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ABSTRACT 

The local situation 

The high school in which the writer is a teacher 

is located in an industrial area where the industries 

recruit a large portion of their personnel from among the 

high school graduates who have received training in 

mechanical drawing. Upon investigating and talking with 

the factory executives, foremen, and former students who 

are now employees of these factories, the writer found 

that a study of current methods of teaching mechanical 

drawing was needed. The writer was employed in the 

Drafting Department of both of the major industrial plants 

in East Moline during the summers of 1936 and 1937 and 

learned from these experiences the further need for such 

a study. The superintendent of the high school is also 

interested in developing methods of teaching that are best 

adapted to the pupils' needs. 

The problem 

This thesis, therefore, is a report on the 

results of an experiment to measure the relative ef

fectiveness of teaching ninth year general drawing 

through sketching, construction, and the us·e of simpli

fied instruments. In working out the problem the follow-



ing questions were answered: 

1. What are the aims and purposes of mechanical 
drawing? 

2. Wb.at shall comprise the contents of the experi
mental course? 

3. What criteria are needed to establish the equiva
lenoy ot the two groups? 

4. What methods and devices are needed to make 
evaluations? 

5. What are the results? 

Sources of data 

The data needed tor solving the proposed problem 

were obtained from three sources. The first was a review 

of the research studies relating to the proposed problem; 

the second source was from employers who hire students 

who have been trained in mechanical drawing and from 

employees of the industrial plants, many of whom are 

graduates and former students of the East Moline High 

School; and third, the pupils themselves. 

Data from research were secured by a critical 

analysis of all the research studies available that would 

be of help to the writer in the solving of his problem. 

The data from 100 employers and 150 employees were ob

tained by means ot personal interviews. Data from pupils 

were secured by experimentation. 

Experimental method 

In applying the two teaching procedures, the same 

course content was given to both groups. The classes 

were taught by the same teacher, in the same class room, 



and both met during the afternoon session; the experi

mental group was taught during the fourth period; and 

the control group, during the fifth period for the first 

and seoond semesters. As will be shown later, the classes 

were equivalent, and the only variable was the method of 

instruction--the effect of which was to be determined. 

The control group continued its work using the 

regular drawing equipment, which included a set of 

drawing instruments, triangles, scale, drawing pencils, 

and ink. The experimental group was asked to purchase 

a five-cent rule, a ten-cent compass, drawing pencils, 

and ink. Each day the woodshop was available to the 

experimental group so that each member of the class 

could construct his necessary drafting models from wood 

or in a few cases from paper before an actual drawing of 

the model was begun. The instructor was at hand, if 

help or directions were needed. 

The models were constructed actual size, using 

the measurements of the patterns as given in the textbook. 

A rule was used, and, in a few cases, the compass for 

securing accurate measurements and for laying-out all 

models. Both groups were required to complete 30 draw

ing plates and a cover sheet. One model at a time was 

completed and then sketched as the actual drawing. In 

constructing the first eight drawings, the experimental 

group was permitted to use a rule as a means of measure-



ment for arranging the drawing on the paper, etc., until 

they became accustomed to this new method. The remain

ing 22 plates were then drawn entirely by free-hand 

sketching and eye-measurement. No instruments whatsoever 

were used. 

Each group was given individual instruction 

whenever necessary. Related information of the same 

content was given both classes through lectures, demon

strations, and student reports, which occupied about one 

period a week. The students of the two classes pro

gressed at their own rate of speed; members of the 

control group followed the traditional method, used 

their regular equipment, and drew the plates as given 

in the textbook, while the experimental group used 

simplified instruments, sketching, and its models which 

had been patterned from those printed in the textbook. 

Records were kept on a progressive-work chart which was 

posted in the drawing room and was available for the 

student to see at any time. 

Frequent check-up tests were administered show

ing the essential difference of the method of pupil 

activity, but the grades were in no way used for testing 

the results of the experiment. The testing method is 

described later. At no time were the students of either 

class told the purpose of the two methods of teaching 

drawing. 



Selection~ equivalency g!. the !!2_ 
groups 

Because of a fairly large class enrollment, the 

pupils were divided on a systematic basis. In deter

mining the equivalency of the groups in a statistical 

way, the following criteria were used: intelligence 

quotients, chronological age, school average of the 

previous semester, previous drawing experience, and 

scores made on the MacQuarrie Mechanical Ability Test, 

which was administered to both groups at the beginning 

of the experiment. In checking up to see how nearly 

equal the groups were, it was found that there were 29 

matched pairs available, and these were then divided into 

a control group of 29 pupils and an experimental group 

composed of the same number. The other 52 students were 

eliminated because of too great a variation in I.Q.'s, 

age, and mechanical ability scores. All students were 

electing the subject. In order to use matched pairs, it 

was necessary to conduct the experiment during the fall 

and spring semesters. 

ComBarison of the groups .QE. ill basis£!. 
various criteria of equivalency 

A comparison of the two groups on the basis of 

various criteria of equivalency is shown in Table 1. 

From these records, it is evident that Group A and Group B 

are well-matched. Group A has a slightly higher I.Q. 

than B; Group Bis slightly younger and has a slightly 



TABLE 1.--COMPARISON OF THE TWO GROUPS ON THE 
BASIS OF VARIOUS CRITERIA OF EQUIVALENCY 

EXPERIMENTA,L CONTROL 
GROUP (A) GROUP (B) t CRITERIA OF 

EQTJIVALENCY differ-
Mean SD SEM Mean SD SEM ence 

1. I .Q . 1 s 
{Otis) 107 .93 3 .27 1 .56 106 .68 7.84 1.48 .589 

2. School 
grades 83.86 5.13 .96 83.51 4.92 .93 .260 

3. Age 
(months) 176.58 12.03 2.27 176.20 10.71 2 .02 1.247 

4 .Mechani -
cal Abi -
lity(Mac-
Quarrie) 65.00 10.89 2.05 62.58 11.41 2 .15 

To determine whether the difference between the two 
groups might be ascribed to chance in the sampling the 
value oft was determined from the following formula: 

t 

v' 
In this study the criterion of significance is two. 

.811 



lower meohanical average soore, while the previous study 

reoords and previous drawing experience of the two groups 

are very nearly equal. Acoording to the various oriteria, 

however, the differences between the groups are not 

statistically significant. 

The outcomes of~ experiment 

For the purpose of testing the two teaching 

techniques employed in the experiment, Fischer•s 

Mechanical Drawing Tests, Parts One and Two, were used. 

In order to make the testing more reliable, it was decided 

to give the tests at the beginning and again at the end 

of the experiment. The scores made on the tests both 

times they were given were compared statistically, and 

graphs were made for the two groups. 

A comparison of the results of these testings 

is shown in Table 2. 

Comparison of achievement£!. groups.!!.!!!!, 
Fischer's test norms 

A further comparison of scores at the end of the 

experiment was made with the standards that accompanied 

the test. As the groups participating in the experiment 

were selected and homogeneous and since the established 

norms for these tests are the results of heterogeneous 

groups, the writer felt a comparison was neoessary. As 

the test norms were stated in terms or medians, the same 

terms will be used in this comparison. 



TABLE 2.--THE OUTCOME OF THE EXPERIMENT 

FISCHER'S FIRST TIME ADMINISTERED M.D . TESTS 
PARTS I EXPERIMENTAL (A) CONTROL (B) t AND II AND 
TOTAL OF dif-

fer-PARTS I Mean SD SEM Mean SD SEM ence AND II 

Part I 22.68 6.34 1.20 23.71 5.88 1.11 0295 
Part II 11.86 4.94 .93 13 .62 5.99 1.13 1.19 
Parts I 
and II 34.55 10.01 1.89 37.06 11.16 2.11 .887 

TABLE 2.--THE OUTCOME OF THE EXPERIM"BmT--Continued 

FISCHER'S SECOND TIME ADMINISTERED M.D. TESTS 
PARTS I 
AND II AND EXPERIMENTAL (A) CONTROL (B) t 
TOTAL OF dif-
PARTS I Mean SD SEM Mean SD SEM 

fer-
AND II ence 

Part i 43.44 8.27 1.56 34.42 8.03 1 .51 3.89 
Part II 37.93 7.66 1.44 29 .48 6.99 1.32 4.30 
Parts I 
and II 81.37 13.58 2.56 64.41 13.21 2.49 4.73 

To determine whether the difference between the two 
groups was significant the value oft was determined from 
the following formula: 

t = !A XB ;===:::=====::=;:== 
\ /o-(.X.I\ )2 er 2 V ~ + (XB) 

In this study the criterion of significance is two. 



A comparison of the median score of Group A 

with the standard median score indicates a standard 

deviation of 13.58 and a standard error of 3.21 of the 

median. Two times the standard error (6.42) is not as 

large as the difference between the two medians (22), so 

Group A has an achievement which is significantly greater 

than that represented by the norm of the test. 

Group B showed a standard deviation of 13.21 

and a standard error of 3.13 of the median. Twice the 

standard error (6.26) is slightly larger than the 

difference between the two medians, which is four, so 

that the difference is not significant from a statistical 

standpoint. 

Since Group A's median was significantly above 

the standard and Group B's not significant, it is evident 

that they should be sufficiently different in their 

achievement for their difference to be statistically 

significant. The difference between the two medians (18) 

is larger than twice the standard error of difference 

(7.15) and is therefore significant. 

Summary£!. findings~ discussion 

The following statements indicate that the 

teaching procedure using sketching, construction, and 

simplified instruments was shown to be superior to the 

traditional method in the present study: 



1. In achievement, as measured by Fischer's Mechani
cal Drawing Test, Group A was statistically 
superior in both Parts One and Two, so the 
total results were strongly in favor of Group A. 
The first time Fischer's tests were given to the 
groups, at the beginning of the experiment, Group 
B excelled on both Parts One and Two and on the 
combined scores; yet, in the final testing Group 
A far outranked Group B with a statistical 
difference of 4.733. 

2. The achievement of Group A was significantly 
higher than the standard median of Fischer's 
tests, while Group B's median score was not 
significantly different. 

3. In terms of time and accomplishment, Group A was 
superior to Group B. In the number of plates 
completed, Group A showed only a slightly higher 
number, but it must be taken into consideration 
that, in addition to the number of plates com
pleted, Group A members were also required to 
construct the same number of models. This shows 
that Group A did nearly twice as much work as 
Group B. From the results of Fischer's tests, 
this was to be expected since the test itself is 
based on speed and accuracy, and since A was 
definitely superior to Bin the final testing, 
they were superior in the time element likewise. 
Group A's median score was equivalent to 50,000 
minutes of drawing time, while B's was equivalent 
to 7,000 minutes according to Fischer's time norms. 

4. In comparing the cost of equipment used by each 
of the groups, it was found that Group A's equip
ment cost was $0.57, while that of Group B was 
$1.60. Thus, the cost was less than one-half when 
the simplified method was used. 

5. This study indicates that, for the groups par
ticipating in the experiment, the traditional 
method of teaching drawing as employed in the 
East Moline High School is definitely inferior 
when achievement is measured by a particular 
standardized mechanical drawing test. 

6. The results imply that mechanical drawing as 
taught by the use of simplified instruments, 
construction, and free-hand sketching is the 
superior method for the groups participating in 
this experiment from the standpoint of technical 
information, performance achievement, finances, 
and time. 



Limitations of the study and problems 
for further research --

The writer realizes that this study has its 

limitations as to time and number of cases. Ideally, 

the experiment should be carried on for a period of 

three years with the experimental and control groups 

containing at least 100 pupils each. Furthermore, the 

experiment should be tried by enough other teachers to 

determine whether the experimental method is generally 

superior for some teachers and inferior for others. rt 

might be advisable also to determine first whether the 

locale that will influence results is variable or not. 
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Chapter I 

INTRODUCTION 

General background of 1!1! study 

In the high schools of Illinois, the beginning 

work in mechanical drawing consists of an independent 

half year unit open to all students from the ninth 

through the twelfth grade of high school. All colleges 

and universities that are members of the North Central 

Association accept this unit for college entrance. No 

previous training is required, but it is a prerequisite 

to all other mechanical drawing courses. The time allot

ment for the course is five clock hours per week for 

eighteen weeks or a total of five thousand four hundred 

minutes. Mechanical drawing courses in Illinois are 

governed by the state course of study which is shown 

in Chart 1. {See Appendix) This state course of study, 

however, allows each local community considerable freedom 

to adapt the instruction given in mechanical drawing to 

its needs. 

The emphasis which the local community usually 

places on the different aspects of mechanical drawing is 

determined by the objectives which mechanical drawing 

authorities have found to be important and by local 



_________________ ,. " ___________ ,.___ 

occupational conditions. 

Mechanical drawing along with all other subjects 

of the high school curriculum. must contribute its portion 

of the achievement of the total educational objectives of 

the secondary school. A list of these general objectives 

of mechanical drawing found in the Illinois Syllabus 

together with additional objectives obtained from further 

research sources are given in Chart 2. (See Appendix) 

The high school in which the writer is a teacher 

is located in an industrial area where the industries 

recruit a large portion of their p~rsonnel from among the 

high school graduates who have received training in 

mechanical drawing. 

~ problem 

Upon investigating and talking with the factory 

executives, foremen, and former students who are now 

employees of these factories,the writer found that a study 

of current methods of teaching mechanical drawing was 

needed. The writer was employed in the Drafting Depart

ment of both major industrial plants in East Moline during 

the summers of 1936 and 1937 and learned from these ex

periences the great need for such a study. The superin

tendent of the high school also is interested in developin 

methods of teaching that are best adapted to the pupils' 

needs. This thesis, therefore, is a report on the results 

of an experiment to measure the relative effectiveness of 



teaching ninth year general drawing through sketching, 

construction, and the use of simplified instruments. 

Two approximately equated groups participated 

in the experiment. These groups comprised twenty-nine 

pupils each and were selected from classes in the United 

Township High School, East Moline, Illinois. 

Local situation 

East Moline, a city of 12,000 inhabitants, is 

located on the Mississippi River, and is the smallest of 

a group of four known as the "~uad Cities" which includes 

Davenport, Iowa; Rock Island, Moline, and East Moline, 

Illinois. The combined population of this area is about 

150,000. These four cities constitute one of the greatest 

industrial centers of the United States. East Moline, 

itself, is the home of the John Deere Harvester Company 

and the International Harvester Company factories, two of 

the largest manufacturers of farm implements and machinery 

in the world. These immense plants ship their products 

to many nations; South America, Australia, and Russia 

being their largest markets. At the peak of the pro

duction season these two factories together employ more 

than 6,000 men and women. In addition to these major 

plants, the Troy Laundry Company and the Buddy L. Toy 

Manufacturing Company are also located in East Moline, 

both of which employ large numbers of men and women. 

Naturally the population of East Moline has 



- ,J, , 

steadily increased, with census reports showing that it 

has doubled in the last fifteen years. Increasing 

population has meant an ever growing student body in the 

high school. When the writer began teaching in East 

Moline in the fall of 1930 the student body numbered 

500; while this year's enrollment was 890. 

As the factories and population continue to 

increase there is also a steadily growing interest among 

the manufacturers themselves toward the school shops. 

This has resulted in the organization of the Tri-City 

Iv1anufacturers' Association of Rock Island, Moline, and 

East Moline, Illinois. This organization is very active 

and cooperates with the shop departments of the high 

schools. In addition to sponsoring apprenticeship 

training the Association sends representatives to the 

classroom to lecture on shop topics such as Care of 

Machines, Tools, Safety, and the like. Each year the 

students of the Industrial Arts classes have an op

portunity to make several " ' field trips" to observe 

operations in each of the factories in the Tri-Cities. 

Explanations and all necessary information regarding 

the work being done are given to the boys by a guide 

who accompanies them on the shop tour. 

Mr. J. Morgan Johnson, Vocational Director of 

the Association, has charge of all the apprentice

training in the Tri-Cities. It is his duty to visit 



shop classes and confer with instructors concerning 

apprentice prospects. Boys who have done good work in 

school classes and who show an interest in shop work are 

placed in the various Drafting and Metal Departments of 

either John Deere Harvester Company or the International 

Harvester Company as apprentices. A large percentage 

of boys is placed in this way. Factory executives tell 

us that they prefer these boys to those having no shop 

training in high school, and in very few instances is 

there a failure among boys who come to them to serve 

apprenticeships. In several instances boys of the 

writer's own classes have advanced in a few years' time 

to positions of department foremen. 

The steadily growing interest of the factory 

executives who look to the school for their future workers 

and the splendid cooperation of the Manufacturers' 

Association are resulting in a closer relationship of 
I. 

the school shop and the factory. Thus, these factors 

have influenced the writer to make a study to measure 

the relative effectiveness of teaching ninth year general 

drawing through sketching, construction, and the use of 

simplified instruments as compared with the traditional 

method of teaching drawing to determine which one is 

most desirable for the students. The method that proves 

to be superior will be the one used in the mechanical 

drawing department of the East Moline United Township 



High School. 

Problem analysis 
' 

In making an analysis of the steps necessary 

to carry this experiment forward several major questions 

arose. There were five: 

1. What are the aims and purposes of 
mechanical drawing? 

2. What shall comprise the content of the 
experimental course? 

3. W'hat criteria are needed to establish 
the equivalency of the two groups? 

4. What methods and devices are needed to 
make evaluations? 

5. What are the results? 

Mechanical drawing is recognized by many persons 

as the universal language of Industry and has been the 

subject of considerable research. Therefore, the writer 

has carefully reviewed all such research reports to find 

if any of the foregoing questions have been answered. 



Chapter II 

REVIEW OF REBE.ARCH LITERATURE 

In reviewing this research literature the writer 

found only partial answers to questions l, 2, 3, and 4, 

but question five'· was completely unanswered. 

The research that bears on question one, "What 

are the aims and purposes of mechanical drawing?" follows. 

Van Deventer made a study in 1933 of mechanical 

drawing courses in Illinois high schools (19). Through 

a questionnaire sent to 142 high schools located in all 

sections of the state the following aspects of mechanical 

drawing were covered: objectives, organization of courses, 

content of courses, methods of conducting class work, 

equipment, teacher training, salaries, and experience. 

His study lists these main objectives of 

mechanical drawing: (1) general education, (2) skill 

in the manipulative processes, (3) reading and executing 

working drawings, (4) principles of drawing, (5) vocationa 

preparation, (6) guidance, and (7) aid to other subjects. 

A further classification of these objectives was made by 

grouping them under two main headings which were desig

nated as general education and vocational preparation. 

The replies of the mechanical drawing teachers cooperating 



in this study consistently recognized these two broad 

objectives, and they considered the broad general values 

of the subject equivalent to the specific vocation.al valu. 

A survey of the teachings of mechanical drawing 

in the state of Wisconsin was carried on in 1934 by a 

committee of the Wisconsin Industrial Arts Association 

and reported by Waffle (20). It was made for the purpose 

of determining the content of courses, types of courses 

taught, objectives, and allocation of school time for 

this work. The majority of schools participating in the 

experiment indicated General Education as the objective 

sought. 

An investigation was made in the state of Illinoi 

in 1934 by a selected committee of the Industrial Arts 

Section of the High School Conference (13:7) for the 

purpose of selecting a course of study for the high 

schools of that state. 

This study revealed that (a) the aim of educa

tion, if summed up might be that of making each individual 

"socially efficient", or that he must be effective in his 

economic, domestic, and civil life, and be able to make 

a wholesome and enjoyable use of his leisure time; (b) 

mechanical drawing contributes to each phase of this 

general aim, but most effectively in the economic one 

which involves preparation for a vocation; (c) the 

vocation, however, should not be interpreted in the 



narrow sense of draftsmanship, but rather in the broader 

sense of preparation for any of the fields of endeavor 

wherein a knowledge of drafting is of practical utility; 

(d) to this end knowledge of the fundamental rules and 

principles of drawing, skill in its techniques, and 

speed in execution are the most immediate aims. 

Since the aims and purposes of mechanical draw

ing as stated in Van Deventer's study, the Wisconsin 

Survey, and the Illinois Syllabus were derived from 

research, they were used as a basis in preparing the 

content of the course of study used in this experiment. 

(See Chart 2 in Appendix) 

The following research bears on the second 

major question, "What shall comprise the contents of 

the course?" 

A study was made by Hale (11) in 1932 "to 

determine, if possible, what should constitute the content 

of a mechanical drawing course designed to teach pupils 

how to read, understand, and make the drawings which 

they were most likely to meet or need in every-day life." 

He reviewed 102 newspapers, 60 magazines, 126 mailed 

advertisements, and 158 school library books to discover 

how frequently drawings occurred in them. He also 

.tabulated the space taken by the drawings. Any type of 

graphic representations which were produced in a drafting 

room were considered as a drawing. 
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It was concluded that some form of drawing was 

needed in nearly every walk of life, and as a daily ex

perience the majority of people need a knowledge of 

reading and understanding drawing. The kinds of drawing 

found to be important were: pictorial drawings, freehand 

sketches, outdoor drawings, mottoes and emblems, letter

ing, drawing without dimensions, graphs, interiors, 

floor plans, sections, silhouettes, diagrams and charts, 

dimensioned drawings, line maps, drafting conventions, 

and elevation. 

This study shows a race between free-hand 

sketches and pictorial drawings, both of which probably 

receive a small amount of attention in the average 

mechanical-drawing course. Pictorial drawings with a 

frequency of 4,662, won by a close margin over the 4,602 

free-hand sketches found in the literature that was 

scrutinized. 

An investigation was made by Walsh in 1928 of 

the uses of mechanical drawing in every-day home life 

(21:14). Through a questionnaire sent to parents he 

learned whether they performed daily, frequently, seldom, 

or never certain activities at home involving the use 

of mechanical drawing or a knowledge of it. 

His study revealed that (a) laymen made general 

use of mechanical drawing and the knowledge that it 

involves; (b) there seems to be a growing tendency to

ward more free-hand drawing or technical sketching; (o) 



Pictorial drawing is not used much, but the tendency is 

more toward dimensioned perspective drawings or sketches 

which show a twenty per cent usage; (d) mechanical 

drawing should be considered in the scheme of general 

education. 

These findings reveal the need of several types 

of drawings, such as free-hand sketching that could well 

be placed in a course in mechanical drawing, 

An investigation was made by_Cleveland (5:74} 

in 1938 of the uses made of different kinds of graphic 

representation by the citizens of Doi.mars Grove, Illinois 

for the purpose of establishing a non-vocational course 

in the high school dealing with graphic representations. 

Through a questionnaire sent to parents and alumni of 

Downers Grove, and through personal interviews with the 

teachers he learned how frequently the individual had 

occasion to read or make different types of drawing. 

His study revealed that (a) parents who had not 

studied drawing use it less in their everyday life than 

those who have studied it; (b) a greater use was mani

fested for certain types of drawing than for making them; 

(c) 21 types of drawing were used daily or frequently by 

25 per cent or more of two out of the three groups, 

parents, alumni, and teachers; (d) on the basis of this 

usage the following types of drawing should be included 

in the proposed course: (The ten most frequently used 



types are listed below). 

1. Making mechanical picture drawings 
2. Making free-hand picture sketches 
3. Making free-hand picture drawings in which 

dimensions are included 
4. Reading free-hand picture sketches in which 

dimensions are included 
5. Making free-hand orthographic sketches 
6. Reading free-hand orthographic sketches 
7. l\:aking mechanical orthographic sketches 
8. Reading mechanical orthographic sket ch8S 
9. Using drawing for the purpose of assembling 

10. Making sectional views 

These findings show the need of giving the 

pupil training in reading and making the different kinds 

of graphic representation which the average citizen 

uses today. 

Five copies of newspapers and 15 copies of 

magazines were studied by Hankhammer {12) in 1930 to 

determine the amounts and kinds of drawing they con

tained. He found that 28.5 per cent of the newspaper 

and magazine space was given to drawing. From·this 

study he concluded: (a) that drawing instruction should 

be diversified as to types of drawing and that instruc

tion should not be based on abstract exercises; (b) 

that the data seemed to justify the establishment of two 

types of courses in drawing, namely; basic interpretative 

instruction for the rank and file of pupils and spe

cialized courses with a vocational aspect; (d) that all 

pupils have a need for the minimum understanding of 

graphic representation. 

The writer finds, after reviewing these studies, 



that recent trends are toward free-hand sketching and 

its varied application. This is evidence that a change 

is needed in our present mechanical drawing courses. 

Some of the newer textbooks (16:44, 22:42) in mechanical 

drawing have included units which the writer considers 

to be of more value to the average citizen than some of 

the units in old, traditional courses. Some of these 

units deal with free-hand sketching and its varied 

application. All of'. this is further evidence of' the 

need for the proposed study. 

The content of' the course of study used in this 

experiment was based on the Illinois state Course of 

Study from the Illinois Syllabus, but as previously 

stated in_ the Introduction, the state allows each local 

community considerable freedom to adapt the instruction 

given in mechanical drawing to its needs. The writer 

wished to modify the proposed state course somewhat, so 

the Wisconsin Course for Mechanical Drawing was analyzed; 

and since the two proved to be very similar in content, 

a combination .of both was made in constructing the 

course of study for this experiment. 

The following research bears on a part of 

question three, "What criteria are needed to establish 

the eq_ui valency of the two groups?n 

A study was made by Krueger (14) in 1936 to 

determine the significance of group influence upon the 

Otis s.-A. test scores. 
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The findings show that when the individual and 

the group test both followed the initial tests, the 

average for the individual tests was slightly higher. 

This difference of .42 was also of little significance, 

since the reliability of the difference between the two 

means was only 1.05. The results justified the con

clusion that the presence of the group had little in

fluence upon the Otis S.-A. tests. Thus,persons taking 

the tests separately from the group would get about the 

same test scores as though they had been with the group. 

These conclusions are valuable to the writer 

in that the Otis S.-A. Tests ( Higher Examination) were 

administered to both groups participating in the ex

periment at the beginning of the school year and were 

given to the entire group at one time. A copy of the 

test is found in the Appendix. 

MacQuarrie (15) aimed to prepare a test which 

would not measure intelligence and found only negligibly 

low correla tions ( not exceeding .20 ) bet ween his test 

s core s and performa. nce i r:.. int elligence tests. Others 

have since found somewhat higher correlations with 

intelligence. Pond (18), for example, has obtained for 

83 of the Scovill toolmaker apprentices their scores in 

the Otis Higher Examination and in several other verbal 

and non-verbal tests. It was found that the MacQuarrie 

test correlates .291 with years of schooling, .293 with 

the Scovill Apprentice Scale, .336 with the O'Connor 



Wiggly Block, and .381 with the Otis Higher Examination. 

A study was made in 1933 by Babcock and 

Emerson (4) of the MacQuarrie test for Mechanical 

Ability in order to determine; (a} the relationship 

between the total scores of the MacQuarrie test and a 

measure of intelligence at various chronological age 

levels; (b} the extent of relationship between the seven 

sub-tests of the MacQuarrie test and their specific 

relations to the levels of intelligence at those 

chronological ages. 

The results show that from a group of 400 

subjects selected from the New York Public Schools that 

the distribution of mental ages, as determined by 

vocabulary,very closely approximated the normal curve. 

The correlation between MacQuarrie test total score and 

the level of intelligence became greater with increase 

in life age _between fourteen and twenty year groups. 

Likewise the correlation between each of the seven sub

tests and level of intelligence became greater with in

creases in life age between the fourteen and twenty-one 

year groups. 

In an article Bingham (3} reports a study made 

by Pond of 124 apprentice toolmakers from 16 to 22 years 

of age to determine the relationship of a person's true 

score and his obtained score. 

This study revealed that the standard error of 



measurement of a person's total score is not more than 

one-third of a unit on the standard scale--about five 

points. In other words,in 68 per cent of the cases a 

person's true score will vary from his obtained score 

by not more than plus or minus five points. The sub

tests are a little less reliable,and a person's score 

may have a standard error of measurement of as much as 

half a unit on the standard scale. 

The above findings are of value to the writer 

inasmuch as they help to validate his experiment, since 

the MacQuarrie test for Mechanical Ability was ad

ministered to both groups participating in the experiment 

as one means of equating them. A copy of the test will 

be found in the Appendix. 

