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ABSTBAO'l' OF THESIS 

BY 

R. F. TUOKER 

A COMPARATIVE STUDY OF TEACHING ELECTRICITY IN 

JUNIOR HIGH SCHOOL 

* * * * 
Statement ~ Problem 

The present study undertakes to determine by the 

experlmental procedure the relative efficiency of two 

recognized methods ln teaching a Unit in Electr1c1ty in 

Industr1al Arts at the Junior high sChool level in terms 

of Job achievement and development ot student abilities. 

Job achievement in this study was oonfined to that data 

ooncerning accomplishment in project work in the school 

shop. The realm of abUities included those which could b 

readily recogn1zed as related to lndustrial arts work and 

could be recorded by the instructor. The two methods of 

instruction were the use of the instruct10n sheets and the 

leoture and demonstratlon method. The 1nstruction sheet 

was used 1n this study as a teaching device to present 

d1rections, facts or prinoiples. Where this device was 

not used, such direotions or facts were presented by the 

instructor. To give any def1n1te answer to whether the 

use of instruction sheets are more effeotive in reaching 

certain specit1c objectives than would be a form of class 

instruotion 1n Which the 1nformation is given orally and 

by demonstration would be extremely d1ff1cult, due to the 
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large number ot factors 1nvolved. This would not mean, 

however, that no answer could be given for the use ot 

instruction sheets in some speo1fic shop unit under certai 

school oonditions that mIght be oonsidered reasonably 

typ1oal. 

The cholce ot a Unlt in Electricity used as the basis 

tor the present study was partly due to a matter ot 

oonvenience. The writer, an 1nst~uetor in the Aaron Gove 

Junior High School ot Denver, Colorado, has been using 

both the instruotion method and the lecture and demonstra

tion method 1n teaching eleotricity for sutticient length 

of time to become proficient in their use. 

M.thod ~ Procedure 

The course in electricity oonsisted of the learning 

units sponsored by the American Vooatlonal Association. 

This eduoational organ1zation has made an attempt on a 

national scope to compile and evaluate the learning 

exper1enoes In certain partlcular tields of industry, that 

they m1ght be taught as tundamental to students 1n shop 

work. Only those learning units were taught in this nlne

week period 1n the field of electr1city which seemed 

adVisable in vie. of the shop facilities and oarrying out 

an experimental prooedure. 

Four classes ot boys were used, each class similar 

1n number, age and 1ntel11gence quot1ent. The age and 

1ntelligent quot1ent records were available, thus aid1ng 

in shifting students between experimental classes and 
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other classes that were not involved in the present in

vest1gation. As a result of such shift1ng, the four 

classes were organized of olosely similar size and oom

bined into groups, experimental and oontrol, whose dis

persion in age and intel11gent quotient was negligible. 

Fisher's table of signifioanoel was referred to and suoh 

existing ditferences would not invalidate results. 

A list ot major proJects was presented in oonnection 

with the class work, eaoh student being asked to choose 

one from the list. These were arranged so as to take 

relat1vely the same amount of time to complete, and in

volved the same tundamentals. 

The or1teria to check the results tor relative 

etfioiency of methods used, were Job achievement and dev

elopment of student abilities. The checkIng factors 

used to measure Job achievement were: 

1. Comparative time required to do speoifio job. 

2. Number ot Jobs eompleted. 

3. Number of unsatisfactory Jobs. 

4. Grade of performance. 

5. Number ot times the assistance of the in-

structor was asked for. 

Complete reoords were kept on each indiVidual student. 

Tests were devised to cheok upon development of student 

abilities. These abilItIes were: 

1. Fisher, R. A. , Statist10al Methods !2t ResearCh 
Workers, Fifth Edition, Ol1ver and Boyd, London, 
England, Table of t values, p. 158. 



1. Ab1l1ty to plan 

2. Ab1l1t1 to expla1n 

3. Ab1l1ty to perform 

4. Ab1l1ty to do quiokly 

5. Ab1lity to do again 

6. Ability to desor1be 

Items 1 and 4 were tested by answers to wr1 tten 

questions. The content of the written test was a comp11a-

t10n of questlons covering the oourse. Electrical tests 

of d1fferent sources were searched for poss1ble suggestion • 

The types were fam1l1ar to the student, that of true-

false, oomplet1on and multiple-cholce. The scoring upon 

other points involved the instructor's estimate of the 

student ability along these lines. Only a few students 

were asked to repeat the performance in ltems 5 and 6. 

Scores were placed upon the student's record card after 

the Job or Jobs had been completed. 

The first step to determine the sign1ficance of the 

results was to treat statistically the means of all 

abilities combined. Then, the d1fferences between the 

means of each of the six abilities were treated likewise. 

Summary 2l lh! Study 

The bas1s used for group equivalency were those of 

general intelligence as measured by intelligenoe quotient 

and age. Those familiar with Junior high school in 

Industr1al Arts are aware that some informat1on, but very 

little man1pulative skill, 1s shown by students previous 
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to instruction. Yet, it cannot be assumed that identical 

instruction given to those of the same age and general 

intelligence w1ll result in the same galn 1n man1pulative 

skill. 

Since each group was not small, it would seem 

possible that the element of chanoe would be unfavorable 

to obta1nlng in one group those who m1ght have noticeable 

advantage 1n this respect. The exper1mental group 

completed their projects 1n shorter tlme, oompleted a 

larger number of satisfactory Jobs, had fewer unsat1sfac

tory Jobs and showed a greater ability to use What had 

been learned. They asked for more assistanoe of the 

instruotor and make a sllghtly lower grade on performanoe. 

As to the development of student abilities, the means 

of all ab1lities comblned were treated statistioally. All 

existing differences between means did not' indlcate slg

nifioance. The difterenees between the means of each of 

the six abllitles were treated l1kewlse. The results 

indioate the exper1mental group favor the ability to 

plan. The control group favor the ability to explain. 

In regard to ability to do quickly, and to do again, suoh 

differences were definltely not slgnlfioant. On ability 

to descrlbe, the results lndicate the oontrol group made 

the better showing, but cannot be interpreted as 

definltely significant. 

Recommendat1ons 

Since one study does not prove conclusive results, 
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but rather 1mpl1cations, more stud1es of th1s nature are 

needed to establish def1n1te findings. After several 

conferences With R. W. Selv1dge concern1ng the use ot in

structlon sheets, the wr1ter recommends a plan ot us1ng the 

lnstructlon sheet in a somewhat d1fterent manner. 

The general use of the plannlng procedure ls to 

leave the plann1ng to the individual student, with the ald 

of the instructor. Now, when a student selects a project 

ot his llklng, an lnstruot1on sheetl ls plaoed in hls 

hands whlch oontains a worklng d.rawing ot the projeot 

and an incomplete llst of the steps neoessary ln plannlng 

the job whioh he is asked to oomplete. Accompanying thls 

planning prooedure ls a list of the skllls, and a deflnite 

list of information topics Whloh 1s recommended to the 

student to become acquainted wlth. The sklll and 

information are essentlal to the student in order to 

produce good workmanship and to answer the questions whlch 

w1l1 be presented to him when the Job ls completed. Before 

the tinal grade is glTen, the student has an opportunlty 

to mark hlmself upon a oheck1ng llst ln regard to work-

mansh1p. 

Accompany1ng eaoh suggested job for the student ln a 

partioular course ls a teaching plan for the instruotor, 

whlch includes (l) check list ot steps 1n job planning, 

(2) numbered instruct10n sheets possessing correct tool 

1. Flnal Report ot the Committee, Standards 2! Attain
ment 1n Industrial Al1! Teaching. Pantagraph Printing 
and Stat10nery Company, Bloomington, Illinois, 1935, 
pp. 21-25. 
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practice pertaining to that Job, (3) designated informa

tion as to a reference list which the student must read 

and answer questions. 

It 1s felt among Industrial Arts teachers that 

industrial arts subJeots, when correctly presented, have 

the possibillty of oontr1but1ng as much, 1t not more, to 

an ind1vidual's habits and attitudes than any subject 

offered in the high-sohool curriculum. Attaohed to each 

1nstruot1on sheet is an organized l1st of Desired 

Exper1encesl , wh10h the student may follow, whioh con

tribute to this success 1n life. 

This approach seems qu1te log1cal to the writer 

after his exper1ence with the instruction sheet ot the 

former type and worthy of experimentat1on. 

1. Final Report ot the Comm1ttee, op. clt., pp. 34-35. 
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

The present study represents an investIgation to 

determine the relative effioiency ot two methods of 

teach1ng a unIt ot ElectrIcity in Industrial Arts in 

the Jun10r hIgh school 1ft terms ot Job achievement 

and the development of student abilIt1es. The two 

aethods are the use of instruct10n sheets and the lecture 

and demonstration method. 

The Instruotlon sheetl as a teachlng device to pre

sent directlons, facts or prInciples, 1s not new In the 

school shop, the scienoe laboratory, or in 1ndustry. 

Where thls deVice 1s not used it 1s neoessary to present 

suoh d1rectlons or facts In an oral way. It may be 

expected that oral Instructlon and personal demonstratlon 

on the part ot the teacher would be most effect1ve where 

the members of the class group progress at the same rate, 

and each 18 engaged at approximately the same t1me In 

Using the same tools or equipment. !hls sltuat1on2 doee 

not hold tor classes in shopwark where there are marked 

1ndividual d1fterences In ab1lity, Where separate tools 

and equIpment are not furnlshed to every student in the 

class group and where entrance 1s 1rregular. 

1. Selvidge, R.W., Individual Instructlon Sheets, The 
Manual Arts Press, Peor1a, Il11nols, 1926, p. 5. 

2. Struok, F. T., •• thods 1n Teaching Industrial 
Education, John Wiley & Sons, New York Clty, 1929, 
pp. 59-60. 
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It 1s to be expected that the use ot instruction 

sheets might have certa1n advantages In shop classes. 

With such material already prepared it could be presumed 

that the teacher would be able to arrange the work of the 

unit in an eftective learnlng order. From the student's 

standpo1nt the material would be brief and accurate, and 

could be referred to as a tangible source ot information. 

The respons1b1lity tor obtaining the information would 

seem to be placed directly upon the student, and th1s 

would result in the development ot a feel1ng ot responsi

bllity and selt-reliance. From the administrative view 

point 1t could be argued that larger groups could be 

handled by the instructor and that more t1me would be 

permitted to the instructor In whlch to watch the work ot 

the individual student. 

On the other hand, it may be presumed that teachers 

are not trained 1n the technic ot preparIng written 

d1rect1ons and illustrat1ons, that the br1efness ot the 

instruct10ns or the language used would ofter diffioultie 

to the student In obta1n1ng informat1on, and that the 

lack ot class dlscusslon would reduce opportunitles for 

development or exchange of Ideas. That some of these 

dlfflcult1es are encountered in the shop use of 

Instruotlon sheets 1s ev1dent from the reaotlons ot 

teachers1• Additlonal crltlcisms that are offered are 

that the use of the 1nstruction sheet does not g1ve the 

1. Selvidge, R.W., and Fryklund, V.C., Prlno1ples g! 
Trade and Industrl,l Teach1ng, The Manual Arts Press, 
Penrja;=J]Jlooll, 1930 , pp. 127,132. 



-3-

atmosphere of industry, that the brighter students benefi 

disproportionately, that blunders are made from mis

understanding instructions, and that some students do not 

wlsh to and will not follow instruotions. 

To g1ve any definite answer to the question as to 

whether the use of instruotion sheets is relatively more 

effeotive 1n reachIng oertain speeific objectives than 

would be a form of class instruotion in which the in-

formation 1s given orally and by demonstration would, 

seemingly, be extremely difficult if not impossible, due 

to the large number of factors involved. This would not 

mean, however, that no answer could be given for the use 

of instruction sheets in some specific shop unit under 

certain school conditions that might be consIdered 

reasonably typIcal. 

Problem 

The present study undertakes to determine the 

relative efficiency of two recognized methods in teaching 

a Unit of Electricity in Industrial Arts on junior high 

school level in terms of job achievement and development 

of student abilities. 

While a study by J. H. Douglass1 , carried out under 

the supervision of R. W. Selvidge of the University of 

Missouri has shown that the written instruction sheet is 

superior to the oral presentation of instruction material 

1. Douglass, J. H., Industrial Education Magazine, 
Vol. 33, p. 162, Dec., 1931. 
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for proJects 1n woodwork 1n the senior h1gh sohool, no 

study seems to have been pub11shed whioh deals specif1-

cally with the effioienoy of instruction sheets in any 

industrial phase of the Junior high school. Beoause of 

the greater immaturity of Junior high school students~ 

and because habits of reading and following 1nstructions 

have not been so well developed, there would be a 

possibility that the use of instruction sheets for suoh 

olasses would not show s1milar results to those of the 

senior high school. 

The oho1oe of a Unit of Electricity used as the 

basis for the present study was partly due to the matter 

of oonvenience. The wr1ter, an instructor 1n Aaron Gove 

Junior High Sohool of Denver, Colorado, has been using 

both the instruct10n sheet method and the leoture and 

demonstration method in teaohing electr1city for suf

ficient length of time to beoome proficient in their use. 
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CHAPTER II 

METHODS OF PROCEDURE 

Course Material 

Before reporting on the methods used in oarry1ng out 

the present 1nvestigation a br1ef statement of the course 

oontent ino1uded in the Unit of Eleotric1ty w111 be made. 

Th1s part1cular un1t 1s given for nine weeks to boys in 

the seventh or eighth grades in the Denver Jun10r high 

sohoo1s. 

The oourse of study is flexible, and the following 

specif1c learning units selected from a larger listl were 

taught to 811 the classes 1n the study. 

Operat1ons (What the boy should be able to do) 

1. How to draw the diagram of a oirouit. 

2. How to make a list of material. 

3. How to plan procedure of a (electrical) Job. 

4. How to check a list of mater1a1. 

5. How to uncoil wire without twisting. 

6. How to remove insulation from N.E.C. wire. 

7. How to conneet wires to a binding post. 

8. How to make a FIre Underwr1ters' knot. 

9. How to separate and assemble a plug. 

10. How to separate and assemble a lamp socket. 

11. How to determine the polarity of a permanent 

magnet or electromagnet. 

1. The complete list 1s given in the AppendIx A, pp. 
58-61. 
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Informat1on (What the boy should know) 

1. The source of electrical current. 

2. The source of D.C. 

3. The source of A.C. 

4. Difference between A.C. and D.C. 

5. Kinds of conductors and insulators and their uses. 

6. How the electrical current gives power. 

7. How the electrical current gives heat and 11ght. 

8. Kinds of fuses and their uses. 

9. How the electrical bell and buzzer works. 

A list of major projeots was presented in connection 

with the olass work, each student being asked to choose 

one from the list. These were arranged so as to take 

relatively the same amount of time to complete, and 

involved the same fundamentals. 

