrode 1/8'" from work). - 16 100.0 0.0, 0 0.0
Reading gauges and metersc: T 12 75.0 4 25.0 0 0.0
Calculating ratio and/o_‘r ‘proportion. 8 50.0 7 43.8 1 6.3
Solving ratio and proportion problems :
(e.g. interpreting scale drawings). 10 62.5 6 37.5 0 0.0
Finding Powers of numbers. b 25.0 6 37.5 6  37.5
Usihg mathematical tables. 8 50.0 7 43.8 1 6.3
Calculating squaré root. -7 43.8 7 43.8 3 12.5
Using scientific notation {powers
of 10). . ! 1 6.3 8 50.0 7 - 43.8.
Using common logarithms to solve
mathematical problems. 2 12.5 =~ 6 37.5 8 50.0
Basic operations with positive and -
negative numbers. ) 8 50.0 3 18.8 5 31.3
Basic operations with literal
expressions (algebra). 2 12.5 9 56.3 5 31.3
Interpreting line and/or bar graphs. 5 31.3 6 (!37_5 5 31.3
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& 3
' ndl TABLE xVi (contd.)
MATHEMAT | CAL KNOWLEDGE NECESSARY DES |IRABLE NOT NEEDED
AND SKILL ITEMS NO. b 4 NO. b4 NO. 2
Constructing line and/or bar graphs, 2 12.% 9 56.3 5 31.3
~ ' -

Applying formulas (by substitution of

numerical values). 10 62.5 ] 25.0 2 ' 2.8

Solving linear equations. é 37.5 8 50.0 2 12.5

Transposing, factoring and B

cancellation. s 5 n.: 5 3.3 . 6 37.5

Solving simultaneous equations. - 0 s o.c 8 50 0 8 50.0

Solving quadratic equatians.. 0 0.0 5 31.3 1 68.8

Knowing meaning of parallelism between

lines and/or planes. 11 68.8 5 31 0 (/J,D

Identifying basic geometric, flgurcs such -

as square, rectangle, hexagon cyllnder 14 - 87.5 2 12.5 0 0.0

Measuring angles. 14 87.5 2 2.5 0 0.0

L)

Laying out or adjusting angles to <

given number o! .egrees. 13 81.3 3 18.8 0 0.0

Calculating area of square of . I \j . R

rectangle. 13 81.3° 3 18.8 0 0.0

Calculating circumference and/or area e

of circle.? 15 93.8 1 6.3 0 0.0

Finding unknown side of right trlangle -

(Pythagorean theorem) .6 37.5 8 50.0 2 12.5

Find area and/or volume of rec-

tangular solids, (e.g. tanks). 14 87.5 2 12.5 0 0.0

Finding area and/or volume of .

cylinders. . 14 87.5 . 2 .12.5 0 0.0

_interpreting "pi- " or circle graphs. 10 62.5 4 25.0 2 12‘.5

Constructing ''pie'’ or-circle graphs. 8 ~ 50.0 5 31.3 T3 18.8

Using slide rule to solve mathematical

problems. 2 12.5 12 715.0 2 12.5

Using calculator for basic - ' _

operations. o S 33.3 10 66.7 0 0.0

Knowledge of set theory. 5 33.3 & 26.7 6 '00‘.0

Completmg business forms, (e.g. in- .

voices, work orders, bills of sale) ‘ 7 43.8 6 37.5 3 18.8

Record keeplk. 8 50.0 (3 37.5 2. 12.5

Solving veﬁtor analysis problems. 1 6.3 6 37.5% 9 - 56.3
< : aQ

X4
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Data Tabulatlon for Three Samples Combifed . »

»

Table XVI1 shows mathematical knowledges and sk|lls frequencies and
»percentages‘for 50 respondents from the three samples combined. This s
number includes 19 respondents from the Motor Hechanics'sampie,'IS

respondents from the Heavy Duty Mechahics sample, and 16 respondents

from the Welders sample.



TABLE XVII

" MATHEMAT ICAL KNOWLEDGES AND SKILLS- FREQUENCIES FOR

PERCENTAGES FOR THREE SAMPLES COMBINED
i o
MATHEMAT ICAL KNOWLEDGE NECESSARY DES IRABLE NOT NEEDED
AND SKiLL ITEMS NO. 3 NO. 4 NO. k4
Basic operations (+, -, x, %) with. /'
whole numbers. 48 96.0 i 2.0 ! 2.0
Basic operation with common ‘
fractions. 47 94.0 3 6.0 0 0.0
Basic operations with decimals and
percent. Tl 82.0 7 14,0 2 b.o
Conversion of common fractions to
decimals or percent and vice versa. 37 70.0 12 24.0 3 670
Using percent to calculate interest, :
mark-up and/or discount, 21 42.0 20 40.0 9 18.0
Knowing common metric weights and Lo
measures. 27 -5h.0 19 . 38.0 b 8.0
Knowing common English weights and
measures. L3 90.0 2 4.0 3 6.0
Convertv!ng English to metric weigl'\ts ’
and measures. : 22’ hy.0 23 46.0 5 10.0
Measuring with rule or tape. 48 96.0 2 4.0 0 0.0
‘
Measuring with micrometer. 36 73.5 1] 22.4 2 4.1
Estimation of measurements, (e.q.
hold électrode 1/8" from work). 41 82.0 7 ih. 0 2 4.0
Reading gauges and, meters. &5 90.0 ‘5 10.0 ] 0.0
Calculating ratio and/or proportion. 32 64.0 17 34.0 I 2.0
Solving ratio and proportion problems - : .
{e.g. interpreting scale drawings). 26 52.0 18 36.0 6 12.0
Finding Powers of numbers. 5 10.2 16 32.7 28 skl
Using mathematical tables. 16 32.0 26 52.0 8 16.0
4 - . r

Calculating square root. 0 20.0 13 . 26.0 27 54.0
Using scientific notation (powers . ,
of 10). “ '3 6.0 15 30.0 32 6h.0
Using common logarithms to solve K
ma%hematical problems. 7 14.0 10 20.0 33 66.0
Basic operations with positive and . . _
negative numbers. 17 k.0 14 28.0 19 38.0
Basic operations with literal ) P
expressions (algeb¥a). . "8 16.0 22 44,0 20 40.0
Interpreting line and/or bar 'graphs. 1k 28.0 24 38.0 12 2#;0
- 4