The research bearing on question four, "What 

methods and devices are needed to make evaluations?" is 

as follows: 

A study was made by Fischer(?) in 1930 to 

obtain a reliable and scientific basis for the choice 

of problems used in his mechanical drawing tests and to 

place the tests upon a secure educational foundation. 

Through a questionnaire sent to over 100 schools 

representing the various sections of the United States, 

he secured data relating to courses of study, textbooks 

used, blue print and mimeographed instructional material 

employed, as well as to the nti.mber of weeks a half year 



or drawing embodied, the number of periods the class met 

a week, and the number of minutes in a drawing period. 

The author determined the amount of space devoted t~ a 

particular drawing unit in each textbook mentioned by a 

careful tabulation of the pages. Using a similar method 

with the other instructional material, he was able to 

determine the relative percentage of space given to each 

instructional unit. He found from his examination that 

there was a close agreement in regard to the importance 

of certain major units. Using these as a basis, he 

selected a series or 130 trial problems which he be

lieved would examine a student's mastery of mechanical 

drawing. Before making the final choice of problems, 

the author gave a series of preliminary tests. By a 

careful tryout and by the grading and tabulation of over 

5,000 completed tests covering a period of three years, 

the present series of Fischer's tests (8) was formulated. 

The above findings are of interest to the writer, 

because Fischer's Mechanical Drawing Tests, Part I and 

Part II were used twice in the experiment; once at the 

beginning of the semester and again at the end to test 

the achievement of the two groups at the conclusion of 

the experiment. He further believes that this type of 

test provides a thorough analysis of the student's 

ability in mechanical drawing, because it covers all types 

of typical problems arranged in their order of difficulty 

and based upon the fundamental principles which typify 



the skills and abilities to be derived from a study of 

mechanical drawing. 

With these criteria, the writer was able, by 

means of comparison and elimination, to use matched pairs 

in his experiment. 

In an experimental study made by Gates and 

Taylor (9) in 1926 on the nature of improvement resulting 

from practice in a motor function, they considered their 

groups equivalent, because the mean spread of tapping, 

chronological age, mental age, I.Q., and scores on a 

number of motor tests were approximately the same. 

In an analysis of techniques used in securing 

equivalent groups,, Engelhart (6) in 1930 found it 

desirable to pair off students so that for each pupil 

in the experimental group there will be a mate in the 

control group who has the same mental age or intelligence 

test score. The fact that each individual member of 

an experimental group has his mate in a control group 

makes it possible to claim a greater degree of equiva

lence so far as the groups are concerned than otherwise 

would be possible. 

Another experiment on lecture demonstration 

versus the individual laboratory method conducted by 

Anibal (1) shows that the groups were selected by pair

ing students whose scores were approximately equal on 

both Army Alpha Intelligence Tests and on the Otis Group 

Intelligence Scale. In making this selection, some pupils 
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were shifted from one group to the other until the mean 

of the .A:rmy Alpha scores of the experimental group was 

very nearly equal to the mean of the Army Alpha scores 

of the control group and until the mean of the Otis 

scores of the experimental group w&s very nearly equal 

to the mean of the Otis scores of the control group . 

The computations and statistical tabulations 

and comparisons found in this study are based on the 

methods used by Arkin and Colton (2:36, 122, 129). Some 

statistical aids were also secured from Greene (10:57) 

and from Newkirk and Greene (17: 10, 28). However, 

the writer wishes to point out that while some benefits 

were derived from the latter two sources, it was Arkin 

and Col ton's book that was indispensable to him in 

solving the problems of this study. 

The findings of the various studies included 

in the review of literature have proven to be an aid 

in and a basis for conducting the experiment which is 

described in the following chapters. 



Chapter III 

MATERIALS AND MErHODS 

The data needed for solving the problem were 

obtained from three sources. The first was a review 

t: :J 

of the research studies relating to the proposed problem; 

the second source was employers who hire students who 

have been trained in mechanical drawing and employees 

of the industrial plants, many of whom are graduates 

and former drawing studen.ts of the East Moline High 

School; and the third was the student group itself. 

In preparing the content of the course of 

study for the experiment,the following researches were 

used: (a) Van Deventer•s survey of mechanical drawing 

courses in Illinois high schools in which the objectives, 

aims and purposes, organization of courses, content, 

methods, and equipment were revealed; (b) The Wisconsin 

Industrial Arts Association Survey for the purpose of 

determining the content of courses, types of courses, 

aims and objectives; (c} The investigation made in the 

State of Illinois in which courses of study, current 

textbooks, social and economic situation of high school 

students were analyzed in order to select a course of 

study for the high schools of that state; (d) Hale's 



study to determine the content of a mechanical drawing 

course designed to teach pupils how to read, understand, 

and make the drawings which they were most likely to 

meet with or need in everyday life; (e) Walsh's investi

gation of the uses of mechanical drawing in everyday 

home life; (f) Cleveland's analysis of the uses of the 

different kinds of graphic representation used by the 

citizens of Downer's Grove; and {g) Hankhammer's study 

of current newspapers and periodicals to determine the 

amount and kinds of drawings they contained. 

f 

These resources were used when equating and 

comparing the two groups participating in the experiment: 

(1) Kruger's study to determine the significance of group 

influence upon the Otis s.-A. test scores; {b) Babcock 

and Emerson's study of the MacQuarrie test for Mechanical 

Ability in order to determine the relationship between 

the total scores of the test and a measure of intelligence 

at various age levels, and also to determine the relation

ship between the seven sub-tests of the MacQuarrie test 

and their specific relations to the levels of intelligence 

at those chronological ages; (c) Bingham's report of Pond's 

study to determine the relationship of a person's true 

score and his obtained score; (d) Fischer's study of his 

own mechanical drawing tests in order to obtain a reliable 

and scientific basis for the choice of problems used in 

them and to place the tests upon a secure educational 
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foundation; (e) Gates' and Taylor's techniques for 

equating groups which they used in their experiment on 

the nature or improvement resulting from practice in 

motor functions; (f) Englehart's analysis of techniques 

used in securing equivalent groups; (g) Anibel's methods 

of pairing used in the study made on the lecture demon

stration versus individual laboratory method. 

As all of the above is research in which large 

sampl±ngs were taken, the authenticity of it is assumed. 

Since East Moline is located in an industrial 

area, and as the industries recruit a large portion of 

their personnel from the high school graduates who have 

had training in mechanical drawing, the second source of 

data was obtained from the employers and employees of 

these local industrial plants to determine which method 

of teaching drawing is the most practical to the student 

in everyday life. The validity of this source was 

established by securing a ·wide sampling of cases, or 

approximately 100 per cent in three different departments; 

namely, the Executive, Drafting, and Layout. 

METHODS 

A critical analysis of the data listed was made 

in order to obtain all that would be of help to the write 

in the solving of his problem, and as the researches on 

the foregoing pages are all that are available,it is felt 



that the sample is adequate. 

Data from the employers were obtained through 

personal interviews with 100 factory executives, foremen, 

and members of the Tri-City Manufacturers' Association 

while the writer himself was employed in the two major 

plants during the summers of 1936 and 1937. It was felt 

that these men would be familiar with the needs of shop 

training, as they come in contact with thousands of 

workers each year. The writer also talked in detail 

about the present mechanical drawing course and its 

application to everyday uses with 150 employees of the 

Drafting and Layout depart~ents in which he himself 

worked. Since a large sampling for the above data was 

made, it is considered adequate. 

Methods 

In applying the two teaching procedures, the 

same course content was given to both groups. The 

classes were taught by the same teacher, in the same 

classroom, and both met during the afternoon session; 

the experimental group, the fourth period, and the control 

the fifth period during the first and second semesters. 

The classes being equivalent, the only variable then 

was the method of instruotion--the effect of which was 

to be determined. 

The control group continued its work using the 

regular drawing equipment, which included a set of drawing 
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instruments, triangles, scale, drawing pencils and ink. 

The experimental group was asked to purchase a five-cent 

ruler, a ten-cent compass, drawing pencils and ink. ~ch 

day the woodshop was available to the experimental group 

so that each member of the class could construct his 

necessary drafting models from wood or in a few cases, 

from paper before an actual drawing of the model was begun 

The instructor was at hand, if help or instructions were 

needed. The models were constructed actual size, using 

the measurements of the patterns as given in the textbook. 

A rule, and, in a few cases, the compass were used for 

securing accurate measurements and for laying-out all 

models. Both groups were required to complete 30 drawing 

plates and a cover sheet. One model at a time was 

completed and then sketched as the actual drawing. In 

constructing the first eight drawings,the experimental 

group was permitted to use a rule as a means of measure

ment for arranging the drawing on paper, etc.,until they 

became accustomed to this new method. The remaining 

22 plates were then drawn entirely by free-hand sketching 

and eye-measurement. No instruments whatsoever were used. 

Each group was given individual instruction 

whenever necessary. Related information of the same 

content was given to both classes through lectures, 

demonstrations, and student reports which occupied about 

one period a week. The students of the two classes 

progressed at their own rate of speed; members of the 
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control group following the traditional method using 

their regular equipment and drawing the plates as given 

in the textbook; while the experimental group used 

simplified instruments, sketching, and their models which 

had been patterned from those printed in the textbook. 

Records were kept on a progressive-work chart which 

was posted in the drawing room and was available for the 

student to see at any time. 

Frequent check-up tests were administered show

ing the essential difference of the method of pupil 

activity, but the grades were in no way used for testing 

the results of the experiment. At no time were the 

students of either class told the purpose of the two 

methods of teaching the drawing course. 

Selection and equivalency of 
the two groups 

There were 110 mechanical drawing pupils availabl 

for the experiment. Because of the fairly large class 

enrollment, the pupiis were divided on a systematic basis. 

In determining the equivalency of the groups in a statis

tical way, the following criteria were used: intelligence 

quotients, chronological age, school average, previous 

drawing experience, and scores made on the MacQuarrie 

est for Mechanical Ability which was administered to bot 
t 

groups at the beginning of the experiment. In checking 

to see how nearly equal the groups were, it was found 

that there were 29 .matched pairs from the 110 pupils. 



They were then systematically divided into a control 

group of 29 pupils and an experimental group composed 

of the same number. The other 52 students were elimi

nated because of too great a variation in age, I.Q.'s, 

and mechanical ability scores. As previously stated, 

this course consists of an independent half year unit 

open to all st udent s from t he ninth through the twelfth 

grade of high school, so all pupils were electing the 

subject. The experimental group consisted of 24 fresh

men, 2 sophomores, l junior, and 2 seniors; while the 

control group was made up of 25 freshmen, 1 sophomore, 
-

l junior, and 2 seniors. (See Chart No. 3 in Appendix) 

The experiment was conducted during both semesters in 

order to use matched pairs. 

The remainder of this chapter will compare the 

two groups as to intelligence quotients, average school 

grades of the previous semester, age, previous drawing 

experience, and MacQuarrie's test scores. 

Comparison of lli groups .Q!!. ~ basis ,2! 
intelligence quotients 

The Otis s.-A. Test of Mental Ability (Higher 

Examination) is given in East Moline, Illinois to the 

members of the freshman class, and the scores are placed 

upon the student's permanent record cards. The I.~.'s 

from these record cards have been used in t~e present 

study. ( A copy of the test may be seen in the .Appendix) 

As shown by Table 1, the mean of Group A was 



107.93, with a standard deviation of 8.27 and a standard 

error of 1.56 of mean; while Group B had a mean of 106.68 

a standard deviation of 7.84 and a standard error of 1.48 

of mean. In this case both groups are above normal where 

a mean of 100 for this test would be considered normal 

for a large school group. However, since the groups are 

made up of selected matched pairs this is to be expected, 

although Group A shows a slightly higher mean than Group 

B. 

To determine whether the difference between the 

two groups is significant or whether it might be ascribed 

to chance in the sampling, the value oft was determined 

from the following general formula: 

t = 
V 

The calculated value oft is .5896 which indi

cates that the difference is not significant and may be 

attributed to chance. In order to be significant the 

calculated value must exceed two in this study. 

Figure l is a graphic comparison of the two 

groups on a basis of magnitude of the~.~. 

Comparison of the groupS....Q!! the basis 
of school grades 

A comparison of the school grades of the previou 

semester before the experiment was conducted was made by 
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TABLE 1.--COMPARISON OF GROUPS A AND BON TEE BASIS 

OF INTELLIGENCE ~UOTIENTS 

GROUP 
STUDENTi---------~ 

A B 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

( I •. Q.) 'T Cl \ 

127 120 
123 119 
122 115 
121 115 
115 115 
114 114 
114 113 
112 112 
112 111 
110 111 
110 109 
110 109 
108 109 
108 108 
106 108 
106 108 
106 107 
106 106 
105 106 
104 105 
103 103 
102 101 
101 101 
101 100 
101 97 

98 97 
97 95 
95 90 
93 90 

Calculations to show 
whether the difference 
between the two groups 
is significant. 

t 

• 107.93 - 106.68 
.2 2 

y (1.564) + (1.482) 

= .58960 

(Not significant) 

A (Experimental) 

)( = 107.93 

B (Control) 

x : 106.68 
a = 7.843 er : 8.274 

<T;r = l. 564 a~ : 1.482 



Figure 1.--Graphic comparison of the 
two groups on a basis of magnitude of 
the I.Q. 
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securing the records from the school office for each 

student. The averages of the grades made by each student 

are used in the following discussion. 

Table 2 shows that the mean of the grades of 

the 29 pupils of Group A was 83.86, with a standard 

deviation of 5.13 and a standard error of .969 of mean. 

Group B had a mean of 83.51, a standard deviation of 

4.929, and a &tandard error of .931 of mean. The slight 

difference between the records is due to the fact that 

matched pairs were used, but in order to determine 

whether it might be significant the value oft was 
' -

determined. Since its value was only .2604,the difference 

between the two groups is without statistical signifi

cance and may be attributed to chance. 

Figure 2 graphically compares the two groups 

on a basis of the previous study record. The relatively 

close similarity of the groups' previous study records 

can be readily seen from this graph. 

Comparison .2f. .lli_ groups ,2.!! the basis of age 

The age of each student was secured from the 

permanent record card in the school office and was re

corded in months only for this experiment. 

Table 3 shows that the mean age of Group A was 

176.58 months, the standard deviation was 12.03 and the 

standard error 2.27 of mean; while Group B had a mean 

age of 176.20 months, a standard deviation of 10.71 and 
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TABLE 2--COMPARISON OF GROUPS A AND BON THE BASIS OF 
REVIOUS SEMESTER SCHOOL GRADES OF P 

GROuP 
STUDENT 

A 
(average) 

1 94 
2 93 
3 90 
4 89 
5 89 
6 88 
7 88 
8 87 
9 87 

10 87 
11 86 
12 86 
13 85 
14 84 
15 84 
16 84 
17 83 
18 83 
19 82 
20 82 
21 82 
22 81 
23 80 
24 80 
25 77 
26 77 
27 76 
28 75 
29 73 

A (Experimental} 

x = 83.86 
CJ = 5.13 
(j_ .9699 x • 

B 
(average 

95 
90 
90 
88 
88 
87 
87 
86 
86 
86 
85 
85 
85 
85 
84 
84 
84 
84 
83 
81 
80 
80 
80 
80 
78 
76 , 
75 
75 
75 

B (Contro 

i = 83. 
a = 4. 

C'- • x -

l) 

51 
92 
9317 

Calculations to show 
whether the difference 
between the two groups 
is significant. 

t = 

= 83.86 - 83.51 

y (.9699);_ (.9317)Z 

• .2604 
(Not significant) 

0 



Figure 2.--Graphic comparison of the 
two groups on a basis of the previous 
study record. 
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a standard error ot 2.02. 

To determine whether the very slight younger 

age of Group B could be accounted for by chance in the 

sampling twas calculated. Its value of.1247 indicates 

that the difference was not statistically significant. 

The ages of the two groups are represented 

graphically in Figure 3 which shows that Group Bis 

composed of a few younger students while Group A has a 

tew older than any in Group B. 

Comparison .2! lli groups .2!! ~ basis 
,2!. previous drawing experience 

As the students participating in this experiment 

not only came from the East Moline Grade Schools, but 

also from many outlying districts it was decided to check 

on the previous drawing experience of each as one means 

of equating the groups. In Group A there were 15 students 

who had had some previous drawing and 14 had had none 

whatsoever, while in Group B there were 16 with drawing 

experience and 13 without. (See Chart 

Comparison .Q! lli groups .Q.!! ~ basis 
g! mechanical ability 

in Appendix) 

The MacQuarrie Test for Mechanical Ability was 

given to the students of each group the first week of the 

~emester. As shown by Table 4 Group A had a mean of 65.00 

with a standard deviation of 10.89, and a standard 

error of 2.05 of mean; while Group B had a mean of 62.58 

with a standard deviation of 11.41, and a standard error 
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TABLE 3.--COMPARISON OF GRO UPS A AND B ON BASIS 
ONTHS OF .AGE IN M 

GROUP 
STUDENT 

A B 

1 211 204 
2 202 199 
3 199 195 
4 197 193 
5 192 192 
6 183 181 
7 182 180 
8 180 180 
9 177 1'7'9 

10 175 179 
11 174 175 
12 174 174 
13 173 173 
14 173 173 
15 172 173 
16 172 172 
17 171 172 
18 170 172 
19 170 171 
20 169 171 
21 169 170 
22 169 170 
23 169 170 
24 168 168 
25 167 168 
26 166 167 
2? 166 165 
28 166 164 
29 165' 160 

A (Experimental) B (Centro 

)( = 176.58 )( = 176 
CT • 12.035 0- = 10 
a- . X 2.275 a;;;: . 2 

1) 

.20 

.?17 

.025 

-
Calculations to show 
whether the difference 
between the two groups 
is significant. 

t = 

= 176.58 - 176.20 

V(2 •275 )
2+ (2.0258)

2 

= .12474 

(Not significant) 



·---·--

, 
Figure 3.--Graphic comparison of the 
two groups on a basis of the ages 
in months. 



of 2.15. Although Group A excelled in this test, when 

twas calculated the difference was not significant, 

being only .8118. 

Figure 4 is a graphic comparison of the two 

groups on a basis of increasing magnitude of the 

mechanical ability criterion and shows the similarity of 

the two in mechanical ability. 

Discussion ,2! results found i!! equating 
the groups. 

From the records of equating,it is evident that 

Groups A and Bare well-matched. It has been seen that 

Group A has a slightly higher I.Q. than B; while Group 

Bon the average is slightly younger. The previous 

study records and previous drawing experience of the 

two groups are about equal. Group B has a slightly 

lower mechanical ability average than is the case with 

A. According to the various criteria, however, the 

difference between the groups is not statistically 

significant in any case. 

~ outcomes 2f. ~ experiment 

For the turpose of testing the two teaching 

techniques employed in the experiment, Fischer's 

Mechanical Drawing Tests (8) already mentioned were 

used. In order to make the testing more reliable,it was 

decided to give the Fischer's test, Parts One and Two 

at the beginning of the experiment and again at the end 



-

TABLE 4.--COMPARISON OF GRO UPS A AND BON THE BASIS 
CAL ABILITY OF MECHANI 

GROUP 
STUDENT 

A B 

l 89 89 
2 82 86 
3 80 78 
4 78 77 
5 77 72 
6 73 71 
7 73 71 
8 72 68 
9 71 67 

10 70 67 
11 69 65 
12 68 65 
13 67 64 
14 67 64 
15 67 64 
16 66 61 
17 65 61 
18 64 59 
19 63 58 
20 58 58 
21 58 55 
22 57 55 
23 53 54 
24 52 54 
25 52 52 
26 51 52 
27 51 45 
28 4ij 43 
29 46 40 

A (Experimental) B (Cont rol) 

.58 

.41 

.156 

x = 65.00 X : 62 
(! = 10.89 <:r = 11 
crx• 2.059 o-x = 2 

--

Calculations to show 
whether the difference 
between the two groups 
is significant. 

t = 

- 65.00 - 62.58 -

= .8118 
(Not significant) 



Figure 4.--Graphic comparison of the 
two groups on a basis of the mechanical 
ability. 



to both groups, and then make comparisons. Part One of 

the test is designed to test information and Part Two 

to test skills and application of knowledge. The 

directions accompanying the test were carefully followed. 

Part One was administered in 45 minutes; a ten minute 

rest period was given; and Part Two was administered in 

43 minutes. 

The scores made on the tests were compared 

statistically and graphs made for the two groups. A 

further comparison was made with the standards that 

accompanied the tests. 

The following chapter will present in detail 

the analysis and comparison of the results on the test

ing. 



Chapter IV 

FINDINGS AND DISCUSSION 

41-9 

Fischer's Mechanical Drawing Tests which were 

used for the testing program consist of two parts. 

Part One is designed to test technical information. 

This consists of four sections. The first uses the 

multiple-response method in checking knowledge of 

materials and devices used in mechanical drawing. The 

second gives a multiple choice of correct graphical 

representations for scales, lines, and geometrical 

solids. The third requires the writing in of the 

correct answer for the names of geometric solids and 

orthographic projections which are represented pictori

ally. The fourth requires that the student complete 

drawings where the three views were partially given. The 

four parts are weighted as to their importance as 

follows: the first, 25; the second, 14; the third, 9; 

the fourth, 16--for a total of 64. 

Part Two is designed for testing performance. 

By using a series of three separate sectional tests, the 

actual drawing ability of the student is measured. The 

ability to use drawing tools correctly and the ability 

to make a drawing from descriptive data are specially 



measured. No test of skill in lettering is made. The 

three sections as weighted give scores of 12, 6, and 22; 

for a total of 40. 

Fischer's tests were given twice to each group, 

once at the beginning of the experiment and again at the 

end. This procedure was followed to give the results 

of the testing program increased reliability. 

COMPARISON OF ACHIEVE.li/.!ENT OF TEE GROUPS 
ON THE BASIS OF FISCHER'S TESTS 

Results for part ™(first time administered) 

Fischer's tests were administered to both groups 

the second week of school for the first testing. 

0 

Table 5 compares them on the b~sis of scores made 

the first time on Fischer's Mechanical Drawing Test, Part 

ne. It will be seen that the mean of Group A is 22.68, 

1th a standard deviation of 6.34 and a standard error 

of 1.20. Group B has a mean of 23.17, a standard devi

ation of 5.88, and a standard error of 1.11. 

As shown by a comparison of the two means, Group 

B excelled Group A in this test. To determine whether 

this superiority is real, twas found. The calculated 

value oft was found to be .2953,so the difference is 

not statistically significant. 

It might be well to mention here that while the 

superiority of Group Bat the present time is not 

significant,it may later prove to be a determining factor 
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TABLE 5.--COMPARISON OF GROUPS A AND BON THE BASIS 
OF FISCHER'S MECHANICAL DRAWING TEST PART ONE (FIRST 
TESTING) 

GROUP 
STUDENT 

A B 

l 35 37 
2 35 33 
3 34 32 
4 32 31 
5 31 30 
6 28 30 
7 27 29 
8 27 28 
9 26 26 

10 25 25 
11 24 24 
12 23 23 
13 22 23 
14 22 22 
15 22 22 
16 22 21 
17 21 21 
18 21 21 
19 19 21 
20 19 20 
21 19 19 
22 18 19 
23 17 18 
24 16 18 
25 16 17 
26 16 16 
27 15 16 
28 14 15 
29 12 14 

A (Experimental) B(Control) 

x . 22.68 
er = 6.34 
crx = 1.20 

X• 
er = ~-

23.17 
5.88 
1.11 

Calculations to show 
whether the difference 

between the two groups 
is significant. 

t • - -
XA - XB 

y (XA) 2 + ""- 2 (XB) 

= 22.68 - 23.17 

V (1.20)
2+ (1.11) 2 

= .2953 

(Not significant) 

J 



Figure 5.--Graphic comparison of the 
two groups on a basis of the first 
test part one on Fischer's standard
ized mechanical drawing test. 



-------------~-------------·-3-. 
in the outcome of the final results of the testing 

program. 

Figure 5 graphically compares the two groups on 

a basis of increasing magnitude of the first testing, 

Part One of Fischer's Mechanical Drawing Test. 

Results for 1art two(first time 
administered 

Table 6 shows that on Part Two of the test 

Group A had a mean of 11.86, a standard deviation of 

4.94 and a standard error of .934 of mean; while Group B 

had a mean of 13.62, a standard deviation of 5.99, and 

a standard error of 1.13. As seen by the two means Group 
' 

B again excelled A on Part Two. To determine whether 

this difference in means is significant twas determined. 

This value was found to be 1.19,which is less than the 

criterion of significance,which is over two, so the 

difference is not statistically significant. 

Figure 6 is a graphic comparison of the two 

groups on Part Two of Fischer's test the first time it 

was administered. 

Combined results 

Table 7 gives a comparison of Groups A and B 

on the basis of the total scores made on Fischer's test 

Parts One and Two the first time they were administered. 

The mean of Group A is 34.55, the standard deviation 10.01, 



TABLE 6.--COMPARISON OF GROUPS A AND BON THE BASIS 
OF FISCHER'S MECHANICAL DRAWING TEST PART TWO (FIRST 
TESTING) 

GROUP 
STUDENT 

A 

1 24 
2 21 
3 20 
4 19 
5 16 
6 15 
7 15 
8 14 
9 14 

10 14 
11 14 
12 14 
13 13 
14 12 
15 11 
16 11 
17 11 
18 10 
19 9 
20 9 
21 8 
22 8 
23 7 
24 7 
25 7 
26 6 
27 6 
28 5 
29 4 

A (Experimental) 

)(. all.86 
CJ • 4. 94 
a-x = • 9349 

B 

26 
20 
20 
20 
20 
19 
18 
18 
18 
17 
17 
17 
16 
16 
15 
14 
14 
13 
11 
11 
11 
11 

6 
6 
5 
5 
4 
4 
3 

B(Control) 

13.62 
5.99 
1.1325 

Calculations to show 
whether the difference 
between the two groups 
is significant. 

- -
t - XA - XB 

VfxA) 2 + (XB)2 

11.86 - 13.62 

-y (.9349)2+ (1.1325) 2 

- 1.197 - (Not significant) 



Figure 6.--Graphic comparison of the 
two groups on a basis of the first 
test part two on Fischer's standard
ized mechanical drawing test. 



TABLE ?.--COMPARISON OF GROUPS A AND BON THE BASIS 
OF TOTAL SCORES MADE ON FISCHER'S TEST (FIRST 
TESTING) 

GROUP 
STUDENT 

.A B 

1 59 59 
2 56 55 
3 48 55 
4 47 52 
5 45 51 
6 43 48 
7 42 46 
8 41 44 
9 38 44 

10 37 43 
11 37 41 
12 37 40 
13 34 38 
14 33 36 
15 33 35 
16 32 35 
17 32 35 
18 32 34 
19 31 34 
20 28 33 
21 28 30 
22 27 29 
23 26 29 
24 26 26 
25 25 23 
26 23 22 
27 21 20 
28 21 19 
29 20 19 

A (Experimental) B (Control) 

x : 37 .068 
c- . 11.169 
o-x = 2.111 

',< : 34.551 
(j • 

er- -
X -

10.010 
1.892 

Calculations to show 
whether the difference 
between the two groups 
is significant. 

t • - -
x.A - XB 

ycr 2 
(XA) + (x )2 

B 

= 34.551 - 37.068 

V (l.892)2+ (2.111)2 

= .8879 
(Not significant) 



Figure ?.--Graphic comparison of the 
two groups on a basis of increasing 
magnitude of the first test parts one 
and two on Fischer's standardized 
mechanical drawing test. 



and the standard error of 1.89. Group B has a mean of 

37.06, a standard deviation of 11.16, and a standard 

error of 2 .11. Since Group B was superior to A on both 

Parts One and Two the combined scores would naturally be 

larger. Twas calculated and found to be .887 so the 

superiority of Group B over A is not statistically 

significant. 

As previous ly stated it will be interesting to 

note whether or not Group B's apparent superiority over 

A in the first administration of Fischer's tests will be 

of significant va l ue i n the final testing program. 