Ma.lor ProJects 

1. Toy motor 

2. Buzzer 

3. Crystal set 

4. Induction coll 

5. Telegraph set 

A shorter list of minor proJects was suggested 

after the major ones were in the process of construction 

from which a selection might be made. 

Minor Pro .leots 

6. Compass (maklng) 

7. Making of Extension Cords 
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~---------------------------------------------------------l Twenty-five extension cords were made for school 

orohestra use in the orchestra pit as a part of the 

second minor projeot. 

Instruct10n Sheets 

The Instruc~on sheets used for the present study 

were prepared by the writer, the style of presentation 

following that suggested by R. W. Selv1dge1 • Some of the 

instruction sheets were developed under the personal 

2 supervision of Dr. V. C. Fryklund. Allot the sheets 

had been submitted to former students for their 

critIcism. Their suggestions aided in rev1sing the 

sheets before being used in the present investigation. 
3 Samples of these are in the appendix • 

Exper1mental Procedure 

In carrying out the 1nvestigation., use was made of 

parallel grouping. Four classes of boys were chosen 

for the purpose, two 1n grade 7A, the other two 1n grade 

8B. Three of these classes had the Electric1ty Un1t 

from April 6, 1936, to June 7, 1936, the other from 

January 27, 1936, to April 3, 1936. The instruction 

sheet method was used with one 7A and one 8B class, the 

lecture and demonstrat1on method being used with the 

corresponding classes. 

1. Selvidge, R.W., Individual Instruction Sheets, The 
Manual Arts Press, Peoria, Ill1no1s, 1926, p. 9. 

2. Formerly ot Nebraska State Teachers College, now of 
the University of M1nnesota. Sheets prepared as a 
part of course in Instruction Sheet Writing. 

3. Append1x A, pp. 62-~6 
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Since all of the boys came from the same sectlon of 

Denver, and all had been subjected to closely simllar 

school tralning, it was felt that the use of two criteria 

of group equivalenoy would be suffiolent. The crlteria 

chosen were those of age and lntelligenoe quotient, 

administrat1ve records of which were available for all 

students. 

Age and intel11genoe quot1ent recordsl were available 

and used to establish classes into groups which were 

mathemat1cally equivalent. Some shifting of students was 

poss1ble between the exper1mental classes and other 

olasses that were not 1nvolved 1n the present 1nvestiga

tion. As a result of such sh1fting tour olasses were 

organlzed of closely slm1lar size. An attempt 1s made 

by the admln1strat1on to control the span of such 

d1fferences in every olass 1nto a homogeneous grouping 

rather than heterogeneous. This aided ln the present 

investigatlon. 

Teaching Procedure 

The class period for all classes was fifty mlnutes 

1n length. Th1rty minutes of this time was given to the 

student to work on hls part1cular projeot or projeots. 

Ten m1nutes at the beginn1ng of eaoh perlod of each day 

was spent read1ng 1nstruot1ons by the group subjected to 

the 1nstruction sheet method. The same amount of t1me 

was devoted to oral lnstruct10ns by the second group. 

1. Complete list 1n Appendix A, pp. 71-72. 
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Both groups were given the same teaching units at the "j 

same time. Students were perm1tted to oontact other 

members 1n their olas$ during the work1ng per1od, thereby 

gain1ng knowledge and help from eaoh other. Data on 

members 1n the four olasses enterIng or wIthdrawing 

durIng the regular soheduled nine-week per10d were 

om1tted from th1s study. 

Test1ng Prooedure 

The purpose of the 1nvestigation was to determine 

which of the two teach1ng methods--us1ng the lecture 

and demonstrat1on or us1ng the 1nstruction sheet--

was relatively superior in terms of job achIevement 

and the development of student abilities. A testing 

procedure was dev1sed to measure each of these 

object1ves. 

Testing ~ i22 Aohievement 

After oonsultat1on with the research instructor, 
1 

Dr. C. A. Prosser , the following checking factors were 

seleoted to measure Job achievement: 

I. Comparative t1me required to do a spec1fic 
Job. 

II. Number of jobs oompleted. 

III. Number ot unsatisfactory Jobs. 

IV. Grade ot performanoe. 

V. Number of times the assistance of the 
instructor was asked tor. 

A class card for each student was prepared upon 

1. Dr. C. A. Prosser, Director of Dunwoody Industrial 
Inst1tute, Minneapolis, M1nnesota. 
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which the above facts could be quickly recorded. 

In addition to the aboTe, it was desired to 

determine whether the student could use what had been 

_ learned. To determine this, at the completion of a 

particular Job oral questions were used following 

definite lines of inquiry. An estimated soorel upon 

this po1nt was added to the student record. The questions 

took approximately the following form: 

I. How did you make this device? 

II. Why did you do that particular thing? 

III. What difficulties did you have? How 
did you meet them? 

IV. How does the theory of magnetism apply 1n 
this case? 

v. How does the theory of eleotrioity apply? 

Testing ~ Student AbIl1ties 

It was desired to test certain student abilitIes 

1n connection with the work. While it is to be recognize 

that all of these abilities were not affeoted equally by 

the methods used in olass teaChing, yet, a measure of 

the possession of these abilities at the end of the 

experiment was presumed to indicate the superiority of on 

teaohing procedure over the other. 

The partioular abilIties to be measured were 

determined upon after consultation with the research 

1nstructor: 

1. Complete list of scores 1n Appendix B, pp. 74-77. 



-11-

I. Ability to explain. 

II. Ability to perform. 

III. Ability to plan. 

IV. Ability to describe. 

V. Ability to do again. 

VI. Ability to do quickly. 

Items I and IV were tested by answers to written 

questions. The content of the written test was a 

compilation of questions covering the course. Electrical 

tests of different sources were searched for possible 

suggestions. The types were familiar' to the student, 

that ot true-false, complet1on and multiple-choice. A 

copy of this test is included in the appendixl • The 

scoring2 upon other po1nts involved the instructor's 

est1mate of the student's ab11ity along these lines. 

Only a few students were asked to repeat the performance 

1n items V and VI. In other cases the instructor made 

an estimate as to whether the student would probably 

possess the ability. Estimates upon all of these paints 

were placed upon the student's record card after the job 

or jobs had been completed. 

Statistical Procedure 

As mentioned previously, the members of d1fferent 

classes were shifted to establish groups of similar 

number, and the age and inte1l1gence records of students 

was available before entranoe into class for 

1. A copy of written test in Appendix A, pp. 6/·'lC. 
2. Complete list of scores in Appendix B, pp.E.:.:-95. 
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exper1mentat1on. Students, whose age or intell1gence 

quotient, or both, would cause d1ssimilar frequency 

d1str1but1on between groups, were shifted to other 

classes not 1n the study. Thus, the dispersion 1n age 

and intelligence quotient between groups in th1s investi

gation was negligible. Fisher's formula for significancel 

was applied to indicate such existing d1fferences would 

not inval1date results. 

Only the data taken from the individual oards in 

regard to student abilities was subjected to statlstical 

treatment to lnd10ate whioh of the two teach1ng methods 

was the more effective. The data from the two classes 

subjected to the lecture and demonstration method, the 

control group, v;-,ere combined; likewlse for the group us1ng 

the instruction sheets, which group will be referred to 

as the experimental group in this study. The first step 

was to treat the existing differences of means of all 

abilities combined of each group statistlcally: then the 

d1fferenoes between the means of each of the six abilitles 

IAer€ treated likewise. It should be clear tho. t the rna. terial 

has not been grouped in a frequency distribution or this 

is a small sampling. 

1. Fisher, R.A., Statistioal Methods for Researoh 
Workers, Oliver and Boyd, London, England, rlfth 
Edition, p. 158. 
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CHAPTER III 

GROUP EQUIVALENCY 

As stated 1n the prev10us chapter, the classes 

1nvolved 1n the 1nvest1gat10n were arranged on the bas1s 

of age and intelligence. The present section relates to 

the statistical treatment applied to the elass groups to 

indicate their equivalency. 

Table I gives the data relating to age and 

inte111gence quot1ents for the four classes. In th1s and 

following table, classes A and B are referred to as the 

control group, with which the lecture and demonstration 

method was used. With classes C and D, referred to as 

the experimental group, the 1nstruction sheet method was 

used. 

TABLE I. COMPARATIVE DATA FOR CONTROL AND 
EXPERIMENTAL GROUPS 

Control Group Exper1menta1 
Group 

A- S C D 

Number 1n class 25 27 21 24 

Span of I Q 87-137 83-153 77-145 89-136 

Mean I Q 112.76 101.~8 105.47 106.13 

Age range, in years 12;1- 11;7- 12;4- 11;6-
and months 15;5 15;0 14;11 13;10 

Mean Age, 1n years 13;2 12.6 12.8 12.5 
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The intelligence quotient reoord of all students 1n 

the Denver Publ10 Schools is placed upon the Student 

Index Oard. For the present purpose, the age of each 

student was that of date in entrance into the course. 

As will be noted in the table, no exact equivalence 

between classes was secured either in age or 1n intel

l1gence, class A being h1gher 1n mean age and intel11gence 

than the others. On the other hand, class B also of the 

control group had the lowest mean 1ntell1gence quot1ent. 

In the present study it was not desired to compare 

classes with each other, but to compare the combined 

control group with the combined experimental group. A 

statistical treatment was therefore applIed to the two 

oombined groups to determIne whether such dIfferences as 

ex1st were less than those that could be ascribed to 

chance. 

Tables II and III g1ve the meanl and standard 

devIat10nl tor the two groups 1n referenoe to 1ntelligence 

quotients, while Tables IV and V gIve the results for 

age. Table VI compares the findings for the two groups 

1n terms of significance. 

1. Ark1n, Herbert and Colton, Raymond, An Outline ~ 
Statistical Methods, Barnes and Noble, Inc., 1935, 
pp. 11, 37, 120, 212. 
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TABLE II. DISTRIBUTION OF INTELLIGENCE Q,UOTIENT IN THE 
CONTROL GROUP 

I Q Number ot Deviation 
Score students trom Mean 

td,2 A & B (t) (d' ) td' 
81 1 -24 -24 576 
83 2 -22 -44 968 
84 1 -21 -21 441 
87 1 -18 -18 324 
88 1 -17 -17 289 
90 2 -15 -:50 450 
91 1 -14 -14 196 
92 1 -13 -13 169 
93 1 -12 -12 144 
95 1 -10 -10 100 
96 1 - 9 - 9 81 
97 2 - 8 -16 128 
98 1 - 7 - 7 49 
99 1 - 6 - 6 36 

100 2 - 5 -10 72 
101 1 - 4 - 4: 16 
102 4 - 3 -12 36 

109 1 4: 4: 16 
110 4 5 20 100 
111 2 6 12 72 
112 1 7 7 49 
113 2 8 16 128 
115 2 10 20 200 
116 1 11 11 121 
117 1 12 12 144 
119 1 14: 14 196 
120 2 15 30 450 
122 2 17 34 578 
123 1 18 18 324 
124 1 19 19 361 
125 1 20 20 400 
130 2 25 50 1250 
1:51 1 26 26 676 
137 1 32 32 1024 
153 -L 48 -!fL 2~O4 

51 126 12,468 

Estimated mean above was 105. 
- + X = IDS" +. 1.2. , = 105' + 3..A/7 = ID 7. ~7 ~ 

S'"! 

D: c 7~f(.t')-LfJrI.'J": 1124t..i _.0z,'.t.. 
IV Ji\I / ., ( -.. .r7/ 

J 73.J/.~. "170:1- '.1".13 -:. ,7:1.1f. 3' 7:/.. -:. /0. "13 
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TABLE III. DISTRIBUTION OF INTELLIGENCE QUOTIENT IN THE 
EXPERIMENTAL GROUP 

I Q. 
Score 
e " D 

77 
84 
86 
87 
89 
90 
92 
95 
97 
98 
99 

100 
101 
102 
105 
107 
108 
109 
110 
111 
113 
116 
117 
118 
120 
121 
122 
126 
128 
129 
132 
136 
145 

Number ot 
students 

(t) 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
2 
3 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 

...L 
43 

Deviation 
from mean 

(d' ) 

-28 
-21 
-19 
-18 
-16 
-15 
-13 
-10 
- 8 
- 7 
- 6 
- 5 
- 4 
- 3 o 

2 
3 
4 
5 
6 
8 

11 
12 
13 
15 
16 
17 
21 
23 
24 
27 
31 
40 

Estimated mean above was 105. 
-

rd' 
-28 
-21 
-19 
-18 
-16 
-15 
-39 
-10 
- 8 
- 7 
- 6 
- 5 
- 4 
- 3 o 

8 
3 
8 

15 
6 
8 

22 
12 
13 
30 
16 
I? 
21 
23 
24 
27 
31 
40 

125 

)( ~ lOS' -I- I~~- " 10,5' + :!. 90 ~ 107. 9tJ f-

~J 

784 
441 
361 
324 
256 
225 
507 
100 

64 
49 
36 
25 
16 

9 
o 

16 
9 

32 
75 
38 
64 

242 
144 
169 
450 
256 
289 
441 
529 
576 
729 
961 

1600 
9,815 

0' = (! 1 ~ t (d 1.2 ) - (~ I d., ') ~ ; / 19 i' /ofJ-' - ~.2 s- ) :t := 

.r IV tV "1..3 ~3 

17.:l.;I.,. I/.j-o~ - Y.#S-IJO -= I 1:J.19'. 8".5'8 -:; 1-*1. K~ 

o ~ & 6- : I~. Y.t. ,:.:z.. :z. f " 7 
.c: IN-'1 /'. "Btl 7 
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'fABLE IV. DISTRIBUTION OF AGE IN THE CONTROL GROUP 

Student 
Number 

45 
46 
30 

8 
44 
34 
28,33 
43,51 
23,29 
19 
17,32,35, 
36,37,40, 
42 

7 
47 
24,38,39 
9,14,16, 

22.49 
5 
I, 6 

11,20,41 
18,48 

3 
15 

4,21 
27 
12 

2,10,13 
26 
25 
31 

Age in Years 
Yrs.-Mo. Decimal 

11 - 7 
11 - 8 
11 - 10 
12 - 10 
12 - 7 
12 - 8 
12 - 9 
12 - 10 
12 - 11 
13 

11.58 
11.66 
11.83 
12.08 
12.58 
12.83 
12.75 
12.83 
12.91 
13.00 

13 - 1 13.08 
13 - 2 13.16 
13 - 3 13.25 
13 - 4 13.33 

13 - 5 
13 - 6 
13 - 7 
13 - 8 
13 - 9 
13 - 10 
13 - 11 
14 - 1 
14 - 3 
14 - 4 
14 - 11 
15 
15 - 5 
15 - 11 

13.41 
13.50 
13.58 
13.66 
13.75 
13.83 
13.01 
14.08 
14.25 
14.33 
14.91 
15.00 
15.41 
15.91 

Dev1a- No. 
tion of 
from Stu
Mean dents 

(t) 
-1.92 1 
-1.84 1 
-1.67 1 
-1.42 1 
- .92 1 
- .67 1 
- .75 2 
- .67 2 
- .59 2 
- .50 1 

- .42 7 
.... 34 1 
- .25 1 
- .17 3 

- .09 5 
.00 1 
.08 2 
.16 3 
.25 2 
.33 1 
.41 1 
.58 2 
.75 1 
.83 1 

1.41 3 
1.50 1 
1.91 1 
2.41 ..l..... 