B35
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TABLE XV1l (contd.)
MATHEMAT ICAL KNOWLEDGE NECESSARY DESIRABLE NOT NEEDED
AND SKILL ITEMS NO. % NO. 4 NO. <

Constructing line and/or bar graphs. 5 10.0 25 50.0 20 ko.o

Applying formulas (by substitution of

numerical values). 16 32.0 17 34.0 17 34.0

Solving linear equations. 10 20.0 17 34.0 23 46.0

Transposing, factoring and

cancellation. 10 20.0 12 24,0 28 56.0

Solving simultaneous equaf‘ons. 3 6.0 12 24.0 35 70.0
. Solving quadratic equations. i 2.0 10 20.0 39 78.0

L)

Knowindg meaning of parallelism between -

lines and/or planes. 20 k0.0 17 34.0. 13 26.0

Identlfyihg basic geometric figures such

as square, rectangle, hexagon, cylinder. 35 70.0 11 22.0 4 8.0

Measuring angles. - 37 74.0 13 26.0 0 0.0

Laying out or adjusting angles to

given number of degrees. 35 70.0 n 22.0 4 8.0
"Calculating area of square or i .

rectangle. 28 57.1 16 37.7 5 10.2

Calculating Circumference and/or area

of circle. ‘ 34 68.0 12 24,0 4 8.0

Finding unknown side of right triangle ' :

(Pythagorean theorem) . ’ 8 16.0 24 k8.0 18 36.0

Find area and/or volume of rec- . .

tangular solids, (e.g. tanks). 28 56.0 18 36.0 ] 8.0

Finding area and/or volume of-

cylinders. - 35 70.0 12 24.0 3 6.0

Interpreting ''pie' or circle graphs. = 20 40.0 14 28.0 16 32.0

B o .

Constructing ''pie' or circle graphs. 13 26.5 17 34.7 19 38.8

Using slide rule to solve mathematical .

problems. 3 6.0 32 64.0 15 30.0

Using calculator for basic !

operations. 6 12.2 33 67.3 10 20.4

Knowledge of set theory. 14 29.2 i1 22.9 23 47.9

Completing business forms, (e.g. in-

voices, work orders, bills of sale). 26 52.0 19 38.0 5 10.0

Record keeping. 25 50.0 21 k2.0 o8

Solving vector analysis problems. b 8.3 ih 1 29.2 30 62.5

/’/,
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Comments and Mathematical Shottcuts

The research instrument used in the study included a request di-
rected to the respondent that he write in comments or describe any mathe- *
matical shortcuts that might be used in the practice of his trade. The

« -4 .

‘ request for mathematical shortcuts had been nncluded in the research .

instrument to ldentlfy those shortcuts that might be |nclqaed as

e~
currlculum content in mathematlcs courses designed to meet the ﬁéed of
\ \ |
ﬁ students enrolled in vocational education pourses at the ‘high school
Ievel: ’ . ) )
: 7

An examination of the 50 completed questionnaires returned showed

that the request for commeqiﬂ or mathematical shogscuts had elicited 17

reblies. These replies were found to be uneveniy distributed amang nine

K ¢

of the twelve sample subgroups in the study Because of fHe nature of

[

, the repl:es and their uneven dlstrlbutlon among’ Sample subgroups it was

decided to reproduce these comments verbatim rather than .to attempt

tabulation. 5. ’ j )
The Motor Mechanics Sample \f“‘ o (//

o a . .
Supérvisors. -The lone, respondent in this category suggested ''More

training in metric measurement'' and ''Complete turn over [sic] into
g a P

N N
metric'. . .
| 3

Journeymen, Group A. Two replied were found in this category:

: ]. More metrics.

2. Measurlng angle§ is becoming more important. A o

practicing journeyman mechanic can do very well

- on secondary school level mathematics. Only if
he becomes involved in his own business need he
know more - i.e., record keeping, etc. The -
most difficult problem that most (90%) of the
mechanics would encounter would be something to
the effect of: |If a car used .178 gal. of
gasoline to travel 3 miles, how many miles to
the gallon is that? Being involved in the re-

’
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- . \

¢

pair of a machine does not make it necessary
to know the math of design.

Journeymen, Group B.  The respondent in is category suggested

"Require more metric conversion''.
Instructors. This group prodiced three replics:
L4

1. Mathematical theory, unless used, becomes
stale. ¢ [therefore] essential theory is all
that is necessary. :

2. The understanding gf the physical world is
the important part. The mathematics is a
means ofgprecise comparison that is essential
for design but not necessary but desirable
for the practice of the trade.
3. Auto mechanics use conversion charts for
[Converting] fractions to decimals and fbr
finding volumes where possible. ~ .

)

The Heavy Duty Mechanics Sample

Only one reply was found afiong the compfeteﬁ quesxionnaires/?rom
: . .

this sample: o : 7 )
‘Journeymen, Group B. This respondend suggested: ‘'Mathematics is
R ’ ’ v m
necessary in the motor trade but practical.[skill] is more important''.

The Welders Sample P
N - . R
- *Supervisors. Three replies’were received frqm this category of the

-

sample: i
‘ J
1. Useiz?kmath, tables, %. Mr. Verret - you either
" & know the method or you must hire someone to
. computey complete and record, i.e. #41 [Using
calculator for basic operations], 43 [Completing
. business forms], 44 [Record keeping]. When
" metric system becomes universal, #6 [Knowing
common metric weights and measures], 8 [Con-
verting English to metric weights and
measures] are necessary.

/’ 2. Basic math. Qld math. o - J
. 3. Use of framing square to determine pitches,

stair treads etc. Use of level for lining up
frames etc. Use of protractor for determining
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angles etc.

Journeymen, Group A. Three comments were found in this.category: =
This questionnaire should have been completed by
.a private welder rather than one who works in a
shop where the greater percentage of the math is
all figured out on blueprints. .