Figure 7 graphica l l y represents the combined 

scores of the two groups on the first administration of 

Fischer's tests. 

COMPARISON OF ACHIEVEMENT OF GROUPS 
ON BASIS OF FISCHER'S TESTS 

Results~ 1art ™(second time 
administered 

Table 8 compares the two groups on the basis of 

scores made on Fischer's Part One the second time it was 

ad.ministered which was at the close of the experiment. 

., 

It will be seen that the mean of Group A is 43.44, 

with a standard deviation of 8.27, and a standard error 

of 1.56 of mean; while Group B has a mean of 34.43, with 

a standard deviation of 8.03 and a standard error of 

1.51. In comparing the two means one can readily see ._, _____________ , ________________ __, 



that Group A is far superior to Group Bon this 

administration of the test. To determine whether this 

great difference is real t must be calculated. The 

calculation shows that the value oft is 3.89, muc~ 

larger than two, which is the criterion of significance. 

Figure 8 shows in graphical form the marked 

superiority of Group A over Bin this part of the test. 

Results .f.2r. Tart ~{second time 
administered 

Table 9 shows a comparison of the two groups on 

the basis of scores on Fischer's test, Part Two. ccord-

ing to the table Group A had a mean of 3?.93, with a 

standard deviation of ?.66 and a standard error of 1.44; 

while Group B had a mean of 29.48, with a standard 

deviation of 6.99 and a standard error of 1.322. Twas 

calculated to determine whether A's superiority was real. 

The value found was 4.308 which is much larger than the 

criterion of significance, so the difference is statis

tically significant. 

Figure 9 graphically represents this superiority 

of A over B. The graph presents a normal appearance but 

A is shifted upward from B. 

Combined results !2!:, the second 
administration 

By referring to Table 10 which compares the two 

} 



TABLE 8.--COMPARISON OF GROUPS A AND BON THE BASIS 
OF FISCHER'S MECHANICAL DR.AWING TEST PART ONE (SECOND 
TESTING) 

GROUP 
STUDENT 

A B Calculation to show 
whether the difference 

1. 60 5Ji 
2 57 50 
3 53 50 
4 52 45 
5 52 43 
6 52 42 
7 50 40 
8 49 39 
9 48 38 

10 48 38 
11 48 38 
12 48 38 
13 48 37 
14 45 35 
15 42 34 
16 42 34 
17 41 32 
18 40 32 
19 39 31 
20 39 31 
21 39 30 
22 36 30 
23 36 29 
24 36 29 
25 36 26 
26 34 25 
27 32 24 
28 31 22 
29 27 20 

A (Experimental) B (Control) 

)< . 43.44 
o- : 8.27 
o-x = 1.56 

x = 34.43 
a = 8.03 
a-x = 1.51 

between the two groups 
is significant. 

- -
t • XA - XB 

v rx.A) 2 + (XB) 2 

- 43.44 - 34.92 -
'/ (1. 55 )i (1.51) 2 

= 3.895 
(Significant) 

' 

;,_ ----------------------------



Figure 8.--Graphic comparison of the 
two groups on a basis of increasing 
magnitude of the second test part one 
on Fischer's standardized mechanical 
drawing test. 
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TABLE 9.--COMPARISON OF GRO UPS .A AND BON TEE BASIS 
WING TEST PART TWO OF FISCHER'S TulECHANICAL DRA 

( SECOND T..:i:dTD-G} 

___ ._. -- --
GROUP 

STUDENT 
A B 

1 50 48 
2 49 45 
3 47 40 
4 46 36 
5 46 36 
6 46 34 
7 46 33 
8 44 32 
9 43 31 

10 42 31 
11 42 31 
12 41 31 
13 41 31 
14 41 30 
15 40 30 
16 40 30 
17 39 30 
18 37 29 
19 34 27 
20 32 24 
21 31 24 
22 31 23 
23 29 23 
24 29 22 
25 29 22 
26 28 21 
2? 28 21 
28 27 21 
29 22 19 

A (Experimental) B. (Co 

X : 37.93 )( = 
(j - ?.66 (j = 
ax• 1.44 O".- -x. -

ntrol) 

29.48 
6.99 
1.32 

Calculation to show 
whether the difference 
between the two groups 
is significant. 

= 37.93 - 29.48 

y ,1.44)2+ (1.32)2 

4.308 
(Significant) 



Figure 9.--Graphic comparison of the 
two groups on a basis of increasing 
magnitude of the second test part two 
on Fischer's standardized mechanical 
drawing test. 



6 . 
groups on the basis of total scores made on Fischer's 

Mechanical Drawing Tests, Parts One and Two, administered 

at the olose of the experiment, it can be seen that A 

has a mean of 81.37 with a standard deviation of 13.58, 

and a standard error of 2.56 of mean; while Group B has 

a mean of 64.41, a standard deviation of 13.21, and a 

standard error of 2.49 of mean. 

The value of! was found to be 4.?33, which is 

definitely significant; therefore, the difference be

tween the two means is real. 

Figure 10 shows that the graph is normal for 

both groups, but A is shifted upward from B. 

COMPARISON OF THE ACHIEVEMENT OF 
THE TWO GROUPS WITH OTHER CRITERIA 
OF GROUP EQ,UIVALENCY 

Standard median score of Fischer's 
tests-second administration 

As the groups participating in the experiment 

were selected and homogeneous and since the established 

norms for these tests are the results of heterogeneous 

groups, .the writer felt a comparison was necessary. As 

the test norms were stated in terms of medians, the same 

terms will be used in this comparison. 

A comparison of' Group A's median score on Fischer's 

total test scores with the standard median score as given 

by the author and publisher may be seen in Table 11, which 

:'..------------·---------------------· 



indicates a standard deviation of 13.58 and a standard 

error of 3.21. The difference between the standard 

median score, which is given as 59, and the median of 

Group A is 22. Two times the standard error (6.42) is 

not as large as the difference between the two medians, 

so Group A has an achievement which is significantly 

greater than that represented by the norm of the test. 

Table 12 compares Group B's median score of 

Fischer's total test scores with the established norms. 

The standard deviation is 13.21, and the standard error 

is 3.13. Group B has a median of 63 as compared with 

the standard median of 59. Twice the standard error 

(6.26) is slightly larger than the difference between 

Group B's median and the standard, so that the difference 

is not significant from a statistical standpoint. 

Comparison of groups A~ 12_ 

Since Group A's median was significantly above 

the standard median and Group B's was not significant, it 

is evident that they should be sufficiently different in 

their achievement for the difference to be statistically 

significant. Table 13 shows the results to be such. The 

difference between the medians of the two groups is 18, 

which is larger than twice the standard error of the 

difference, which is 7.15, so the difference is significa 



6 _______________ ,_, _____________ _ 
TABLE 10.--COMPARISON OF GROUPS A AND BON THE BASIS 
OF TOTkL SCORES N..ADE ON FISCHER'S TESTS (SECOND 
TESTING) 

GROUP 
STUDENT 

A 

1 110 
2 102 
3 98 
4 98 
5 95 
6 95 
7 94 
8 94 
9 92 

10 91 
11 90 
12 85 
13 81 
14 81 
15 81 
16 79 
17 76 
18 75 
19 74 
20 73 
21 72 
22 71 
23 70 
24 69 
25 69 
26 67 
27 65 
28 60 
29 53 

A (Experimental) 

X • 81.37 
<r = 13.58 
a-x .. 2.56 

B 

99 
84 
82 
81 
80 
75 
74 
73 
72 
71 
69 
68 
67 
64 
63 
62 
60 
59 
58 
57 
56 
56 
54 
52 
50 
49 
48 
44 
41 

B (Control) 

x = 64.41 
a-- = 13. 21 
""x• 2.49 

Calculation to show 
whether the difference 
between the two groups 
is significant. 

- -
t = XA - XB 

\jfxA )2 + (XB)2 

= 81.37 - 64.41 

v (2.56)~ (2.49) 2 

= 4.733 
(significant) 



-I 
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Figure 10.--Graphic comparison of the 
two groups on a basis of increasing 
magnitude of the second test parts 
one and two on Fischer's standardized 
mechanical drawing test. 



68 ___ , ____ . ____________________ __,;;.;~ 

TABLE 11.--COMPARISON OF ~1.EDIAN SCORE OF GROUP A 
WITH STANDARD IIIBDIAN SCORE OF FISCHER' S MECHANICAL 
DRAWING TESTS 

NUMBER 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

SCORE 

110 
102 

98 
98 
95 
95 
94 
94 
92 
91 
90 
85 
81 
81 
81------Median 
79 
76 
75 
74 
73 
72 
71 
70 
69 
69 
67 
65 
60 
53 

When the scores as achieve,~ 
by the individuals of 
Group A are ordered the 
15th score equals the 
median which is 81. 

The standard median score 
for this test is 59. The 
median for Group A ex
ceeds this by 22 points. 
To determine whether this 
difference is significant 
the standard error of the 
obtained median is 
computed. 

er 
median= 1.2533 cr 

y N - 1 

= 1.2533 (13.5809} 

V 28 

• 3.210 

Where c- = 13. 5809 was 
computed for given data 
Table 10. 

Hence t = 22 
3.210 - 6.853 

(Significant) 



R9 _________________ , ___________ _ 
TABLE 12.--COMPARISON OF W...&DIAN SCORE OF GROUP B 
WITH STANDARD 1 EDIA1 SCORE OF FIBCBER' S MECHANICAL 
DRA VHNG TESTS 

NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

SCORE 

99 
84 
82 
81 
80 
75 
74 
73 
72 
71 
69 
68 
67 
64 
63----Median 
62 
60 
59 
58 
57 
56 
56 
54 
52 
50 
49 
48 
44 
41 

When the scores as achieved 
by the individuals of 
Group Bare ordered the 
15th score equals the 
median which is 63. 

The standard median score 
for this test is 59. The 
median for Group B exceeds 
this by four points. 

To determine whether this 
difference is significant 
the standard error of the 
obtained median is computed. 

(j 

median = 1. 2533 cr-
y;:::::il;::~ _::.::1 =-

= 1.2533 (13.2136) v 28 

= 3.130 

Where a- = 13. 2136 was 
computed for given data 
Table 10. 

Hence t =_i__ : 1.277 
3.130 

(Not significant} 



TABLE 13. - -THE STAl\1) RD ERROR OF THE DIFFERENCE BETWEEN 
TvO MEANS (STANDARD D~VIATION OF THE THEORETICAL 
DISTRIBUTION OF DIFFERENCES BETdEEN IVIE.ANS OF SAL.PL.ES 
A Arm B} 

o-D : 

=v ( 13. 5809) 
2 + ( 13. 2136) 2 

28 28 

: 3.B79 

2c-D= 7.158 

fuere 

er A • Standard deviatjon 

o- B = Standard deviation 

NA• Number of items in 

NB• Number of items in 

Median Group A• 81 

Median Group B = 63 
__,;;,.:;,__ 

Difference 18 

of 

of 

Vlhere a- D is the 
s~andard error of 
the difference of the 
two obtained medians 

A sample 

B sample 

first sample 

second sample 

Since 18 the difference between the medians of 
Group A and Group Bis larger than two standard 
errors, it is significant. 



Comparison of the time element of Groups A 
~ §. .2.£ Fischer's niechanical drawing tests 

Fischer's tests are accompanied by a chart 

giving a median score curve calibrated in terms of ntotal" 

minutes of drawing completed to the date of taking the 

test." A portion of that curve is shown in Figure 11. 

Fifty-four hundred minutes was the time involved 

in the present study. The chart indicates that the 

standard median for this amount of time would be 59. 

Group A's median score of 81 is equal to about 

50,000 minutes of drawing time, while B's median score 

of 63 is equal to about 7,000 minutes. Both groups were 

above the median, but Group A far outranked Group B. 

To further d.etermine whether the training given 

the groups as measured by Part One varied from that 

given by Part Two a comparison was made of the mean score 

curve for these facts as compared with the median scores 

for Group A and Group Bon each of these parts. On 

Parts One and Two, Group A corresponded fairly well 

although they ranked higher on Part Two than on Part One. 

Group B showed less accomplishment on Part One, but 

showed an improvement on Part Two. This was probably 

due to a chance in sampling. 

The writer feels that the preceding data 

provide an answer to the main question of this thesis 

which is: What is the relative effectiveness of teach

ing ninth year general drawing by the experimental 



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

TOTAL PARTS ONE AND TWO--FISCHER'S ESTABLISHED NORMS 
AND GROUP A AND B NORMS COMPARED AGAINST TIME 

Figure 11.--Total minutes of drawing completed and norms 

._ ______________ , _____________ . 



·-----·-----·---------, 
TOTAL PARTS ONE AND TWO (SEPARATE)--FISCHER'S ESTABLISHED 
NORMS AND GROUP A AND B NOIDf.S 00!1.:I?ARED AGAINST TIME 

Figure 12.--Total minutes of drawing completed and norms. 



method embracing sketching, construction, and the use 

of simplified instruments as compared with the tradi

tional method? 

Discussion 

The problem of this thesis is: An experiment 

to measure the relative effectiveness of teaching ninth 

year general drawing through sketching, construction, 

and the use of simplified instruments. 

In working out the problem the following 

questions were answered: 

1. What are the aims and purposes of mechanical 
drawing? 

A list of the aims and purposes of mechanical 

drawing were obtained fro~ a review of re

search relating to the proposed problem. 

A. compilation of this accepted list may be 

found in Chart l.{Appendix) 

2. What shall comprise the contents of the 
experimental course? 

The contents of this course of study were 

determined by an analysis of courses of 

study in general drawing that have been 

developed through research by two or more 

states. A combination of the Illinois State 

Course of Study and the Wisconsin Course for 

Mechanical Drawing, was made in constructing 

the course of study for this experiment. 



(See Chart 2 in Appendix). 

3. What criteria are needed to establish the 
equivalency of the two groups? 

Because of the fairly large class enroll

ment it was possible to use matched pairs 

in the experiment. In determining the 

equivalency of the groups in a statistical 

way, the following criteria were used: 

intelligence quotients, chronological age, 

school average in all subjects for preceding 

semester, previous drawing experience, and 

scores made on Mac Quarrie's Mechanical 

Ability Test. 

4. What methods and devices are needed to 
make evaluations? 

For the purpose of testing the two teaching 

techniques employed in the experiment, 

Fischer's Standardized Mechanical Drawing 

Test, Parts One and Two was used. In order 

to make the testing more reliable ~he tests 

were administered to both groups at the 

beginning and again at the end of the course. 

The scores ma.de on the tests were then 

compared statistically and graphs made for 

the two groups. A further comparison was 

made with the standards accompanying the test 
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5. What- are the results? 

In the final testing for achievement as 

measured by Part One of Fischer's tests, 

Group A was statistically superior to Group 

B. The same situation was true for Part 

Two of the tests. As would be expected, 

the results for the entire test strongly 

favored Group A, there being a statistical 

significance of 4.733. 

The achievement of Group A was significantly 

higher than the standard median score of 

Fischer's tests, while Group B's median was 

not significant. 

In terms of time accomplislunent,Group A was 

far superior to Group B, having completed 

an equivalent of 50,000 hours of drawing 

as compared with B's 7,000 hours according to 

Fischer's established time norms. 

Practical application~ recommendations 

Since the experimental study indicates that the 

teaching procedure using sketching, construction, and 

simplified instruments was shown to be superior to the 

traditional method in the present study, this method will 

be used in the mechanical drawing department of the East 

Moline High School. 

Although the conclusions made from this study 



might be made more meaningful in an experiment carried 

on with a larger number of students and extended over a 

period of perhaps three years, the writer feels that since 

he had a controlled situation, as carefully arranged as 

was possible, to measure advantages of both methods of 

teaching that the following recommendations can be made: 

1. The experimental method, by means of free
hand sketching, construction and the use 
of simplified instruments is definitely 
superior in this study for performance 
achievement, technical information, time, 
and from a financial standpoint, and is 
therefore recommended as a worth-while 
method of teaching general drawing. 

2. From the observed reactions to the techniques 
employed, the introduction of free-hand 
sketching, construction, and the use of 
simplified drawing instruments made for 
added interest in the experimental class. 

3. Because of this interest,there was an 
increase in the average ability of each 
student,which in turn helped to make the 
teaching easier and more successful. 

4. This method is also definitely superior in 
diagnosing individual differences. 

Limitations of the study 

The writer realizes that this study has its 

limitations as to time and number of cases. Ideally, 

the experiment should be carried on for a period of 

three years with the experimental and control groups 

containing at least 100 pupils each. No attempt was 

made to prolong the experiment as such would have met 
' 

with administrative difficulty, since the members of the 



drawing class were not confined to a single grade of 

school work. Program construction is a difficult matter 

in· arranging for classes that are heterogeneous so far 

as schoolwork is concerned. 

Problems !2£ further research 

It is the hope of the writer that further re

search and additional experiments will be carried on 

along these same lines so as to strengthen the conclusions 

An experiment which would be of value would be 

to oarry on a similar study for a period of three years 

covering the fields of architectural, machine and other 

forms of drawing as well as first year general drawing. 

There would no doubt be a greater carry-over here, which 

would place the results on a more positive basis. It 

would also be interesting to follow this up by a survey 

of these drawing classes after they leave school and thus 

determine the actual benefits which were derived from 

this method of teaching drawing. 

Furthermore, the experiment should be tried by 

enough other teachers to determine whether the experi

mental method is generally superior or whether it is 

$uperior for some teachers and inferior for others. It 

might be advisable also to determine whether locale that 

influences results is variable or not. 



The problem 

Chapter V 

SUMMARY 

' 

This thesis is a report on the results of an 

experiment to measure the relative effectiveness of 

teaching ninth year general drawing through sketching, 

construction, and the use of simplified instruments. 

Sources of~ 

The data needed for solving the proposed problem 

were obtained from three sources. The first was a review 

of the research studies relating to the proposed problem; 

the second source was employers who hire students who 

have been trained in mechanical drawi~g and from employees 

of the industrial plants, many of whom are graduates and 

former students of the East Moline High School; and the 

third source was students themselves. 

Method 

In applying the two teaching procedures, the 

same course content was given to both groups. The 

classes were taught by the same teacher, in the same 

class room, and both met during the afternoon session; 

the experimental group was taught during the fourth 



period and the control, the fifth period during the first 

and second semesters. As will be sho\m later, the 

classes were equivalent, and the only variable was the 

method of instruotion--the effect of which was to be 

determined. 

The control group continued its work using the 

regular drawing equipment, which included a set of draw

ing instruments, triangles, scale, drawing pencils and 

ink. The experimental group was asked to purchase a 

five-cent ruler, a ten-cent compass, drawing pencils, 

and ink. Each day the woodshop was available to the 

experimental group so that each member of the class could 

construct his necessary drafting models from wood or, in 

a few cases, from paper before an actual drawing of the 

model was begun. The instructor was at hand, if help or 

directions were needed. 

The models were constructed actual size, using 

the measurements of the patterns as given in the textbook. 

A rule, and in a few oases, the compass were used for 

securing accurate measurements and for laying-out all 

models. Both groups were required to complete 30 drawing 

plates and a cover sheet. One model at a time was 

completed and then sketched as the actual drawing. In 

constructing the first 8 drawings, the experimental group 

was permitted to use a rule as a means of measurement for 

arranging the drawing on the paper, and the like, until 

they became accustomed to this new method. The remaining 



!!"-----..... ------ ·----------------........ ---
22 plates were then drawn entirely by free-hand sketching 

and eye-measurement. No instruments whatsoever were 

used. 

Each group was given individual instruction 

whenever necessary. Related information of the same 

content was given both classes through lectures, demon

strations, and student reports,which occupied about one 

period a week. The students of the two classes progresse 

at their own rate of speed; members of the control group 

following the traditional method, using its regular 

equipment, and drawing the plates as given in the text~ 

book, while the experimental group used simplified 

instruments, sketching, and its models which had been 

patterned from those printed in the textbook. Records 

were kept on a progressive-work chart,which was posted . 

in the drawing room and was available for the student 

to see at any time. 

Frequent check-up tests were administered show

ing the essential difference of the method of pupil 

activity, but the grades were in no way used for testing 

the results of the experiment. The testing method is 

described later. At no time were the students of either 

class told the purpose of the two methods of teaching 

drawing. 



Selection and eguivalency of the 
two groups 

Because of a fairly large class enrollment, the 

pupils were divided on a systematic basis. In determin

ing the equivalency of the groups in a statistical way, 

the following criteria were used: intelligence quotients, 

chronological age, school average of the previous 

semester, previous drawing experience, and scores made 

on the MacQuarrie Mechanical Ability Test, which was 

administered to both groups at the beginning of the 

experiment. In checking up to see how nearly equal the 

groups were, it was found that there were 29 matched 

pairs available, and these were then divided into a 

control group of 29 pupils and an experimental group 

composed of the same number. The other 52 students were 

eliminated because of too great a variation in I.Q.'s, 

age, and mechanical ability scores. As the course 

consists of an independent half year unit open to all 

students from the ninth through the twelfth grade of 

high school, all pupils were electing the subject. In 

order to use matched pairs, it was necessary to conduct 

the experiment during the fall and spring semesters. 

Comparison of the groups.£!!_ the basis of 
various criteria of eguivalency 

Table 14 compares the groups on the basis of 

various criteria of equivalency. 
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TABLE 14.--COMPARISON OF THE TWO GROUPS ON THE BASIS 

OF VARIOUS CRITERIA OF EQ,UIVALENCY 

EXPERIMENTAL CONTROL 
CRITERIA OF GROUP (A) GROUP (B) t 
EQ,UIVALENCY diffeP-

ence 
Mean SD SEM Mean SD SEM 

1. I.Q,.'s 
(Otis) 10?.93 8.2? 1.56 106.68 ?.84 1.48 .589 

2 . School 
grade~ 83.86 5.13 .96 83.51 4. 92 .93 .260 

3. Age 
(months} 176.58 12.03 2.27 1?6.20 10.?l 2.02 1.24? 

4. Mechani-
cal Abi-
lity(Mac-
Q,uarrie) 65.00 10.89 2.05 62.58 11.41 2.15 .811 

To determine whether the difference between the 
two groups might be ascribed to chance in the sampling 
the value of 1 was determined from the following formula: 

t: XA - XB 

VfxA)2 + , xB)2 

In this study the criterion of significance is 
two. -
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From the records of equating, it is evident that Group A 

and Group Bare well-matched. Group A has a slightly 

higher I.Q. than B; Group Bis slightly younger and has 

a slightly lower mechanical ability average score, while 

the previous study records and previous drawing experienc 

of the two groups are very nearly equal. According to 

the various criteria, however, the difference between 

the groups is not statistically significant. 

The outcomes of the experiment 

For the purpose of testing the two teaching 

techniques employed in the e4periment, Fischer's 

Mechanical Drawing Tests, Parts One and Two, were used. 

In order to make the testing more reliable, it was 

decided to give the tests at the beginning of the 

experiment and again at the end to the groups. The 

directions for administering the test were followed 

completely. The scores made on the tests both times 

were compared statistically and graphs made for the two 

groups. A further comparison was made with the 

standards that accompanied the test. 

Table 15 compares the two groups statistically. 

Comparison of achievement of groups A .fil!.9. B 
with Fischer's test norms 

As the groups participating in the experiment 

were selected and homogeneous and since the established 

norms for these tests are the results of heterogeneous 



T.nBLE 15. --TEE OUTGO . .E OF TEE EXPERJMENT 

I!'ISCilliR' S FIRST TIME .ArnnNIBTERl!:D 
L-.....D. TESTS 
!PARTS I 

EXJ? I n~~T.AL (A) ( B) AND II AJ\J'D CONTRCL t 
trOTAL OF dif-
IPARTS I .ANI 11ean SD SEM Mean SD SEM fer-
III ence 

Part I 22.68 6.34 1.20 23.17 5.88 1.11 .295 

Part II 11.86 4.94 .934 13.62 5.99 1.13 1.19 

Parts I 
and II 34.55 10.01 1.89 37.06 11.16 2.11 . 887 

To determine whether the difference between the two 
groups was significant the value oft was determined from 
the following formula: 

t = 

In this study the criterion of significance is~-
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T.ABLE 15. --THE OUTCOME OF TEE EXPERII.!ENT--Continued 

FISCHER'S SECOND TII\Jl!i AD~.-INISTERED IM.D. TESTS 
PARTS I 
~ND II A1-J"D EXPERIMENTAL (A} CONTROL (B} 
TOTAL OF t 
PARrrs I 1-tND dif-
II Mean SD 8n Mean SD SEM fer-

ence 

Part I 43.44 8.27 1.56 34.42 8.03 1.51 3.89 

Part II 37.93 ?.66 1.44 29.48 6.99 1.322 4.30 

Parts I 
and II 81.37 13.58 2.56 64.41 13.21 2.49 4.?3 

To determine whether the difference between the two 
groups was significant the value oft was determined from 
~he following formula: 

t • 

In this study the criterion of significance is two. 
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groups, the writer felt a comparison was necessary. As 

the test norms were stated in terms of medians, the 

same terms will be used in this comparison. 

A comparison of the median score of Group A 

with the standard median score indicates a standard 

deviation of 13.58 and a standard error of 3.21 of the 

mean. Two times the standard error (6.42) is not as 

large as the difference between the two medians (22), 

so Group A has an achievement which is significantly 

greater than that represented by the norm of the test. 

Group B showed a standard deviation of 13.21 and a 

standard error of 3.13 of the median. Twice the 

standard error (6.26) is slightly larger than the 

difference between the two medians, which is four, so 

that the difference is not significant from a statistical 

standpoint. 

Since Group A's median was significantly above 

the standard and Group B's not significant, it is 

evident that they should be sufficiently different in 

their achievement for their difference to be statistical! 

significant. The difference between the two medians 

is 18, which is larger than twice the standard error 

of the difference (7.15) and proves the difference to 

be significant. 

~--



Summary of findings and discussion 

The following statements indicate that the 

teaching procedure using sketching, construction, and 

simplified instruments was shown to be superior to the 

traditional method in the present study: 

1. In achievement as measured by Fischer's 
Mechanical Drawing Test, Group A was 
statistically superior in both Parts I 
and II, so the total results were strongly 
in favor of Group A. The first time 
Fischer's tests were given to the groups, 
at the beginning of the experiment, Group B 
excelled on both Parts I and II and on the 
combined scores, yet in the final testing 
Group A far outranked Group B with a 
statistical difference of 4.733. 

L 

2. The achievement ot Group A was significantly 
higher than the standard median of Fischer's 
tests, while Group B's median score was 
not significantly different. 

3. In terms of time and accomplishment, Group 
A was superior to Group B. In the number 
of plates completed, Group A showed only a 
slightly higher number, but it must be taken 
into consideration that, in addition to the 
number of plates completed, Group A members 
were also required to construct the same 
number of models. This shows that Group A 
did nearly twice as much work as Group B. 
From the results of Fischer's tests, this 
was to be expected, since the test itself is 
based on speed and accuracy and since A 
was definitely superior to Bin the final 
testing, they were superior in the time 
element likewise. Group A's median score 
was equivalent to 50,000 minutes of drawing 
time, while B's was equivalent to 7,000 
minutes according to Fischer's time norms. 

4. In comparing the cost of equipment used by 
each of the groups, it was found that Group 
A's equipment cost was $0.57, while that of 
Group B was $1.60. Thus, the cost was less 
than one-half when the simplified method 
was used. 
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5. This study indicates that, for the groups 
participating in the experiment, the 
traditional method of teaching drawing as 
employed in the East Moline High school is 
definitely inferior when achievement is 
measured by a particular standardized 
mechanical drawing test. 

6. The results imply that mechanical drawing 
as taught by the use of simplified instru
ments, construction, and free-hand sketching 
is the superior method for the groups 
participating in this experiment from the 
standpoint of technical information, per
formance achievement, finances, and time. 