-1.92 
-1.84 
-1.67 
-1.42 
- .92 
- .67 
-1.50 
-1.34 
-1.18 
- .50 

-2.94 
- .34 
- .25 
- .51 

- .45 
o 

.16 

.48 

.50 

.33 

.41 
1.16 

.75 

.83 
4.23 
1.50 
1.91 
2.41 

3.6864 
3.3856 
2.7889 
2.0164 

.8464 

.4489 
1.1250 

.8978 

.6962 

.2500 

1.2348 
.1156 
.0625 
.0867 

.0405 
o 

.0128 

.0768 

.1250 

.1089 

.1681 

.6728 

.5625 

.6889 
5.9643 
2.2500 
3.6481 
5.8081 

51 -2.78 37.7680 

X -:. 1.1.S' - (.-.2.78) :. 1./. s- - (-. ,,:;,-) = 13. A/'~
" 1 

(( :. <!., 7 ~"t (1ft' .l.) - 7~ fd').:t ::. / 1 J 7. 7,* Yo - (-.:I. 7r) -L = 
• N (': ON .rl r/ 

17. 7 ¥ 1>"- - . ()" .:l S' -= / 1. 7.!1" 0' -= • B i)- f> 'I 

0)( :. 0-
Co 7 N-/ 

:: .8'$"'" : .1:l.,Y 
'I. " 7 n 
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TABLE V. DISTRIBUTION OF AGE IN THE EXPERIMENTAL GROUP 

Student Age in Years Devia- No. 
Number Yrs.-Mo. Decimal tion ot 

from Stu-
Mean dents 

td1 td2 (r) 
33 11 - 6 11.50 -2.0 1 -2.0 4.0 

2 11 - 11 11.91 -1.59 1 -1.59 2.5281 
17 12 - 4 12.33 -1.17 1 -1.17 1.3689 
39 12 - 6 12.50 -1.00 1 -1.00 1.0000 
28 12 - 7 12.58 - .92 1 - .92 .8464 
32,42 12 - 8 12.66 - .84 2 -1.68 1.4112 
18,21,26, 
36 12 - 9 12.75 - .75 4 -3.00 2.2500 
20,30,31 12 - 10 12.85 - .67 3 -2.01 1.3467 
27,43 12 - 11 12.91 - .59 2 -1.18 .6962 
7,12,13, 

29,35 13 13.00 - .50 5 -2.50 1.2500 
41 13 - 1 13.08 - .42 1 - .42 .1764 
15,25,37 13 - 2 13.16 - .34 3 -1.02 .3468 
40 13 - :3 13.25 - .25 1 - .25 .0625 
19 13 - 4 13.33 - .17 1 - .17 .0289 
38 13 - 5 13.41 - .09 1 - .09 .0081 
6,11,22, 

24 13 - 6 13.50 .00 4 00 0000 
23 13 - 8 13.66 .16 1 .16 .0256 
4,34 13 - 10 13.83 .33 2 .66 .2178 

14 14 14.00 .50 1 .50 .2500 
1,10 14 - 3 14.25 .75 2 1.50 1.1250 
5 14 - 4 14.33 .83 1 .83 .6889 
8 14 - 10 14.83 1.33 1 1.33 1.7689 
3, 9 14 - 11 14.91 1.41 2 2.82 3.9762 

16 15 - 2 15.16 1.66 ..L 1.66 2.7556 

43 -9.54 28.1282 

u ~ (!'7 ~ -f (ttl' .2) - (::/';«') ";, Ita. 1.1 t~ - (- 9 . ...-~y"', 
..r AI I ~J ¥,j 

/7. f,S-A/1 - .d ¥Y4 ;:. /7. tds7 ~ .778'3 

0-
x~ ~ d 

1 ,y- / 
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TABLE VI. GROUP DIFFERENCES IN I Q AND AGE AS RELATED 
TO SIGNIFICANCE 

Control Experimental 
Group Group 

I Q 

.Mean 107.47 107.90 

Standard DeViation 15.43 14.82 

Standard Error ot Mean 2.182 2.287 

Slgnlflcanoe1of 
Difference t a.1321 (not significant) 

AGE 

lie an 13.45 13.28 

Standard Deviation .8589 .7783 

Standard Error or Mean .1214 .1216 

Slgnlflcance
2
0f 

Differenoe t =~l.OO (not significant) 

1. I Q t 107.90 - 107.47 
r2.182~ + 2.2872-

= .1321 

2. Age 

Cr1 terion ot signifioanoe: t :::2far p ::t .05 
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Since the value of t in the case of I Q VJ2~S iJuch 

less than 2, as given in Statistical Methods for Research 
1 

Workers by R. A. Fisher, as the criterion of signific&nce 

any differences in this respect between the groups canbe 

att~ibuted solely to chance. In the case of age the value 

of t, while greater than in the preceding case, is but 

half that of the value needed to prove the differences 

significant. It may, therefore, be assumed that such 

diferences as exist would not invalidate any findings of 

the investigation. 

1. Fisher, R. A., Statistical Methods for Research 
Workers, Oliver and Boyd, London, England, Fifth 
Edition, p. 158. 
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CHAPTER IV 

ANALYSIS OF RESULTS 

A. ~ Ach1evement 

As stated at an ear11er p01nt the record oard of the 

1ndividual student was filled out during the progress of 

the invest1gation so as to oarry 1nformation as to the tim 

required to do each spec1flc job, the number of jobs 

oompleted, the number of jobs handled 1n an unsatisfactory 

manner, the grade of performance, and the number of times 

that the assistance of the instruotor was requested. 

Data were taken from these individual records and 

reoorded upon a master ohart for each olass, so that a 

comparison of the Job achievement of the separate classes 

m1ght be made. 

Comparative 11m! Needed ~ Spec1fio ~ 

Table VII shows the time needed by the members of the 

four classes in doing the specifio Jobs. Since 

considerable choloe was permltted as to the projects that 

each student m1ght select a variation ls lndicated in the 

table as to the number 1nvolved 1n each project. In the 

case of the crystal set, a proJeot seleoted by at least 

ten members of eaoh 01as8, the average time required for 

the members of classes A and B was greater than for 

classes C and D, vary1ng for 10.9 hours for class D to 

17.2 hours for olass B. 

Cons1dering the two control olasses A and B 

together and the two exper1mental classes C and D togethe 



TABLE VII. COMPARATIVE TIME NEEDED TO DO SPECIFIC JOBS 

Oontrol Group Experlmental Group 

ProJects 
Aye. No. Ave. No. Ave. No. AYe. No. Ave. No. Ave. No. 
Tlme ot Time ot Time ot Time ot Tille ot Time ot 

Jobs Jobs Jobs Jobs Jobs Jobs I 
?\) 
(X) 

Crystal Set 15.4 15 17.2 11 16.2 26 14.4 10 10.9 13 12.4 23 I 

Buzzer 17.1 7 17.1 7 17.5 2 17.5 2 

Motor 18.5 7 14.8 4 17.2 11 15.8 11 18.2 10 16.9 21 

Extenslon Cord 5.0 6 3.0 1 4.7 7 4.3 7 5.0 7 4.7 14 

Compass 7.8 3 9.6 3 8.2 6 10.0 1 4.0 6 4.8 7 

Telegraph Set 18.5 1 18.5 1 

Induotlon Coll 15.0 J.... l5!O J.... 
Total of all 

rroJects 12.3 32 13.2 27 12.70 59 11.1 29 11.3 38 11.2 67 
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much les8 time on the average was required by the 

exper1mental group for the complet1on of this Job, the 

values be1ng 12.4 as against 16.2 hours. 

In the motor project, selected by 11 students of the 

control group and 21 of the experimental group, the time 

differences were but s11ght, be1ng 17.2 for the control 

group as against 16.9 for the exper1mental group. In the 

extens10n cord project the seven students of the control 

group seleoting it had the same average t1me as the 14 of 

the exper1mental group, the average time be1ng 4.7 hours 

in eaoh case. 

For the compass project the experimental group 

fin1shed the job in an average time of 4.9 hours as 

compared with 8.2 hours for the control group. 

For other projeots the number 1nvolved was relatively 

small and little effective compar1son can be made. 

Job Completion 

Table VIII g1ves data for three other factors 

relat1ng to Job performance, number of satisfactory and 

unsat1sfaotory jobs, grade on performance on sat1sfactory 

jobs, number of times assistanoe of the 1nstructor was 

asked for, and comparative ab1lity of the student to use 

what had been learned. The grade on performance repre

sented the instructor's estimate. The ab1lity to use 

what had been learned was scored on answers given to 

oral question1ng, as explained in the previous chapter. 

The experimental group finished, on the average, 

a larger number of satisfactory Jobs per pupil (1.49 as 



TABLE VIII. DATA RELATING TO JOB COMPLETION, FOR CONTROL AND EXPERIMENTAL 
GROUPS 

Control Group Experimental Group 
A B Total C D Total -Total number of sat1sfaotory 

Jobs 32 27 59 29 38 67 

Total number of unsat1sfactory 
Jobs 5 3 8 0 2 2 

Number ot satisfaotory Jobs per 
pup11 1.28 1.00 1.13 1.40 1.58 1.49 I 

ro 
~ 

Number of unsat1sfactory Jobs per I 

pup 11 .20 .11 .15 .00 .08 .04 

*Grade of performanoe on sat1s-
taotory jobs (average peroent) 89.15 81.96 85.83 85.93 84.76 85.26 

Number of times assistanoe ot 
1nstruotor was desired 0 0 0 16 2 18 

Comparative ability to use what 
had been learned (average 
peroent) 81.60 79.09 80.45 85.47 88.40 87.13 

*Ind1vidual 11st 1n Append1x B, pp. 
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compared with 1.13), had fewer unsatisfactory jobs 

(.04 as oompared with .15), reoeived a slightly lower 

grade on the Jobs performed (85.26~ as compared w1th 

85.85~), asked tor oons1derable ass1stance, while the 

other group asked for none, and showed greater ability 

to use what had been learned (87.13% as compared with 

80.45~). 

It may therefore be conoluded that the experimental 

group oompleted their projects 1n shorter time, completed 

a larger number of sat1sfactory Jobs, had fewer unsat1s

factory Jobs and showed a greater ability to use what had 

been learned. They asked more assistance of the instruoto 

and made a slightly lower grade on performance. 

B. Student Abilities 

As stated in the ohapter on method each student 

Was soored at the t1me of completing a job or jobs on 

the abilities he showed in connection with the work. 

These abilities were: 

Ability to plan 

Ability to describe 

Ability to expla1n 

Ability to perform 

Abi11ty to do again 

Ab1lity to do quiokly 

Each stuient was soored on eaoh of these points. 

The data for the ent1re control group are given in 

Table IX and those for the experimental group in Table 
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x. In each case the mean of the scores made on the six 

factors has been determ1ned. 

The data f~m these tables have been used 

statist1cally to determine whether any s1gn1ficant 

d1fferences existed between the groups (1) in relation 

to the mean of the scores, and (2) in relat10n to each 

of the individual abilities. 

S1gnif1cance ~ Differences In !h! !!!n ~ Scores 

Tables XI and XII show the scores 11sted 1n a 

frequency table. The mean, standard deviation, and 

standard error of the mean have been computed for the 

applicat10n of the s1gn1ficance formula. 

Difference of Means 12, 33 - 71, ~~ 
t .: &'Differenee = r 1'" - c.. 

~ + J'6:-
:: ,11 _ ,.17 

r (/,00"1)£+ (/, /2. 7 f}2. - y/.o I/Z, ~ /, 27 z, / 

:: ,17 .: ,5f 
/, 499' 

S1nce the value of t 1s .55, whloh is much less 

than 2, the cr1ter1on of signifioanoe, there is no 

evidence to 1nd1cate that one group has rece1ved higher 

scores than the other. 



TABLE IX. DISTRIBUTION OF SCORES OF CONTROL GROUP ON SIX ABILITIES 

Group Ab1l1ty Abi11ty Ability Ab111ty Abi11ty Ab1l1ty Mean 
A & B to to to to to do to do Ab1lity 

No. Plan Desoribe Explain Perform Again Q,uickly 

1. 90 56 36 90 85 85 73 
2. 80 64 72 85 80 80 77 
3. 85 50 45 90 85 90 74 
4. 80 38 63 85 80 80 71 
5. 90 38 72 90 90 95 72 
6. 85 56 90 90 90 95 84 I 

7. 90 44 72 85 85 80 76 ro 
-..::z 

8. 85 58 81 90 85 80 79 I 

9. 90 82 54 90 80 80 79 
10. 80 26 36 80 80 80 63 
11. 90 38 63 90 85 85 75 
12. 80 53 45 90 85 75 71 
13. 90 50 90 70 90 90 80 
14. 85 38 36 90 90 90 71 
15. 80 56 63 85 95 95 79 
16. 90 53 81 95 90 75 80 
17. 95 47 72 95 90 90 81 
18. 90 58 90 85 85 85 82 
19. 70 26 36 75 70 70 57 
20. 85 70 81 80 85 85 81 
21. 95 61 63 90 85 85 79 
22. 85 64 81 90 90 85 82 
23. 80 44 54 85 85 80 71 
24. 90 58 36 95 95 80 75 
25. 85 41 54 90 95 95 76 



TABLE IX (CONTINUED). 