2. Basic mathematics very essential. : \/

. ;
- } . g

3. Y8Bu need common sense. L
. ,.F\

Journeymen, Group B. Two respondents from’ thlS categb \;Xote in

comments:

L~
R ’

1. A basic knowledge of mathematlc e in altl |t5vforms
" is generally sufficient for shop floor practices.
.
‘Shortcuts are used, but onty after a lengthy peri-
od of proper work procedure has been observed, and
experlence gained.

2. tne more knowledge a person has the more
successful he will be. A certain amount of mathe-
matical shortcuts can be learned after more ex-
perience is gotten.

Instructors. One respondent in this category provided two mathe-

S

matical shortcuts used in the trade in connection with machine work:

L4

1. R.P.M. = L x cutting speed

Diameter of shaft or stock : .
-0 ) -

< ~.

‘2. Tap drill~size = ‘ : ' <v
I ' ]
# threads per inch

outside diaﬁeter’of bolt -



CHAPTER 1V
PRESENTATION OF FINDINGS

The previous chapter described the populatioos and sampling pro-
cedure for the sfudy and the research instrument used in the study.
Also dealt with were the execution of‘phe pilot study, the dis&ributfon
of research inst.uments for the study, the tabulation of,oata collected.
for the study and the comments and matheématical shortcuts provided by |
the respondents in the study.

This chapter presents the data colfected in the study 'in the form
of compound bar histograms and proposes a method of using these histo-
| grams to design mathematics courses to meet the needs of students
enrolled in high school vocational education programs.’

) : The Histograms

The matheﬁétical knowledges and skills frequencies for each sample
Qere converted into percentvproportiong of response alternatives for
each of the 45 questionnaire items. These percentages were then
graphically il]ustrated.by means of a compound bar histogram for each of
the three samples, namely, the Motoe Mechanic sample, the Heavy Duty
Mechanic sample, and the Welder sample. A fourth compound bar histogram
shows - the comb|ned oercent proportions of response alternatives selected
by respondents from the three samples named above

Figure 1 shows the rcei proportions of Qespondents from the
Motor Mechanic sample who .ated each mathematical knowledge and skill
item as ''necessary', "desirable', or ''not needed'' by journeymen in order
that they may be able to practice .their trade in a successful manner.

Figure 11 /shows the percent proportions of respondents from the

P
Heavy Duty echanlc sample who rated each mathematical knowledge and

95
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skill item as ''necessary', ''desirable', or ''got nceded' by journeymen in

order that they may be able to practice their trade in a successful

manner. o

Figure 111 shows the percent proportions of respondents from the
Welder sample who rated each mathematical knowledge and skill item as
nnecesgary”,(”deiirab]e”, or ”nof~neeﬁed“ by journeymen in;order that

they may be able to practice their_.trade in a successful manner.

0y

Figure 1V shows the combined percent proportions of réspondents
from the Motor Mechanic sample; the Heavy Duty Mechanic sample and the

Welder sample who rated each mathematical knowledge and skill item as

/

""necessary'', ''desirable'", or ''not needed" by journeymen in order that

they may be able to practice their respective trades in a successful

manner.

The percent proportions of respondents who rated each mathematical
3 . ;

competency item as ''necessary'' are represented by a line pattern at the

Ieft-haqd end of each compound bar. The percent proportions of re-

|
/

spondents who rated each mathematical competency item as ''not needed'

are represented by an uhpatterned segment situated at the right-hand end

r

of each compound bar. The percent proportion of respondents who rated
mathematical competency items as ""desirable'' are represented by a random

dot pattern situated between the other two segments of each compound
. ! }

bar. ' ' ‘ .
Percent figures shown on the compound bar segments have been

rounded off to the nearest 0.1 percent. For this reason all triads of

a

percent figures hay not total exactly 100.0 percent.

96



MATHEMAT 1CAL KNOWLEDGES AND S&-ti> PEe NI
FOR MOTOR MEC

MATHEMAT 1AL KNOWLEODGE

/ AND SKILL {TEMS .
Basic operations (+, -, x, =) with
whole numbcrs
Basic operatlons with common

fractions.

Basic operations with decimals and
percent.

<

fLonversion of common fractions to

decimals or percent and vice vegsa.
4

Using percent to calculate interest,
mark-up-and/or ‘discount. )

Knowing common metric weights and
measures.

Knowing common English weights and
measures., ' E R

Convert'ng English to metric weights
and measures. .

Measuring with rule or tape.

Measuring with micrometer.:

Estimation of measurements, (e.g.

electrode 1/8'" from work) .

Reading gauges and meters.

Calculating ratio and/or proportion.

Sotving ratio and proportion problems,
{e.g. interpreting scale drawings).

Finding Powers of numbers.
Using mathematical tables.

Calculating square meot.

Using sqientific notation {powers
of 10).

Using common logarithms to solve
mathematical-problems. '

Basic operations with positdve and
negative numbers.

Basic operations with literal
expressions (algebra).

Interpreting line and/or bar graphs.
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. Transposing, factoring and

numerical values).

FIGURE | (contu.y

MATHEMAT ICAL KNOWLEDGE
AND SKILL ITEMS

Lonstiucting line and/or .bar graphs.

Applying formulas (by substitution of

Solving linear equations.

=t

cancellation.

Solving simultanegus equations.

Solving quadratic equations. /

Knowing meaning of parallelism b{}ween
lines and/or planes. .

identifying basic geometric figures such
as square, rectangle, hexagon, cylinder.
Measuring angles.

Laying out or adjusting angles to

given number of degrees.

Calculating area of square or
rectangle.

" Calculating circumference and/or area

of circle.

Finding unknown side of right triangle
(Pythagorean theorem).

Finding area and/or volume of rec-
tangular solids, (e.g. tanks).

Finding area and/or volume of
cylinders. :

Interpreting ''pie' or circle graphs.

Constructing ''pie'’' or circle graphs.

Using slide rule to solve ~  cical
problems.

Using calcuiator for bas
operations.

Knowledge of set theory.

Completing business forms, {e.,. .n-
voices, work orders, bills of sale).

Record‘keeping.