Limitations of the study and problems 
for further research 

The writer realizes that this study had its 

limitations as to time and number of cases. Ideally, the 

experiment should be carried on for a period of three 

years with the experimental and control groups containing 

at least 100 pupils each. Furthermore, the experiment 

should be tried by enough other teachers to determine 

hether the experimental method is generally superior or 

whether it is superior for some teachers and inferior 

for others. It might be advisable also to determine 

whether locale that influences results is variable or not. 
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CH.ART 3.--HIGH SCHOOL CLASSIFICATION OF GROUPS 
A AND B 

CLASS A B 

Freshman 24 25 

Sophomore 2 1 

Junior 1 1 

Senior 2 2 . 

'11otal 29 29 

CHART 4.--PREVIOUS DRAViING EXPERIENCE OF TIIE 
GROUPS 

ANSWERS A B 

Yes 15 16 

No 14 13 

Total 29 29 

CHART 5.--AVERAGE NUMBER OF PLATES COMPLETED 
BY GROUPS A AND B 

GROUPS .AVERAGE NUMBER OF 
PLATES COMPLETED 

A 33 

B 32 



OTIS SELF-ADMINISTERING TESTS OF MENTAL ABILITY 

By ARTHUR s. OTIS, PH.D. 

Formerly Development Specialist with Advisory Board, General Staff, United States War Department 

MANUAL OF DmECTIONS AND KEY (Revised) 

For Intermediate and Higher Examinations 

INTRODUCTORY 

SPECIAL FEATURES • 

HISTORICAL 

ACKNOWLEDGMENTS 

CONTENTS 

DIRECTIONS FOR ADMINISTERING 

DIRECT~ONS FOR SCORING 

RECORDING SCORES 

STANDARDIZATION 

PRACTICE EFFECT • 

INTERPRETATION OF RESULTS 

APPLICATION OF RESULTS 

THE PERCENTILE GRAPH 

DIRECTIONS FOR DRAWING A PERCENTILE CURVE 

RELIABILITY AND VALIDITY • 

INTRODUCTORY 

PAGE 

' I 

I 

2 

2 

2 

3 

3 

3 
3 
8 

IO 

II 

I2 

Contents. In this manual will be found the complete direc
tions for administering and scoring the Intermediate and Higher 
Examinations, directions for interpreting the scores in the light 
of the educational problems which the tests will help solve, and 
directions for applying the results of the test to the solution of 
those problems. 

Scope. The Higher Examination together with the Inter
mediate Examination constitute the Otis Self-Administering 
Tests of Mental Ability, covering the range from the 4th grade 
to the university. The Higher Examination is designed for 
high school students and college freshmen. The Intermediate 
Examination is designed for Grades 4 to 9. The Higher and 
Intermediate Examinations are similar in form, but they differ 
in content and difficulty. 

Forms. Each examination is issued in four alternative 
forms, Forms A, B, C, and D, alike except in content. 

SPECIAL FEATURES 

Self-administration. In each of these examinations pro
vision is made for the student to read for himself on the :first 
page of the examination booklet all the directions needed for 
the examination. As the 7 5 items constituting each examina
tion are in a single list, these are answered by the examinee 
without interruption. The examiner, therefore, has merely to 
distribute the blanks, see that all understand the printed direc
tions, and give the signal to begin. He may then leave the class 
in charge of an assistant. For this reason the tests have been 
called " self-administering " tests. 

Simplified scoring. In addition to the underlining of the 
correct one of several alternative answers, as is customary in 
group tests of mental ability, provision is made in these exam
inations for placing the number of the answer in a single 
column at the edge of each page. This simplifies the scoring to 
the extent that the whole examination can be scored in less 
than one minute. 

Variety of test material. The form of the examinations 
admits of the use of a wide variety of types of questions instead 
of the limited number of types in the ordinary examina
tion. 

Flexible time limit. Provision is made for administering the 
examinations with a time limit of either 20 or 30 minutes. The 
20-minute time limit may be used for general survey purposes 
or with normal school and college students. The 30-minute 
time limit should be used when time allows, as it will give a 
more accurate measure. 

Ease of figuring !Q's. A chart is provided by which the IQ 
of the examinee can be found directly from the score and age 
in years and months merely by locating a point on the inter
section of two lines. No arithmetical calculation or reference 
to tables is necessary. 

Improved Percentile Graph. There is provided in each 
package of Examinations a new form of percentile graph on 
which percentile curves may be drawn, if desired, showing 
vividly the distributions of scores of any group or groups of 
examinees. With each percentile graph is furnished a scale 
chart by which the drawing of the percentile curves is reduced 
to the simplest terms. 

Interpretation Chart. A chart is provided upon which the 
scores of a class or school may be plotted and the pupils divided 
into fast-moving, regular, and slow-moving groups and regraded 
within these groups, or otherwise classified, merely by drawing 
lines on the chart. Account is taken of mental ability, bright
ness, and chronological age in classifying by this method. It 
is not necessary to use . the Interpretation Chart in order to 
interpret scores in these tests. However, it will be found a 
distinct aid and convenience. 

HISTORICAL 

These examinations are modeled after a group test of mental 
ability designed by the author in January, 1918, for use in a 

large commercial establishment in Connecticut. In that test 
the principle of self-administration was embodied, involving 
the single list of questions, the printed initial directions, and 
the provision for answers in single columns. 

Published by World Book Company, Yonkers-on-Hudson, New York, and Chicago, Illinois 
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DIRECTIONS FOR A1n1ri.1STERING 

Who may administer examinati n. Any teacher after a 
little preparation can satisfactorily administer either the Inter
mediate or Higher Examination. The best preparation for ad
ministering either is to take it. The frincipal should invite his 
teachers to take the examination anl score their own papers. 
Any teacher who is interested in me9tal-ability testing should 
welcome the opportunity to experiejce the taking of an ex
amination, as this will give her the best appreciation of what 
the examination tests. Those admi11-istering an examination 
should realize that it is very important that conditions be uni
form throughout the school and must e the same in the school 
being tested as in every other school wrere the examination has 
been given. For this reason, everyt~g which needs to be said 
in administering the test is given belew in boldface type, and 
the teacher should give these instructions verbatim, reading if 
necessary. If one teacher urges the students to work as rapidly 
as possible and another teacher urges them to work as carefully 
as possible, the results may be entirely different and not com
parable. The teacher, therefore, shouid say nothing that is not 
prescribed, except to make clear the meaning of what is on the 
first page of the examination blank. 

When to give examination. The best time to give the ex
amination is probably at the opening of school in the morning, 
although the time of day probably does not have a serious effect 
upon the score. 

Directions for administering. To administer either the In
termediate or the Higher Examination, Form A, B, C, or D, 
begin by addressing the students as follows: 

"We are going to give you this morning (afternoon] some 
new and interesting tests. We will now pass the test 
papers and as soon as you receive a paper you may begin to 
read the first page and do as it directs, filling the blanks, 
etc. Do not open or turn over the paper. P art of the 
test is to see if you can follow directions." 

Have monitors pass the papers, one to each student, right 
side up. See that every student is supplied with two pencils 
( or a pen) and an eraser. 

Allow a reasonable time for all to finish reading the first page 
and trying the samples. A few laggards may be disregarded. 
Then say, " Is there any one who does not understand the 
first page? " Give any explanations necessary to make sure 
that all understand what is explained on the first page. 

If a time limit of 20 minutes is to be used, say, " This will 
be a short test. You will be told to stop at the end of 2 0 

minutes instead of 30. Find the number 20 in the upper 
left-hand corner of the page and make a ring aroun d it." 
Be sure that all do this. 

Then say, "Now turn the page and begin," and note the 
exact time. No further instructions are 'necessary. 

If the principal or superintendent is administering the ex
amination, he may now leave the class in charge of the teacher 
· or an assistant, with instructions to give no further directions 
and answer no questions; to stop the work at the end of exactly 
30 (or 20) minutes and have the papers collected. The person 
in charge during the examination will do well to move quietly 
about the room at the beginning of the examination and see 
that all are indicating the answers in a proper manner. If an 
examinee is found who is not placing the numbers in the paren
theses, he should be told to do so. 

DIRECTIONS FOR SCORING 

The correct answers to the 7 5 items of both forms of the 
Intermediate and Higher Examinations are given on the mar
gins of this manual. To score the examination, open the man
ual to the pages containing the answers to the form of the 
examination to be scored, fold open the manual and clip the 
pages together. Place the manual over the examination paper 
so that the appropriate Key is adjacent to the answers given on 

· the examination paper. Place a check mark .after each correct 
answer or a cross after each incorrect or omitted answer, or 
both checks and crosses. 

If two answers are given for any one item, count the item 
wrong. This is quite likely to occur with Item 55 in Form A 
of the Higher Examination. 

Number 37 in Form A and Number 57 in Form B of the 
Higher Examination count as wrong if the alphabet has been 
marked in any way. 

If a paper is found in which the examinee has omitted to 
place the numbers in the parentheses but has otherwise indi
cated the answers, the scorer should write in the parentheses 
the numbers representing the answers of the examinee so far as 
these may be determined, and then score accordingly, but de
duct one point from the total score for failure to follow the 
direction to place the numbers in the parentheses. 

If the examinee has failed to make all his letters like printed 
capitals, score the paper as if all letters were printed capitals, 
but deduct one point for failure to follow the direction. 

Whenever an examinee has used an irregular method of 
taking the examination, score the paper according to the ob
vious intent of the examinee and then deduct one point for 
each general direction not followed. Indicate such deduction 
by placing a - 1 with a circle around it opposite the first 
instance where the direction has. not been followed. Let his 
score represent the fairest measure of his ability that can be 
estimated. 

The score in the examination is the number of correct answers. 
First, count up the correct answers and write the number on 
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the margin of the last page. Then verify the score by counting 
the incorrect and omitted answers. Thus, suppose the number 
of correct answers counted is 40. Count the incorrect and 
omitted answers beginning 41, 42, etc., and see that you end 
with 7 5. Then enter the score in the space provided on the first 
page of the blank. Do not trust the counting of correct an
swers only, as it is very easy to make a mistake. The checking 
of correct answers should be gone over by a second scorer, for 
even the best scorers will make mistakes. 

RECORDING SCORES 

The Class Record. The scores sho1Jld be entered on the 
Class Record which is provided with each package of examina
tion blanks. Before entering the scores, arrange the papers of a 
class either in alphabetical order or in the order of magnitude 
of the score, according to preference. Next, enter the name of 
each student and bis age in years and months. Then enter his 
score in the propef column according to the time limit used. 
Directions for filling the remaining columns will be given under 
" Interpretation of Results." 

20-Minute time limit. If a 20-minute time limit has been 
used, the scores may be transmuted into terms of 30-minute 
time-limit scores in order that they may be compared with 
norms or other 30-minute scores. This may be done by means 
of Table 1. 

TABLE l1 

20- 30- 20- 30- 20- 30- 20- 30- 20- 30-
MIN. MIN. MIN. MIN. MIN. MIN. MIN. MIN. MIN. MIN. 

--
I I 16 20 31 40 46 59 6r 71 
1 2 17 22 32 41 47 6o 62 71 
3 4 18 23 33 43 48 61 63 72 
4 5 19 24 34 44 49 62 64 72 
5 6 20 26 35 45 50 63 65 73 

6 7 21 27 36 46 51 64 66 73 
7 9 22 28 37 48 52 64 67 74 
8 IO 23 30 38 49 53 65 68 74 
9 II 24 31 39 50 54 66 69 74 

IO 13 25 32 40 51 55 67 70 75 

II I4 26 33 41 53 56 68 71 75 
12 15 27 35 42 54 57 68 72 75 
I3 17 28 36 43 55 58 69 73 75 
14 18 29 37 44 56 59 70 74 75 
15 19 30 39 45 58 6o 70 75 75 

STANDARDIZATION 

Selection of items. In selecting items for the Intermediate 
and Higher Examinations, the Advanced Examination was 
drawn upon freely. An equal number of items of other types, 
some of which are new, were included in order that the examina
tion might cover a large variety of questions and therefore 
afford a more comprehensive measure of mental ability. Pre- · 
liminary editions containing more than enough items were 
administered to about 1000 high school students in Oakland, 
California, and Rockford, Illinois, and to 1000 grammar school 

1 This table was derived from a study of 20- and 30-minute scores in the 
Higher Examination only. It is therefore only approximate for the Inter
mediate Examination. It is assumed, however, that the 20-minute time limit 
will seldom be used with the Intermediate Examination. 

pupils in Moorhead, Minnesota. These students were divided 
in each case into two groups, a " good group " and a " poor 
group." The same number were taken from each grade for both 
groups. The good group constituted the young students, and 
the poor group the old students. These groups had reached the 
same average educational status, therefore, but at different 
rates. Now it is the rate at which a student can progress 
through school that the mental-ability test is chiefly used to 
predict. Therefore this is believed to be the best criterion by 
which to judge the validity of each item that goes into the test. 
The number of times each item was passed by each group was 
then found and only those items chosen which showed a dis
tinct gain in number of passes by the good group over the 
number of passes by the poor group in spite of the fact that the 
median age of the good group was over two years less than that 
of the poor group. Each item justified its inclusion, therefore, 
because it distinguished between students who progressed 
slowly and those who progressed rapidly. 

Arrangement in order of difficulty. The items in each form 
of each examination have been arranged in the order of diffi
culty, according to the number of passes of each item by the 
students taking the preliminary editions. 

PRACTICE EFFECT 

Whenever a second form of a test is given after a first form, 
especially when the two forms have been made very much 
alike, students tend to do better on the second test. The effect 
of the first test is generally termed "practice effect," but it may 
include a number uf effects. Among these is general familiarity 
with the method, resulting in ability to get under way more 
quickly, lessened nervousness,. memory of mode of attack of 
certain types of problems, etc. 

A study was made of the effect of practice when a second 
form of the Intermediate or Higher Examination was given the 
next day after the first form. The average gain in the second 
score was 4 points in each case. Therefore in such a case 4 
points would have to be subtracted from the score in the second 
test to make allowance for the effect of practice. 

INTERPRETATION OF RESULTS 

Mental ability and brightness. There are two aspects of the 
mental quality of an individual which must not be confused. 
One is his degree of mental ability and the other his degree of 
brightness. The term "mental ability " refers to that innate 
mental quality which increases with age, whereas the term 
"brightness" refers to that constant quality which determines 
the rate of growth of the mental ability of an individual and 
the degree of mental ability which he will eventually reach. 

Mental ability is measured by the individual's score in the 
test. A measure of his brightness is obtained by comparing his 
score with that of others of his own age. The distinction is best 
shown by reference to the Interpretation Chart. 

The Interpretation Chart. An Interpretation Chart is pro
vided in each package of Examinations to facilitate the inter
pretation of scores. Interpretation Charts for the Inter
mediate and Higher Examinations are given on the two sides 
of the same sheet. In the sample Interpretation Chart shown 
in Figure 1 (page 9) a point is plotted for each of the 276 pupils 
in Grades 5 to 8 of a grammar school. The height of each point 
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represents the score of an individual in the Intermediate Exam
ination according to the scale at the left. The horizontal po
sition of each point represents the age of the individual accord
ing to the scale at the foot of the chart. 

The normal or " average " individual of the age of just ro 
years is expected to make a score of just 23 points.1 The normal 
individual of the age of just 11 years is expected to make a score 
of just 31 points, etc., as indicated by the heavy curved line 
through the middle of the chart (best seen in the blank chart). 
This may be called the normal curve and shows the norm or 
normal score to be expected from an individual of any given 
age. The curve becomes level at the age of 18 years, as shown 
in the Interpretation Chart for the Higher Examination, and 
may be considered as extending to the right indefinitely beyond 
18 years at the same level. The derivation of this curve will be 
described below. 

Mental maturity. A child's mental ability increases from 
birth, year by year, month by month, just as does his height, 
until he reaches his maximum, when he is said to have reached 
mental maturity. The normal curve may be thought of as the 
curve of growth in mental ability of the hypothetical exactly 
normal ipdividual. 

The age at which mental maturity is reached is difficult to 
decide, since the amount of mental development during the 
last year in which there is any development is very slight. In 
the Interpretation Chart for the Higher Examination the age 
at which mental maturity is reached is taken to be 18 years. 

While individuals may reach mental maturity at about the 
same age, they nevertheless reach it with widely differing 
amounts of mental ability, just as they reach mature adult 
stature at differing heights. The degree of mental ability at 
which the normal individual reaches mental maturity is also 
very difficult to determine, since it is not possible to obtain a 
large group of completely unselected individuals ( chosen at 
random from the whole population) at the various ages between 
15 and 18. The norm for adults (perso11-5 of 18 years or over), 
however, has been called 42 in the Higher Examination, as 
shown by the upper limit of the normal curve. This is the 
equivalent of 59 points in the Intermediate Examination. The 
choice of this norm for adults is only an estimate based on all 
available data. 

Derivation of norms. The positions of the normal curves 
in the two charts were established according to the judgment of 
the author upon consideration of (1) the median scores of the 
various age groups among about 120,000 pupils whose scores 
in the Higher or Intermediate Examinations have been repo;ted 
to date, (2) the median scores of the several grade groups in 
relation to the median ages of these grade groups, (3) the norms 
for the various ages obtained from the norm table for the Ad
vanced Examination by means of tables for converting scores 
into terms of the Higher and Intermediate Examinations, (4) the 
correlations between scores in the Higher and Intermediate 
Examinations and mental ages by the Herring Revision of the 
Binet-Simon Tests, and (s) correspondence between the Inter
mediate and Higher Examinations themselves. The position 
of the normal curve in neither chart accords exactly with any of 
these data, but it constitutes in either case a sort of average of 
the various groups of data. 

1 Unless otherwise stated the score referred to is the 30-minute time-limit 
score. 
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The aim has been to establish scores which are normal for 
unselected age groups, not merely for public school pupils. 
The scores of high school students, therefore, tend to average 
somewhat higher than the norms. 

True mental age. Originally the term "mental age" referred 
to the degree of mental ability which is normal for a given age. 
Thus, "having a mental age of 15 years" meant "having a 
degree of mental ability just normal for the age of 15 years." 
This degree of mental ability is measured by a score of 36 in the 
Higher Examination. Having a mental age of 17, according 
to this definition, meant making a score just normal for 17-
year-olds, which is a score of 4L Mental ages so found may be 
called true mental ages. Since the sc.ore of 42 is the norm for 
adults (taken to mean any person of 18 years or over), there is no 
age for which a score above 42 is the norm; therefore, of course, 
no score above 42 can be expressed as a true mental age. 

The term "Mental Age" (capitalized), however, has now 
come to have a special meaning and to denote measures of men
tal ability - i.e., scores - in the Binet-Simon Tests. Binet 
Mental Ages below about 13 years are true mental ages. Above 
that, especially above 16 years, they are merely scores. They 
are called Mental Ages merely for the sake of consistency. The 
Binet Mental Age of 17, for example, represents a degree of 
mental ability considerably abo\\e that which is normal for 
the age of I7 or, indeed, for any agl!. 

The Binet Mental Age of 16 years is generally taken as the 
norm for adults in figuring IQ's. There is a growing opinion 
among psychologists, however, that the Binet Mental Age 
which is the norm for adults is appreciably lower than 16 
years.1 The correlations between the Binet Scale and the 
Higher Examination confirm this belief. The correspondence 
between Binet Mental Ages and Scores in the Higher Examina
tion, as indicated in the Interpretation Chart, is based partly 
upon the correlation between the Higher Examination and the 
Herring Revision of the Binet-Simon Tests and partly upon 
the age norms. At any rate, Binet Mental Ages appear to ex
press degrees of mental ability in excess of that normal for the 
corresponding chronological ages even below the age of 15 years. 
For this reason IQ's obtained by the method provided herein 2 

may be slightly higher than those obtained by the Binet Scale 
for the older students, but it is believed that they more nearly 
correspond with what the Binet !Q's of these students were 
when they were younger.3 

Measures of mental ability. Each of the six scales at the 
left side of the Interpretation Chart for the Higher Examination 
is a measure of mental ability. The scales are so placed that 
values having the same height are corresponding measures of 
mental ability as far as may be determined. Thus a score of 
40 points in the Higher Examination with a 30-minute time limit 
is the equivalent of a score of 31 in the Higher Examination 
with a 20-minute time limit, a score of 57 in the Intermediate 
Examination, a score of 120 in the Advanced Examina
tion, a Binet Mental Age of 15 years o months, and a T-score 
of 62.4 

1 See Lewis M. Terman, "Mental Growth and the IQ," Journal of Educa-
tional Psychology, September, 1921. 

2 See "Measures of brightness" below. 
8 See "Validity of Mental Age equivalents" below. 
• For the meaning and sigmficance of a T-score, see William A. McCall, 

"A Uniform Method of Scale Construction," Teachers College Record, Janu
ary, 1921. 
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Any individual whose score is plotted above the normal 
curve may be considered as brighter than normal, and any in
dividual whose score is plotted below the normal curve may be 
considered as duller than normal.1 The distance at any point 
above or below the normal curve is a measure of the brightness 
of the individual. A I4-year student making a score of 35 in 
the Higher Examination has a lesser degree of mental ability 
but a greater degree of brightness than a 15-year student mak
ing a score of 37. 

Measures of brightness. Brightness is generally measured 
in terms of the Intelligence Quotient lIQ), which is customarily 
found by dividing the individual's Binet Mental Age by his 
chronological age ( decimal point dropped). In the case of 
mental-ability tests other than the Binet Tests it is customary 
to give Binet Mental Age equivalents of scores in order that 
these may be used in finding !Q's. It has been found, however, 
that !Q's so derived have an appreciably wider range than those 
obtained by means of the Binet Tests and are therefore not com
parable with the latter. Now the IQ was invented for use with 
the Binet Tests and should retain its original significance, or 
else it will become relatively meaningless. It seems that the 
term " Intelligence Quotient " is coming to have a legal recogni
tion, but !Q's as sometimes derived from group tests of mental 
ability bear little relation to !Q's derived by the Binet Tests. 
It is the purpose of the author to use the term " IQ " only in 
its original significance. 

Unless it is distinctly understood how !Q's were derived in 
any case, however, they should be designated by some means 
such as National !Q's, Oti~ !Q's, or Binet !Q's. The term 
" IQ," when not so qualified or understood, must be interpreted 
as referring to actual Intelligence Quotients found by means 
of the Binet Tests. 

Validity of Mental Age equivalents. It follows from the 
above statements regarding the greater range of !Q's for each age 
group when obtained by group tests than when obtained by the 
Binet Tests, that Binet Mental Age equivalents are actual 
equivalents for normal children only. Thus a score of 38 in 
the Intermediate Examination corresponds to a Binet Mental 
Age of I2 years when made by a child of approximately I2 
years. But if made by a rn-year child, for example, it repre
sents a Binet Mental Age of only n½ years, since according 
to the chart a Io-year child making a score of 38 has an IQ of 
only n5. This lack of constant correspondence between scores 
and Binet Mental Ages is inherent in all group tests and is due 
to the lesser accuracy of group tests. This phenomenon seems 
not to be generally appreciated, as witnessed by the now 
prevalent custom of converting scores into Binet Mental Age 
equivalents. There is no Binet Mental Age equivalent of a 
score in any group test of mental ability which is valid for all 
ages of individuals. For that reason it is believed that the 
most scientific method of obtaining !Q's from scores in group 
tests, which are comparable with Binet !Q's, is by comparison of 
the variabilities of scores of individuals of the various age 
groups in the group test and in Binet Tests, as described below. 

Mental Age equivalents as such are not necessary to the use 
of the Higher or Intermediate Examinations. Scores are quite 
sufficient as measures of mental ability and IQ's as measures of 

1 Here "normal" means exactly median in brightness. The term "nor
mal," however, is often used to refer to all individuals whose scores are reason
ably close to the norms for their respective ages. 
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brightness. !Q's can be obtained from scores in the Otis Self
Administering Tests without Mental Age equivalents. 

In order to compare scores with Mental Age equivalents of 
scores in other group tests or to find !Q's comparable with those 
obtained from other group tests, however, Binet Mental Age 
equivalents are given to scores in both examinations. These 
may be obtained from the Interpretation Chart for the Higher 
Examination. Binet Mental Age equivalents of scores in the 
Intermediate and Higher Examinations are given also in Tables 
2 a and 2 b. 

TABLE 2a 

BINET MENTAL AGE EQUIVALENTS OF SCORES IN THE INTER

MEDIATE EXAMINATION 

SCORE MA SCORE MA SCORE MA SCORE MA 'SCORE MA 

I 7- 4 I6 9- 0 31 II- 0 46 I3- I 61 IS-II 
2 7- 5 17 9- 2 32 II- 2 47 13- 3 62 I6- I 
3 7- 6 18 9- 3 33 II- 3 48 r3- 5 63 I6- 3 
4 7- 7 19 9- 5 34 II- 5 49 13- 7 64 I6- 6 
5 7- 8 20 g- 7 35 II- 6 50 I3-10 65 16- 8 

6 7- 9 2I 9- 8 36 II- 8 SI I4- 0 66 I6-II 
7 7-10 22 9-10 37 II- ro 52 I4- 2 67 17- 2 
8 7-II 23 IO- 0 38 12- 0 53 14- 4 68 17- 5 
9 8- 0 24 IO- I 39 I2- I 54 I4- 6 69 I7- 8 

IO 8- 2 25 10- 3 40 12- 2 55 14- 8 70 17-10 

II 8- 4 26 10- 4 4I 12- 4 56 14- 10 71 18- 0 
I2 8- 5 27 IO- 6 42 12- 6 57 15- 0 72 18- 3 
13 8- 7 28 IO- 7 43 12- 8 58 15- 2 73 18- 5 
14 8- 9 29 10- 9 44 12-10 59 15- 5 74 18- 7 
15 8-n 30 IO-IO 45 I2- II 6o 15- 8 75 18- 9 

TABLE 2b 

BINET MENTAL AGE EQUIVALENTS OF SCORES IN THE HIGHER 

EXAMINATION 

SCORE MA SCORE MA SCORE MA SCORE MA SCORE MA 

I 7-10 16 IO- 8 31 13- 5 46 16- 0 6r 17-II 
2 8- 0 17 10-10 32 13- 7 47 16- 2 62 r8- o 
3 8- 2 18 II- 0 33 13-10 48 16- 3 63 18- 2 
4 8- 4 19 II- 3 34 14- O 49 16- 5 64 18- 3 
5 8- 6 20 II- 5 35 14- 2 50 16- 6 65 18- 5 

6 8- 9 2I II- 7 36 14- 4 51 r6- 8 66 18- 6 
7 8-II 22 II-Io 37 14- 6 52 16 - 9 67 r8- 8 
8 9- 2 23 12- 0 38 14- 8 53 16-10 68 18- 9 
9 9- 4 24 12- 2 39 14- ro 54 17- 0 69 18- II 

IO 9- 7 25 12- 4 40 15- 0 55 17- 2 70 19- 0 

II 9--;- 9 26 12- 6 41 15- 2 56 17- 3 71 rg- 2 
I2 IO- 0 27 I2- 8 42 15- 4 57 17- 5 72 19- 3 
13 IO- 2 28 12-ro 43 15- 6 58 17- 6 73 19- 4 
14 IO- 4 29 13- 0 44 15- 8 59 17- 8 74 19- 5 
15 10- 6 30 r3- 3 45 15-10 6o r7- 9 75 rg- 6 

Age norms. The norms in the Intermediate or Higher 
Examination for the various ages may be read from the appro
priate Interpretation Chart by noting the points at which the 
normal curve cuts the vertical age lines, or may be taken from 
Table 3 or Table 4. 
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TABLE 3 

AGE NORMS IN INTERMEDIATE EXAMINATION (30-MINUTE Tnm LIMIT) 

YEARS 

0 

I 

2 

3 
4 

~ 5 

~ 6 
7 
8 

9 
IO 
II 

8 9 IO II 12 13 14 15 16 
18 

17 or over 

7 I$ 23 3I 38 44 49 53 56 58 59 
8 16 24 32 39 44 49 53 56 58 
8 16 24 32 39 45 50 53 56 58 

9 17 25 33 40 45 50 54 57 58 
IO I8 26 34 40 46 50 54 57 58 
IO I8 26 34 4I 46 $I 54 57 58 

II I9 27 35 4I 46 $I 55 57 59 
12 20 28 35 42 47 51 55 57 59 
12 20 28 36 42 ~7 52 55 58 59 

I3 2I 29 36 43 48 $2 55 58 59 
14 22 30 37 43 48 $2 56 58 59 
14 22 30 37 43 49 53 56 58 59 

TABLE 4 

AGE NORMS IN HIGHER EXAMINATION (30-MINUTE TIME LIMIT) 

YEARS 

0 

I 

2 

3 
4 

~ s 
~ 
::ii 6 

7 
8 

9 
IO 
II 

I2 

23 
24 
24 

13 

30 
30 
31 

31 
31 
32 

14 

32 
32 
33 

33 
33 
34 

34 
34 
35 

35 
35 
36 

15 

36 
36 
37 

37 
37 
37 

38 
38 
38 

38 
39 
39 

39 
39 
39 

40 
40 
40 

41 
41 
41 

18 
1 7 or over 

41 
41 
41 

4I 
41 
41 

42 
42 
42 

42 
42 
42 

42 

Norms for college students. The scores of 2516 college stu
dents in the Higher Examination have been reported to date 
from 21 colleges and universities. Ten of the 21 used 20-
minute time limits. Reducing all the scores to a 30-minute 
basis, the median score of these 2516, students is 53 points. 
The median scores of the 21 colleges and universities were as 
follows (30-minute time limit): 37, 39, 45, 46, 51, 51, 52, 53, 
53, 54, 55, 55, 56, 56, 57, 59, 61, 62, 62, 64, and 65. 