Group Ab111ty Ability 
A &: B to to 

No. Plan Desoribe 

26. 73 38 
27. 72 35 
28. 77 53 
29. 80 44 
30. 75 44 
31. 92 32 
32. 72 32 
33. 82 32 
34. 85 67 
35. 63 20 
36. 80 29 
37. 75 58 
38. 82 56 
39. 93 47 
40. 78 38 
41. 82 64 
42. 82 56 
43. 70 14 
44. 75 41 
45. 75 61 
46. 82 14 
47. 80 38 
48. 92 38 
49. 80 58 
50. 75 58 
51. 72 41 

DISTRIBUTION OF SCORES OF CONTROL GROUP ON SIX ABILITIES 

Ability Ability Ab1lity Ability Mean 
to to to do to do Ability 

Explain Perform Again Quickly 

45 85 94 92 71 
65 73 92 92 71 
45 77 95 90 73 
36 75 82 82 66 
45 81 75 62 63 
54 91 95 92 75 
63 73 82 78 66 
36 85 87 85 68 
54 89 90 90 79 
36 72 72 70 50 
54 80 87 94 70 
54 78 75 85 71 
54 78 90 90 75 
72 92 95 90 81 
27 78 85 87 65 
63 77 82 92 76 
45 80 80 82 71 
36 72 85 72 58 
63 75 70 72 66 
72 75 92 95 78 
36 82 85 95 65 
36 78 90 90 68 
54 90 92 92 76 
72 82 87 82 77 
72 82 87 82 64 
54 68 85 80 66 

, 

I 
(\J 
Q) 
I 



TABLE X. DISTRIBUTION OF SCORES OF EXPERIMENTAL GROUP ON SIX ABILITIES 

Group Ability Ability Abi11ty Ability Ability Ability Mean 
C &: D to to to to to do to do Ability 

No. Plan Describe EX121aln Perform :Main Quickll 

1. 75 62 72 80 70 77 72 
2. 95 70 90 90 85 93 87 
3. 75 47 27 80 70 72 62 
4. 95 47 36 80 75 85 70 
5. 95 52 45 80 80 83 72 
6. 75 50 63 80 80 85 72 
7. 85 56 63 90 95 83 78 I 
8. 80 59 36 95 95 77 73 ~J 

to 
9. 85 59 54 85 80 76 73 I 

10. 80 50 54 85 85 83 73 
11. 85 44 54 90 85 88 74 
12. 90 62 72 90 90 85 81 
13. 90 35 36 70 70 72 62 
14. 75 76 45 95 95 92 79 
15. 90 32 36 80 80 82 66 
16. 85 62 45 90 90 92 77 
17. 90 64 72 90 90 92 83 
18. 90 52 63 85 90 78 76 
19. 80 56 72 90 90 80 78 
20. 80 67 72 95 95 92 83 
21. 95 56 63 90 90 92 81 



TABLE X (CON~.INUED). DISTRIBUTION OF SCORES OF EXPERIMENTAL GROUP ON SIX ABILITIES 

Group Abil1ty AbilIty AbIl1ty Ability AbIlIty AbIlIty Mean 
C " D to to to to to do to do Ab11Ity 

No. Plan Desoribe Explain Perform Again Q,uiok1y 

22. 80 32 27 80 80 75 62 
23. 90 35 45 85 85 80 70 
24. 85 20 18 85 85 80 62 
25. 95 44 54 95 95 90 79 
26. 80 11 27 80 80 80 59 
27. 75 5 18 80 80 80 56 
28. 95 58 27 90 95 90 76 1 

29. 95 47 54 90 90 90 77 IN 
0 

30. 80 35 65 85 80 85 71 I 

31. 75 17 36 75 80 75 59 
32. 90 50 36 90 90 90 74 
3~. 75 38 45 80 80 80 66 
34. 80 29 54 75 80 75 66 
35. 75 20 54 80 80 75 64 
36. 80 44 45 85 85 85 71 
37. 85 29 19 90 90 85 66 
38. 80 9 18 90 90 85 63 
39. 85 38 36 85 85 85 69 
40. 85 11 36 90 90 95 68 
41. 95 58 27 85 85 80 71 
42. 85 44 27 90 90 85 70 
43. 90 50 72 95 95 90 82 
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TABLE XI. DISTRIBUTION OF SCORES OF MEAN ABILITY OF 
CONTROLLED GROUP 

Group Deviation 
A & B Mean Fre- from 

fd,2 Student Ability quenoy Mean fd' 
No. 

35 50 1 -20 -20 400 
19 57 1 -13 -13 169 
43 58 1 -12 -12 144 
10,30 63 2 - 7 -14 98 
50 64 1 - 6 - 6 36 
40,46 65 2 - 5 -10 50 
29,32,44,51 66 4 - 4 -12 64 
33,47 68 2 - 2 - 4 8 
36 70 1 0 0 0 
4,12,14,23 

26,27,37,42 71 8 1 8 8 
5 72 1 2 2 4 
1,28 73 2 3 6 18 
3 74 1 4 4 16 

11,24,38 75 3 5 15 75 
7,25,31, 

41,48 76 5 6 30 180 
2,49 77 2 7 14 98 

45 78 1 8 8 64 
8, 9,15,21 

34 79 5 9 36 405 
13,16 80 2 10 20 200 
17,20,39 81 3 11 33 363 
18,22 82 2 12 24 288 

6 84 1 14 14 196 

51 m 2,864 

6-:. ~ /£ I: flJl'.tj - ~ /fl '} ~ c /.2¥J¥ _1//9):l. = 
v (~XI 7 "7 tit 

/ 7.ri./,s--..f.L/..1l"f :::!.r().7:l/! -= 7./~ 

({it ;: (' -:: 7.1 2- ~ 7. / :z... :: /." (J 9 / 

1 IV-J T?l> 7. tJ 1// 
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TABLE XII. DISTRIBUTION OF SCORES OF MEAN ABILITY OF 
EXPERIMENTAL GROUP 

Group Deviat10n 
C & D Mean Fre- trom 
Student Ab111ty quency Mean td' 

No. 

27 56 1 -14 -14 
26,31 59 2 -11 -22 
3,13,22,24 62 4 - 8 -32 

38 63 1 - 7 - 7 
35 64 1 - 6 - 6 
14,33,34,37 66 4 - 4 -16 
40 68 1 - 2 - 2 
39 69 1 - 1 - 1 
4,23,42 70 3 0 0 
30,36,41 71 3 1 3 
1, 5, 6 72 :5 2 6 
8, 9,10 73 3 3 9 

11,32 74 2 4 8 
18,28 76 2 6 12 
16,29 77 2 7 14 
7,19 78 2 8 16 

14,25 79 2 9 18 
12,21 81 2 11 22 
43 82 1 12 12 
17,20 83 2 13 26 

2 87 1 17 17 

43 63 

X' ~ z. + 2.. (~cf) : 70 + J...L ~ I. ¥ ~ : 7/. cit. 
.v.3 

td·
2 

196 
242 
256 

49 
36 
64 

4 
1 
0 
3 

12 
27 
32 
72 
98 

128 
162 
242 
144 
338 
289 

2,395 

6""" ~ C 7 ~ -£ (d ' .1. ) - (z-t') ~~ ;/.2 H,s- - (, J / = 
v N '-13 f'3 

/ 7 .s.:J." 1 - (/. ",).:t = 1034, 6-""; ~ 7. JI 
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Signif1cance ~ Differenoes 1n Relation ~ Individual 
Abilities 

In the following tables (XI!I to XXIV) the scores 

made on each of the six abilities have been subjected 

to statistical analysis. The results of these tables 

are summarized 1n Table XXV. 

As may be seen in Table XXV the superiority of the 

experimental group was shown in the ability to plan, the 

value of t being 1.78 and approaching significance. 

On the other hand, the control group's superiority 

was shown in the ability to expla1n; 1n this case the 

value of twas 1.90, closely approach1ng s1gnificance. 

The superiority of the control group was also shown in 

the ability to describe, although the value of 1.13 for 

t indicated no defin1te significance. 

In regard to the other abilities, the ability to 

perform, the ability to do quickly, and the ability to 

do again, the values of t are so low as to indicate 

that group differences may be due solely to chance. 
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TABLE XIII. DISTRIBUTION OF SCORES ON PLANNING ABILITY 
OF CONTROLLED GROUP 

Planning Deviat10n 
AbilIty Fre- from Mean 

<x2 ) Fx
2 

A &: B quency (x) 

Score 
95 2 12.9 166.41 332.82 

93 1 10.9 119.81 118.81 

92 2 9.9 98.01 196.02 

90 9 7.9 62.41 561.69 

85 8 2.9 8.41 67.28 

82 5 .1 .01 .05 

80 10 - 2.1 4.41 44.10 

78 1 - 4.1 16.81 16.81 

77 1 - 5.1 26.01 26.01 

75 5 - 7.1 50.41 252.05 

73 2 - 9.1 92.81 165.62 

72 2 -10.1 102.01 204.02 

70 2 -12.1 146.41 292.82 

63 1 -19.1 364.91 364.81 

51 2,642.91 
Mean • 82.1 

0::. 72 F){ ~ = j02t,¥~.fl -:. Jal.¥.::l.· -=c 7. ;J 0 

hi or/ 

o~ = 0- ::. 7 . .2.. ~ 7. :L. -- I. () I 

C! 1 N-I lS"IJ ? () 7// 
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TABLE XIV. DISTRIBUTION OF STUDENT SCORES ON PLANNING 
ABILITY OF EXPERIMENTAL GROUP 

P1annlng Dev1ation 
Ab1llty Fre- from Mean 

(x2 ) Fx2 C &: D quency (x) 

Score 
95 8 10.3 106.09 848.72 

90 8 5.3 28.09 224.72 

85 9 .3 .90 8.10 

80 10 4.7 22.09 220.90 

75 8 9.7 94.09 752.72 

43 2,055.16 
Mean. 84.7 

J~:.jz.Fx.:L =/:l.OS.s-.I(, :IJf7.?9:: {,.9/ 
...;,3 1/3 

DiE: 0- ..... ~.9/ :: I.Of, 

IN-I ".'/YlJ1 
- -)( - x 

e c 

o d..tI :: 7 tJ: ~ -I- o~ of.. = ;t. (J ~ 0 I -I- /. I :l" 6 = /. y' ~ 
10 'I (!. &' 

~ /" 71' 

Plannlng Abillty approaches slgn1t1canee, but cannot 
be sald to be definite. 
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TABLE XV. DISTRIBUTION OF STUDENT SCORES ON EXPLAINING 
ABILITY OF CONTROLLED GROUP 

Explain-
ing 

Abil1ty 
A & B 

Score 
90 

81 

72 

65 

63 

54 

45 

36 

27 

Deviat10n 
Fre- from Mean 

(x2 ) Fx2 quency (x) 

3 36.2 1310.44 3931.32 

4 27.2 739.84 2959.36 

7 18.2 331.24 2318.68 

1 11.2 125.44 125.44 

7 9.2 84.64 592.48 

11 .2 • 4 4.40 

6 8.8 77.44 464.64 

11 17.8 316.94 3485.24 

1 26.8 718.24 718.24 

51 14,599.80 
Yean=- 53.8 

0-:= 7~ F x ~ = 7/4, 6-'9, K~ :. 7-2, (',2 1 ~ /t" 9/ 
/Y .5'/ 

=0 
7#-/ 

=- 11.,9/ 

7. 6 7// 
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TABLE XVI. DISTRIBUTION OF STUDENT SCORES ON EXPLAINING 
ABILITY OF EXPERIMENTAL GROUP 

Expla1n-
1ng Deviation 

Abi11ty Fre- from lIean 
<x2 ) Fx2 C & D quency (x) 

Score 
90 1 43.3 1874.89 1874.89 

72 6 25.3 640.09 3840.54 

65 1 18.3 334.89 334.89 

63 4 16.3 265.69 1062.76 

54 7 7.3 53.29 373.03 

45 6 1.7 2.89 17.34 

36 8 10.7 114.49 915.92 

27 6 19.7 388.09 2328.54 

18 4 28.7 823.69 3294.76 

43 14,042.67 
Mean = 46.1 

0--::. 72... F ~ L :: 7 I~J 0 if ~ . , 7 ~ 1 ~.J. " • ..s-? = I'. 4 7 
N ¥.3 

O'i ;;. 6 = 1',1)7 -- :1..7r 
J: 7IV-/ ,. ~ 8fJ7 

~ IXil ... 16" "- -I- () ><e = 7, . ()o:..r +- 7.7-"./i'-,/ .. J.70 

.:t,-:.~. =.33.K-¥'.7 
tr~. 3.7~ 

:::. I. ? 

Expla1ning Ab1l1ty approaches significance but not 
defin1te. 
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TABLE XVII. DISTRIBUTION OF STUDENT SCORES ON PERFORMANCE 
ABILITY OF CONTROLLED GROUP 

Perfor-
mance Deviation 
Ability Fre- from Mean 

(x2 ) Fx2 A & B quenc1 (x) 

Score 
92 1 9. Bl. Sl. 

95 3 12. 144. 432. 

91 1 B. 64. 64. 

90 13 7. 49. 637. 

89 1 6. 36. 38. 

85 8 2. 4. 32. 

82 2 -1. 1. 1. 

81 1 -2. 4. 4. 

80 4 -3. 9. 36. 

78 4 -5. 25. 100. 

77 2 -6. 36. 72. 

75 4 -8. 64. 256. 

73 2 -10. 100. 200. 

72 2 -11. 121. 242. 

70 1 -13. 169. 169. 

S8 2 -15. 225. 450. 