Solving vector analysis problems. -

! Necessary n Dewirably l I Not Needed l

36.8 L7 .4
421 42 .1
7
f 68 4
68 .4
89.5
84 .2
36.8 36.8

4.'\
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Y- S FIGURE 2

. MATHEMAT ICAL KNOWLEDGES AND SKILLS PrRCENTAGES.
" FOR HEAVY DUTY MECHANICS :

MATHEMAT I CAL KNOWLEDGE ‘ . ' l .
N t De able « N
AND SKILL ITEMS % ccessary- esirab t. ot Needed

Basic operations (+, -, x,~%) with
whole numbers.,

Basic operations,with common
fractions.

Basic operations with decimals and
percent.

Conversion of common fractions to
decimals or percent and, vice versa.

Usingy percent to calculate interest,
mark-up and/or discount.

Knowing common metric weights and
measures.

Knowing common English weights and
measures. ; .

Converting English to metric weights
and measures.

Measuting with rule or tape.

Measuring with micrometer.

Estimation of measurements; (e.g. hold
electrode 1/8' from work).

Reading gauges and meters.

Calculating ratio and/or proportion.

Sblving ratio and proportion problems, |
(e.g. interpreting scale drawings).

Finding Powers of numbers.

Using mathematical tables.

Calculating square root.

Using scientific notation (powers
of 10). :

Using common logarithms to solve
mathematical problems.

Basic operations with positive and
negative numbers.

Basic operations with literal
expressions (aldebra).

Jnterpreting line and/or bar graphs.

~
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FIGURE 2 (contd.)

- »,
1

MATHEMAT I CAL KNOWLEDGE
AND SKILL ITEMS

Constructing line and/or bar graphs. [1 ‘\¥\"i:66f0 ' i 40.0

il

oni G | g
il |

Applying formulas (by suhstitution of b
- i

numerical values)
i
Solving linear equations.

tealtt - el

13 30

Solving simultaneous equations. m" p 26.7 66./7

Transposing, factoring and
cancellation.

Solving quadratic equations. ' 200 - . 80.0

#Knowing meaning of parallelism between
lines and/or planes.

tdentifying basic geometric figﬁres such
as square, rectangle, hexagon, cylinder.

‘Measuring angles.
Lt

taying out or adjusting angles to
given number of degrees.

Calculating area of square or
Tectangle.

Catculating circumference and/or area
of circle.

Finding unknown sidé of right triangle
(Pythagorean theorem).

Finding area and/or volume of rec~
tangular solids, (e.g. tanks).

thding area and/or volume o
cylinders.

Interpreting 'pie" or circfe graphs.

<

Construc\ting "pie'" or circle ‘graphs. m

Using slide rule to solve mathematical
_problems.

Using calculator for basic
operations.

Knowledge of set theory.. .

Completing business forms, (e.g. in-
. voites, work orders, bills of sale).

Record keeping.

Solving vector analysis problems.
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FIGURE J

f HATHEHATI.CAL KNOWLEDGES AND SKILLS PERCENTAGES e
FOR WELDERS

;

‘

MATHEMAT ICAL KNOWLEDGE ‘ . .
Desirable ] Me
AND SKILL ITEMS : Ncces"saryu # Dewirab “ ¢ Nut Needed

Basic operations (+, -, x, %) with
whole numbers.

Basic operations wlth common
fractions.

Basic operations with decimals and
percent.

Cordversion of common fractions to
decimals or percent and vice versa.

Using percent to calculate interest,
mark-up and/or discount.

Knowing common metric welights and
measures.

Knowing common English weights and
measures.

Converting English to metric weights
and measures. ’ )

Measuring with rule or tape. ‘ | TR it T R [
: e ! I it el

Measuring with micrometer.

Estimation of measuremehts, (eig. hold
electrode 1/8" from work).

ﬁeading gauges and meters.

Calculating ratio and/or proportion.

Solving ratio and proportion problems,
(e.g. interpreting scale drawings).

Finding Powers of numbers.

Using mathematical tables.

Calculating square root.

Using scientific notation (powers

Using common logarithms to solve
mathematical problems.

Basic operations with positive and
negative numbers. )

Basic operations with literal
expressions (algebra).

Interpreting line and/or bar. graphs.




FIGURE 3 (contd.)

2 Nccessarym, .[)L-x.n;.\hlvl I

MATHEMATICAL KNOWLEDGE
AND SKILL ITEMS

Constructing line and/or bar graphs.

Applying formuias {by substitution of
numerical values).

N
Solving linear equations.

Transposing, factoring and
cancellation.

Solving simultaneous equations.

Solving quadratic equations.

Knowing meaning of parallelism between
lines and/or planes.

tdentifying basic geometric figures such
as square, rectangle, hexagon, cylinder.

Measuring angles.

Y

Laying out or adjusting angles to
given number of degrees.

Calculating area of square or
rectangle.

Célculating circumference and/or area
of circle.

Finding unknown side of right triangle
(Pythagorean theorem).

Finding area and/or volume of rec-
tangular solids, (e.g. tanks).

Finding area and/or volume of
cylinders.

Interpreting '‘pie' or circle grabhs.

Constructing ''pie" or cjircle graphs.

Using siide rule to solve mathematical
problems. ,

Using calculator for basic
operations.

Knowledge of set theory.

Completing business forms, (e.g. in-
voices, work orders, bills of sale).

Record keeping.. 1
- \

. . !
Solving vector analysis problems.
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FIGURE 4

vHATHEHATICﬂL kNOVLEDGES AND SKILLS PERCENTAGES
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FOR MOTOR HEQHANICS, HEAVY DUTY MECHANICS AND WELDERS COMBINED

a
MATHEMATJCAL KNOWLEDGE

bo

N ar D®%irab
AND SKILL ITEMS 3 Mecess y- b D¥sirable

. L

Basic operations (+, -, x, %) with
whole numbers.
Basic operations wlith common
fractions. '
Basic operations with decimals and
percent.

Conversion of common fractions to
decimals or percent and vice versa.

% Not Needed

Using percent to calculate interest,

mark-up and/or discount.

Knowing common metric weights and

measures.

JKnowing common English weights and
measures. '

Converting English to metric weights

and measures.

Measuring with rule or tape.

Measuring with micrometer.

Estimation of measurements, (e.g. hold
electrode 1/8" from work) .

Reading gauges and meters.

Calculating ratio and/or proportion.