Various percentile scores of the 2516 college students are 
shown in Table 5. 

TABLE 5 

SHOWING VARIOUS PERCENTILE SCORES OF 2516 COLLEGE 
STUDENTS IN THE HIGHER EXAMINATION 

(Lowest) (Median) 
25 50 75 

(Highest) 
Percentile 

20-MINUTE 
BASIS 

30-MINUTE 
BASIS 

0 3 IO 90 97 100 

16 25 30 36 41 49 55 61 75 

20 32 39 46 53 62 67 71 75 

Derivation of IQ Scale. According to Dr. Terman,1 IQ's 
found by the Stanford Revision of the Binet-Simon Tests are 
distributed very closely in accordance with the law of normal 
distribution and with the middle 50 per cent falling within 
the range of IQ's from 92 to 108. 

Due partly, no doubt, to the form of the Intermediate and the 
Higher Examinations, the steps in difficulty between items be
ing smaller in the first part of each examination than in the last 
part, the distributions of scores of the several age groups have 
approximately the same variability, as far as can be determined. 
These distributions tend to be approximately normal, and are 
such that the middle 50 per cent of scores of each age group 
tend to fall within 8 points above and below the norm for that 
age. Fortunately, therefore, each point in the score of an 
individual above or below the nor~ for his age represents a 
point in IQ above or below 100. If an individual's score exceeds 
the norm for his age by 12 points, his IQ is 112. 

How to find the IQ of an individual. The IQ of an individ
ual may be found in either of two ways. One is as follows : Add 
to 100 the number of points by which a pupil's score exceeds 
the norm for his age, or subtract from 100 the number of points 
by which a pupil's score falls below the norm for his age. A 
simple and easy way to obtain the same result is to add 100 to 
the score of the individual and subtract from this sum the score 
which is the norm for his age. (The norm for individuals over 
18 years may be taken as 42 points in the Higher Examination 
and as 59 points in the Intermediate Examination.) Thus, if a 
15-year student's score in the Higher Examination is 34, the 
norm for his age being 36, his IQ is 34 + 100 - 36 = 98. 

A second method of finding an IQ is to plot the score of the 
individual in the appropriate Interpretation Chart by placing a 
dot on the horizontal line representing his score and on the ver
tical line representing his age. If the dot falls on a curve, the 
IQ of the individual will be stated at the end of the curve in the 
IQ column at the right. Thus, if a student of 15 years, 4 
months, makes a score of 31 in the Higher Examination, his I Q 
is 94. If the point falls between two curves, the IQ may be 
estimated closely enough by noting its position relative to the 
curve above or below. ' 

The IQ of each student may be entered after his name on the 
Class Record, in the column headed " IQ. " 

Index of Brightness. A measure of brightness used in 
connection with the Otis Group Intelligence Scale is the Index 
of Brightness. The relation between· IQ's obtained by the 
Higher Examination and the Index of Brightness as found by 
the Advanced Examination is shown in the IQ and IB columns 
in the Interpretation Chart. This same correspondence holds 
good for IQ's obtained by the Intermediate Examination. If 
IQ's are used, it is not necessary to find IB's. Both IQ's and 
IB's serve the same purpose. 

Percentile Rank. Another measure of brightness is called 
the " Percentile Rank." If a student exceeds 7 5 per cent of un
selected individuals of his own age in score, he is said to have a 
Percentile Rank (PR) of 7 5, and the same for any other per 
cent. The scale of Percentile Ranks extends, therefore, from 
o to 100. A PR of 50 represents exact normality and corre
sponds to an IQ or IB of 100. 
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Assuming distributions of scores for the various age groups 
to be in accord with the law of normal distribution, the Percen

tile Rank of an individual may be found from his IQ or IB by 
reference to the PR column at the right of the Interpretation 

Chart for the Higher Examination. This correspondence holds 

also between !Q's, !B's, and PR's for the Intermediate Ex

amination. If desired, the student's PR may be entered also 

on the Class Record. This is optional. 

Grade status. Table 6 shows the grade status correspond

ing to various 30-minute scores in the Intermediate and Higher 
Examinations. For example, a score of IJ in the Intermediate 
Examination is a grade s tatus of 2.8- that is, it is the norm for 

the end of the eighth month of the second grade; a score of 30 in 

TABLE 6 (Revised) 

INTERMEDIATE EXAMINATION HIGHER EXAM. 

GRADE GRADE GRADE GRADE 
SCORE STATUS SCORE STATUS SCORE STATUS SCORE STATUS 

II 2.8 26 4.8 41 6.8 30 8.o 
I2 3.0 27 4.9 42 7.0 31 8.3 
13 3.2 28 5.0 43 7.2 32 8.5 
14 3.3 29 5.1 44 7.4 33 8.8 
IS 3.4 30 5.2 45 7.6 34 9.1 

16 3.5 31 5.4 46 7.9 35 9.4 
17 3.6 32 5.5 47 8.I 36 9.7 
18 3.7 33 5.6 48 8.3 37 IO.O 
19 3.9 34 5.8 49 8.5 38 I0.3 
20 4.0 35 5.9 50 8.8 39 10.7 

2I 4.1 36 6.o 51 9.1 40 II.O 
22 4.3 37 6.2 52 9.4 41 II.4 
23 4.4 38 6.3 53 9.7 42 II.8 
24 4.5 39 6-4 54 IO.O 43 I2 .2 
25 4.7 40 6.6 55 10.3 44 12.6 

TABLE 7 

SHOWING DISTRIBUTION OF ScORES OF 24,724 PUPILS IN THE 6TH 
GRADE IN THE INTERMEDIATE EXAMINATION 

AGE 

SCORE 9 IO II I2 13 14 15 16 TOTALS 
to to to to to to to or 

9-II IO-II II-II 12-Il 13-II 14-II 15-II over 
--

75 I I 
70-74 3 19 8 30 
65-69 31 u6 49 IO 6 212 
6o-{)4 I 66 344 193 28 2 3 637 
55-59 3 97 551 336 87 24 5 I II04 
50-54 3 142 912 586 197 79 2I 1940 
45-49 7 183 II30 1084 340 138 34 7 2923 
40- 44 6 162 II93 1061 491 208 50 II 3182 
35- 39 6 207 1221 1241 668 280 106 II 3740 
30-34 9 155 1003 II8o 761 338 150 24 3620 
25- 29 7 II5 . 784 935 700 360 171 27 3099 
20-24 83 457 612 556 328 179 8 2223 
15-19 I 34 241 341 353 220 II7 26 1333 
10-14 I 7 75 134 150 89 58 14 528 
5-9 2 II 27 25 31 23 6 125 
0-4 6 7 4 4 4 2 27 

--
Totals 44 1287 8064 7794 4370 2107 921 137 24724 

Median age: Il yr. s mo. Median score: 41. 

the Higher Examination is the norm for the beginning of the 

eighth grade. These values are based on the tables of norms 
and Table 31 of Statistical Method in &facational Measure1f!,ent 
(World Book Company). 

Tables 7, 8, and 9 show the distributions of scores in the 

Intermediate and the Higher Examinations. Similar data have 
been compiled for the other grades but cannot be &iven for lack 

of space. 

TABLE 8 

SHOWING DISTRIBUTION OF ScoRES OF 35,278 PUPILS IN THE 8m 
GRADE IN THE INTERMEDIATE EXAMINATION 

AGE 

SCORE II 12 13 14 15 16 17 18 TOTALS 
to to to to to to to or 

II- II 12-II 13- II 14-II 15-II 16- 11 17-IIover 

75 I 3 6 I II 

70-74 14 96 303 182 48 9 652 
65- 69 28 324 II77 740 213 50 4 2536 
6o-64 53 227 1710 1327 432 93 IO 3852 
55- 59 39 426 1828 1753 732 168 16 2 4964 
50-54 44 441 1771 1933 1025 219 42 2 5477 
45- 49 22 313 1468 1822 II02 295 54 2 5088 
40-44 28 253 II87 1567 1052 313 38 6 4444 
35- 39 26 197 790 II22 849 268 50 IO 3312 
30-34 16 139 513 820 605 237 28 6 2364 
25- 29 9 76 244 393 423 160 28 2 1335 
20-24 9 38 146 242 221 106 28 IO 8oo 
15-19 I 17 60 102 63 50 4 297 
10- 14 7 12 33 28 13 4 97 
5~ 2 I IO 5 7 4 29 
0-4 2 6 9 3 20 

Totals 301 2556 II224 12053 6810 1988 306 40 35278 

Median age: 14 yr. 3 mo. Median score: 49. 

TABLE 9 

SHOWING DISTRIBUTION OF SCORES OF 15,715 PUPILS IN THE 12TH 
GRADE IN THE HIGHER EXAMINATION 

AGE 

SCORE 14 15 16 17 18 19 20 TOTALS 
to to to to to to or 

14- II 15-u 16-n 17-n 18-n 19- n over 
--
75 I I 2 
70-74 5 19 II 5 2 I 43 
65- 69 2 31 78 128 43 IO 4 296 
60-64 4 40 283 312 123 31 II 8o4 
55- 59 3 75 465 454 227 62 23 1309 
50-54 IO 125 628 970 484 147 52 2416 
45- 49 7 96 770 1247 462 219 76 2877 
40-44 4 78 532 128o 750 227 92 2963 
35- 39 40 415 960 686 268 IOI 2470 
30-34 I 28 2II 495 455 172 66 1428 
25- 29 IO 85 213 216 II2 43 679 
20-24 I 27 85 97 6o 17 287 
15-19 5 II 31 27 18 5 97 
10-14 4 IO 5 3 5 27 
5- 9 5 4 4 13 
0-4 I I 2 4 
--
Totals 32 394 3529 6202 3585 1337 496 15715 

Median age: 17 yr. 7 mo. Median score: 44-
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APILICATION OF RESULTS 

Purposes of ment I-ability tests. The chief administrative 
purposes for which m ntal-ability tests are given are: (r) the 
division of the pupils of a grade or the students of a class into 
more homogeneous divisions, usually in order that instruction 
of different degrees of enrichment may be given, (2) the re
grading of pupils so that the pupils of each grade are more 
homogeneous in mental ability and are therefore more easily 
taught together, (3) !the division of pupils of a school into 
groups which will progress at different rates. 

The reader should consult Intelligence Tests and School Reor
ganization, by L. M. Terman and others (World Book Company), 
for a detailed discussion of the purposes an:d uses of tests of 
mental ability in regrading and classifying. 

Division of classes. If it is desired to divide the students of 
a class into more homogeneous groups for instruction purposes, 
this may be done eit~er on the basis of score or on the basis of 
IQ. Division on the lbasis of score would be made as follows: 

Classification according to score. Find the distribution of 
the scores of the class. If the scores are plotted on the Interpre
tation Chart, this ma be done by placing in the column under 
"Totals" at the left the number of dots on each horizontal line. 
(If desired, the frequencies of the various class intervals, 0-4, 
5-9, etc., may be entf red in the same column. These will be 
used in drawing a percentile curve on the Percentile Graph.) 
By means of this distribution the class may be divided into 
any number of divisions for differentiatbJ instruction. Thus, 
let us suppose it is de~ired to divide a class into three divisions, 
A, B, and C, on the l:Jasis of score. This would be done as fol
lows : Count down the distribution until one third the total 
number of scores has been counted. At this point draw a 
line across the distribution to mark the lower limit of score of 
Group A. Next count down another third and draw another line 
marking off Group B rom Group C. Referring now to the Class 
Record, where each student's score appears opposite his name, 
the division designatfon, A, B, or C, may be placed opposite 
each student's name in the column headed "Classification." 

This method is illustrated in the sample Interpretation 
Chart in Figure 2. Here 105 9th-year students are divided into 
three classes of 35 students each on the basis of score. 

Classification according to brightness. If it is desired to 

divide the students of a class into divisions on the basis of 
brightness, this may be done by dividing the distribution of 
IQ's in the same way as suggested above for dividing the dis
tribution of scores. To find the distribution of IQ's, count the 
dots between each two adjacent curves, including those which 
touch the lower but not the upper curve. Place the number of 
dots in the column headed " Totals " at the right, as shown in 
the sample charts. 1}s a check on accuracy in counting the dots, 
it will be well to add, these numbers and see that the sum cor
responds to the number of students in tl'ie class. 

Considerations governing method of classification. Two 
methods of classification have been described. Which should 
be used? It will be found that the dispersion of scores of any 
age group is so great in comparison with the rather narrow 
range of age norms for high school ages, that the resulting classi
fications by the two methods are very nearly the same. Even 
when classified by IQ, the superior division consists of 
students whose scores are nearly all higher than those of the 

next division, etc. It remains for further research to discover 
which is the better method. It is possible that if the classifica
tion is made for the purpose of determining groups which will 
cover the curriculum of the high school in different amounts of 
time, classification on the basis of IQ may be the better method, · 
whereas if it is to establish sections which will take work of 
differing degrees of intensity, classification on the basis of score 
may be the better. 

Regrading. If it is felt that the pupils of a school are very 
badly graded, so that the 6th grade, for example, is believed 
to contain some pupils who could do satisfactory work in the 
7th or 8th grade and some who should be i'n the 5th grade to 
do the best Work, the pupils may be regraded on the basis of 
score in a mental-ability test. The ideal grading would be that 
in which the pupils of'the 6th grade all make scores higher than 
those in the 5th grade and lower than those in the 7th grade, 
etc. Practically this is impossible. 
·, The next best procedure is to select those pupils from the 
6th grade who make very high or very low scores and to pro
mote or demote these. No hard and fast rule can be laid down 
for this. The number of pupils to be shifted depends partly 
on the amount of overlapping of ability between grades and 
partly on the character of the instruction possible in the school. 
Where relatively individual instruction is possible, homogeneous 
grouping is not so essential. It is probably best to begin re
grouping slowly, t~king first those whose scores deviate most 
from the median score of the grade and whose scholarship in 
the judgment of the teacher accords with their scores, and pro
moting or demoting these pupils one grade or one-half grade. 
If conditions warrant or seem to require it, they may be further 
promoted or demoted later. Later, also, more pupils may be 
regraded, until by degrees the grades will become more nearly 
homogeneous. 

Multiple-track plan. A plan of school organization called 
the " multiple-track plan," in use in Oakland, California, and 
elsewhere, is one in which the pupils of the school are divided 
into groups (generally three, sometimes five) which progress at 
different rates. Thus there may be fast-moving, normal, and 
slow-moving classes, covering the first eight grades in say 7, 8, 
and 9 years, respectively. 

A situation illustrating the need of reclassification is that 
shown in the sample Interpretation Chart in Figure r. In this 
chart are plotted the scores of 276 pupils in Grades S to 8 of a 
grammar school. The scores of the different grades are plotted 
by different marks. It will be seen that the different grades 
overlap very markedly. · Each grade contains both young 
pupils making high sc~res, who are therefore very bright, and 
old pupils making low scores, who are therefore very dull. 

Division of pupils into groups to progress at different rates 
should be made on the bas:s of brightness. It is recommended 
by Terman that the brightest rs per cent of the pupils of a 
school be placed in fast-moving classes (where numbers permit) 
and the dullest rs per cent in slow-moving classes. The selec
tion of these pupils should be made, therefore, on the basis 
of IQ (or IB or PR). A convenient me_thod of making the divi
sion is illustrated in Figure I in the case of the 276 pupils. Of 
this number 15 per cent is about 40. Therefore the brightest 
40 (according to IQ) should be placed in the fast-moving group 
and the dullest 40 in the slow-moving group. 

The method of making the division by means of the chart 
[ 8] 
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is as follows : Find the curve which separates the upper 40 
cases according to IQ. If no curve cuts off approximately 40 
cases, draw a curve which does, making it parallel to the printed 
curves. The pupils whose scores are plotted above this curve 
should be placed in the fast-moving class. Similarly find 
or draw a curve which separates the lower 40 cases according 
to IQ. The pupils whose scores are plotted below this curve 
should be placed in the slow-moving group. 

Grading within the group. The pupils of the three groups, 
fast-moving, normal, and slow-moving, are still to be graded. 
Ideally this would be done on the basis of score. Thus, if the 
196 pupils in the normal group are to be placed in Grades 5, 
6, 7, and 8, the lowest fourth or 49, according to score, would be 
placed in the 5th graiie, the next 49, according to score, would 
be placed in the 6th grade, etc. 

This would result, however, in placing in one grade pupils 
who, although very homogeneous as to score, had a very wide 
range of ages. The pupils of the 6th grade, for example, accord
ing to this plan, might range in age from a little over 9 years to 
nearly 16 years. Practically, therefore, it may seem more 
desirable to take some account of the age of the child. A very 
simple way to do this is by drawing lines across the middle 
ba:nd of the chart at a slight slant instead of horizontally, as 
shown in Figure 1 ; in this way age is automatically taken 
account of. The pupils represented by the dots in each area 
so marked out, while somewhat less homogeneous as to score, 
are much more homogeneous as to age. The greater the slant, 
the more weight is given to age. 

In the sample chart provision is made for skipping certain 
pupils into the 9th grade, demoting others into the 4th grade, 
and dividing the remaining pupils into four groups of 40 each 
which would be placed in the 5th, 6th, 7th, and 8th grades. 

If the slanting-line method is used, the dots plotted in the 
Interpretation Chart lmust be identified, or else it will be neces
sary to plot the score of each pupil again to determine in what 
grade he should be. It has been found feasible to do this by 
numbering the pupils consecutively on the Class Record and 
writing each pupil's number in small figures near the dot repre
senting his score. If this is done, the pupils whose scores fall 
within a given area may be identified at once. 

The number of cases represented in the sample chart is too 
small to illustrate the division of the fast- and slow-moving 
groups into grades - and, indeed, in a school of this size the 
establishment of fast- and slow-moving classes would doubtless 
entail grave administrative difficulties; but in a school where 
there are many more pupils, this would be done in exactly the 
same way as shown in the case of the normal group. 

It must be remembered that the classification which would 
be effected by any of the above methods is rather in the nature 
of a goal to be worked toward gradually. It is doubtful whether 
it would ever be wise to reorganize a school completely on any 
of these plans at one time, especially on the basis of one test. 
It would be better, doubtless, to promote or demote extreme 
cases, as explained above, and as these show themselves to be 
properly placed others may be shifted. The teachers' inde
pendent judgments should weigh equally with the test results 
in determining which pupils should be regraded or in what 
grade any individual pupil should be placed. Indeed, the re
grading should be done according to the judgment of the 
teachers in the light of the test results. 

Educational and vocational guidance. In advising a young 
high school student regarding his educational future or his 
vocation, his degree of brightness should be considered. It 
seems probable that an entering student with a PR of 90 or 
higher may safely be permitted to attempt to finish high school 
in 3~ or even 3 years. A student with a PR of 50 or less should 
certainly be prevented from attempting more than the regular 
course. Any one interested in research will do well to investi
gate the degree of brightness necessary to complete successfully 
the high school in 3½ or 3 years. 

A boy or girl having a PR of 75 or over may be safely en
couraged to go to college. Doubtless many whose PR's are 
between 50 and 7 5 will succeed in college if industrious. A 
boy or girl whose PR is less than 25 probably should be dis
suaded from going to college. Here again there is need of 
research. 

Similarly the degree of brightness of a student should be 
considered in advising him regarding a vocation. Bright stu
dents should be encouraged to enter the professions. Dull 
ones should be helped to choose a trade. The Stenquist Me
chanical Aptitude Tests 1 may help to discover the proper 
trend of a boy's education. 

Classification Test. If it is desired to give a general achieve
ment test in any grade from the fourth to the ninth in addition 
to the Intermediate Examination, it is recommended that the 
Classification Test 1 be used. The Classification Test is a 
combination of the Intermediate Examination and a general 
achievement test covering reading, arithmetic, spelling, gram
mar and diction, teography, history and civics, literature, 
vocabulary, physiology and hygiene, and general information, 
including music and art. Form A of the Classification Test con
tains Form A of the Intermediate Examination, and Form B of 
the Classification Test contains Form B of the Intermediate Ex
amination. The time limit on each of the two parts is one-half 
hour. The correlation of the Classification Test and the Stanford 
Achievement Test was found by Dr. E. E. Keener to be .83 . 

THE PERCENTILE GRAPH 

In order to compare the score of any pupil with the scores 
of the class as a whole or to compare two or more classes, the 
most effective way is to draw a percentile curve for each grade 
or class on the Percentile Graph, a copy of which is included in 
each package of Examinations . . 

Definition of percentile curve. A percentile curve is a 
smooth line having a horizontal length representing roo per cent 
of the scores of any group of individuals and so drawn that any 
point on the curve has a height representing the amount of a 
given score and a horizontal position on the graph representing 
the per cent of the scores of the group that is exceeded by the 
given score. The method of drawing a percentile curve is given 
in full below. One not familiar with percentile curves will 
appreciate their significance after studying the directions for 
drawing them. 

A percentile curve shows at a glance not only the median 
score of a class but also the range and variability of the scores. 
It shows at a glance just what per cent of the scores of the class 
is exceeded by the score of any given individual and just what 
per cent of the class attains or exceeds any given score. Two or 

1 Published by World Book Company, Yonkers-on-Hudson, New York. 
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more curves on the same graph show very vividly the amount 
of overlapping of the scores of different classes. 

DIRECTIONS FOR DRAWING A PERCENTILE CURVE 

General procedure. The steps taken in drawing tbe percen
tile curve are: (1) distributing the scores, (2) finding the sub
totals - number of cases to and including those in each class 
interval, (3) reducing these subtotals to per cents of the number 
of cases in the group, (4) locating points in the graph repre
senting these per cents, and (5) drawing a smooth curve through 
these points. 

Provision is made for distributing the scores of two groups 
of individuals on one Percentile Graph sheet, and from these 
distributions two percentile curves may be drawn. This does 
not mean, however, that only two curves may be drawn on one 
graph. The scores of additional groups may be distributed on 
other Percentile Graph sheets or any sheet of paper and as many 
curves drawn on one graph as may be conveniently distin
guished. 

(.Dis,~ri~ut~ng the scores. In one of the columns headed "Tal
lymg, d1stnbute the scores of a class by putting a short mark 
opposite the interval of score within which the score of each 
individual falls. The sample Percentile Graph (Fig. 3) shows 
that in the freshman class two individuals had scores between 
60 and 64, two had scores between 55 and 59, five had scores 
between 50 and 54, etc. If the scores of a class have been 
plotted on an Interpretation Chart, the number of scores falling 
within each interval of score may be copied directly on to the 
Percentile Graph sheet in figures, as shown in the sample in 
the case of the sophomore class. This will save distributing the 
scores again. The number of tallies or the figure in the Tallying 
column which tells the number of scores falling within any given 
interval of scores is called a "frequency." The frequency of 
freshman scores between 45 and 49, for example, is 8. 

Finding the subtotals. Begin at the bottom of the column 
of frequencies and place in the square to the right of each fre
quency the sum of the frequencies up to and including those 
in that group. In the" Subtotal" column, under" Freshman," 
there is 1 score in the first interval, a subtotal of 2 to and including 
the second interval, a subtotal of 4 to and including the third 
interval, etc., and 50 to and including the last interval. This 
last "subtotal" (50) should equal the number of students in 
the class, as entered at the top of the column. 

Reducing subtotals to per cents. In the column headed "Per 
cents," write opposite each subtotal the per cent that subtotal 
is of the whole number of students in the class. In the sample, 
under Freshman, 1 is 2 per cent of 50, 2 is 4 per cent of 50, 4 is 
8 per cent of 50, etc., and so is 100 per cent of 50. 

It is not necessary to reduce subtotals to per cents when use 
is made of the Scale Chart printed on the back of the Percentile 
Graph. The manner of using the Scale Chart is given below. 

Locating points in the graph. First place a dot at the left 
edge of the graph on 1:he horizontal line representing the lower 
limit of the lowest class interval containing a score. Next, 
place on the next line above, a dot having a distance to the right 
of the left margin of the graph equal to the first number 
in the per cents column, according to the scale at the foot of the 
graph. (In the sample the second dot in the percentile curve 
for the freshmen is placed 2 units from the edge of the graph.) 
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the right of the margin representing the next per cent, etc. 
(The third dot represents 4 per cent, etc., and the last dot repre
sents 100 per cent.) 

Use of Scale Chart. The Scale Chart on the back of the Per
centile Graph is provided to simplify the process of plotting 
the points in the graph. It is used as follows: Let us take the 
case of the freshman class, there being so students in the class. 
Find Scale 50 on the Scale Chart according to the numbers at 
the right. This line is divided into exactly 50 equal parts by the 
slanting lines in the chart. Each space, therefore, represents 
-r!,, or 2 per cent of the width of the graph. The second dot in 
the freshman percentile curve is to be placed just -r!,, of the 
distance to the right of the margin. This is just 1 space on 
Scale 50. The third dot is to be placed just 2 spaces to the right 
of the margin, the fourth point just 4 spaces to the right of 
the margin, etc., according to Scale 50 in the Scale Chart. 
By the use of Scale 41 the points have been plotted in the same 
way for the sophomore class. 

By folding the Scale Chart on the proper scale and applying 
it to the Percentile Graph/ the width of the graph may be 
divided into any number of equal parts from 40 to 100. By 
letting 2 or 4 graduations represent 1 unit or letting 1 graduation 
represent 2 units, the width of the graph may be divided into 
any number of equal parts from 10 to 200. 

Drawing the curve. Draw a smooth curve through the dots 
plotted as described above. This is the percentile curve. 

Finding median score of class. The point where the per
centile curve cuts the so-percentile line represents the median 

1 If only one Percentile Graph is at hand, the proper distances may be 
Next, place on the next line above, a dot having a distance to transferred from the Scale Chart on the back by means of a strip of paper. 
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( f ) ·S l 
score of. the group.1 This may be read on the vertical scale 

( l ) ·v l along the so-percentile line. The median scores of the freshman 
{ f ) ·fl and sophomore classes in the sample are 40.5 and 45.5, respec

tively. These medians may be entered at the foot of the data 
columns as shown. 
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Finding variability of scores. The points at which the curve 
cuts the 25 and 75 percentile lines represent the lower and 
upper quartile scores of a distribution. The interval between 
these is the interquartile range - a very convenient measure 
of the scatter of the distributions. In the sample Percentile 
Graph the interquartile ranges for the two classes are about 14 
points each (freshmen, 33.5 to 47, and sophomores, 39 to 53). 