51 2,812. 
Mean = 83. 

a~ lZFx:L, ::: 7:zi'/2.. ~7o-013 ~ 7.4< 
IV' ,,/ 

OXe!... =: 6 =- 7. A/~ :. /.0 'I 
IN -I 7. "7// 
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TABLE XVIII. DISTRIBtTrION OF STUDENT SCORES ON 
PERFORMANCE ABILITY OF EXPERIMENTAL GROUP 

Perfor-
mance Deviation 
Ability Fre- trom Mean 

(x2 ) Fx2 C & D quency (x) 

Score 
95 1 13.2 174.24 174.24 

93 1 11.2 125.44 125.44 

92 5 10.2 104.04 520.20 

90 5 8.2 67.24 336.20 

88 2 6.2 38.44 76.88 

85 8 3.2 10.24 81.92 

83 3 1.2 1.44 4.32 

82 1 .2 .40 .40 

80 7 -1.8 3.24 22.58 

78 1 -3.8 14.44 14.44 

77 2 -4.8 23.04 46.08 

76 1 _5.8 33.64 33.64 

75 4 -6.8 46.24 184.96 

72 2 -9.8 96.04 192.08 

43 1,813.48 
lIean = 81.8 

0~ 7:zF)(~ = !1i"13.JfF =-1L/.:/../7 t . .y 9 
N ~J 

Oi~ ~ -L ::. ~. "'I t.. -::. 1.00 

~ ,.-¥r07 

t; ~JJiI I . .2.- :. /. #L -:. . 8"..J 

.~. d SSlb ~e. +((X~ /. -¥¥ 
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TABLE XIX. DISTRIBUTION OF STUDENT SCORES ON ABILITY 
TO DO Q,UICKLY OF CONTROLLED GROUP 

Abl11 t 1 
to do Deviation 

Qu1ckl1 Fre- from Mean 
(x2 ) ,x2 A & B quenc1 (x) 

Score 
95 6 10.5 110.25 661.50 

94 1 9.5 90.25 90.25 

92 6 7.5 56.25 337.50 

90 9 5.5 30.25 272.25 

87 1 2.5 6.25 6.25 

85 8 .5 .25 2.00 

82 3 - 2.5 6.25 18.75 

80 9 - 4.5 20.25 182.25 

78 1 - 6.5 42.25 42.25 

75 2 - 9.5 90.25 180.50 

72 3 -12.5 156.25 468.75 

70 2 -14.5 210. ~5 420.50 

51 2,682.75 
Mean = 84.5 

((' ~ 72:..F~ ~ ::. h, 5'.1. 7~- == 7.s-~. (, 6 - 7. ~~-
IY ~-I 

Oil.: 0" -:.. 7. ,4.)- -=- / .• :l... 

JiV::i 1.6 7/1 
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TABLE XX. DISTRIBUTION OF STUDENT SCORES ON ABILITY 
TO DO QUICKLY OF EXPERIMENTAL GROUP 

Ab11ity 
to do Fre-

Qu1ok1y quenoy 
C & D 

Soore 
95 1 

93 1 

92 5 

90 5 

88 2 

85 8 

83 3 

82 1 

80 7 

78 1 

77 2 

76 1 

75 4: 

72 2 

43 

Deviation 
froll Mean 

(x) 

9.8 

7.8 

6.8 

4.8 

2.8 

- .2 

- 2.2 

- 3.2 

- 5.2 

- 7.2 

- 8.2 

- 9.2 

-10.2 

-13.2 

96.04 

60.84 

46.24 

23.04 

7.84 

.40 

4.84 

10.24 

27.04 

51.84 

67.24 

84.64 

104.04 

174.24 

Mean: 85.2 

96.04 

60.84 

231.20 

115.20 

15.68 

3.20 

14.52 

10.24 

189.28 

51.84 

134.48 

84.64 

416.16 

288.48 

1,711.80 
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TABLE XXI. DISTRIBUTION OF STUDENT SCORES ON ABILITY TO 
DO AGAIN OF CONTROLLED GROUP 

Ab11ity 
to do 

Again 
A&B 

Score 
95 

94 

92 

90 

87 

85 

82 

80 

75 

72 

70 

Deviation 
Fre- from Mean 

(x2 ) quency (x) 

6 9.2 84.68 

1 8.2 67.24 

3 6.2 38.44 

10 4.2 17.64 

3 1.2 1.44 

14 .8 .64 

3 - 3.8 14.44 

6 - 5.8 33.64 

2 -10.8 116.64 

1 -13.8 190.44 

2 -15.8 249.64 

51 
Mean :I 85.8 

o -=- / ~ F 'IC ~ =. 7,j1b ~ 8'. ~" =1 -¥Q. /" 
III .s-/ 

'.3j 

7.tl7// 

Fx2 

507.84 

67.24 

115.32 

176.40 

4.32 

8.96 

43.32 

201.84 

233.28 

190.44 

499.28 

2,048.24 



-43-

TABLE XXII. DISTRIBUTION OF STUDENT SCORES ON ABILITY TO 

DO AGAIN OF EXPERIMENTAL GROUP 

Ability 
to do Deviation 
Again Fre- trom lIean 

(x2 ) Fx2 C & D quenc7 (x) 

Score 
95 5 9.2 84.64 423.20 

90 15 4.2 17.64 264.60 

85 9 .8 .64 5.76 

80 11 - 5.8 33.64 370.04 

75 2 - 10.8 116.64 233.28 

70 1 - 15.8 249.64 249.64 

43 1,546.52 
Mean = 85.8 

o = 72 F x:L ~ 7/.)-~b. v-~ :.73.!r. 9~ ~ S:'9 
# ~~ 

6"i.. =- 0- ~ 6-." 9 ~ . ':L 
7H-1 ,. I/- 107 



-44-

TABLE XXIII. DISTRIBUTION OF STUDENT SCORES ON 
DESCRIBING ABILITY OF CONTROLLED GROUP 

Describ-
ing Deviation 

Ab11ity Fre- from Mean 
( x2 ) Fx2 A & B quenoy (x) 

Score 
82 1 35.8 1281.64 1281.64 

70 1 23.8 566.44 566.44 

67 1 20.8 432.64 432.64 

64 3 17.8 316.84 950.52 

61 2 14.8 219.04 438.08 

58 5 11.8 139.24 696.20 

56 5 9.8 96.04 288.12 

53 3 6.8 46.24 138.72 

50 2 3.8 14.44 28.88 

47 2 .8 .64 1.28 

44 4 - 2.2 4.84 19.36 

41 3 - 5.2 27.04 81.12 

38 9 - 8.2 67.24 605.16 

35 1 -11.2 125.44 125.44 

32 3 -14.2 201.64 604.92 

29 1 -17.2 295.84 295.84 

26 2 -20.2 408.04 816.08 

20 1 -26.2 686.44 686.44 

14 2 -32.2 1036.84 2073.68 
51 10,130.56 

Mean = 46.2 

r ~ 7 2. r x:L ~ /;0) /3d .SIe = /1./. 0 9 0')( = /1/.09 = 1.9? c..... 
IV 6'/ 7.11 1// 
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TABLE XXIV. DISTRIBUTION OF STUDENT SCORES ON 
DESCRIBING ABILITY OF EXPERIMENTAL GROUP 

Describ-
ing Deviat10n 

Ability Fre- from Mean 
(x2 ) Fx2 C & D quency (x) 

Score 
76 1 33.6 1128.96 1128.96 

70 1 27.6 761.76 761.76 

67 1 24.6 605.16 605.16 

64 1 21.6 466.56 466.56 

62 3 19.6 384.16 1152.48 

59 2 16.6 275.56 551.12 

58 2 15.6 243.36 486.72 

56 3 13.6 184.96 554.88 

52 2 9.6 92.16 184.32 

50 4 7.6 57.76 231.04 

47 2 4.6 21.16 42.32 

44 4 1.6 2.56 10.24 

41 1 - 1.4 1.96 1.96 

38 2 - 4.4 19.36 38.72 

35 3 - 7.4 54.76 164.28 

32 2 -10.4 108.16 216.32 

29 2 -13.4 179.56 359.12 

20 2 -22.4 501.76 1003.52 

17 1 -25.4 645.16 645.16 

11 2 -31.4 985.96 1971.92 

9 1 -33.4 1115.56 1115.56 

5 -l.. -37.4 1398.76 1398.76 
43 13,090.88 

lIean =- 42.4 
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TABLE XXIV. DISTRIBUTION OF STUDENT SCORES ON 
DESCRIBING ABILITY OF EXPERIMENTAL GROUP 

(CONTINUED) 

o-:.T~Fx:J.. :;71.3
J
OflJ.i'f ~ k./.¥.:J9 -:;./7,4'1' 

IV 4/.3 

47<£ =~ :. 17.41/ =: :1. •• r 
/ N-I ,. Yi>? 

~--~ 

3. B :: /.1..3 

3. a~ 



TABLE XXV. DISTRIBUTION OF SCORES ON SIX ABILITIES IN RELATION TO SIGNIFICANCE 
OF DIFFERENCES 

~bll1 ty to Plan 

lie an t Sl~nlfloance 

Control Group 82.1 7.20 1.01 
Exper1mental Group 84.7 6.91 1.06 1.78 Approaches 

signif1oanoe 

~b111tY to Expla1n 
Control Group 53.8 16.91 2.45 
Experimental Group 46.7 18.07 2.78 1.90 Approaohes I 

~~ s1gnificance -.:z 
I 

~b11itY to Perform 
Control Group 83.0 7.42 1.04 
Exper1mental Group 81.8 6.49 1.00 .83 Not sign1ficant 

~billtY to do Quickly 
Control Group 84.5 7.25 1.02 
Experimental Group 85.2 6.30 .97 .50 Not significant 

~b1l1ty to do Aga1n 
Control Group 85.8 6.33 .89 
Experimental Group 85.8 5.99 .92 .00 Not significant 

~b1l1ty to Descr1be 
Control Group 46.2 14.09 1.99 
Exper1menta1 Group 42.4: 17.44 2.69 1.13 Not definitely 

signifioant 
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Discussion ot Results 

It is possIble that the superiority of the experi

mental group 1n the abil1ty to plan and the interiority of 

the same group in the ability to explain and the ability 

to describe could be explained on some other basis than 

that of the method of instruction used. No pre-tests 

of these abilities were made. The bases used for group 

equivalency were those of general intelligence as 

measured by I Q and age. Those familiar with junior high 

sohool students in Industrial Arts are aware that some 

informat1on, but very little manipulative skill, is shown 

by students previous to instruct1on. Yet, it cannot be 

assumed that ident1cal instruction given to those of the 

same age and general 1ntelligence will result in the same 

gain 1n manipulative skill. 

On the other hand, since each group was not small, 

it would seem possible that the element of chance would 

be unfavorable to obtaining in one group those who might 

have a noticeable advantage in this respeot. 

As to the time required in whim to perform the 

jobs, it is possible that the relative complexity of the 

job itself might have had some observable effect upon the 

result. With the extension cord job the average t1me of 

4.7 hours required b,y the two groups was identioal; with 

the crystal set project, the group having instruction 

sheets had a definite advantage, as they requ1red but 

12.4 hours while the group using the lecture and 
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demonstration method required 16.2 hours. 

It was notioeable that the group using instruotion 

sheets asked help of the instructor, the group using 

lecture and demonstration asked none. Yet the first 

group finished a larger number of satisfactory jobs and 

had fewer unsatisfactory Jobs. These results might be 

expected from the lack of opportunity on the part of the 

second group to be able to refer to previous directions as 

a means of cheoking up on the correct procedure. 
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CHAPTER V 

SUMMARY 

The present study undertakes to determine the 

relative efficiency of two recognized methods in teaching 

a Unit of Electricity In Industrial Arts on Jun10r h1gh 

school level In terms of Job achievement and development 

of student ablllties. Slnce each method possesses certa1n 

reoognized advantages, th1s study may ald 1n their 

determinatlon 1n terms of the above crlter10n and 

designate the method or methods to be used. 

The large number of students ava1lable, and the 

oourse -- learnlng units sponsored by the A.V.A. 1n the 

fleld of electrlo1ty -- presented a situatlon favorable 

tor carrying out an exper1mental procedure. Four classes 

of boys were used, each group simllar In number, age and 

Intelligence quotlent. Two classes were in the 

experimental group, and two 1n the control group. The 

dlfferences exlstlng between age and mean 1ntelligence 

quotIent between respective groups In the study, were 

treated statlstlcally_ Such dlfferenoes were not sign1fi

cant, therefore results were valld. 

Instruct10n sheets were developed based upon the 

learnlng unlts whlch were used by the experimental group, 

and the same learning unite were presented to the control 

group by the lecture and demonstration method. Each 

group worked on the same projects dur1ng the length of the 

course of nine weeks. 
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The ohecking factors used to measure job achievement 

were: 

1. Comparative time required to do a specifio job. 

2. Number of jobs completed. 

3. Number of unsatisfaotory jobs. 

4. Grade of performanoe. 

5. Number of times the assistance ot the 

instructor was asked for. 

Complete records were kept on each individual student 

and results indicate the exper1mental group completed 

their projects in shorter t1me, completed a larger 

number of satisfactory Jobs, had fewer unsatisfaotory 

Jobs and showed a greater ability to use what had been 

learned. They asked for more assistance of the instructor 

and made a slightly lower grade on performance. 

Tests1 were developed to check upon development of 

student abilities. The first step to determine the 

sign1f1cance of the results was to treat statistically the 

means of all abilities oombined. These differences did 

not indicate signifIcance. Then, the d1fferenoes between 

the means of each of the six abilities was treated like

wise, the results 1ndicate the experimental group favor 

the ability to plan. The control group favor the ability 

to explain. In regard to ab11ity to perform, to do 

quiokly, and to do again, such d1fferences were 

defin1tely not sign1fioant. On ability to describe, the 

1. Complete tests in Appendix B, pp. 35 - 87. 



-52-

results indicate the control group made the better showing 

but cannot be interpreted as definitely significant. 

RECOMMENDATIONS 

SInce one study does not prove conclusive results 

but rather implications, more studies of this nature are 

needed to establish definite findings. After several 

conferenoes withR. W. Selvidge concerning the use of 

instruotion sheets, the writer reoommends a plan of using 

the sheets in samewhat different manner than in th1s study, 

suoh as w1ll follow. 

The planning procedure, heretofore, has been left to 

the individual student, with the aid of the instructor. 

In this recommended method, a student selects a project of 

his liking. An instruotion Sheetl is placed in his hands 

whioh contains a working drawing of the project and an 

inoomplete list of the steps necessary in plann1ng the job 

which he is asked to complete. Accompanying this planning 

procedure is a list of the skills, and a defin1te list of 

information topicS which 1s recommended to the student to 

become aoquainted with. The skills and informat1on are 

essential to the student in order to produoe good work

manship and to &nswer the questions which will be 

presented to him when the job is completed. Before the 

final grade is given, the student has an opportun1ty to 

mark h1mself upon a check1ng list 1n regard to workmanship 

1. Final Report of the Committee, Standards 2! Attain
~ In Industr1al Arts Teach1ng, Pantagraph 
Pr1nting and Stationery Company, Bloom1ngton, 
Il11nois, 1935, pp. 21-25. 
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Aocompanying each suggested job for the student in a _.j 

particular course is a teaching plan for the instructor, 

which lnoludes (1) oheok list of steps in job plann1ng, 

(2) numbered instruct10n sheets possessing oorreot tool 

praotice perta1nlng to that job, (3) designated informa

tion as to a referenoe list which the student must read 

and answer questlons. 

It ls felt smong Industrial Arts teachers, the 

subject presented correctly has the possib1lity of 

oontributing as much, if not more, to an individual's 

habits and attitudes than any sUbJeot oftered in the high 

sohool currioulum. Attached to each instruction sheet 

is an organlzed list ot Desired Experiencesl , Which the 

student may follow, which contribute to his success in 

life. They are: 

I. 'IndustrY. This means a habit at careful, 

thoughtful work, without loitering or wasting 

time. 