Solving ratic and proportion problems,

(e.g. interpreting scale drawings).

Finding Powers of- numbers.

—— R
Using mathematical tables. ,

Calculating square root.

Using scientific notation {powers

of 10).

‘Using common logarithms to solve

"mathematical problems.

‘Basic operations with positive and

38.0

negative numbers.

Basic operations with literal

Lo.o

expressions (algebra).

Interpreting line and/or bar graphs.

5




MATHEMAT ICAL KNOWLEDGE
AND SKILL ITEMS
*

A

Constructing line and/or bar graphs.

Applying formulas (by substitution of
numerical values).

Solving linear equations.

Transposing, factéring and
cancel]agion.

" Solving simultaneous equations.

Solving duadratic equations.

Knowfﬁg meaning of parallelism between
lines and/or planes.

ldegiifying basic geometric figures é:;h
as square, rectangle, hexagon, cylinder.

Measuring angles.

Laying out or adjusting angles to
given number of degrees.

Calculating area of square or
rectangle.

Calculating circumference and/or area
of circle,.

Finding unknown side of right triangle
(Pythagorean theorem).

Finding area and/or volume of rec-
tangular solids, (e.g. tanks).

Finding area and/or volume of
cylinders.

Interpreting ''pie' or circle grabhs.

Constructin§ ""]pie" or circle graphs.

Jsing slide rule to solve mathematical
problems. ) )

Using calcul- tor for basic

operations.

Knowledge of ~:  theory..
Completing businer- “=ric. (e.g. In-
voices, work ordc. of sale).

Record keepinjg.

Solving vector cnalys, 1S .

FIGURE &4 (contd.)
3

¢ Not NeeJ}d

B 4
% Necessary % Desirable
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Proposed Uses of Histograms

The compound bar histograms- showing the proportion of respondents
who rated each mathematical knowledge.and skill item as ''necessary'',
'desirable'", or '"not needed'' were provided for the purpose of serving
as a_conyenient method of reference which curriculum workers may use in
the desngn of mathematics courses wnose objectives meet the needs of
students in Automotives and Welding. The information represented by the
histograms may be used by mathematics curriculum workers to assist them
in making curriculum content decisions, in establishing curricgiar’. .
priorities, in designing diagnostic tests and in devising ways to im~

prove student motivation. . -

Mathematics Curriculum Content

1

The histograms presented in this study can be used as a means of
!

deyeIOping_curriculum content for mathematics'courses by identifying the
mathematical functions which are important to each of three trades”which
correspond to the high school vocational education subjecrs of Auto-
motives and Welding. The curriculum centent of a given course may be
deveIOped to meet the mathematical needs of only one high ‘school voca-
tional education subject or of two or more vocational education subJects
combined The decision to include a particular mathematical knowledge
and sknll item in a course currnculum can be go;erned by a criterion’ T~
such as selection as ”necessary” by 50 percent ‘or more of respondents
from one of the sample or from two or more samples—comblned Another v
possible ciiterion might be selectlon of a mathematlcal competency i tem |

as necessary” or ''desirable'' by two thirds or more of the respondents

"from one of the samples, or from two or more of the samples combined.
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Establishing Curricular Priorities

The ‘mathematics histograms. present information in a form which can

be conveniently used to help establish priorities among mathematical

¢

competencies to.be included in mathematics course curricula. For in-
stance, it might be reasonable to suppose that a mathematical competency
such as ''measuring.with rule or tape' which was selected as ”neceSsary'.’l

: A
by 100 percent of the respondents from the Welder sampie might be given &_

N

a higher priority than ''record keeping'" which was rated as ”necesséry”

by only 50 percent of these same respondents.

’

Diagnostic Tests

The mathematical knowledge and skiyl kistograms developed in this
study may be.used to help'design\tests which wou1a identify the mathe-
mafical weaknesses of ;tudentsvenrolled in the vocational education
courses of AUthot}ves and Wélding. ‘These results would indicate the
mathematical competency areas where stu&%nts may eed remedia[ help in
mathemafics as it applies to their parficuiar vocational education

subject. , - . si\\\
.

Student Motivation \ ) . ‘ : N

The mathematicgl knowledge and skill histograms developea in this
study could provide information to teachers for use in motivating
students by.showing them that certain mathematical knowledges and skills
are importan% to the particular vocational education course they have
chosen. The fact that the |nforma£|on came from journeymen certlflcated
in trades which‘corresponded to high school vqcatibnal education pro-

grams might lend it greater credibility in the eyes of. students than

would be the case had ‘the information originated from other sources.
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CHAPTER V
' SUMMARY, CONCLUSIONS, OBSERVATIONS, AhD.IMPLICATIONS

Chapter | dealt with the need for the study, the purpose of the
study, the {jmitations ;nd delimitations of the«;tudy, th¢ significance
of‘the¢study, and the definitiéns of terms used in the study. The |
chapter also included descriptions of the populations for the study, the
sampling procedure used in the study, and the mefhodology of the study.

The second chapter of the study ﬁonsisted of a revieQ of the related
literature which dealt with the academic foundation and content of
occupations and, more particularly, the mathematical requirements of the
three %selected trades of Motor Mechanic, Heavy Duty Mechanic, and Welder.

LIRS

Comments on éathematics educatjon and evaluations of mathematics programs

were reviewed as were purposes of mathehatics and objectives of mathe-

matics instruction. A number of textbooks and other references related to

the above three trades were analyzed for their mathematical content.
Chapter 111 included descriptions of the pOpulétions and'gf the
sampling procedure for the study. The chapter-also dealt with the
design of the research-instrumeng, the execqtion of the pilot study, the
distr;Bution of thevresearch instruments and concluded with the

tabulation of data.