Overlapping of classes. It will be seen by a glance at the 
percentile curves that the sophomore class is only slightly bet
ter than the freshman class and that the distributions of scores 
of the two classes overlap very markedly. A convenient way 
to express this overlapping is to say that 30 per cent of the sopho
more class fall below the median of the freshman class, or that 
30 per cent of the freshman class exceed the median of the 
sophomore class. 

Percentile rank in class. If an individual makes a score ex
ceeding 25 per cent of the scores of his class, he is said to have a 
percentile rank of 25 in his class; and the same for other per
centages. The percentile rank of any individual among the 
members of his class may be found from the percentile curve 
representing the scores of his class as follows: Suppose an in
dividual in the sophomore class has made a score of 53. Find 
the point 53 on the vertical scale in the Percentile Graph and 
move the pencil horizontally to the point at the same height on 
the percentile curve. This point represents on the horizontal 
scale a percentile rank of 79. The percentile rank of the in
dividual among the members of his class is, therefore, 79, which 
means that his score exceeds the scores of 79 per cent of his 
class. A score of 53 represents a Percentile Rank of 89 among 
the members of the freshman class. 

In so far as mental ability, as measured by this examination, 
is an indication of the scholarship to be expected from a student, 
the percentile rank of a student in class may be taken as showing 
how he should stand in this regard to the class as a whole. 

The meaning of "percentile rank in class " must be distin
guished from that of " Percentile Rank," a measure of bright
ness, referring to the rank of an individual among a large un
selected group of his own age. 

RELIABILITY AND VALIDITY 

Reliability. By "reliability" is meant the degree to which 
the scores of the test are consistent in measuring whatever the 
test measures. Reliability is determined by means of correla
tion between different forms of the same test. The coefficients 
of correlation were found between Forms A and B of both ex-
aminations as follows : 

Higher Examination, Grades 7 to 12: 

Group I, Form A first, 128 cases, r = .917 ± .009 } 
Group II, Form B first, 125 cases, r = .925 ± .009 avg. ·921 

Intermediate Examination, Grades 4 to 9: 

Group I, Form A first, 215 cases, r = .953 ± .006 } 8 Group II, Form B first, 212 cases, r = .943 ± .007 avg. ·94 

1 The value so found may not be exactly the same as the median found in 
the usual way by counting to the middle paper in order of score, but if not, 
the median score found by means of the curve is considered to represent the 
distribution better and to be in that sense more accurate. 
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The values of the probable error of a score determined froO,. 26. ( ) 
these groups were respectively 2.56 and 2.68 points for the 

2 

Higher Examination and 2.85 and 2.78 for the Intermediate 27. ( 
Examination. The probable error of a score in either examina- 4 l 
tion, therefore, is slightly over 2½ points. This means that the 28. ( 

3 score in either examination will be correct within about 2½ points 
in half the cases. As has been shown, this means also that the 29. ( 

4 
) 

probable error of an IQ is about 2½ points. 
Validity. There is no direct method, of course, of finding the 

30. ( 4 l 
31. ( 20() 

true validity of the tests - the degree to which they measure 
the hypothetical quality we call mental ability. The method of 
standardization is perhaps the best assurance as to the validity 
of the tests. Various other indications are available, however. 
The coefficient of correlation between the Higher Examination 32· ( 3 
and the Advanced Examination taken two years earlier was 
.889 for 180 cases in Grades 7 to 12. The average of four coef-
ficients of correlation between the Higher and Intermediate 
Examinations, averaging about 100 cases each in groups cover-
ing Grades 7 to 9, was .842. The correlation between scores 
in the Higher Examination and " scholarship " is reported by 
Clarence W. Proctor, Principal of High School, Bangor, Maine, 
as follows: 

Grade II, number of cases 240, r = .55 
Grade 12, number of cases 204, r = .57 

The correlation between scores in the Higher Examination 
and scholarship as reported by the teachers of 157 high school 
freshmen in Oakland, California, was .59. 

The correspondence between scores in the Higher Examina
tion and letter ratings used in connection with Alpha is shown 
in Table 10. 

TABLE 10 

ALPHA ALPHA SCORES IN HIGHER 

RATINGS SCORES EXAMINATION 

A. 135- 212 58-75 
B. ro5- 134 49- 57 
c+ 75- ro4 39-48 
C. 45- 74 28-38 
c- 25- 44 20-27 
D. 15-24 15- 19 
E. 0- 14 0-14 

A high score. One stud!!nt has been reported to have made 
a perfect score of 7 5 points in the Higher Examination in 20 
minutes. This student is characterized by the professor of 
educational psychology of the college as follows : 

"The person is a young man just past 21 years of age. He had 
very poor high school training due to the fact that the schools 
in his section of North Carolina are not what they should be. 
He is finishing college in 3½ years with about 8 quarter-hours 
to spare. I have looked up his college record and find that he 
has grades of A's or B's. There are no C's, D's, or F's. He 
won the scholarship medal at college before he came to this insti-
tution. (He entered here as a senior.) He is a good mixer, and 
I do not believe that he puts in very many hours on his studies. 

" The father is a rather successful farmer. In fact, from 
what I can gather, he is the best farmer in his neighborhood. 
An older brother is a professor in a college. I have had this 
young man in several classes. It is my firm conviction that he 
could finish the average college course in two years." 

Test Service Bulletins. The reader is invited to send to the 
World Book Company for free copies of the Test Service Bulle
tins for further information about testing. 
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OTIS SELF-ADMINISTERING TESTS OF MENTAL ABILITY 
By ARTHUR s. OTIS 

Formerly Development Specialist with Advisory Board, General Staff, United States War Department 

HIGHER EXAMINATION: FORM A 

For High Schools and Colleges 

Read this page. Do what it tells you to 10. 

Score ... .. . ..... . 

Do not open this paper, or turn it over, until you are told to do so. Fill these blanks, giving your 
name, age, birthday, etc. Write plainly. 

Name . . . . . . .. . ............................ .. . . . ..... ... .... Age last birthday . ... .. years 
First name, initial, and last name 

Birthday . . . . ............. ...... .... . . Class .. . .. . .. . . . .... ... Date .. . ... . ... ..... .. 19 ... . 
Month Day 

School or College ................................... City ................................ . 

This is a test to see how well you can think. It contains questions of different kinds. Here is a 
sample question already answered correctly. Notice how the question is answered: 

Which one of the five words below tells what an apple is? 
r flower, 2 tree, 3 vegetable, 4 fruit, 5 animal. ... . .. . .... .... ....... ( 4 ) 

The right answer, of course, is "fruit"; so the word "fruit" is underlined. And the word "fruit" 
is No. 4; so a figure 4 is placed in the parentheses at the end of the dotted line. This is the way you 
are to answer the questions. 
Try this sample question yourself. Do not write the answer; just draw a line under it and then 
put its number in the parentheses: 

Which one of the five words below means the opposite of north? 
r pole, 2 equator, 3 south, 4 east, 5 west .... ..... .... . .. ... . ...... . ( ) 

The answer, of course, is "south"; so you should have drawn a line under the word "south" and 
put a figure 3 in ,the parentheses. Try this one : 

A foot is to a man and a paw is to a cat the same as a hoof is to a - what? 
r dog, 2 horse, 3 shoe, 4 blacksmith, 5 saddle ....................... ( ) 

The answer, of course, is "hoFse"; so you should have drawn a line under the word "horse" and 
put a figure 2 in the parentheses. Try this one : 

At four cents each, how many cents will 6 pencils cost? . . .... . ... . .. .. . .. ...... .... ... . . ( ) 

The answer, of course, is 24, and there is nothing to underline; so just put the 24 in the parentheses. 
If the answer to any question is a number or a letter, put the number or letter in the parentheses 
without underlining anything. Make all letters like printed capitals. 
The test contains 7 5 questions. You are not expected to be able to answer all of them, but do the 
best you can. You will be allowed half an hour after the examiner tells you to begin. Try to 
get as many right as possible. Be careful not to go so fast that you make mistakes. Do not spend 
too much time on any one question. No questions about the test will be answered by the examiner 
after the test begins. Lay your pencil down. 

Do not turn this page until you are told to begin. 

Published by World Book Company, Yonkers-on-Hudson, New York, and 2126 Prairie Avenue, Chicago 
Copyright 1922 by World Book Company. Copyright in Great Britain. AU rights rese,.ed. OSATMA : HE: A- 52 

W- This test is copyrighted. The reproduction of any part of it by mimeograph, hectograph, or in any other 
way, whether the reproductions are sold or are furnished free for use, is a violation of the copyright law. 



S.A.Hlgl 
EXAMINATION BEGINS HERE : 

1. The opposite of hate is ( ?) 
r enemy, 2 fear, 3 love, 4 friend, 5 joy ............................... , . . . . . . . . ( 

2. If 3 pencils cost 5 cents, how many pencils can be bought for 50 cents? ........ .... ...... . . 

3. A bird does not always have (?) 
r wings, 2 eyes, 3 feet, 4 a nest, 5 a bill ..................................... . 

4. The opposite of honor is ( ?) 
r glory, 2 disgrace, 3 cowardice, 4 fear, 5 defeat ............................. . 

5. A fox most resembles a ( ?) 
I wolf, 2 goat, 3 pig, 4 tiger, 5 cat .. .... ........ ............................ . 

6. Quiet is related to sound in the same way that darkness is related to (?) 
1 a cellar, 2 sunlight, 3 noise, 4 stillness, 5 loud ............................... . 

7. A party consisted of a man and his wife, his two sons and their wives, and four children in 
each son's family. How many were there in the party?. . . . . . . ............. . .... . 

8. A tree always has (?) 
r leaves, 2 fruit, 3 buds, 4 roots, 5 a shadow ................................. . 

9. The opposite of economical is (?) 
r cheap, 2 stingy, 3 extravagant, 4 value, 5 rich ............... .. ............. . 

ro. Silver is more costly than iron because it is ( ?) 
r heavier, 2 scarcer, 3 whiter, 4 harder, 5 prettier ............................. . 

rr. Which one of the six statements below tells the meaning of the following proverb? "The early 
bird catches the worm." . . . . . . . . . .. ...... ..................... . .... ........ ..... . 

1. Don't do the impossible. 
2. Weeping is bad for the eyes. 
3. Don't worry over troubles before they come. 
4. Early birds like worms best. 
5. Prompt persons often secure advantages over tardy ones. 
6. It is foolish to fret about things we can't help. 

r 2. Which statement above tells the meaning of this proverb? "Don't cry o-yer spilt milk." ... . 

13. Which statement above explains this proverb? "Don't cross a bridge till yo'u get to it." ... . 

14. An electric light is related to a candle as an automobile is to ( ?) 
r a carriage, 2 electricity, 3 a tire, 4 speed, 5 glow ............................ . 

15. If a boy can run at the rate of 6 feet in¼ of a second, how many feet can he run in ro seconds? 

16. A meal always involves (?) 
r a table, 2 dishes, 3 hunger, 4 food, 5 water ......... .. ................. . .... . 

17. Of the five words below, four are alike in a certain way. Which is the one not like these four? 
r bend, 2 shave, 3 chop, 4 whittle, 5 shear ......... .. ................... '. .... . 

18. The opposite of never is ( ?) 
r often, 2 sometimes, 3 occasionally, 4 always, 5 frequently .................... . 

19. A clock is related to time as a thermometer is to ( ?) 
r a watch, 2 warm, 3 a bulb, 4 mercury, 5 temperature ........................ . 

20. Which word makes the truest sentence? Men are ( ?) shorter than their wives. 
r always, 2 usually, 3 much, 4 rarely, 5 never ................................ . 

21. One number is wrong in the following series. What should that number be? 
I 4 2 5 364 , 759 6 9 .................. .. .. . ................... .. 

22. If the first two statements following are true, the third is(?) All members of this club are 
Republicans. Smith is not a Republican. Smith is a member of this club. 

r true, 2 false, 3 not certain .................................................. . 

23. A contest always has (?) 
r an umpire, 2 opponents, 3 spectators, 4 applause, 5 victory ................... . 

24. Which number in this series appears a second time nearest the beginning? 
6 4 5 3 7 8 o 9 5 9 8 8 6 5 4 7 3 o 8 9 1 ................ . 

25. The moon is related to the earth as the earth is to ( ?) 
r Mars, 2 the sun, 3 clouds, 4 stars, 5 the universe ............................ . 

26. Which word makes the truest sentence? Fathers are ( ?) wiser than their sons. 
I always, 2 usually, 3 much, 4 rarely, 5 never ....................... . ... . .... . 
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'i.7. The opposite of awkward is(?) 

1 strong, 2 pretty, 3 short, 4 graceful, 5 swift. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0 

28. A mother is always ( ?) than her daughter. . 
1 wiser, 2 taller, 3 stouter, 4 older, 5 more wrinkled ...... ................. ... . . 

29. Which one of the six statements below tells the meaning of the following proverb? "The 

30. 

3 I. 

32. 

33. 

34. 

35. 

37. 

39. 

40. 

41. 

42. 

43. 

44. 

burnt child dreads the fire." . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
1. Frivolity flourishes when authority is absent. 
2. Unhappy experiences teach us to be careful. 
3. A thing must be tried before we know its value. 
4. A meal is judged by the dessert. 
5. Small animals never play in the presence of large ones. 
o. Children suffer more from heat than grown people. 

Which statement above explains this proverb? "When the cat is away, the mice will play." 
Which statement above explains this proverb? "The proof of the pudding is in the eating." 
If the settlement of a difference is made by mutual concession, it is called a ( ?) 

1 promise, 2 compromise, 3 injunction, 4 coercion, 5 restoration ........ .. ...... . 
What is related to disease as carefulness is to accident? 

1 doctor, 2 surgery, 3 medicine, 4 hospital, 5 sanitation........... . .... ... . 
Of the five things below, four are alike in a certain way. Which is the one not like these four? 

1 smuggle, 2 steal, 3 bribe, 4 cheat, 5 sell. . . . . . . . . . . . ..................... . 
If IO boxes full of apples weigh 400 pounds, and each box w'hen empty weighs 4 pounds, how 
many pounds do all the apples weigh? ............................. . ............ . 
The opposite of hope is ( ?) 

1 faith, 2 misery, 3 sorrow, 4 despair, 5 hate . . . . . . . . . . . . . ...... . 
If all the odd-numbered letters in the alphabet were crossed out, what would be the tenth 
letter not crossed out? Print it. Do not mark the alphabet. 

ABC DEF G HI J KL MN OP QR STU V W X Y Z ..... ..... .. ........... . 
What letter in the word SUPERFLUOUS is the same number in the word (counting from the 
beginning) as it is in the alphabet? Print it. ......................................... . 
What people say about a person constitutes his(?) 

1 character, 2 gossip, 3 reputation, 4 disposition, 5 personality ...... ....... .... . 
If 2½ yards of cloth cost 30 cents, how many cents will IO yards cost? ' ...... .... ...... . 
If the words below were arranged to make a good sentence, with what letter would the second 
word of the sentence begin? Make it like a printed capital. 

same . means big large the as ............. . 
If the first two statements following are true, the third is (?) 
James is older than George. Frank is younger than James. 

George is older than Frank. 

1 true, 2 false, 3 not certain .................................. . ............... . 
Suppose the first and second letters in the word CONSTITUTIONAL were interchanged, also the 
third and fourth letters, the fifth and sixth, etc. Print the letter that would then be the twelfth 
letter counting to the right ........................................ . ................. . 
One number is wrong in the following series. What should that number be? 

0 I 3 6 IO 15 2I 28 34 ...... , .... ..... .. .. .. . 
45. If 4½ yards of cloth cost 90 cents, how many cents will 2½ yards cost ? ........ . .. .... ..... . 
46. A man's influence in a community should depend upon his ( ?) 

1 wealth, 2 dignity, 3 wisdom, 4 ambition, 5 political power .................... . 
4 7. What is related to few as ordinary is to exceptional? 

r none, 2 some, 3 many, 4 less, 5 more . ... .. . ............................... . 
48. The opposite of treacherous is ( ?) 

i friendly, 2 brave, 3 wise, 4 cowardly, S loyal ................ . .............. . 
49. Which one of the five words below is most unlike the other four? 

1 good, 2 large, 3 req, 4 wa,lk, 5 thick ..... .. ....... . ..... .. ... ... ... .. . . ... . 
50. If the first two statements following are true, the third is ( ?) Some of Brown's friends are 

Baptists. Some of Brown's friends are dentists. Some of Brown's friends are Baptist dentists. 
r true, 2 false, 3 not certain ........... . ............ . .. . ........... . . 

5r. How many of the following words can be made from the letters in the word LARGEST, using 
any letter any number of times? 

great, stagger, grasses, trestle, struggle, rattle, garage, strangle . ... .... . 
52. The statement that the moon is made of green cheese is ( ?) 

1 absurd, 2 misleading, 3 improbable, 4 unfair, S wicked ... 
[ 

3
] Do not stop. Go on with the next page. 



53. Of the five things following, four a,e alike in a mtain way. Which is the one not like these fo--
1 tar, 2 snow, 3 soot, 4 ebony, 5 coal. .......... ..... . . ... . ..... . ............ . 

54. What is related to a cube in the same way in which a circle is related to a square? 
1 circumference, 2 sphere, 3 corners, 4 solid, 5 thickness . . ... . . . . . . . .. . ... . .... . 

55. If the following words were seen on a wall by looking in a mirror on an opposite wall, which 
word would appear exactly the same as if seen directly? 

I omo, 2 SAW, 3 NOON, 4 MOTOR, 5 OTTO .... . . . ... . ... . .. .. . . ............. . .. . 

56. If a strip of cloth 24 inches long will shrink to 22 inches when washed, how many inches long 
will a 36-inch strip be after shrinking? .. ... . ......... . . . . . .. . ... . ... ..... ....... . ... .. . 

57. Which of the following is a trait of character? , 
1 personality, 2 esteem, 3 love, 4 generosity, 5 health .. ..... . . . . . ....... . ..... . 

58. Find the two letters in the word DOING which have just as many letters between them in the 
word as in the alphabet. Print the one of these letters that comes first in the alphabet. 

ABC DEF G HI J KL MN OP QR STU V W X Y Z . .... .... . .... .... .. , . . . 
59. Revolution is related to evolution as flying is to ( ?) 

1 birds, 2 whirling, 3 walking, 4 wings, 5 standing . .. . . .... . . . .......... . ... .. . 
60. One number is wrong in the following series. What should that number be? 

I 3 9 27 81 I08 ..... .. ..... . .... . . .. .......... . . .... ..... . . . ..... . ..... . . . 
6r. If Frank can ride a bicycle 30 feet while George runs 20 feet, how many feet can Frank ride • 

while George runs 30 feet? . ... ...... . . .... . . .. ..... . .......... . .. .. . . ............... . 
62. Count each Nin this series that is followed by an O next to it if the O is not followed by a T 

next to it. Tell how many N 's you count. 
NONTQMNOTMONOONQMNNOQNOTON AMONOM ... . .. . 

63. A man who is averse to change and progress is said to be (?) 
I democratic, 2 radical, 3 conservative, 4 anarchistic, 5 liberal .... . ........ . ... . . 

64. Print the letter which is the fourth letter to the left of the letter which is midway between 0 
and S in the alphabet ........ . ..... .... .... . ................. .. .... .. . . . . ........ .. . 

65. What number is in the space which is in the rectangle and in the triangle but not in the circle? 

66. What number is in the same geometrical figure or figures as the number 8? .. . . ... . . . . .... . 
67. How many spaces are there that are in any two but only two geometrical figures? ..... ... . . 
68. A surface is related to a line as a line is to ( ?) 

I solid, 2 plane, 3 curve, 4 point, 5 string .. .......... .. ... . . . . . . . . . .. . .. ... .. . 
69. If the first two statements following are true, the third is(?) One cannot become a good vio

linist without much practice. Charles practices much on the violin. Charles will become 
a good violinist. 

1 true, 2 false, 3 not certain . .. .. . . . . ......... .. ........ . ..... ... ... ... . .... . . . . 
70. If the words below were arranged to make the best sentence, with what letter would the last 

word of the sentence end? Print the letter as a capital. 
sincerity traits courtesy character of desirable and are .. . ....... . . 

7 r. A man who is influenced in making a decision by preconceived opinions is said to be ( ?) 
1 influential, 2 prejudiced, 3 hypocritical, 4 decisive, 5 impartial. .... . ... . .... .. . 

72. A hotel serves a mixture of 2 parts cream and 3 parts milk. How many pints of cream will it 
take to make 15 pints of the mixture? ..................... .. .. . .... .. ..... . ... . ... . .. . 

73. What is related to blood as physics is to motion? 
I temperature, 2 veins, 3 body, 4 physiology, 5 geography . .... . . . .. ..... .. . 

74. A statement the meaning of which is not definite is said to be ( ?) 
1 erroneous, 2 doubtful, 3 ambiguous, 4 distorted, 5 hypothetical ......... . .. . 

7 5. If a wire 20 inches long is to be cut so that one piece is i as long as the other piece, how many 
inches long must the shorter piece be? .. . .... . ... . ..... . . . . .. . .. ...... .. .. . ..... .. .. .. . 
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MacQuarrie Test for Mechanical Ability 
By T. W. MacQuarrie, Ph.D. 

This te;t is an attempt to provide a standard per
formance for the measurement of mechanical abi'.ity. 

The term mechanical ability has never been carefully 
defined, in fact, a complete analysis would be very diffi
cult. We assume that it takes mechanical ability to do 
the work of the mechanic, but we have a feeling that 
such ability is also used in greater or less degree by the 
barber, typist, motorman, waiter, te'.ephone operator, 
tailor, plasterer, ·dentist, draftsman, baseball pitcher and 
pianist. These, and many others in addition to the 
mechanics, require manipulative skill, recognition of space 
relations, speed, muscular control, visual acuity, and all 
those accomplishments which we usually associate with 
the mechanical trades. 

No estimate of mechanical abi'.ity can be anything but 
rough. Nor is an accurate measurement n ecessary. 
There is no valid evidence at present to show that the 
carpenter requires more mechanical ability than the 
machinist, nor that the house pai11.ter must develop 
greater skill than the plumber. As a matter of fact, men 
with various degrees of mechanical ability do function in 
the same trade. If we had a definite minimum norm for 
entrance to eich · mechanical trade, then it would be im
portant to have accurate measurements. Since there are 
no such norms, the best we can do is to f,ay that a candi
date for a mechanical vocation should show a high degree 
of me<hanical ability before money is spent upon his 
training. There are not so many mechanics in the country 
that we need to take candidates haphazard. If we are 
to increase efficiency, we must train only those best 
fitted for the work. 

If a shop foreman were asked to judge a strange me-

chanic, he would probably have the man do a piece of 
work in the trade. The skill he showed in ha1,Jling his 
tools, the speed with which he worked, and the quality of 
his product would determine the man's rating in the mind 
uf the foreman. Other competent foremen, however, 
would no doubt give the man different ratings, for it is 
a fact, here as elsewhere, that judges disagree. 

In view of the fact that there is no standard piece of 
work requiring mechanical ability, this test has been 
developed with the hope that it might meet such a need. 
It is very simple. It requires for its material-paper, 
and for the single tool used-a lead pencil. It takes very 
litt!e time to give and score. It has a high reliability and 
a satisfactory validity. Women and girls can take it as 
well as boys and men. It is well adapted to ages of ten 
years and up. Some eight and nine year olds even have 
made good scores. It has a very low correlation with in
teligence test results, indicating that it measures some
thing different. Those who take the test find it interesting, 
and teachers of shop work have approved of it as a 
mechanical job. They feel that it requires many of the 
abilities they use in making a table, or an elbow, or a 
piston ring. Considerable statistical evidence has been 
produced already to show that it is a satisfactory measure 
of genera: mechanical ability, and it is offered to those 
interested with the hope that it will be of service in select
ing candidates for the mechanical trades. 

At the present time, many counselors in junior and 
senior high schools, and a number in universities are 
placing scores on this test on the personnel cards of their 
students. In that way they have always on hand a stan
dard measure of mechanical ability, and they may offer 
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advice when the proper time comes which is something 
more than the usual off-hand guess. One dental college 
is already using the test to get an estimate of the apti
tude of their candidates for training in manipulating 
dentistry. Dental training costs the student about t en 
thousand do!lars, and the man who has little mechanical 
ability cannot possibly be a success. 

A boy or girl should make a high score in mechanical 
ability before being approved by the counselor for a 
mechanical trade. Our estimates are bound to be rough, 
and we shall be more nearly right if we accept high scores 
only. A subject with an average score might be approved 
for a mechanical trade under specially favoraole condi
tions, but it is very doubtflill if a schoo: is warranted in 
attempting to train anyone who makes a low score. In 
general it will be found that those who make low scores 

are not very much interested in mechanical trades, and 
r espond readily to suggestions for other vocations. 

Norms have been worked out for ages from ten to 
twenty. There is a wide range of scores for every age, 
and a great deal of overlapping. There is little increase 
from age to age, but it is rather steady. About a 
thousand cases, mostly school and college students were 
used to compute the norms. Later additions wiE change 
them somewhat, but not to any great extent. 

For each age the mean is given, and also norms a 
standard deviation below and above the mean. A score 
which is near the highest norm for .the age might well 
be considered high, one near the mean is average, and one 
near the lowest norm is certainly low. In the table given 
below, a few cases above the range were included with 
the twenties, and a few cases below were included with 
the tens. 

AGE NORMS 
Low High 

Very 
Low 

Low Aver- Aver- Aver- High 

(16%) 

34 
46 
55 
61 
66 
71 
75 
79 
81 
83 
84 

Very 
High 
(7%) Equalled or Exceeded by: 

Age 
10 years ................. . 
11 years ......... .. ...... . 
12 years ................ . . 
13 years .. ............... . 
14 years ................. . 
15 years ................. . 
16 years ................. . 
17 years ................. . 
18 years ................. . 
19 years ................. . 
20 years ................. . 

(93%) 

14 
23 
27 
31 
33 
36 
37 
39 
41 
43 
44 

(84%) 

18 
28 
33 
37 
40 
43 
45 
47 
49 
51 
52 

In interpreting the above norms it might be said that 
the subject who gets a score that is high would be about 
number sixteen from the top in a hundreC: unselected 
cases of that age arranged in the order of their mechani
cal ability. A low score would indic2.te that he would 

age age 
(69%) (50%) 

22 26 
32 37 
38 44 
43 49 
46 53 
50 57 
52 60 
55 63 
57 65 
59 67 
60 68 

age 
(31%) 

. 30 
42 
50 
55 
60 
64 
68 
71 
73 
75 
76 

38 
51 
61 
67 
73 
78 
83 
87 
89 
91 · 
92 

be about number sixteen from the bottom, and an 
average score would be in the middle. 

A full description of this test will be found in the 
January, 1927, number of The Journal of Perwnnel 

Research. 



DIRECTIONS 
The usuai rules for group test procedure, standard 

directions and standard ·conditions, apply in this case. 

Ordinary school lead pencils, of medium hardnesf 
(No. 2) should be supplied. They should be sharpened on 
a pencil sharpener at both ends each time before using. 
(After the first sharpening they can be kept in proper 
condition very easily.) Other pencils should not be 
permitted. 

A stop watch is desirable. The time can be taken from 
an ordinary watch which has a second hand, but a stop 

watch is easier to use, and more satisfactory. 

Commands for starting and stopping should be given 
sharply and so all can hear. Where necessary, comments 
may be made at the end of practice tests for the benefit 
of those who start before th·e signal, or who do not stop 
promptly. 

The examiner should pass quickly from each record test 
to the following practice test in order to interfere with 
attempts to add records after time is called. It is desirable, 
however, to take sufficient time on a practice test to be 
sure instructions are fully understood before going on to 
the record test. 

Where large groups are being tested it is advisable to 
have one or more trained assistants in the room in order 
to assure standard procedure. 

Where tests are given frequently, and to rather large 
groups, it is desirable for the examiner to have copies of 
the practice forms made on large sheets of cardboard to 
be hung up before the class. The instructor can then 
re~er to them when giving directions. 