II. Cooperation. This means an attitude at 

readiness to assist others when they need 

help, and to join in group undertakings. 

III. Consideration of Others. This means a 

thoughtful attitude in the matter of making 

things easy and pleasant for others, suoh as 

keep1ng things in order, putting tools away 1n 

good condltion, and always dolng your full 

share of work where others are lnvolved. 

1. Final Report of the Committee, OPe clt. pp. 34-35. 
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IV. ~-rel1anc.. Th1s att1tude is a very I 
important factor 1n success. It means that 

you should develop the habit of planning your 

tasks oarefully and thoughtfully, and oarrying 

them out with the least possible assistanoe. 

Be sure the problem is too diffioult for you 

before you call for help. 

v. Readiness l.2 Assume Respons1b1l1ty. '!'his means 

that you should not refuse to undertake a task 

because it is d1fficult, and when once under

taken you should oarry it through to 

oompleti on I. 

This approach seems quite logical to the writer 

after hie experience with the instruotion sheet of the 

former type and worthy of experimentat1on. 

If s1milar exper1ments are conduoted these 

suggestions may be helpful. 

A. An instructor should be thoroughly fam1liar with 

both methods before attempting to conduct an experiment 

to measure the oomparative effioiency. 

B. Instruction sheets should be tested on students 

before tried 1n an exper1ment. 

C. Statistical treatment should be used on data to 

prove signifioance. 

D. Tests Should be tried, revised, and evaluated 

before used 1n an experiment. 

E. Broader, yet definite, criter1a should be used 

as a basiS for .test lng the relative efficienoy of 
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methods used. 

F. Groups should be g1ven a pre-oourse test that 

knowledge and sk1lls gained through exposure to the 

oourse can be measured. 

G. A group should cons1st of at least one hundred 

students. 
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-, 
CHART I. LEARNING UNITS SPONSORED BY THE A. V. A. 

The following "learning units" were sponsored by the 

American Vocational Association on "Standards of Attain

ment 1n Industrial Arts Teaching,l. 

I. The Thlngs l2!! Should 1!! ~ 12. 122 

Group I 

1. 'Read a wirlng-diagram. 

2. Make a wiring-diagram. 

3. Plan the prooedure in doing a job. 

4. Remove insulation or covering from wlre. 

5. Make a rat-tail splloe. 

6. Make a Western Unlon splice. 

7. Make a tap splice. 

8. Solder and tape a splice. 

9. Attach wire to a binding-post. 

10. Uncoil wire without twisting. 

11. Connect dry-oells 1n series. 

12. Conneot dry-oells in parallel. 

13. Plan and oonstruot a slmple e1eotrio cirouit, 
whioh may be opened and olosed at one point. 

14. Plan and oonstruct an eleotrio circuit which may 
be opened and olosed at either or both of two 
points. 

15. Plan and install electric devices in a oircuit in 
series. 

16. Plan and install electrio devices in a cirouit in 
parallel. 

1. Pantagraph Printing and Stationery Company, 
Bloomlngton, Il11n01s. 
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17. Plan and construot oircuits to give selective 
control of devices 1n the c1rcuit. 

18. Attach a cord to a lamp-socket. 

19. Attach a cord to a plug. 

20. Test and replace fuses. 

21. Read an electric meter. 

22. Interpret the identity marks on a motor. 

23. Administer first aid in case of shook. 

Group II 

24. Attaoh a terminal to a wire. 

25. Provide a 'make and break' in a circuit, as in a 
timer. 

26. Apply the principle of electromagnetic force in 
order to operate mechanisms, as in a buzzer or 
bell. 

27. Employ resistance to generate heat, as in a 
toaster, or soldering-oopper. 

28. Wire a oirouit so as to prevent a dangerous rise 
in temperature, due to resistance. 

29. Reduce voltage on a line. 

30. Looate a break in a oirouit. 

31. Tie an underwriter's knot. 

32. Calculate the resistance of a c1rcuit, using 
Ohm's Law. 

II. ~ Things X2Y Should ~ 

Group I 

1. The properties of the magnet and the characteris
tics of the magnetic field. 

2. The souroe of electric ourrent, or pressure. 

3. The characteristics of the e1ectrio current. 

4. How the electric current 1s conveyed. 
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5. Kinds of conductors and the1r uses. 

6. The mean1ng of voltage. 

7. The mean1ng of ampere. 

8. The meanIng of watt. 

9. How the electric current g1ves power. 

10. How the electric current gives light. 

11. How the electric ourrent g1ves heat. 

12. The dIfference between d1rect current and 
alternating current. 

13. The sources of direct current. 

14. The source ot alternat1ng current. 

15. The meanIng of phase and cycle. 

16. The meaning of 'series' and ·parallel'. 

17. Resistance and its effect. 

18. Ohm's Law. 

19. How the electric bell works. 

20. Why splices should be soldered. 

21. Importanoe ot proper insulation. 

22. Sizes of wire. 

23. The effect of an overload. 

24. Symbols used in wiring-d1agrams. 

25. Safety rules in working with electricity or 
electrical appliances. 

Group II 

26. How the rheostat works. 

27. How the volt-meter works. 

28. How the ammeter works. 

29. How the electric meter works. 
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30. The construotion of the dry-cell and how it works. 

31. The oonstruction of the wet-cell and how it works. 

32. The kinds of fuses and their uses. 

33. Kinds of electric lamps and how they are made. 

34. Causes and effeots of short oircuits." 
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----CHART II. INSTRUCTION SHEETS 

Operat1on Sheet #2 - ~ Junlor High Sohool 
Department ot Industrial Arts 

How to Make Common Splices With N.E.C. Wire 

~·==·~~============~LII~~~~J I. ~~dR:~~;~efour (4) inches 

I~============ 
Fig. 1 

Fig. 2 
Cross the wire one 1nch trom 

the insulat ion. 

Twist the wires around each 
other 

of insulation from the 
end of each eXhibit of 
sp1ioes. 

2. Examine the exhib1t of 
splices. 

3. Grasp one wlre ln the 
right hand and. the othe 
ln the left hand. Cross 
the wires one (1) lnch 
from the insulatlon as 
in Fig. 2. 

4. Give the w1re one 
complete tw1st tightly 
around each other with 
the f1ngers as in F1g. 3 
This is called a neck 
turn. 

f?gl')§ ~ :"'\(*l~1 5. 
Grasp the p11ers in the 
right hand and hold the 
wire near the end. Pull 
and twist this tightly 
about the other, making 
at least four (4) end 

Fig. 4 '\ 
Wrap one neck turn and tour 

end turns 

6. 

turns, keeping them 
. close together as in 
Fig. 4. 

~rIDlJmrJl5=SS::U:dInIXXl~~--"~ 
7. 

Repeat etep 5 to twist 
other wire. 
Cllp off any surplus 
wlre with slde cuttlng Fig. 5. 

Cut off surplus wire and. 
press down ends with p11ers 

pliers and press the end 
down tlght as ln F1g. 5. 

8. Solder the splice. 
9. Tape the splioe. 
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;----~----------~~. ------------------------------------~ 

Operation Sheet #2 II. Tap 
1. 

l~ (\~ 
F1g. 6 A 

~tl-I ----.....I) 

F1g. 6 B 

F1g. 7 
Two neck turns and two end 

turns 

> 

F1g. 8 

Fig. 9 

Bend the ends back 

Splice. 
Remove tour (4) inches ot 
insulation from one end ot 
one wire. Remove one and 
one-halt (It) inohes of 
1nsulat10n from the other 
wire as 1n A, Fig. 6. 

Grasp the wire A, Fig. 6, 
in the left hand and w1re B 
Fig. 6, in the r1ght hand. 
Cross the wires at r1ght 
angles, keep1ng insulation 
on Wire B against wire A. 
With the fIngers ot the 
right hand against wire A. 
With the f1ngers of the 
right hand twist wire B 
about wire A, making two 
neck turns. 

Grasp the pliers in the 
r1ght hand and hold the 
wire near the end. Pull 
and twist this w1re tightly 
about the other, making at 
least four end turns as in 
Fig. 7. 

Remove surplus w1re and 
press the ends down t1ght 
as in F1g. 7. 

Solder the sp11ce. 

Tape the sp11ce. 

Fig. 8 and Fig. 9 show 
the appearance ot a rat 
tail splice when made 
correctly. 
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Operation Sheet #3 III. Rat tail (pig-tail) splice. 
1. Remove two (2) inches ot in

sulation from the end of each 
wire. 

fig. 1 
A blow toroh 1s commonly 

used 

2. Exam1ne the exhibIt ot splices. 
3. Cross the w1res near the in

sulation. Hold the insulated 
ends ot the wire in this 
position with the left hand. 

4. Grasp the pliers in the r1ght 
hand and with them hold both 
wires at the ends. 

5. Tw1st the w1res together. Make 
at least three (3) full turns 
as 1n F1g. S. 

S. Bend back sharp ends ot wire on 
oppos1te sides of the tw1st 
with pliers as In Flg. 9. 

7. Solder the splice. 
~ 8 Tape the sp11ce. 

~----------:-~r-HOW :0 T1n a Solder1ng Copper 
Fig. 2. 

Copper well tl~ned 

1. A solderlng copper .&1 be heate 
in a gas furnace, blow torch, 
coals ot a coal or wood t1re, 0 
by e1ectrlclty. The polnt 
should be well shaped to do 
good work, as In F1g. 2. It 
the copper does not resemble 
F1g. 2 ask the instructor to 
shape the po1nt tor you. When 
1t has been approved heat to a 
'dark red' color. 

2. Clamp 1n vise and file sparing
ly to a smooth surface. 

3. Reheat the copper to a 'dark 
red' color and melt some solder 
1n a hole 1n the cake of 

Flg. 3. salammonlac, as In Fig. 3. 
Melting some solder on 4. Rub and rotate the oopper on th 
salammon1ac salammonlao. It may be 

neoessary to heat again before 
it 1s t1nned on all tour sldes. 

F1g. 4 

5. Do not allow a copper to be
come 'brlght red' at any tIme 
or lt will be necessary to 
repeat the tlnning aga1n. 

S. W1pe the polnt clean with a 
damp oloth or waste as in 
Fig. 4. The surface must be 
br1ght and olean. 

Wiping a oopper olean with a 
damp OlQTh 
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GOVE JUNIOR HIGH SCHOOL 
DEPARTMENT OF INDUSTRIAL ARTS 

R. F. Tucker 
Information Sheet #15 

How the Bell and Buzzer Works 

IFew applications of electricity 
to common uses are as widespread as 
electric bells and buzzers. In the 
picture at the left where the cover 
is removed, the parts of the bell 
are readily visible. The two coils 
of enameled magnet wire on soft 
iron cores become magnetized and 
attract the piece of iron to which 
the hammer is attached. This piece 
of iron, called the armature, is 
fastened to the piece of spring 
brass which can be seen below and 
at the left of the lower colI. The 
spring holds the armature away 
from the cores of the magnets, and 
the small extens10n of the spring 
ln contact with the contact point 
at the upper left-hand part of the 
frame of the bell. This contact 
piece is insulated from the metal 
frame of the bell and is connected 
to one end of the magnet wire. The 
path of flow of electric current 
thru the bell parts is illustrated 
in Fig. 2. Electric current enter-
lng blndlng post "A" flows thru the 

etalls of a door bell small Wire, insulated from the 
trame, to the coils of the electro

magnets. The windings are connected so the direction of 
the current thru one is oppos1te to that thru the other so 
there will be a north pole and a south pole near the arma
ture and hence greater pull or attraction. From the 
second colI the current flows to the contact point "C·, 
thru the spr1ng brass in contact with it, down into the 
frame, and back to binding post "B" which is in contact 
wi th the frame. 

When electric current ls forced thru this circuit, the 
cores of the magnets beoome magnetized and attract the 
armature causlng the hammer to strike the bell. But the 
spring is pulled away from the contact point "C". This 
opens the cirouit and the magnets lose their magnetism. 
The armature and hammer are then drawn back into place by 
the spring and are again pulled toward the bell as the 
circuit is closed. This process continues as long as 
sufficient current ls furnished. Electric buzzers are 
similar to e1eotric bells except the bell and hammer are 
omitted and a buzzlns sound is heard instead of the rlng 



-66-

Information Sheet #15 

How the Bell and Buzzer Works (Cont1nued) 

of a bell'. 

(Willoughby-Essentials of Electrical Work, 
pp. 13, 14, 15.) 

1 
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CHART III. QUESTIONS OF WRITTEN TEST 

~ Junior High Sohool 
Department Q! Industrial A!1! 

True, False statements. 

1. T.F. A natural magnet is made by rubbing a piece of 
hard steel against a permanent magnet. 

2. T.F. Storage batteries store electrical energy. 

3. T.F. All magnets must have two poles. 

4. T.F. The liqu1d 1n the storage battery is called an 
electrolyte. 

5. T.F. The bell transformer is tE ed only on direct 
current. 

6. T.F. The strength of an electro-magnet depends chiefly 
upon the number of turns of wire wrapped around 
the core. 

7. T.F. Electricity can be controlled by conductors and 
insulators. 

8. T.F. A wire carry1ng a current of electricity has a 
magnetic field about it. 

9. T.F. Dilute sulphuric acid is used in dry cells. 

O. T.F. The core of an electro-magnet is made of hard 
steel. 

1. T.F. There is a commutator on all generators. 

2. T.F. Magnetism will not act through paper or glass. 

3. T.F. Wires are classified according to their lengths. 

4. T.F. Houses are w1red accord1ng to the specific rules 
laid down by speCialists and are known as the 
National Code. 

5. T.F. Potential, electromotive force, and voltage 
means electrical pressure. 

6. T.F. The commutator carries the current from the 
armature wires to the outside circuit. 

7. T.F. All A.C. generators have rings instead of 
commutators. 
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18. T.F. A rheostat is a device used for the control of 
currents. 

19. T.F. Heat is one of the effeots of eleotricity. 

20. T.F. A voltmeter measures electrical power. 

21. T.F. The moving parts of an A. C. motor 1s oa1led the 
rotor. 

Mult1ple Choice. 