Chapter 1V presented the results of the study in the form of com-
pound bar histograms which graphically illustrated the percehtéges of
respondents who selected each of the three possible responses for each of

the 45 mathematical knowledge and skill items contained in the research

instrument. . : : -y

At}
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SUﬁna(y of the Study
The Problem
‘The enactment of the Technicél and Vocational Training Act of 1960 °
opened the way for fhe provinces to enter into ag;eementé with the
Government of Canada whereby the Provinces obtain financial assistance
for the’implementatfon of programs of technical and vocational training.
Alberta, in 196],Aentered into such an agreeﬁent and the massive’
building program which ensued resulted in £he opening,Ain the fall of
1963, of vocational high schools in the larger population centres of the
province.
The new schools were organized as comprehensive high sé%ools which.
offered, in addition to vocatjonal edugation subjects, a broad range of
,prbgréms which included academic un}versity—matriculation, gene?al non-
matriculation, as well as a w%de choice of optional subjects; Studénts
enrolled.in vocafiona] education subjects devofed approximately one half
“of thefr school time to tﬁé study of academic or generél educétiqn sub~
jects that were needea'to complete the requirements for the Alberta High

G

. School Diploma.

The‘academic and genéral education sdbjects offered>t; students
enrolled in high schéol vocational education prograﬁs were seen to hold é-
very .important positionvin felation to the vocational education subjects.
Thi§>was due té the fact that a numbér of vocational sﬁbjects, expecially
tho;e which corresponded to the skilled'trades, had part of théir theo-
retical base ip tﬁe academic disciplines, notably, the mathemagi;s ahd_
the physicél sciences. In this context, these academic_discip]ines were
referred to by Kidd\and Leiqpbody (l955)ias “fe}ated subjécts” (pp. 183 -

2

184) |
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The related subject that seemed to arouse the most concern on the
part of reducators was mathematics. There did not appear to be sufficient
information available.dn exactly what mathematical knowledges and skills
would serve the purpose for given trades. Nelson and Halfin (1976)

addressing themselves to the problem of obtaining information for the.
* . . s/
4

purpose of curriculum development.stressed the need for direct approaches
as opposed to the commonly used indirect or discipline approach (pp.. .
246 - 248).

The Methodology

The study was designed to collect data felating to the mathematical
skills which certificated jdurneymen considered necessary td possess in
order that they may be able to practice in a sgccessful.manner the
trades of Motor Mechanic, Heavy Duty Mechanic and Welder.

The édpulations for the study gonsisted of three discrete groups of
cettificated journeymen. One population consis;ed.of journeymen cer-
tificated in the.Motor Mechanic trade; the second population was made up
of‘journeymén certificated in the Héavy Duty Méchanic trade; the thirg‘
populatién was comprised of journeymen certificated in the Welder trade.
Eacﬁ of these three populations was stratified as.to the function per-

, , N
formed by the journexmen. These functions were placed into the following
three categories: Supervisors; Jéurneymen; Instructors,

-

A two-stage sampling procedure was used for the ''Supervisors'' and
”Jou?neymenﬁ categories of.each of the three populatithu simple randém
'éambling without ;eplécement was used for the '"Instructor' gréup of each)
of the three populatioﬁs. In its final form eaeh of the’ three sampleg

was comprised of 5 '"'Supervisors', .10 "Journeymen'', and 5 "Instr_ctors"

giving a total of 60 subjects in all for the three samples.

N
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The research instrument for the study was a questionnaire in the
form of a QS—item mathematical checkoff list similar in structure to the
one used by Laws (1966) in his study on the subject of mathematical

4

competencies for technicians. Respondents were asked to rate each mathe-

matical khowledge and skill item on a 3-point Likert-type scale.

Aypi]bt study was carried‘out in order to point up any errors or
{ﬁadequacies that might have been present dn the instrument. Minor
modifications were made to tﬁe instrument as a result of analysis of
pilot study returns.

The quified questidpnéires were delivered or posted to the sample
subjects. Of the 60 research instrgments distributed‘SO completed
questionnaires were received from respondentsf"ThiS represented a re-
turn rate of 83.3 percent. The results from these qgestionnaires were
tabulated by sample subgroup. The frequencies for éach item response
were converted jﬁto percent proportions for each of the three samples.
This appfoach was described Ry Dixon (f969, p- 9). These proportions

were then graphically illustrated by means of compound bars as described

bylLockwood (1969, p. 28).

The‘Findings Related to the Motér Mechanics Sample

Eighteen matheﬁqtica] knowledge'akd skill Ttems were ;elected as
""mecessary'' by 50 percent or more of the Motor Mechanics samp}e subjects
whp.comgletcd and returned research instrument;. These included basic

operations with whole numbers, common fractions, decimals and percent;

conversion of fractions to decimals; knowledge of common metric and

English weights and measures and conversions; measuring with rule, tape,

and micrometer; estimating measurements; measuring, laying out, or

adjusting angles; calculating circumference and/or area of circle;
al) 5\ ° - . >

v -
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finding area and/or volume of «cylinders and completing business forms.

The Findings Related to the Heavy Duty Mechanics Sample s .
: < - .
Twenty mathematical knowledge and skill items were selected as

“ncccssa?y” by 50 percent or more of the Heavy Duty Mechanics samp'le

subjects who completed and returned their onnaires. The selected

items included basic operations with whole) s, ‘commai fractioné,

~

decimals and percent;.convcrsion of fractiong decimals; knowledge of

common metric and English units of we) afid measure and conversions;

.measuring wifh rule, tape and mi;rometer; estimation of m;asurements;
reading gauges-and meters; calculation ratio and/or prpportion and
solving ratio and proportion problems; identifying basic geometric
figurés; measuring, laying out or adjusting angles; calculation of
circumference and/or area of circle{\findingWarea and/or volume of
cylindgrs; completing business forms and record keeping.