GIVING THE TEST 
(As soon as booklets and pencils are distributed.) 
Fill in the blanks on the cover, hut do not open the 

booklets. 
(Allow about two minutes.) 
This is a test to see what you can do with your hands 

and eyes. Use the pencils provided, as they are all the 
same. If a lead breaks, use the other end of your pencil, 
and go right on. You will have opportunity for practice 
before each test. Do your work as well as you can and 
as fast as you can. The signal will be READY, GO! and 
READY, STOP! Be sure to start and stop instantly. 

Turn to Page 2. Fold your booklets back flat each 
time, like this. ( Examiner illustrates.) 

PAGE TWO 
This is the practice test for TRACING. 
Notice the littlQ black triangle under the word START. 

You are to begin at the little triangle and draw a curved 
line through the small openings in the vertical lines 
without touching them. Draw first to the right and then 
back to the left in one continuous line. (Examiner should 
illustrate by holding up a test form, and showing how to 
do it.) 

READY. Put pencils on the little triangles, GO! 
(THIRTY SECONDS.) 
READY, STOP. (Allow about two seconds between 

READY and STOP on all tests.) 
Now look at your work t9 see if you have made any 

mistakes. You should be able to see clear space at every 
opening between your pencil line and the printed line. 

Turn the booklet over to Page 3. 



PAGE THREE 
'fhis is the real TRACING test. The instructions are 

the same. 

READY, GO! 

(FIFTY SECONDS.) 

READY, STOP! 

Turn to Page 4. 
( The examiner should see that the booklets are folded 

back each time a page is turned.) 

PAGE FOUR 

This is the practice test for TAPPING. Here you are 
to put three pencil dots in each circle just as fast as you 
can. Start at the left of each line and work to the right, 
as you do in writing. Count to yourself as you tap, and 
very fast, 1, 2, 3 - 1, 2, 3, etc. Try to make just three 
dots each time, but do not stop to correct. Speed is of 
more importance than accuracy. You do not need to 
strike hard nor raise your pencils high. Be sure to start 
and stop instantly. 

READY, GO! 
(TEN SECONDS.) 

READY, STOP! 

Cross out any dots you made after the STOP signal. 

( Do not permit further practice in tapping, as an 
element of fatigue will enter and spoil the test. In fact 
it is best to allow a moment for relaxation 1erore going 
on.) 

Turn to Page 5. 

PAGE FIVF. 

This is the real tes'; for TAPPING. The instructions 
are the same. 

READY, GO! 

(THIRTY SECONDS.) 

READY, STOP! 

Turn to Page 6. 

PAGE SIX 

This .is the practice page for the DOTTING test. 

Here you are to put one dot in each circle, as fast 
as you can. Fo'.low the string. Dots must b:, clearly 
within the circles, and only one dot will be counted for 
any circle. 

READY. GO! 

(FIFTEEN SECONDS.) 

'}{EADY, STOP! 

Now Ree if vou have made 1:.nv mistakes. There should 
be just one dot in each circle, and it should not touch the 
CU'cumference. ( Be somewhat deliberate here.) 

PAGE SEVEN 

This is the real DOTTING test. Put one dot in each 
circle just as fast as you can. 

READY, GO! 

(THIRTY SECONDS.) 

READY, STOP! 

Turn to Page 8. 



PAGE EIGHT 
In this test you are to copy each of the figures in the 

dotted space to the right of it. The little circles show you 

where to begin. There is a dot fo~· every corner. Your 

lines do not have to be straight, but they shou:d begin 

and end on dots. Correct, if you wish, but do not waste 

time erasing. 
(The examiner should illustrate, and may have to assist 

individuals with further explanaticns.) 

READY, GO! 

(TWENTY SECONDS.) 

READY, STOP! 

Check your work to see if you have copied the figures 

correctly. 
( Some additional explanations may be necessary, but 

the examiner must guard against wasting time with the 

few who do not really understand.) 

Turn to Page 9. 

PAGE NINE 
This is the real COPYING test. Work across the page 

in each row. (This is not vital, but helps somewhat in 
scoring.) 

READY, GO! 

(TWO AND ONE-HALF MINUTES.) 

READY, STOP! 

Turn to Page 10. 

PACE TEN 

This is the LOCATION test. Notice the letters in the 

large square, a:id the five dots in each of the small 

squares be:ow. For each dot in a small square, there is a 

letter in the same place in the large square. Put right on 

each dot the letter that stands in its place in the large 

square. For instance, the upper dot in the first small 

:.quare is in the position of the letter K in the large 

square, so you will put a letter K on that dot. 

READY, GO! 

(THIRTY SECONDS.) 

READY, STOP! 

In the small square at the left you should have V. K, 

N, E, K. In the one at the right you should have U, E, 
M, 0, C. 

( Take a little time here for consideration of errors.) 
Turn to Page 11. 

PAGE ELEVEN 

This is the real LOCATION test. 

READY, GO! 

(TWO MINUTES.) 

READY, STOP! 

Turn to Page 12. 



PAGE TWELVE 

Here is a pile of blocks, all the same size and shape. 

On five of the blocks, you will see X's. You ~re to find 

out how many blocks touch each block that has an X on 

it, and then mark the number right on the X. For 

example, the lowest block which has an X on it touches 

four other blocks. Please locate them now and place a 

4 on the X. Put it there now, and you may have twenty 

seconds in which to number the other X's. 

READY, GO! 

( TWENTY SECONDS.) 

READY, STOP! 

You should have 2, 4, 4, 7, 4. 

(Allow a moment for consideration.) 

Turn to Page 13. 

PAGE THIRTEEN 

This is the record test for BLOCKS. 

READY, GO! 

(TWO AND ONE-HALF MINUTES.) 

READY, STOP! 

Turn to Page 14. 

PAGE FOURTEEN 

This is the PURSUIT test. N9tic~ the numbers in the 

little squal'l~S at the left, where the curving lines begin. 

Follow ea,•), line by eye from the square where it begins 
at the left to the square where it ends at the right. 

Remember the number at the beginning of the line, and 
put it in one of the small squares at the end. Do not be 
disturbed if two lines end in the same place, but just 

use both squares for your answers. Do not use Your 

pencils to follow the lines if you can possibly help it. 
You will work much faster if you depend entire'.y upon 

your eyes. 

READY, GO! 

(FIFTY SECONDS.) 
HEAD.1, STOP! 

Your answers should read from top to bott0m: 10, 3 

and 8 together, 4, 2, 7, 5, 1, blank, 9, 6. 

( Some further instructions may be necessary in indi
vidual cases.) 

·!'urn to PagA 15. 

PAGE FIFTEEN 

This is the real PURSUIT test. 

Do not follow the lines with your pencils if you can 

help it. 

READY, GO! 

(TWO AND ON-HALF MINUTES.) 

READY, STOP! 

Close the booklets. 

( Booklets and pencils should be collected promptly.) 



SCORING THE TEST 
Scor'"lg for this test is very easy, and highly objectiv ... 

It is good i,rA.ctice to score at one time, the same pa)!;, 

right through all of the pamphlets. When all of the forr,1., 

have been checked, the results should be recorded in th,, 
blank spaces on the cover, and the final score <let.ermined 

TRACING, PAGE THRE:0-

This test has been placed first in the battery because 
the pencils are then in good conclitio, 

Score is the number of openings through which tlw 
pencil line passes without touching. If to the scorer the 
line seems to touch as it passes through an opening, thP 
attempt is coun~ed an error. There is a total possiblP 
score of eighty, twenty openings in each row. One goo,1 
method of scoring checks all the errors first, and then 
subtracts from the total attempted. If more than onP 
attempt is made at an opening, credit is given for onlv 
one correct. Touching the printed line at a point other 
than an opening does not count an error. Short breaks 
~ the pencil line are not noted, but if the total response' 

's merely a series of dashes at the openings, no cred;t 
•: given. Occasionally all of the tracing is done to the 
·;ght. Fu!! credit should be given in this case for open
ings properly passed. 

TAPPING, PAGE FIVE 

In such a test as this slight approximations may be 
made. The score is one-third of the num.t,e:· of dots, 

approximately the number of circles attempted. Since this 

test is an attempt to measure motility, all clots are counted 

even if they are not wholly within the circles, or even if 
some of them are entirely without the circles. The 
directions are merely for the purpose of spreading the 
clots so they can be counted. Occasionally more or less 
than three clots will be made in a circle, but usually they 
will contain just three. The scorer should glance over 
the page to see if most of the circles have the required 
three clots, and if that number appears to be in the great 
majority, the score is simply the number of circles 
attempted. If there 1s much variation the clots may be 
counted and divided by three, using the nearest whole 
number for the score. 

DOTTING, PAGE SEVEN 

The score in this test is one-third of the number of 
correct responses. Thi~ is not a test of motility, but 
rather of aiming, and n, dot is counted unless it is clearly 
within the circle, and , )2s not touch the circumference. 
If in doubt whether it ·, ,uches or not, mark it wrong. It 
is best to check the e1 Jrs first, and then subtract their 
number from the num·1 )r attempted. Only one dot can 
be counted for any circle. Divide the total by th:·ee tP 
get the score, using the nearest whole number. 

COPYING, PAGE NINE 

Score is the number of correct lines on the page. Tr> 
be correct, a line must have proper length and clirectiov 



It is not penalized by previous incorrect lin'!s, however. 
That is, it does not have to be in correct position with 
reference to the starting circle, but it should have proper 
length and direction and be inter.ded evidently for a 
certain line in the figure. Lines should begin and end on 
dots, but s~ight discrepencies in this respect should be 
disregarded. 

Scorer should take a general view of each figure, and 
if it is a correct copy, count 4 for it. Where some errors 
have been made, all correct lines should be counted and 
added to the total. 

LOCATION, PAGE ELEVEN 

Score is the number of dots correctly lettered, Begin
ning at the upper left, and following the string of small 
squares around to the upper right the answers are as 
follows, reading from the top down in each small square. 
F J O C F, L P N B K, D H P A H, C G R V :C, 
K S Z C M, AH W Y G, B U D L H, E M T W J. 

These letter answers may be written beside the proper 
squares on a used form, and then the squares may be cut 
out making a stencil that will aid much in scoring. Scores 
for each square may be marked right on the square and 
totaled later. 

BLOCKS, PAGE THIRTEEN 

Score if! the number of blocks correctly marked. The 

6 

5 

6 

4 

7 5 

7 

4 

4 

3 

5 

strip printed below indicates the answers. Cut cut the 
strip very close to the figures and paste it on a piece of 
cardboard, cutting the latter to fit. Then the str;p may 

be placed between the upper and lower rows of blocks, 

and the answers will be in proper order for the X's to 
which they apply. 

PURSUIT, PAGE FIFTEEN 

Score is number 01 squares correctly numbercn. The 
answers are as fol;ows: 

Upper left: 9, 4, 5, 1, 10, 8, 6 & 7,-, 2, 3. 
Lower left: 9, -, 3 & 10, 8, 7, 1, 4, 5, 2, 6. 
Upper right : 3 & 7, 8, 10, 2, 4, 6, -, 1, 5, 9. 
Lower right : -, 1, 3, 6, 5, 10, 8, 2 & 9, 4, 7. 

Cut out a rectangle of cardboard or heavy paper three 
inches by four and a quarter. This card will fit in between 
the answer columns. Record the answers given above at 
the proper places, and scoring will be made easier. 
Answers may be recorded for each section and totaled 
later. 

TOTAL SCORE 

Record the form scores on the front cover of the 
booklet. The total score is the sum of the form scores 
divid ed by three, using the nearest whole number. 

5 4 6 

:; 3 4 

5 5 4 

6 5 
4 3 
5 8 4 
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By 
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INTRODUCTION 

Need for Drawing Tests. Mechanical drawing, due to its direct application 
to so many phases of industrial and commercial life, has assumed a prominent 
place in the school curriculum. Many cities have inserted this study in the junior 
high school and continued it through the senior high school into the first year of 
college. The smaller communities, due to lack of local demand, have devoted but 
little time to the work, frequently alternating a half year of drawing with a half 
year of shopwork. The larger cities, urged on by industrial establishments, have 
gone into great detail in obtaining skill and accuracy from the students. So also 
with the method of instruction. While one city has a well-organized course, 
using the best textbooks obtainable, and supplemented with blue prints, trade 
catalogs, and commercial drawings, another community may use antiquated 
methods, allowing the students to transfer a drawing from a finished blue print 
of the problem by means of scale and dividers. 

This great difference in time, method of instruction, and instructional material 
employed, would indicate that there is a distinct need for a series of typical prob
lems arranged in their order of difficulty and based upon the fundamental prin
ciples which typify the skills and abilities to be derived from a study of mechan-

*Mr. Ferdinand A. P . Fischer is co-author of the MECHANICAL DRAWING BOOKS by 
Ermeling, Fischer, and Greene, published by The Bruce Publishing Company, Milwaukee, Wis
consin. 

+---------------------

Published by The Bruce Publishing Company, Milwaukee, Wisconsin 
Copyright, 1930, by Ferdinand A. P. Fischer 

Printed in the United States of America 



ical drawing. The instructor is able to analyze how effectively he has taught hb 
subject and how well the students have assimilated the instructional material 
by the mastery his students show in the solution of these problems. The student 
can also see for himself wherein his weaknesses lie. This method eliminates. 
guesswork in grading which is so frequently influenced by copying drawings from 
books and blue prints, or by pure instrumental ability. Many teachers have tried 
to test their students by means of frequent quizzes or an examination at the end 
of the term. In either case, due to the few problems that it was possible to give, 
the boys who received low grades often felt that they had been asked just the ques
tions they did not know and consequently were not getting a "square deal." The 
author believes that a series of valid tests with many problems of all types will 
solve this difficulty and satisfy both the student and the teacher by providing a 
reliable analysis of a student's real ability in mechanical drawing. By comparing 
the median score made by his students with that of a similar grade throughout 
the United States, the instructor can quickly determine whether his students are 
above or below the average for the United States and also to what extent. 

Obtaining the Data for Validation. To obtain a reliable and scientific basis 
for the choice of problems for the tests, the author secured data relating to 
courses of study, textbooks used, blue print and mimeographed instructional 
material employed, as well as to the number of weeks a half year of drawing 
embodied, the number of periods the class met a week, and the number of minutes 
in a drawing period from over 100 schools representing the various sections of the 
United States. The author determined the amount of space devoted to a particu
lar drawing unit in each textbook mentioned by a careful tabulation of the pages. 
This amount was then compared with the total number of pages of instructional 
material in the book. Using a similar method with the other instructional mate
rial where blue-print or mimeographed courses were used, he was able to deter
mine the relative percentage of space given to each instructional unit. Without 
here enumerating the minor units, the author found from his examination that 
there was a close agreement in regard to the importance of certain major units. 
These main units may be classified as follows: 

MECHANICAL DRAWING 
FUNDAMENTAL INSTRUCTIONAL UNITS 

1. Use of Instrument, 

2. Lettering .. . . ... .. ..... .. .. ..... . .. . . .. . .... . .. .. .. ; ... . ..... J~~:~!rs and Fractions 
lsymbols 

Orthographic Projection 

3. Projection Drawing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Developments { :~~~~f1 

Oblique Views 
Revolution of Solids 
Sections of Solids 
Lines 

4. Geometrical Constructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Angles 
Figures 
Solids 

{
Isometric Drawing 

5. Pictorial Representations . . . . . . . . . . . . . . . . . . . . . . . . • • . . • • • . • • • • • • Perspective Drawing 
Technical Sketching 

Using this classification as a working basis, and keeping in mind the many 
minor units under each major unit, the author selected a series of 130 trial prob-
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lems which he believed would examine a student's mastery of mechanical drawing. 
The amount of material devoted to a unit in this preliminary test series and also 
in the final form, is in proportion to the space given that unit as found in the 
textbooks and instructional material examined. 

Before making the final choice of problems the author gave a series of prelimi
nary tests. By a careful tryout, and the grading and tabulation of over 5,000 
completed tests covering a period of three years, the present series was formulated. 

Verification of Results. Validity of the Tests. A series of tests embodying 
the instructional units previously outlined, consisting of 130 problems, was 
printed and distributed throughout the United States. The author marked and 
tabulated the results of over 2,500 completed tests. A second series was prepared 
utilizing these test results as well as the suggestions of the cooperating teachers. 
This enabled the author to rearrange the problems in their practical order of dif
ficulty when the nonvalid problems were omitted. This new series was again 
tried with 150 high-school students to verify the placing of problems in their 
order of difficulty and to secure the correct timing for each test. This latter 
tryout produced no variation in the order of difficulty previously established. The 
tests were then printed and tried out in 60 representative schools in the various 
sections of the United States. The author graded and tabulated 2,500 of these 
completed tests. 

In order that the medians would be as accurate as possible, the total number 
of minutes of drawing work which a student had completed in a half year was 
taken as a time unit. Using this time unit, the classes were chosen so that approx
imately equal numbers of students were used for each integral time division, 
ranging from junior-high-school classes, completing 1,000 minutes of drawing, to 
first-year-college classes, completing 48,500 minutes of drawing. The median 
scores of each group were carefully plotted. It was found that the line connecting 
these points approximated a smooth ascending curve, which we may call the 
median cu,rve of scores throughout the United States for this series of tests. 

By comparing the median score made by his class with the median score as 
shown by the curve, an instructor can quickly determine whether his students are 
above or below the average of the United States and also to what extent. 

Coefficient of Reliability. In order to determine the coefficient of reliability 
of the tests, the author gave the same tests twice to 150 sophomore high-school 
students. A correlation of .792 was obtained. This coefficient is known as the 
Reliability Coefficient. It indicates to what exactness the tests measure. A relia
bility coefficient of . 792 is considered as satisfactory for tests of this type. 

THE DRAWING TESTS 
Part I. Technical-Information Tests 
Part II. Performance Tests 

To secure the best results, both Parts I and II should be given. Each part can 
be given in a drawing period of 45 minutes. The teacher may give Part I one 
day, and Part II the next. The exact timing for each test should be rigidly 
adhered to, otherwise the standard norms will be unreliable for comparative 
purposes. 

PART I 
Technical-Information Tests 

By means of a series of four tests the instructional units are approached from 
different angles, enabling the instructor to better determine in just which phase 



of drawing the student is weak, or which units have not been emphasized suffi
ciently. The problems are selected to examine his understanding of representative 
drawing, descriptive drawing, and analytical drawing. The first test uses the 
multiple-response method. The student is asked to select and underscore the 
correct answer from four answers which follow a statement. In Test No. 2, he 
is asked to underscore the correct answer when given a series of illustrations to 
choose from. Test No. 3 requires the student to write the correct answer to a 
statement which is illustrated, and, in Test No. 4, he is told to supply the missing 
lines in a partially finished three-view drawing of an object illustrated by an 
isometric sketch of the object. This series of tests examines the student's kn8wl
edge of correct drawing technique, his ability to mentally visualize the form of 
the object in the pictorial representation described in the statement, and also his 
ability to visualize a three-dimensioned drawing when a sketch of the object is 
given, and to translate it into its proper views upon a two-dimensioned surface. 

PART II 
Performance Tests 

Using a series of three tests, the actual drawing ability of the student in mak
ing a finished drawing is measured. This includes his ability to use his drawing 
tools correctly, ability to make a drawing from descriptive data, and ability to 
make geometrical constructions. By completion we mean the time required for 
three fourths of the class to complete the problems. There are always some 
students who do not know the subject and cannot complete it in any length of 
time. Furthermore, in each test the problems increase in difficulty so that while 
a student having but one year of drawing cannot be expected to go beyond a 
certain length, the more advanced students may be able to complete the more 
difficult ones and so advance in each test according to their degree of proficiency. 

Test No. 3 has been divided into No. 3-A and No. 3-B. Schools in which the 
shop or trade side of drawing is emphasized should give No. 3-A, omitting 3-B. 
Those emphasizing the theoretical side of drawing and those students contem
plating entering an engineering college upon graduation should take No. 3-B, 
omitting 3-A. Both groups must take Tests 1 and 2 of Part II. 

It is not the purpose of this series of tests to measure "ability to letter," which 
would require a separate test, but rather ability to recognize correct procedure in 
lettering, which involves the placing of letters in words, use of numbers and frac
tions in dimensioning, and the correct use of symbols in mechanical-drawing 
practice. 

INSTRUCTIONS FOR GIVING THE TESTS 
PART I 

Technical-Information Tests 

MATERIAL. A pencil only may be used for all four tests. 
(If the teacher so desires, a scale and triangle may be used in 

connection with the pencil for Test No. 4.) 
TIMING. 

Time to pass papers, read directions, and fi 1l blanks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S minutes. 
Time allowed for Test No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 minutes. 
Time allowed for Test No. 2. .. ............. .. ............ . ..... . .. . ....... . .. 8 minutes. 
Time allowed for T est No. 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 minutes. 
Time allowed for Test No. 4 .... . ..... . ................... . ... . .. . . .. .. . ... . .. 15 minutes. 

Total. . . . . . . . . . . . . . . . . . . . . . . . 43 minutes. 
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DISTRIBUTING THE TESTS. Announce to the class that the test leaflet 
must not be opened or in any way examined until the signal to begin is given by 
the instructor. Have the number of leaflets required for each row of pupils 
counted out and placed in a pile on the first desk of each row. At the signal "Go" 
from the teacher, have them passed backward in the row. Each pupil is to take 
the uppermost leaflet as the pile reaches him. This eliminates the confusion of 
pupils moving about the room and saves time. While the leaflets are being 
passed, the students should be instructed to get the necessary drawing materials 
ready for work. As soon as the tests are distributed and the material placed upon 
the drawing desk, the students should sit at attention. 
GIVING THE TESTS. At a signal from the teacher, the students will fill in 
the blanks at the top of the test booklet, writing their name, school, etc., as 
directed. Under "Grade," use designation with which the students are familiar. 
Some prefer 9-B; 9-A; 12-A. Others Freshman, Soph., Jun., or Sr., and still 
others 1-B ; I-A; etc. 

The instructor will explain to the class that he will read aloud the instructions. 
Each student will follow, reading them silently. Instructor reads aloud as follows: 

GENERAL INSTRUCTIONS TO THE STUDENT 

These tests are designed to assist you to determine for yourself just how well 
you have mastered your drawing work. You are asked to follow instructions and 
do your own work ; do not use books or reference material, and start and stop 
exactly upon the teacher's signal. There are usually more questions than you can 
answer in the given time, so do not worry if you cannot finish. Answer them in 
their correct order, to the best of your ability and without wasting any time. 

A drawing pencil is the only tool necessary for these tests. For Test No. 4 the 
use of a scale or triangle is permissible. 

The problems are of this type: 
Test No. 1. Underscore the correct answer in pencil. 

A ball has the shape of a-
Cube Sphere Prism Oblong 

As "sphere" is the correct answer, we place a line under it, thus: Sphere. 

Test No. 2. Underscore the correct answer in pencil. ti~ LJ 
Which triangle is a right-angled triangle? 
As "C" is the correct answer, we place a 

line under it, thus: ~ A B c 
Test No. 3. Instead of underscoring the correct answer, you will be asked to 

write the answer in the space provided for it. 
Test No. 4. You will be asked to complete three views of an object. An iso

metric view (pictorial representation) of the object is shown, two of the 
views are drawn, and the third partly finished. You are required to add the 
missing lines. 

You are given a certain length of time to work on each test. When the 
teacher indicates that the time is up for the test you are working at, you must 
stop immediately and proceed with the next test. 
When the teacher gives the signal "Go," turn the page and begin. 
(Pause a few minutes to see that all are ready for the test, then continue.) At 

the signal "Stop," sit at attention until given signal "Go" for Test No. 2. Now, 
all ready, "Go." 



As indicated at the top of each test, allow the following time: 
Allow 9 minutes for Test No. 1. At signal "Go," start Test No. 2. 
Allow 8 minutes for Test No. 2. At signal "Go," start Test No. 3. 
Allow 6 minutes for Test No. 3. At signal "Go," start Test No. 4. 
Allow 15 minutes for Test No. 4. At signal "Stop," collect tests. 

The last student in each row can collect the tests for his row. 
If the instructor follows these instructions carefully, the entire series of four 

tests of Part I can be given in a drawing period of 45 minutes. 

PART II 
Performance Tests 

MATERIAL. Drawing board; set of instruments; T square; 45-degree tri
angle; nicely sharpened drawing pencil; scale; thumb tacks. 

TIMING. 
Time to pass papers, read directions, and fill blanks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 minutes. 
Time allowed for Test No. 1 and Test No. 2 combined. . . . . . . . . . . . . . . . . . . . . . . . . . 16 minutes. 
Time allowed for Test No. 3 (either 3A or 3B) ............. . ....... .. . . ... ... .. 22 minutes. 

Total. . . . . . . . . . . . . . . . . . . . . . . . . 43 minutes. 
Notice to Teachers: 

Test No. 3 is arranged so that the teacher may choose between Series 3-A and 
Series 3-B. Many teachers who emphasize the theoretical aspect of mechanical 
drawing may wish to use Series 3-B. Others who emphasize the shop side prefer 
Series 3-A. Either series is allowed the same amount of time. Series 3-B is 
especially adapted for students who will continue their work in an engineering 
college or those taking a three- or four-year drawing course. The last few prob
lems of Series 3-B will enable the instructor to see who the superior students are. 
DISTRIBUTING THE TESTS. Pass the test leaflets as explained in Part I. 
While the leaflets are being passed the students should be instructed not to open 
the booklets. They should get their drawing materials ready for work, with 
T square on the drawing board, and triangle, set of instruments, drawing pencil, 
etc., in position. 
GIVING THE TESTS. At a signal from the teacher, the students will fill in 
the blanks at the top of the test booklet, writing their name, school, etc., as 
directed. Under "Grade," use designation with which the students are familiar. 
Some prefer 9-B; 9-A; 12-A. Others Freshman, Soph., Jun., on Sr.; and still 
others I-B; I-A, etc. ' 

The instructor will explain to the class that he will read aloud the instructions. 
Each student will follow, reading them silently. Announce to class whether you 
wish them to work Test No. 3-A or Test No. 3-B. Instructor then reads aloud, 
as in Part I. 

GENERAL INSTRUCTIONS TO THE STUDENT 
These tests are designed to assist you to determine for yourself just how well you have mastered 

your drawing work. You are asked to follow instructions and to do your own work; do not use 
books or reference material, and start and stop immediately upon the teacher's signal. There are 
usually more questions than you can answer in the given time, so do not worry if you cannot 
finish. Answer them in their correct order, to the best of your ability, and without wasting any 
time. 

You will need your drawing board, T square, triangles, scale, pencil compass, nicely sharpened 
drawing pencil, and thumb tacks. Place these on your drawing board so that you will be ready 
to work when the signal is given. 

The problems are of this type: 
Test No. 1. Some problems will be given to see how well you understand the use of the scale, 

mixed numbers, and angles. 
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Test No. 2. You will be asked to do some geometrical problems. In this type of work be sure 
not to erase any of your construction lines. 

Test No. 3. You will be asked to draw, by means of projection lines, three views of an object. 
This test must be mounted on the drawing board. Your work will be judged on accuracy, plac
ing of views, dimensioning, (when called for), and neatness of work. 

Test No. 3-A is adapted for trade schools or schools where working drawings are emphasized. 
Test No. 3-B is adapted for schools emphasizing the principles of sections and oblique or auxili

ary views. 
You are given a certain length of time to work on each test. When the teacher indicates that 

the time is up for the test you are working at, you must stop immediately and proceed with the 
next test. 

When the teacher gives the signal "Go," turn the page and begin. 
(Pause a few minutes to see that all are ready for the test, then continue.) At the signal "Stop," 

sit at attention until given signal "Go" for the next test. You will do Test No. 1 and Test No. 
2 together without stopping in between. At signal "Stop," proceed with Test No. 3-A or Test 
No. 3-B as the case may be. 