1. The maohine that transforms eleotrical energy into 
mechanical energy 1s a 

a. motor b. generator o. transformer d. choke ooil 

2. The devioe that changes alternating current to direot 
current 1s called 

a. motor b. generator c. commutator d. s11p rings 

3. A transformer can only be used on 

a. direct current 
c. alternating ourrent 

b. indirect current 
d. pulsating 

4. A permanent magnet is used in a telephone 

a. transmitter b. fuse c. bell d. receiver 

5. A fuse placed in the oircuit 1s used for 

a. protection b. Increasing the voltage 
o. decreasing the amperage d. increasing the 

resistance 

6. A bell transformer 1e usually a 

a. step-down transformer b. step-up transformer 
c. direct current transformer d. current-ohanging 

transformer 

7. An eleotromagnet is 
a. permanent magnet 
c. natural magnet 

b. artificial magnet 
d. induced magnet 

8. If we add to the number of turns on an electro
magnet, the strength of the magnet is 

a. increased b. decreased c. the same 
d. disappears entirely 
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9. A tungsten filament is more efficient than a carbon 
filament because 

a. tungsten lamps cost more b. the resistance of 
tungsten i8 higher than that of carbon 

c. tungsten 1a.mps are hareter to make than the 
carbon lamps d. tungsten is harder to break 

10. The unit of electrical power is the 

a. watt b. volt c. ampere d. ohm 

11. A motor gives 

a. mechani cal power 
c. heat 

b. electrical power 
d. e1eotricity 

12. By rubbing the ends of a fountain pen on the sleeve 
of your coat, there 1s produced 

a. D.C. eleotricity 
o. A.C. eleotricity 

b. static electricity 
d. induoed ourrent 

13. The core of a transformer must be 

a. laminated 
c. spliced 

b. welded 
d. soldered 

14. Resistanoe wires used in electrioal heating devices 
are made of 

a. copper b. nichrome c. nickel d. steel 

15. The ampere is the measure ot 

a. air pressure 
c. current 

b. resistance 
d. temperature 

16. Wire used for house wiring is usually 

a. No. 18 b. No. 14 c. No. 12 d. No. 10 

17. The storage battery stores 

a. chemical energy 
c. heat 

b. electric 1 ty 
d. mechanical energy 

18. Battery lightning is used most extensively in 

a. houses b. mines c. automobiles d. factories 
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a. Ohm b. magnetism o. Edison d. friction 

Completion Test. 

1. Conneoting the positive and negative wires without 

suitable resistanoe oauses a ----------------------

2. The resistance of any copper wire may be found by 

the rule; Resistance equals 
divided by ____________________________________ __ 

3. _____________________ fuees are made 1n two oommon 

standard types 
________________________________ and 

4. Revers1ng the direction of ourrent in an electro

magnet reverses 1ts 
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CHART IV. GROUPING ACCORDING TO I Q, AGE AND 

NUMBER IN CLASS 

Class A Age Class B Age 
Number I Q, Year Month Number I Q, Year Month 

1. 100 13 7 26. 112 15 
2. 84 14 11 27. 81 14 3 
3. 109 13 10 28. 91 12 9 
4. 97 14 1 29. 96 12 11 
5. 120 13 6 30. 120 11 10 
6. 130 13 7 31. 88 15 11 
7. 131 13 2 32. 90 13 1 
8. 110 12 1 33. 90 12 9 
9. 101 13 5 34. III 12 8 

10. 87 14 11 35. 95 13 1 
11. 122 13 8 36. 98 13 1 
12. 93 14 4 37. 97 13 1 
13. 119 14 11 38. 102 13 4 
14. 110 13 5 39. 115 13 4 
15. 113 13 11 40. 99 13 1 
16. 110 13 5 41. 122 13 8 
17. 137 13 1 42 89 12 7 
18. 125 13 9 43. 100 13 1 
19. 130 13 44. 102 12 10 
20. 124 13 8 45. 116 12 7 
21. 115 14 1 46. 153 11 8 
22. 110 13 5 47. 83 11 7 
23. 123 12 11 48. 102 13 3 
24. 117 13 4 49 113 13 9 
25. 102 15 5 50. 92 13 5 

51. 83 14 
52. III 12 If) 
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CHART IV. (CONTINUED) GROUPING ACCORDING TO I Q, AGE 

AND NUMBER IN CLASS 

Class C Age Class D Age 
Number I Q Year Month Number I Q Year Month 

1. 92 14 3 22. 95 13 6 
2. 116 11 11 23. 110 13 8 
3. 86 14 11 24. 107 13 6 
4. 90 13 10 25. 107 13 2 
5. 110 14 4 26. 97 12 9 
6. 105 13 6 27. 100 12 11 
7. 92 13 28. 136 12 7 
8. 102 14 10 29. 113 13 
9. 87 14 11 30. 107 12 10 

10. 92 14 3 31. 101 12 10 
11. 98 13 6 32. 126 12 8 
12. 110 13 33. 112 12 6 
13. 109 13 34. 117 11 6 
14. 77 14 35. 89 13 10 
15. 128 13 2 36. 120 13 
16. 84 15 2 37. 111 12 9 
17. 109 12 4 38. 114 13 3 
18. 122 12 9 39. 116 13 2 
19. 132 13 4 40. 120 13 5 
20. 129 12 10 41. 107 12 6 
21. 145 12 9 42. 118 13 :5 

43. 108 13 1 
44. 99 12 8 
45. 121 12 11 
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CHART V. COMPARATIVE TIME, JOBS AND GRADE ON JOBS 
OF CLASSES 

No. ot Time Need 
Class A No. ot Time in Unsat. in Assls-
Number Sat. Jobs 

1. 2-8,1 
2. 2-8,C 
3. 2-S,E 
4. 2-8,E 
5. 2-II,E 
6. 2-S,C 
7. 1-S,P 
8. 1-M 
9. 1-11 

10. 1-1.( 
11. 1-9 
12. 1-11 
13. 0-8 
14. 2-8,:£ 
15. 1-8 
16. 1-11 
17. 1-S,C 
18. O-M 
19. 1-8 
20. 1-M 
21. 2-1,C 
22. 1-8 
23. 1-8 
24. 2-S,E 
25. 1-S,C 

Total~ 

S - Crystal Set 
C - Compass 
I - Inductlon Col1 
II - Motor 

hours Grade Jobs Hours 

121'71 B,A 
10 ,9 B,B 
16 ,3 B,B 
16 ,3 B,B 
16 ,4 B,B 
11 ,9 B,Bf 
15 cl- 1 5 
16 B 
20 B-
20 D 
16i B-
20 A-

0 0 1 20 
15 ,5 Bf,B 
20 A 
17-1 A 
13 B 1 6 

0 0 1 20 
18 C 
20 B-
15 ,5 A,B 
20 C 
20 A 
13i,si B,B 
13 A 1 

12.346 = Average 

Code 

E - Extension Cord 
P - Ear Phones 

Sat - Satisfactory 
Unsat - Unsatisfactory 

7 

tance 
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OHART V. (CONTINUED) COMPARATIVE TIME, JOBS AND GRADE 
ON JOBS OF CLASSE8 

Class B No. of 
Number Sat. Jobs 

26. 1-B 
27. 1-8 
28. 1-B 
29. I-B 
30. 1-8 
31. 1-T 
32. I-B 
33. 1-8 
34. 1-8 
35. 1-8 
36. 1-8 
37. I-B 
38. 1-8 
39. 3-M,C,E. 
40. 1-B 
41. 1-11 
42. 1-0 
43. 1-8 
44. 1-8 
45. 0-8 
46. 2-0,11 
47. 1-8 
48. 1-11 
49. 1-B 
50. 0-)1 
51. O-S 
52. 1-8 

Total 2'i7 

S - Crystal Set 
o - Compass 
I - Induct10n ColI 
II - Motor 

No. ot Time 
T1me 1n Unsat. 1n 
hours Grad.e Jobs Hours 

11i C,O 
20 D 
19

1 
C 

17 0 
16 Of 
18 .l 
20 D 
19 B 
81 B 

20 D 
111 a 
16 a 
19 a 
llt-.5,3 B,Bf,A 
20 C 
19 Of 
11 0 
lsi 0 
17 0 

0 0 1 20 
10 ,10 D,O 
19 0 
lsi a 
15 a 

0 0 1 20 
0 0 1 20 

20 B 

13.20 = Average 

oode -
E - Extension Cord 
P - Ear Phones 

Sat - Satisfactory 
Unsat - Unsatlsfactory 

Need 
Ass1s-
tanoe 
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CHART V. (CONTINUED) COMPARATIVE TIME, JOBS AND GRADE 

Class C No. of 
Number Sat. Jobs 

1. 2-S,E 
2. I-M 
3. 1-)( 
4. 1-8 
5. 2-M,C 
6. 2-S,E 
7. 1-14 
8. 2-S,E 
9. 2-S,E 

10. 1-S 
11. I-M 
12. 1-M 
13. 1-1( 
14. 1-11 
15. 1-. 
16. 1-11 
17. 2-S,1 
18. 2-S,E 
19. 1-11 
20. l-S 
21. 2-S,E 

Tota1'"'29 

S - Crystal Set 
C - Compass 
I - Induotion Coil 
)I - Kotor 

ON JOBS OF CLASSES 

No. of Time 
Time in Unsat. in 
hours Grade Jobs Hours 

17 ,3 C,C 
13 .. A 
12i D 
20 B 
7t,10 B,A 
7 , 8 B,C 

17 B,B 
10 , 5 B,C 

5 , 5 B,C 
1St C 
16 B-
18t B 
18 Bt 
15 D 
18 Bf 
18t B-
18 ,I! B,B 
121,5 B,B 
16i C 
18~ C 
17 ,3 B,B 

Il.12f = Average 

~ 

E - Extens10n Cord 
P - Ear Phones 

Sat - Satisfaotory 
Unsat - Unsatisfactory 

Need 
Assi&-

tance 

2 

2 

1 
1 
1 

2 
3 

1 
3 
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CHART V. (CONTINUED) COMPARATIVE TIME, JOBS AND GRADE 
ON JOBS OF CLASSES 

Class D No. of 
Number Sat. Jobs 

22. I-II 
23. 2-S,0 
24. 1-1( 
25. 3-S,E,1: 
26. I-B 
27. 1-B 
28. 3-8,C.E 
29. 2-S,E 
30. 1-)( 
31. I-II 
32. 2-8,E 
33. 1-8 
34. 1-)( 
35. 1-11 
36. 1-S 
37. 2-8,0 
38. 3-8,0,:£ 
39. l-K 
40. 1-14 
41. 2-8,0 
42. 2-S,0 
43. 3-S,8,:£ 
44. 1-11 
45. l-K 

-Total 38 

S - Orystal Set 
C - Compass 
I - Induotion ColI 
)I - Motor 

No. ot Time 
Tlme in Unsat. in 

hours Grade Jobs Hours 

19 0 
15 , 
171 

3t B,B 
Of 

10 , 5 ,5 B,A,A 
17 0 
18 0 
at, 5 ,5 B,e,A 
5 , 5 B,B 

10 B 1 5 
20 D 
7., 7 B,B 9t B 1 3 

20 C 
19 0';' 
16t D 
15 , 
12t, 

5 s,C 
3t,3 B,B,A 

19 B 
19 Of 
12t, 3 B,B 
15 , 5 B,B 
10 , 5 ,5 B,B';',B 
19t C 
19 C 

11.32 = Average 

Code 

E - Extension Oord 
P - Ear Phones 

Sat - Satisfactory 
Unsat - UnsatIsfactory 

Weed 
Asels 
tanoe 

1 

1 
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CHART VI. COMPARATIVE TIME TO DO SPECIFIC JOBS OF CLASS 

Crystal Ext. Te1e. Ind. 
Set Motor Buzzer Oompass Cord Set Col1 

Class A 

121 71 
10 91 
16 3i 
16 3i 

16 4 
11 9 
15 

16 
20 
20 

16t 
20 

15 5 
20 

17. 
13 
18 

20 
5 15 

20 
20 
13i 6t-
13 

5/231 = 7/129.5 = 3/23.5 = 6/30 = l~= 

15.4 18.5 '7.83 5 15 
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CHART VI. (CONTINUED) COMPARATIVE TIME TO DO SPECIFIC 
JOBS OF CLASS 

Crystal Ext. Tele. Ind. 
Set Motor Buzzer Compass Cord Set Co1l 

Class .§ 

III 
20 

19t 
17 

16t 18-! 
20 

19 
81 

20 
11i 16! 
19 

11i 5 :5 
20 

19 11 
18i 
17 

10 10 
19 

18i 
15 

20 

11/189= 4~= 7/120 = 3(26= 1(3= 1/18.5= 

17.8 14.75 17.14 8.66 :5 18.5 
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... 

OHART VI. (CONTINUED) COMPARATIVE TIME TO DO SPECIFIO 
JOBS OF CLASS 

Orystal Ext. Tele. Ind. 
Set Motor Buzzer Oompass Cord Set 0011 

Olass .2 

17 3 
13t 12 

20 7. 10 
7 8 

17 
10 5 

5 5 
18i-

16 
1St 
18 
15 
18 

18i 
18i 

li 
12i 

5 

18i 
16i 

17 3 

10/144 = 11/173.5 = 1/10 = 7/30.5 = 
14.4 15.77 10 4.34 
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CHART VI. (CONTINUED) COMPARATIVE TIME TO DO SPECIFIC 
JOBS OF CLASS 

Crystal Ext. Te1e. Ind. 
Set Motor Buzzer Compass Cord Set Call 

Class R 
19 

15 
17* 

3i 
10 5,5 

17 
18 

8i 5 5 
5 5 

10 5 
20 

7. 7 
9t 

20 
19 

16t 
15 5 
12! 2i- 3 

19 
19 

12t 
15 
10, 5 

19t 
19 

13/142 = 10/182 = 2(35= 6/24 = 7(35= 

10.9 18.2 17.5 4. 5. 
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CHART VII. GRADE OF PERFORMANCE ON JOBS BY CLASS 

Grade 2! Performance 

It is necessary to change grades in letters to their 

numerloal value. 