Findings Relatéd to the Welders Sample

Twenty-five mathematical knowledge and skill,itéms were selected as
"necessary'' by 50 percent or more qf the respoﬁdents in the Welder
sample. lncludeg in this number were basic operations with wholg
numbers, rréﬁtions, decimals and Rercent, and positive and negative
numbers; convefsion of fractions to décimals;‘Using percent to calculéte
interest, etc.; knowiqg common English weights and measures; meagurfng
with rule or tapé measure; eétimating measurements} rea&ihg gauges and"
meters; calculating ratio and/or proportion and solving ratic and
proportion problemé; using mathematical tables; applying formulas;
knowing meaning of parallelism; identifyiné s osic geometric figures;

meqfuring, laying out:or'adjusting angles; calculating area of square or

rectangle; calculating circumference and/or area of circie; finding area

9
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and/or volume of rectangular solids and cylinders; interpreting and
constructing circle graphs; record. keeping.
Conclusions

Thé study preéented data which showed that a number of basic mathe-
matical knowledges and skills were necessary for journeymen to possess in
ofder to enable them to practice successfully each of the three selected
trades of Motor Mechanic, Heavy Duty Mechanic, and Welder. Fou;teen
mathematical knowledge and skill items were selected as '‘necessary'' by 50
percent or more of the rgspondents inall thrﬁc samples. These iﬁcluded
b;sic opefa;ions with whole numbers, fract}ons, decimals and percent;
conversion of common fractions to decimals; knowing common English
weights and measures; measuring with rule or tape; estimation of measure-
ments; reading gauges and méters; calculating ratio and/or broportion;
identifying basic geoﬁet(ic figures; meésuring, laying out, or adjusting
angles; calcdlating circumference and/or area of circle; finding area
~and/or volume of cylinders.

Observations

A comparison 6% the findings7related‘to the three selected trades of
. ol '

Motor Mechanic, Heav& Duty hechanic and Welder showed that the Welder
sample respondents had selécted'the.greatest numberlof mathematical
knowledge and skill items as being ''necessary'' -for journeymen”to possess
in order that they may be able to practice their trade in a succeggsful
i.onner. A review of fextbooks and other tradé references for the three
seiécted trades had shown.that the references for the Welder trade had
the lowest incidence of mathematical content among the three trades.

This finding would seem to support Nelson and Halfin (1976) in their

statement that direct approaches to curriculum design yield results
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which are different from those obtained by using indirect -~ discipline
approaches (pp. 246 - 2“8).

One item which drew a number of comments.was "knowing comﬁbn metric
wcigpts and .measures''. Canada has been in the brocess df convgrting to ’
the $1 [Systémé Iniernational d'Unités] metrig system of weighﬁs and
measures and it would appear that the three selected trades of Motor
Mechanic, Heavy Duty Mechanic, ané‘uéldef wére not uni?ormly affécted by

, R
this change.

Among the three samples, respondents from the Hotor Mechanics
sample showed the highest proportion (68.4 percent) of selection of
""Knowing common metric weights and measures'' as being ''necessary'' for a
journeyman to possess in order that he may be able to practice his irade
in a successful manner. This may be attributed to.the fact that
autémobiles originating from countries which use the metric system have
been imported into Canada ?g} many years. Thfee of tﬁé respondents who
were employees of an employing agency whﬁch dealt exclusively in metric
products thought that knowledge of metri; weights and measures was

"necessary'' and .that knowledge of English weighté and measures was ''not
needed''.
Resbdndents from the Heavy Duty Mechanics sample showed the second

jest proportion (53.3 percent) of selection qf ""'Knowing cémmon metric
weights and measures'' as géing "necessary"' fér a journeyman to postcss in
order that He may be able to practice his trade in a successful mc oer.
This finding is perhaps related to the fact that Diésel engines and other
items of heavy equipment have a longer Iife expectancy than do-auto-
mobiles. Also, manufacturers ofvpﬁis type of equipment are perhapé el

“finding it more difficutt to convert to metric measurements. The owner
. ' : -
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t
.

>
e
-,

of a small Diesel engine repair shop stated that some Diesel engines from
Great Britain are still not metricated. This owner also stated that
since metric replacement parts are often not available, some components

have to be rethreaded to English sizes to take studs or bolts which are

-

available.in Canada.

The questionnaire item ""Knowing common mefric weights and measures'
was selected.as‘“npceSSary” for journeymen to possess by 37.5 bercent of
respondents from the Weldgrs sample. This low rate of selection may be
partiy explained Ey a conversation which the\researcher had with a
weldiqg shop owner-méhager who participated in the study. According to
this supervisor, the We]der trade has not, as ' ct. been greatly affected
by metric conversiPn. This supervisor related an incident which involved
hydraulic truck hoists builf to metric standards in Great Britain. These

oot

hoists ‘could not be used because hose and pipe fittings which wére
. « ‘
standard in Canada would not fit the threaded openings. THe British
. . . a

manufacturer was asked to ship only hoists with English type threads.

Implications and Recommendations

Implications for Educational Pract(i;

—_—

This study Eéveals evidence which shows that a sizeable pfdbortion

of the 45 mathematical knowledges and skills listed in the researéh
inst;umgng_wefe considered by respondents to be necessary- for journeymen
to possess iﬁ order that they may be able to engage in the successful
prigtice of ‘the ;rades of Motor Mecﬁanic, Hgavy Duty Mechanic, and
Welder. An educational implication of this finding might’bé that
students enrolled in high school vocational education courses fno
Automotives and Welding whfch correspond to thg skilled trades of Motor

1

Mechanic, Heavy Duty Mechaniz and Welder should have the opportunity to
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learn the kinds of mathematical competencies which will be useful to them
in their subsequent apprenticeship training and in their work as certifi-
cated journeymen. This means that special related mathematics courses
may have to be dgsigned for students enrolled in the high school vo-
: . AN

cational education programs in Automotives and WeldPng. These related

-#nfusing the

po

mathematics courses would then become a vehicle for
identified ﬁathematical knowledges and skilfs into th higH school pro-
grams of éf;dy. A corollary to this implication might be that teéche(s
:of‘high school vocational education programs in Automotives and Welding

should make provision for the reinforcement of the identified mathe-

matical competencies in bofﬁ:fhe theoretical ghd practical phases of

. ___V/
their instructional programs. ‘ .
Recommendations for Further Research .

‘Some poSsibL¢ areas for further research are suggested by the
findings of this study: |

Il Studies could be undertaken to identié; mathematica] competen-
cies relating to other skilled trades which correspond to existing or

projected high school vocational education courses. This information

»

could éhen be used in the design of mathematics courses which specifi-

cally meet the needs of students enrolled in those high school

.

vocgtional education programs of study.

2. Mathematical compZtency requirements could be'comparea for a
number of skilled trades with a view to developiné ma;hématics courses
which would meet the réquirements of two or more vocational education
subjects in common. This method. of combfning;}elated subject curricylum

content for two or more vocational education courses was described by

Larson (1972) who referred to it as the ''core cluster approach' (p. 27).