A.j. equals 

A equals 

A- equals 

Bf equals 

B equals 

B- equals 

Extenslon 
Cord 

Grade 

1 A = 95 
5 B = 450 

545 

Induotion 
ColI 

Grade 

1 A = 95 

99 

95 

94 

92 

90 

84 

CLASS A 
Compass 

Grade 

1 B.j.:: 92 
2 B :: 108 

272 

Motor 

Grade 

1 A = 95 
2 B - 180 -
2 B- :: 168 
1 O.j. = 83 
1 C = 80 
1 D = 70 

676 

Cf 

C 

C-

Df 

D 

D-

equals 8~ 

equals 80 

equals 76 

equals 74 

equals 70 

equals 64 

Crystal 
Set 

Grade 

~ A = 285 
1 A- = 94 
1 B.j. = 92 
7 B = 630 
1 B- = 84 
1 C = 80 

1,265 

Totals 

1,265 
676 
545 
272 

95 

32/2,853 = 89.l5~ 
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CHART VII. (CONTINUED) GRADE OF PERFORMANCE ON JOBS BY 
CLASS 

Extens10n 
Cord 
Grade 

1 A - 95 -

95 

Buzzer 

Grade 

6 C = 480 
1 D = 70 

550 

Extension 
Cord 
Grade 

3 B = 270 
4 C = 320 

590 

Motor 
Grade 

1 A = 95 
2 Sf = 184 
3 B = 270 

549 

1 B';' 
1 C 
1 D 

1 B 
1 C';' 
2 C 

CLASS B 

Compass 

Grade 

= 92 
= 80 
= 70 

242 
Motor 
Grade 

= 90 
= 83 
= 160 

333 

Totals 

95 
893 
550 
333 
242 

95 

Crystal 
Set 

Grade 

3 B - 270 -
1 C;' = 83 
5 0 = 400 
2 D = 140 

893 

Telegraph 
Set 

Grade 

1 A - 95 -
95 

27/2,213 = 81.96~ 

CLASS C 

Compass 

Grade 

1 A = 95 

95 

2 B- = 
1 C -
2 D = 

plus 

168 
80 

140 
388 = 937 

Crystal 
Set 

Grade 

7 B = 630 
3 C = 240 

870 

Totals 

870 
937 
590 

95 
29/2,492 = 85.93~ 
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CHART VII. (CONTINUED) GRADE OF PERFORMANCE ON JOBS BY 
CLASS 

CLASS D 

Extension Crystal Buzzer 
Cord Set 
Grade Grade Grade 

4A = 380 1 Bf - 92 2 0 = 160 -3 B = 270 11 B = 990 
1 D = 70 

650 l,~ 160 

Motor Compass Totals 
Grade Grade 

2 B = 180 4 B = 360 1,152 
3 Of = 249 2 C = 160 160 
4 C = 240 739 
1 D - 70 650 -

739 520 520 
38/ 3,221 = 84.7610 
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CHART VIII. CRITERIA OF ABILITY TEST 

Set up oheok1ng factors determin1ng what k1nd of 

tests of understand1ng and of prooedures 1n test ing should 

be used. Contents Procedure 
Answer Written or 

I. Ability to expla1n Questions Oral 

A. Nature ot magnet 

1. Natural magnet True-False Written 
2. How many poles True-False Written 
3. Strength ot eleotro-

magnet True-False Written 
4. Where tind magnetic 

field True-False Written 
5. Substance ot electro-

magnet True-False Wr1tten 
6. Action of magnet True-False Written 
7. Where permanent magnet Multiple-

is used Choice Written 
8. How increase strength Multiple-

ot an eleotro-magnet Choice Written 
9. Class1ficat1ons ot an Mult1ple-

electro-magnet Choice Written 
10. Law of magnet1c poles Jlult1ple-

Cho1ce Written 
11. Reversing current thru 

electro-magnet causes 
Change of polarity Completion Wr1tten 

II. Ab1lity to perform 
A. Make an electro-magnet Inspeotion Present material 
B. To remove insulat10n 

from N. E. C. wire Inspection Present material 
C. Separate and assemble 

a plug Inspection Present material 
D. Separate and assemble 

a socket Inspect10n Present material 
E. How to conneot cells 

in series and parallel Inspeotion Present material 
F. How to make FIre 

UnderwrIter's knot Inspect10n Present material 
G. How to conneot wires to 

binding post InspectIon Present mater1al 
H. Separate, assemble 

teed-thru switch Inspeotion Present material 
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CHART VIII. (CONTINUED) CRITERIA OF ABILITY TEST 

III. Ability to plan 
A. Material needed for his 

Job Inspection 
B. Order of making parts 

for hls Job Inspectlon 
C. Order of assembllng hls 

Job Inspectlon 

IV. Ability to describe 
1. Purpose of generator 

2. Purpose of motor 

3. Source of static 
electrlclty 

4. Purpose ot storage 
battery 

5. How pay for electrlcity 

6. Contents of storage 
battery 

Multiple
Choice 

Multiple
Choice 

Multiple
Cholce 

Multiple
Choice 

lIultlple
Choice 

True-False 

7. What do storage batteries 
store True-False 

8. Contents of dry cells True-False 
9. Purpose of fuses Multlple-

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 
18. 

19. 

20. 

Where Is D.C. used 
extenslvely 
Terminology used to 
explain current 

Cholce 
Multlple

Cholce 
Multlple

Cholce 
Purpose of bell 
transformer 
Characteristic of 
of transformer 

Multlple
Cholce 

core Multiple
Cholce 

What kind of current 
does bell transformer 
use 
Rules governing house 
wiring is known as 
Classlfy wire accordlng 
to resistance 
Purpose of rheostat 
Commutator 1s character
istic of D.C. generator 
Slip rings are 
characteristic A.C. 
generators 
How to change A.C. to 
D.C. 

True-False 

True-False 

True-False 
True-False 

True-False 

True-False 
Multlple

Cholce 

Present Job 

Present Job 

Present Job 

Written 

Written 

Written 

Written 

Written 
Written 

Written 
Written 

Wri tten 

Written 

Written 

Written 

Written 

Written 

Written 

Written 
Written 

Written 

Written 

Written 
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CHART VIII. (CONTINUED) CRITERIA OF ABILITY TEST 

21. Terminology used to 
express electrio power 

22. Size of house wiring 

23. Effect of overloading 

Multiple
Choice 

Mult1ple
Cholce 

wire carrying current True-False 
24. Devices used to measure 

electrlc pressure True-False 
25. Termlnology 1m ed to 

express moving parts of 
A.C. motor True-False 

26. Purpose of commutator 
on a generator True-False 

27. Termlnology used to 
express electrical 
pressure True-False 

28. What kind of a current Multiple-
a transformer uses Choice 

29. Why tungsten is used 1n Multiple-
lamp filament Choice 

30. Kind of wires used in Multiple-
heating devices Choice 

31. Electricity is controlled 
by conduotors and 
insulators True-False 

32. Conneoting f and - wires 
without resistance oauses 
shorts Completi on 

33. To find resistanoe in 
any oircuit Completion 

34. Fuses oome in two general 
types Completion 

v. Ability to do it again 
A. Remove insulation from 

N.E.C. wire Inspeotion 
B. Separate and assemble 

a plug Inspeotion 
C. Separate and assemble a 

socket Inspection 
D. Conneot wires to a 

binding post Inspection 

VI. AbIlity to do it quiokly 
A. Remove insulation from 

N.E.C. wire Inspeotion 
B. Separate and assemble a 

plug Inspeot1on 
C. Separate and assemble a 

sooket Inspeot ion 
D. Conneot w1res to a 

b1nd1ng Rost Ins12ection 

Written 

Written 

Written 

Written 

Written 

Written 

Written 

Written 

Written 

Written 

Written 

Written 

Written 

Written 

Present material 

Present material 

Present ma.terial 

Present material 

Present material 

Present materia.l 

Present material 

Present material 



CHART IX. SCORES ON ABILITIES MEASURED - CLASS A 

Abilities Student Numbers 

11 2. 3. 4. 5. 6. 7. 8. 9 1 10. 11. 12. 13. 

1. Ab11ity to 
plan 90 80 85 80 90 85 90 85 90 80 90 80 90 

2. Ab11ity to 
descr1be 56 64 50 38 38 56 44 58 82 26 38 53 50 

I 
CD 

3. Abi11ty to OJ 
I 

expla1n 36 72 45 63 72 90 72 81 54 36 63 45 90 

4. Ab1l1ty to 
perform 90 85 90 85 90 90 85 90 90 80 90 90 70 

5. Ab11ity to do 
it again 85 80 85 80 90 90 85 85 80 80 85 85 90 

6. Ab1l1ty to do 
1 t qu1ckly 85 80 90 80 95 95 80 80 80 80 a5 75 90 

All around ab1lity 73 77 74 71 72 84 76 79 63 75 71 80 71 



CHART IX. (CONTINUED) SCORES ON ABILITIES MEASURED - CLASS A 

Abilities Student Numbers 

14. 15. 16. 17. 18. 19. 20. 21. 22. 23. 24. 25. 

1. Ability to 
plan 85 80 90 95 90 70 85 95 85 80 90 85 

2. Ability to 
describe 38 56 53 47 58 26 70 61 64 44 58 41 I 

(Xl 
(0 

3. Ability to I 

explain 36 63 81 72 90 36 81 63 81 54 36 54 

4. Ability to 
perform 90 85 95 95 85 75 80 90 90 85 95 90 

5. Abi11ty to do 
it again 90 95 90 90 85 70 85 85 90 85 95 95 

6. Ability to do 
it quickly 90 95 75 90 85 70 85 85 85 80 80 95 

All around ability 79 80 81 82 57 81 79 82 71 75 79 76 



CHART IX. (CONTINUED) SCORES ON ABILITIES MEASURED - CLASS B 

Abilities Student Numbers 

26. 27. 28. 29. 30. 31. 32. 33. 34. 35. 36. 37. 39. 

1. Ability to 
plan 73 72 77 80 75 92 72 82 85 63 80 75 82 

2. Ab1lity to 
desoribe 38 35 53 44 44 32 32 32 67 20 29 58 56 I 

to 
0 

3. Ability to I 

expla1n 45 65 45 36 45 54 63 36 54 36 54 54 54 

4. Ability to 
perform 85 73 77 75 81 91 73 85 89 72 80 78 78 

5. Abi11ty to do 
it again 94 92 95 82 75 95 82 87 90 72 87 75 90 

6. Abil1ty to do 
it quickly 92 92 90 82 62 92 78 85 90 70 94 85 90 

All around ability 71 71 73 66 63 76 66 68 79 50 70 71 75 



CHART IX. (CONTINUED) SCORES ON ABILITIES MEASURED - CLASS B 

AbilIties Student Numbers 

39. 40. 41. 42. 43. 44. 45. 46. 47. 48. 49. 50. 51. 52. 

1. Ability to 
plan 93 78 92 72 92 70 75 75 82 80 92 eo 75 72 

2. AbilIty to 
desoribe 47 38 64 26 56 14 41 61 14 38 38 58 38 41 I 

to 

3. AbIlity to l-' 
I 

expla1n 54 72 27 63 27 45 36 63 72 36 36 54 72 54 

4. AbilIty to 
perform 92 78 77 80 72 75 75 82 78 90 82 68 68 

5. Ability to do 
it again 95 85 82 - 80 85 70 92 85 90 92 87 80 85 

6. Ability to do 
it quickly 90 87 92 82 72 72 95 95 90 92 82 72 80 

All around abilIty 81 65 76 71 58 66 78 65 68 76 77 64 66 

Note: Student No. 42 omitted from experiment. 



CHART IX. (CONTINUED) SCORES ON ABILITIES MEASURED - CLASS C 

Ab1lities Student Numbers 
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 

1. Ab1lity to 
plan 75 95 75 95 95 75 85 80 85 80 95 

2. Ability to 
describe 62 70 47 47 52 50 56 59 59 50 44 I 

{O 

3. Ability to 
M 
I 

expla1n 72 90 27 36 45 63 63 36 54 54 54 

4. Abi11 ty to do 
it again 80 90 80 80 80 80 90 95 85 85 90 

5. Ability to do 
1 t quiokly 70 85 70 75 80 80 95 95 80 85 85 

6. Ability to 
perform 77 93 72 88 83 85 83 77 76 83 88 

All around ability 72 87 62 70 72 72 78 73 73 73 74 



CHART IX. (CONTINUED) SCORES ON ABILITIES MEASURED - CLASS C 

Abilities Student Numbers 

12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 

1. Abi11ty to 
plan 90 90 75 90 85 90 90 80 80 95 

2. Ab111 ty to 
descr1be 62 35 76 32 62 64 52 56 67 56 I 

to 
<:N 

3. Ab1l1ty to I 

expla1n 72 36 45 36 43 72 63 72 72 63 

4. Ability to do 
it again 90 70 95 80 90 90 85 90 95 90 

5. Ability to do 
1t quickly 90 70 95 80 90 90 90 90 95 90 

6. Abil1ty to 
perform 85 72 92 82 92 92 78 80 92 92 

All around ability 81 62 79 66 77 83 76 78 83 81 



CHART IX. (CONTINUED) SCORES ON ABILITIES MEASURED - CLASS D 

Ab111ties Student Numbers 

22. 23. 24. 25. 26. 27. 28. 29. 30. 31. 32. 33, 

1. Ability to 
plan 80 90 85 95 80 75 95 95 80 75 90 90 

2. Ability to 
descr1be 32 35 20 44 11 5 58 41 35 17 50 - I 

CD 
3. Ability to ~ 

explain 27 45 18 54 27 18 27 54 65 36 36 
I 

4. Ability to do 
it again 80 85 85 95 80 80 90 90 85 75 90 90 

5. Ability to do 
it quiokly 80 85 85 95 80 80 95 90 80 80 90 90 

6. Ability to 
perform 75 80 80 90 80 80 90 90 85 75 90 85 

All around ability 62 70 62 79 59 56 76 77 71 59 74 

No. te: Student No. 33 omitted from experiment. 



CHART IX. (CONTINUED) SCORES ON ABILITIES MEASURED - OLASS D 

t5 r-
0 Abil1ties Student Numbers ?:J 

~ .... ,'. 
0,0 
::a;O ._~_._~. ____ .~4. ____ 35. ,._36 •... 37 •. 38. .39. 40 • 41. 42_~ . 43fL _4.4. _ .4..5.. __ 
...,\ tI) 

fi :;;! r 1. Ability to o~_ 

~""'r.n plan 75 80 75 80 90 85 85 85 85 95 85 90 
i 8 AJ 
(f;r-"" 2. Ab1lity to ~ r--,r 
OrT1 describe 38 29 20 44 29 9 38 11 58 44 50 I 
QG');(J to 
rrrl-( at 
00 3. Ab1l1ty to I 
:'Xl.,., 
>)> explain 45 54 54 45 18 18 36 36 27 27 72 o . 
ORo 

4. Ability to do sa: "",-

it again 80 75 80 85 90 90 90 85 90 85 90 95 .. 
;:,.. 

5. Abili ty to do 
it quickly 80 80 80 85 90 90 90 85 90 85 90 95 

6. Ab1lity to 
perform 80 75 75 85 90 85 85 85 95 80 85 90 

All around ability 66 66 64 71 66 63 69 68 71 70 82 

Note: Student No. 38 om1tted from experiment. 
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