» -
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APPENDIX A

Appendix A consists of the research instrument used in the study.
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MATHE® 7! A. SKILLS QUESTIONNAIRE

Name of firm or employer

Trade (check one): Motor Mechanic

Heavy Duty Mechanic
Welder

Practicing journeyman (5 years experience

Type of employment:
or less)

}

Practicing journeyman (more than 5 years
experience)

—_——
—_—

Supervisor

Instructor

Directions: Please rate each mathematical knowledge or skill item
as to how important you think it is to a journeyman for
successful performance in the trade. When you have
decided, place a check mark in the ""NECESSARY',
"DESIRABLE'', or ''NOT NEEDED" column on the right hand
side of the questionnaire. A

NOTE: Please be sure to rate and mark all items.
- MATHEMAT I CAL KNOWLEDGE | ,
AND SKILL I TEMS. NECESSARY DESIRABLE NOT NEEDED
l.  Basic operations \g S .
(+, -, x, %) with whole f
numbers.
2. Basic operations with -

common fractions.

3. Basic operations with
' decimals and percent. -

b4, Conversion of common
fractions to decimals
‘or percent and vice
versa.

5. Using percent to cal-
culate interest,
mark-up, and/or dis-
count.

6. Knowing commor metric
- weights and measures.
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MATHEMAT | CAL KNOWLEDGE
AND SKILL- ITEMS

NECESSARY

DESIRABLE | NOT NEEDED

Knowing common English
weights and measures.

Converting English to
metric weights and
measures, L

Measuring with rule or
tape measure.

~
Measuring with micro-
meter.

Estimation of measure-
ments, (e.g. hold
electrode 1/8" from
work) .

Readihg gauges and
meters.

"Ca]culating ratio

and/or proportion.

Solving ratio and
proportion problems,
(e.g. interpreting
scade drawings).

Finding powers of
numbers.

Using mathematical
tables.

Calculating square
root.

Using scientific
notation (powers,
of 10).

Using common loga-
rithms to solve
mathematical»prob]emst

20.

Basic operations with
positive and negative

" numbers.

»



MATHEMAT I CAL KNOWLEDGE

AND SKILL ITEMS NECESSARY | DESTRABLE | NOT NEEDED
21. Basic operations with
literal expressions !
‘ )

(algebra).

22.

[P S,

LT WOV S

of right triangle
(Pythagorean theorem).

Interpreting line and/or
~bar graphs. l
23. Constructing line and/orj
bar graphs. ‘
24, Applying formulas (by i
: substitution of numer- ; X _
ical values). ; |
25. Solving linear equa- (
‘ tions. | |
4% =
26. Transposing, factoring !
and cancellation. '
S
27. Solving simultaneous
equations.
28. Solving quadratic
equations.
29. Knowing meaning of
parallellism between
lines and/or planes.
30. identifying basic
' geometric figures such
" &s square, rectangle,
hexagon, cylinder.
.
31. Measuring angles. )
32. Laying out or adjusting "o
angles to given num-
ber of degrees. v
33. Calculatihg area of
square or rectangle.
34, ‘Calculating circum-
» rerence and/or area of
cirgle. i .
35. Finding unknown side .
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MATHEMAT ! CAL KNOWLEDGE
AND SKILL ITEMS

0. Finding area and/or
| volume or rectangular
solids, (e.g. tanks) .

NECE SSARY

-4 e

DES IRAB'

|

NOT Nebto

e

b - —_— —_— —
37. Finding area and/or
volume of cylinders. :
N !
1 38. interpreting ''pie'" o1 '
: circle graphs.
|L_, - —
39. Con tructing '‘pie' or
circle graphs. .
Lo. Using slide rule td :
solve mathematical '
problems. :
; !
L. Using calculator for l i
basic operations. ’ g
- p— ’
42. Knowledge of set theory. ‘ !
s ‘ 1
L3, Completing business i
forms, (e.g. invoices, :
work orders, bills of g
. sale). ’[
Ly . ‘Record keeping. {
B ' f
45, Solving vector ana- !
lysis problems. i
N t
46. = Please write in comments '

or describe mathemati-
cal shortcuts you may
use in, your trade

o
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APPENDIX B

Appendix B consists of a reproductior of the covering letter which

accompanied the research instruments which were distributed to the

sample subjects,

os’
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THE UNIVERSITY OF ALBERTA
EDMONTON, ALBERTA., CANADA
T6G OY1

FACULTY OF EDUCATION

DEPARTMENT OF {NDUSTRIAL AND
VOCATIONAL EDUCATION

TELEPHONE (403) 432-3878 -,

Dear Sir:

| am currently teaching Automotives at St. Joseph Composite High School
and am registered as a graduate student at the University of Alberta.
Part of the requirement for a Master's Degree is the completion of an
original research project. For my research topic, I have selected
."Identifying Mathematical Competencies for Three Selected Trades''.

Part of this study involves .the collection of data relating to the Motor
Mechanic trade, the Heavy Duty Mechanic trade, and the Welder trade.

The design of the study calls for data to be.obtained from journeymen
presently functioning in each of three categories of positions within
each of the selected trades. These categories are ''practicing journey-
man'', '"'supervisor', and "instructor'. The practicing journeyman
category has been divided into two groups depending upon ,years of exper-
ience since achieving journeyman status. The first group consists of
journeymen with five years of experience or less while the second group
is made up of journeymen with more than five years of experience since '
becoming certificated in their trade. Because of your present position
or employment in one of the above categories, you have been selected to

participate in this study.

Please find enclosed a questionnaire that should take one hal f-hour of
your time to complete. You will find directions for completing the
instrument at the top of the first page.

when you have completed the questionnaire, please place it in the :
stamped self-addressed envelope and ‘return it to.me by December 31, 1976.

All information will be treated as privileged and will be made available
only to the researcher.

It is anticipated that your valued opinions will contribute to the design
and improvement of mathematics courses offered to students enrolled in
the high school vocational education programs in Automotives and Welding.

An abstract of the study will be sent to all who return a completed' 
questionnaire.

. ~ Yours sincerely - .
| ' j ////'/M | v
Gilles C. Verret

@CV:ovf ) -
en;l. : ’ .
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