Now, all ready-"Go." 
As indicated at the top of each test, allow the following time: 
Allow 16 minutes for Tests 1 and 2 combined. 
Allow 22 minutes for Test No. 3 (either 3-A or 3-B). 
Many teachers use these tests in place of an examination at the end of a semes

ter's work. In such a case, Part I may be given one day and Part II the next day. 
Others wish to determine how well prepared their entering second-, third-, or 
fourth-year classes are. For this purpose the four tests of Part I are given the 
first day the class enters, as the only drawing instrument needed is a pencil. The 
author has found it very helpful to have his entering college students work out 
Part I. This gives the teacher an excellent check as to whether or not the student 
has had enough preliminary drawing to take an advanced course or needs a review 
course. Part II may be given as a whole or any separate test may be given when 
the class has completed that particular unit of instruction. By a diagnostic 
analysis of the test results, explained later in the Manual under the heading, 
"Problem Analysis," the instructor can readily determine the units his students 
have not mastered or which he has not emphasized sufficiently in his teaching. 

MARKING THE TESTS 
For convenience in marking, a set of "Marking Keys" containing the correct 

answers for each problem are given. The following will explain the various factors 
in detail: 

PART I 
TEST No. 1. Answers are counted as either right or wrong. A correct answer 
receives 1 point. Hold marking chart with answers along edge of Test No. 1 
sheet for quick checking, as explained on Key Sheet. Check wrong answers only, 
using cross ( X) . Score is total number of problems minus number of wrong. 

Maximum number of points possible for Test No. 1 is 25. 
TEST No. 2. Answers are counted as either right or wrong. A correct answer 
receives 1 point. Hold marking chart with answers under each horizontal group 
of problems. 

Maximum number of points possible for Test No. 2 is 14. 
TEST No. 3. Answers are counted as either right or wrong. A correct answer 
receives 1 point. Hold marking chart as in Test 2. 

Maximum number of points possible for Test No. 3 is 9. 
TEST No. 4. Problems 1 and 2 are so simple that they are counted as either 
right or wrong, receiving 1 point each. As the other problems are more complex, 
the author adopted the multiple-point method of scoring. Each set of similar 
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lines receives 1 point. Thus, in Problem 3, the maximum score obtainable would 
be 4 points. To assist teachers in tabulating, each line or set of similar lines is 
indicated by a letter on the marking chart. As the placing of center lines for 
circles, cylinders, and cones is a very important factor in drawing technique, a 
point is given for this type of line as indicated by (D) in Problem 3. 

Maximum number of points for Test No. 4 is 16. 
Place the score for each test in space provided in upper right-hand corner of 

page 1. Add these scores. The result is the total score the student makes on 
Part I. 

PART II 

TEST No. 1. Problem 1. Great variation exists in the various sections of the 
United States in regard to the use of the dash between feet and inches (6'-6¼"). 
When the dash is omitted, no deduction is made. Similarly the position of the 
bar of the fraction varies according to local practice. To enable the instructor to 
grade these variations from the sample shown, a "Variation Grading Sheet" is 
given on page 5 of Marking Key, Part I. When the dimension is not given cor
rectly with relation to feet and inches, no credit is given. 

Maximum number of points possible for Problem 1 of Test No. 1 is 4. 
Problem 2. To take care of the variations prevalent throughout the United 

States a "Variation Grading Sheet" is given on page 5 of Marking Key, Part I. 
When the dimension is not given correctly with reference to the number of 
degrees, no credit is given. 

Maximum number of points possible for Problem 2 of Test No. 1 is 3. 
Problem 3. One point is allowed for correct measurement, and 1 when the 

line is made a dash line. 
Maximum number of points possible for Problem 3 of Test No. 1 is 2. 
Problem 4. As we are checking for the correct use of the scale in this part, 

give 1 point when scaled dimension is correct. One point is allowed when the 
mixed number including the (") symbol is correctly made, and one point when 
the arrowheads are correctly placed. 

Maximum number of points possible for Problem 4 of Test No. 1 is 2. 
N oTE: To assist in checking quickly, mark off on a piece of paper the correct 

lengths for Problems 3 and 4 and use this as a measuring device for the 
completed tests. 

Maximum number of points possible for all of Test No. 1 is 12. 
TEST No. 2. The problems are either right or wrong. Therefore, 1 point is 
allowed for the correct solution of each problem. Many different methods may 
be used by the student to solve a geometrical problem. The instructor must 
decide whether the pupil's method is correct if different from that shown on the 
Key Sheet. Several of the most common possible variations are shown on page 6 
of Marking Key, Part I. 

Maximum number of points possible for Test No. 2 is 6. 
TEST No. 3-A. The objective of this problem is to measure the actual drawing 
ability of the student in making a finished working drawing; therefore, each unit 
is marked separately. For convenience, the units are scored as follows: 
Placing of Views, f Side view directly opposite and on a line with the front view. 

1 point l Indicated by letter (A). 
The Drawing Proper, ) Twelve distinct lines or sets of lines must be made. Thi~ 

12 points l includes letters (B to M). 
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. { The instructor may decide the correctness of dimension lines. 
Pl.acmg. of the Mastery is concerned with the ability to dimension each impor-
Dimem~wns, tant unit so that the problem can actually be constructed. This 

9 pomts includes letters (N to V). 
Maximum number of points possible for Test No. 3-A is 22. 

TEST No. 3-B. To assist the instructor in tabulating, each line or set of similar 
lines is indicated by a letter on the marking chart. The correct lines are shown 
in heavy type. 

Problem 1. Maximum number of points possible is 7 
Problem 2. Maximum number of points possible is 3 
Problem 3. Maximum number of points possible is 2 
Problem 4. Maximum number of points possible is 8 

Total possible 20 

NoTE: In checking Problem 4, mark with a check ( V) each line or set of lines correctly 
drawn, as shown on Marking Key. Add the checks and get score. If student makes upper 
half in section and lower half in elevation, allow only one half of the points made as his score. 
When all is shown in section or all in elevation, give no credit. 

Place the score for each test in space provided in upper right-hand corner of 
page 1. Add these scores. The result is the total score the student makes on 
Part II. 

TABULATION AND INTERPRETATION OF DATA 

RECORDING STUDENT'S SCORES. To assist in tabulating the scores a 
Record Sheet is included with each package of test leaflets. This sheet provides 
space for the pupil's name, the total number of minutes of drawing completed to 
date, test scores, total scores, rating, and a column headed "Remarks." When an 
entire group has completed the same number of minutes of work, it saves time to 
give the total number for the first student and ditto (" ) the others. But, be sure 
to list number of minutes of drawing completed to date for every student who 
varies from this number. Many teachers wish to check up the test scores in terms 
of school rating, and compare this mark with the class grade. 
The column headed " Remarks" can be used for this purpose. 
MEDIAN SCORE. To compare the students in a class with 
students of similar classes taking the same type of test, an 
index of comparison called a "median" is often used. The 
median is the middle score, or that point on each side of which 
one half of the scores fall. For example: Let Figure 1 rep
resent the total scores made on Part I and Part II (Tests 1, 
2, and 3-B) by a class of first-year high-school students who 

73 
69 
65 
64 
62 
61 
57 
.57 
56 
54 
52 

have completed 20 weeks of drawing of four 45-minute periods 51 
a week, making a total of 3,600 minutes of drawing work. The 51 

instructor can easily determine the median for such a group !~ 
by arranging the tests in the order of their total score, starting 45 

with the highest and going downward to the lowest score. 44 

The students' names with the scores obtained on each test, j~ 
together with the total scores, are listed on the Record Sheet 32 

in the order shown in Figure 1. Count the number of test 30 
28 leaflets (in this case 24). As we have 24 pupils we must count 20 

Median 
51.5 

up 12, getting test score 51, and counting down 12, arriving at , , ______ _ 
test score 52 . The median with this even number of scores i Total students-24 

Q Fig. 1 
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51 + 52 would be halfway between 51 and 52 or 
2 

case there is an 

uneven number of students, say, 25, the median would be the thirteenth score. 
The median as thus obtained for a single class would not mean very much to a 

teacher. It is only when used as a means of comparison with medians made by 
other classes of his, or with classes in the same school, or better still, with classes 
of the same type throughout the United States, that the median has any impor
tance attached to it. 

To secure a basis of comparison, the author sent out over 300 multigraphed 
letters throughout the United States to secure data regarding the number of 
minutes of drawing given a first-year drawing class. The variation in time devoted 
to drawing in a half year was amazing. There were 45 different ranges of time, 
varying from schools in which drawing was given once a week with one SO-minute 
period for 20 weeks, totaling 1,000 minutes, to a maximum of S times a week, 
120-minute period, for 20 weeks, totaling 12,000 minutes. Likewise, the number 
of semesters (half years) that drawing was taught varied greatly, ranging from a 
half-year course in some communities to a four-year (8 semesters) course, 60-
minute period, S times a week, for 20 weeks, totaling 48,000 minutes. 

It would not be consistent to use a year of drawing work or even a semester as 
a means of comparison, due to the great variation in time devoted to drawing 
existing. The author selected as a basis of comparison the total number of min
utes of drawing a student completed in a half year as a unit. Using this unit, he 
selected over 60 representative schools throughout the United States. The classes 
were chosen so that approximately equal numbers of students :were used for each 
integral time division. In this way the author was enabled to establish fairly 
accurate median scores for each time division. These median scores when con
nected approximated a smooth curve. A set of five median-score curves is given 
for the teacher's use. 

Curve (A) is for Part I, Tests 1, 2, 3, 4. 
Curve (B) is for Part II, Tests 1, 2, 3-A. 
Curve (C) is for Part II, Tests 1, 2, 3-B. 
Curve (D) is for Part I and Part II, Tests 1, 2, 3-A. 
Curve (E) is for Part I and Part II, Tests 1, 2, 3-B. 

NoTE: It will be of great help to the author in verifying the accuracy of the median curves 
for many thousands of cases if the teachers will kindly detach the carbon copy of the Record 
Sheet and send to: Ferdinand A. P. Fischer, 848 Park Ave., Wilmette, Ill. 

APPLICATION OF MEDIAN-SCORE CURVES. The five median-score 
curves for the United States will enable a teacher to analyze Part I or Part II 
separately, or in combination. It must be understood that the median-score point 
on the curve for any group of students is not the highest score made by the best 
class, but the average of all types of schools throughout the United States em
bracing all types of teaching an~ teaching conditions. Naturally, most schools 
will find that their median score will fall above the curve score. When a class 
median falls below the average, the teacher should analyze the individual tests 
to determine which instructional units have not been assimilated by his students 
or perhaps have not been emphasized sufficiently by the instructor. Using Figure 
1 as an illustration, we find that for 3,600 minutes of work the median-score curve 
(E) gives approximately 49.5 as the median score. The class of high-school stu
dents with a median of 51.S shows that this group is slightly above the average 
of the United States. 
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QUARTILES. Many teachers wish to determine which students' scores fall in 
the upper fourth of their group, those who are average, and those falling in the 
lower fourth of the class. For this purpose the quartile scores are valuable. By 
counting down one fourth the number of total scores, the upper quartile score is 
obtained, which, for convenience, we will call Q1 . All scores above Q1 are in the 
upper quarter of the class. By counting up one fourth of the number of total 
scores, the lower quartile ( Q2 ) is obtained. All scores falling below Q2 are in 
the lower one fourth of the class. Between Q1 and Q2 we have the average 
student. 

PROBLEM ANALYSIS 

BAR DIAGRAMS. Many teachers find it helpful to make a bar diagram 
which will show at a glance which problems the class has not mastered. A simple 
method is to lay out a number of units corresponding to the number of problems 
in a test on a horizontal axis, and a number of units corresponding to the number 
of students taking the tests on a vertical axis. The height of each vertical column, 
or bar, will be determined by the number of correct answers that are given for 
the problem under consideration. The bars should lessen in height toward the 
last problem of each test. Any great deviations from this descending height 
diagram will show the problems which have not been mastered by the class. In 
Test No. 4, Part I, due to the multiple-point scheme of marking, the bar diagram 
will be of a rhythmic type. The easiest points of each problem elevate the bars 
above the difficult points of the preceding problem. This is also the case in Part 
II, Tests 1, 3-A, and 3-B. 

While this method is very efficient for analyzing the scores of large groups of 
students, a simpler method may be used for a single class or when comparing a 
few classes. For example: When marking Test I, Part I, jot down on a slip of 
paper the numbers of the problems from 1 to 25. While marking a student's test, 
place a mark opposite the number of each problem he does incorrectly. Do this 
for each student. Count these off in groups of five. Then tabulate the number 
of incorrect problems in their order of difficulty. This will show the problems 
which the class as a whole has not answered satisfactorily. By looking up the 
instructional units embodied in the incorrect answers the instructor can determine 
very satisfactorily which units the class has not mastered or perhaps have not 
been emphasized sufficiently in the classwork. Any one test or all of the tests of 
both Parts I and II can thus be analyzed. 
SCHOOL RATING. Test scores, which divide a class into groups by the 
medi'an or quartile method, are valuable to the teacher. But the average student 
does not understand them very readily. He is interested to know whether or not 
he made a grade of 90, 85, 80, 7 5, or failed the test. To satisfy this demand, the 
author inserted in the Record Sheet a column headed "Rating." 

While there is disagreement among psychologists and statisticians as to the 
correct percentages for each group, there is a substantial agreement that scholar
ship marks should be distributed symmetrically about their average. Many schemes 
have been devised, each having its adherents. These schemes are usually derived 
from the Normal Probability Curve. If the base line is divided into equal parts 
and vertical lines are drawn at the points of division, the middle and larger areas 
will contain the greatest number of cases, decreasing on either side as we approach 
the ends of the curve. Translated into school ratings, the following examples will 
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illustrate the diversity of opinions: E. H. Cameron in his Educational Psycllotogy 
suggests: 

7 % of test scores fall in the A group. 
24% of test scores fall in the B group. 
38 % of test scores fall in the C group. 
24 % of test scores fall in the D group. 

7 % of test scores fall in the E group. 

A. I. Gates in his Psychology for Students of Education, gives: 
3% A; 22 % B; SO% C; 22% D; 3% E. 

M. R. Trabue in Measuring Results in Education suggests: 
2% A; 23 % B; SO% C; 23 % D; 2% E. 
The base line of the Probability Curve may be divided 

into· more than five divisions. For example, a mathe
matical device known as Pascal 's Triangle-for "Coeffi
cients in the Binomial Theorem" uses this scheme. 

Using a six-division basis: 1, 5, 10, 10, 5, 1 (Total 32). 
l/22 of the total test scores would fall in the A group. 
%2 of the total test scores would fall in the B group. 

1%2 of the total test scores would fall in the C group. 
1%2 of the total test scores would fall in the D group. 
%2 of the total test scores would fall in the E group. 
½2 of the total test scores would fall in the F group. 

1 
1 1 

1 2 1 
1 3 3 1 

1 4 6 4 1 
15101051 

1 6 15 20 15 6 1 

Many of the teachers throughout the United States reported that in their draw
ing classes the number of excellent students of (A) grade and the number of 
failures was approximately 4%, with the large average group comprising SO% of 
the class. Using this proportion as a sample, our distribution would be: 
Best 4% A; Next 21 % B; Middle SO % C; Next 21 % D; Failing 4% E. 

When grading on a basis of 7 5 as passing, and below 4% A 95 to 100. 

7 5 as failing, this distribution would become: 21 % A- 90 to 94-99 
. . 50 "' { B 85 to 89.99 

Applying this distnbut10n to the group of test scores 70 B- 80 to 84.99 
made by the 24 hi ah-school students the median grad- 21 % C 75 to 79.99 
ing score of 85 .;ould correspond to a Test median 4% D Below 75-failing. 

score of 51.5. Then: 
4% of 24 pupils is .96 or 1 pupil would get a grade of A. 

21 % of 24 pupils is 5.04 or 5 pupils would get a grade of A-. 
21 % of 24 pupils is 5 .04 or 5 pupils would get a grade of C. 
4% of 24 pupils is .96 or 1 pupil would get a grade of D (failing). 

50% of 24 pupils is 12.00 or 12 pupils would get a grade of B and B-. 

In small classes, the fractional pupils under A; A-; C and D would be counted 
as 1 and reduce the remainder that much. Therefore, the SO-per cent group is 
counted last, being the difference between the entire number of students and 
those under A, A-, C, and D. 

This method is a quick approximation by which test scores can be converted 
into class grades. These can be placed in the column headed "Rating" on the 
Record Sheet. In the column headed, "Remarks" the instructor may record the 
grade he has given his students in their regular drawing work. In case the instruc
tor desires to get an even finer distribution, he can use Pascal's Triangle and carry 
the subdivisions to very fine gradations. 

SUMMARY 

The author hopes that these tests will be of assistance to teachers of drawing in 
evaluating the work of their students and the success of their own teaching. They 
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are designed to test the various units of instruction found most fundamental to 
mechanical-drawing courses throughout the United States. They may be used in 
various ways: 

1. As an examination given at the end of the term. Instead of purchasing a 
sheet or two of drawing paper for his examination, the student will purchase the 
test booklets. In this way the matter of financing the tests is easily disposed of. 

2. They can be used at the beginning of the semester to determine how well 
students entering from other schools are equipped to do the work before them. 
This is especially true of entering college students. 

3. In large school systems, where classes are formed by efficiency grouping, the 
tests offer an excellent method of differentiating students in regard to mechanical
drawing ability. 

4. The group method of instruction enables the instructor to give a certain 
test when that particular unit has been completed by the class. 

5. The five median-score curves enable the instructor to see in which unit of 
in~truction (technical information, or performance ability) his students are weak, 
and also to what extent as compared to the average for that grade of work in the 
United States. 

6. Using as a unit the amount of work completed in minutes to date affords a 
quick method of comparing any particular group of students from the junior 
high school up through the first year of college. 

7. The bar-diagram method of analysis offers the teacher a splendid insight as 
to just what problems his students have not mastered or have not been emphasized 
sufficiently in class. 

8. The tests offer a valuable check between the school grade given by the 
teacher and what a student can really do. Often a student receives a low school 
mark due to indifference, laziness, lack of interest, lack of application, etc. The 
test scores of such a pupil will often enable the teacher to awaken him, demon
strating the ability he really possesses if he will but apply himself. 

9. For survey purposes in comparing the various schools in a system. 
Marking Keys are arranged to facilitate rapid and efficient grading of the 

completed tests. 



MARKING KEY PART - I . TEST NO. 2. 
Allovv one poin-t ~or cz.o.ch probl~m. 
Problems are ri h+ Ot"'" wt"or, No -f'..-o.c+iono.l oin-ts. 

e C A 0 E -A B -
@ @ 6 

N -
K JI I II - tneh 1-4 - -(j) ® $ ® 

Should. be sol;d~ ~ C -
® Should be solid.. 

Rec+atigulor Pyya,n,id 

@ @) 
Should be. dCl.sh 

~ llipse. 

e -
Moxi~• . .rn score.~ 
__ 14_ Points 

-.2-

MARKING KEY PART - t. TEST N0 . .3. 

Allow one. poin+ f"ot" eoc:h problem solvcz.d co..-rectly. 

Rec+Qnglcz., or 
Po..-alle.l ogr-a.m. 

® 

TYia.n9le., or 

Equi lo.+e.Y~Tl'ian.9le 

@ 

Ri9ht Vedicol C~linoe.r, 
Circular C~lind<?.r, or 

Cy Ii n'der 
----------

IA\ f~II +hr~ll. ~e.+ters@ If st-udent lobe.I~@ 
':!:I mu.st be COl"t"ect. sidfl. view (F") and 

-~-Fl'on+. 

~-.Side. 

-~- Top. 

front vi~w(S1 +he2.n 
(F) "'t""CZ.cto.n9I~ o,.,d 
(S) =+rion9\e.. 

( F. ) _Tr i on g_!_ C2. __ 

( S.) _Re.c+a. n g_!_e_ ~r 
Parollelo9rorn· 

5 

f:j>- Coyrect wh<ln @ Col'"rec+ vvher, 
\..!./bo+h t"<2.rms both +et-rns 

ot!Z. ri9ht, aye right-. 

R e.c to.n9 \.L \Qt" 

=_ P_.!lra.rnicf_-=:_ 

Pe.rspec+ive 
(o;:-Upp~r)-

I sol'"'T'l e+.ric 
O!:_Ob!l4,i,C~·-

Pe.rpendi cu.lar, 
S_Q_ ~~r_ri.9~ an~es. 

Corr!Z.c.t vvhen 
both te.nns 
aYe. l"i9ht . 

_Hexa.a_on~_ 
Pt'isrn . 

Not"e: In@ (Z)@@ bo+h +erms musi- be correc+. 
In@ vvh1Z.n s+udcin+ orni+s ro labe.l obje.ct" but 

has nome.s of f"i9ure.s correct give full 
ere.di+ fo1· the problem. 

Mo.'l(imum sc:oycz.: -_.a_ -- Points . 

-3-



MARKING KEY PART - I. TE:ST NO. 4. 

Let+ers refel" -to 1.incts i"o be drown b.!:J .studerit. A IC'Z.tter 
c.oun+s fol' or,e point, all owed f'or o. si n9 le Ii n cz. or s <2.t 
of line.s o.ecordin9 to the key. Maximum numbe.Y points 
fo.- cz.o.ch p..-oblem shown in lower tri9h+ corner •. 

© A ® 

1 
3 

~ 
4. 

D 

C 

-4-

A 

LJ 1 

A 

B 

2. 

B 

4. 

Mol<iniu.m scoye: 

__ l_§ __ Point.s. 



GRADING VARIATIONS. 
Problem(!) MARKING KEY. PART-II- Page.- 2.. Test-1. 

4 Points 3 Points 2 Poin+s 1 Poin+ O Poin+s. 

0 poin+s 
_.___....L.....L_._._-t-___._ _ _,__-e--+---L---"""'---'cCl....-+--..L___:!1,.L_---,;- vv her, +he 

ciime.nsior, 
Wl'Ol"S

, 

II 

,, 

GRADING VARIATIONS 
Pyoblczrn@) MARKING KEY. PART-II.· Page-2. Te$t-1. 

As no specif'ic mention is mod~ Yequirin9 -the use of a. 
compass +o mo.Ice. -the at'<: fol' +he ongl cz., do no+ d «2duc. t 
an~+hin9 if .fr~eho.nd,e1s lon.9 as it closq,l~ Yesemblcz.s 
on oYc. 

3 Poi ri+.s 2. Points 1 Point- 0 Points 

ts.__67' 

-5-



GRADING VARIATIONS 
Test No. 2.. MARl-<ING KEY PART- II- Page- 2. 

-- ----

/ ' 

CorYect. CorYcz.c"t . 

Wron9 Wrong 
Tncz. s'tudctn+ cannot 9cz;t ihe point o~ +cin9(l.nc!:J +o +hcz. 

cu..-v~ occuYa.1e enough.He 9ucz.sses ur,+il . he 9~ts 
+he. cort-ect ce.nte.Y-. M ClYk -+his tr1C"t+hod wYon 

- 6-

Place left edge of Page 2, Part I, of Test 

Sheet along this line ------------) 
with ( 1) of Marking Key oppo site (1) of 

PART I 

TEST NO. 1 
14 

Test Sheet. Left edge of horizontal > 
Page 3, Part I, -----=:::::=::-

MARKING 
KEY 

PART I 

MECHANICAL 
DRAWING TESTS 

BY 

FERDINAND A. P. FISCHER, M.A. 

Instructor 

Engineering Drawing, 
Crane Junior College, 

Ohicago, Illinois. 

PART I 

Tests 1, 2, and 3 follow 
Key exactly. Test 4 is 
graded by points. Care 
must be exercised to de
termine whether the stu
dent has projected his 
lines correctly. Each line 
or set of lines counts a 
point when projected cor
rectly. 

Pages 5 and 6 illus
trate the Grading of 
Variations from samples 
shown on page 2 of Mark
ing Key-Part II. 

To assist the author 
to secure more accurate 
norms please mail car
bon copy of RECORD 
SHEET to Ferdinand 
A. P. Fischer, 848 Park 
Ave., Wilmette, Ill. 

left side 

4-H --

90 --

radius 

180 --

feet --

start at left 
and work to right 

projection lines 

parallel 

obtuse angle 

length width 

at90 ° to 
each other 

circle 

along this line~--+- I 15 nangu ar 
(14) of Key op
posite (14) of 

prism 

16 
2 Test Sheet. 

triangles 

17 
vertical 

3 
plane 

18 

triangle 
4 19 

5 square prism 

20 

6 
rectangle 

21 
7 

cylinder 

8 22 

circle --
9 23 

10 ellipse 

24 

11 rectangle 

25 

12 
ellipse 

13 

MAXIMUM SCORE 25 

Published by The Bruce Publishing Company, Milwaukee, Wisconsin. 
Copyright, 1930, by Ferdinand A. P. Fischer. 

Printed in the United States of America. 



PART I 

TEST NO. 1 

DIRECTIONS: Underscore the correct answer in pencil. Time: 9 minutes. 

1. Against which edge of the drawing board is the head of the T square placed by a 
right-handed person? 

bottom top left side right side 

2. We are told to use a fairly hard lead pencil to block in the construction lines of our 
drawing. Which one of the following would you use? 

HB t'.-H B No.3 

3. A circle is cut into four equal parts by the 
many degrees in each part? 

45 60 

vertical and horizontal diameters. How 

90 30 

4. The line which extends from the center of a circle to the circumference is called-

diameter diagonal radius tangent 

5. Which of the following angles makes a semicircle? 

60 90 360 180 

6. The symbol ( ' ) is used to denote-

degrees angle feet perpendicular 

7. When inking a drawing we use the following procedure-

start at bottom and work upward 

start at left and work to right 

start at right and work to left 

8. The lines which extend from one view to another in a three-view drawing are called-

center lines dimension lines extension lines projection lines 

9. What relation do the four wheels of a wagon have to each other? 

perpendicular parallel tangent at right angles 

11.0. When the hour hand is at 9 o'clock and the minute hand at 4, the angle between 
them is called-

acute angle right angle 30° angle obtuse angle 

11. Underline the dimensions which a surface must have-

length thickness width height 

12. Two lines which are perpendicular to each other must always be-

up and down horizontal at 90° to each other parallel 

13. If we draw a curved line so that every part of it is equally distant from a part within. 
which we will call the center, what is the name of the figure formed? 

cube ellipse circle oval 

Go right on to next paie 

2 

14. We often read the statement that "water seeks its own level." Underscore the wora l 
which you think most nearly explains this level. 

oblique horizontal vertical inclined \ 

15. Which of the following is a solid? 

square rectangle circle triangular prism 

16. A square is divided into two parts by a diagonal. The two pieces formed are-

rectangles triangles ovals squares 

1 7. The face of a wall clock lies in a plane. It is called a-

horizontal plane oblique plane inclined plane vertical plane 

18. A hexagon is divided by drawing lines connecting its points into six equal parts. 
What is the name of the figure formed by one of these parts? 

triangle hexagon rectangular plane ellipse 

19. A certain solid is made up of six faces. The top and bottom faces are square, but 
the four other faces are rectangles. It is a-

hexagonal prism cone square pyramid square prism 

20. A vertical equilateral triangular prism is placed so that its rear face is parallel to the 
vertical plane. The front view will be drawn as a-

triangle rectangle cylinder rhomboid 

21. The development of the surface of a certain solid has the following appearance-a 
rectangle with a circle at both the top and bottom. This is the surface development 
of a-

rectangular prism right vertical cone cylinder triangular prism 

22. A spool is cut by a plane perpendicular to its axis. The section cut is a-

rectangle ellipse circle pyramid 

23. When a right vertical cylinder is inclined at an angle, and we look down upon it, 
the top surface appears as a-

circle rectangle cube ellipse 

24. A 4 by 4-inch timber is cut at an angle to its long axis. The cut does not go through 
either the top or bottom of the timber. The section cut is a-

circle rectangle square triangle 

25. A right vertical cone is cut by a plane at 45° to the vertical axis. The section does 
not cut through the base. The oblique view of this section is a-

rectangle circle oblong 

Do not start the next test until told to do so 

3 

ellipse 

Score: 

Right. __________ _ 



Time : 8 minutes Test No. 2 

Redd cdrefully and f-ollow the instructions for each problem 

CD Underscore le-tters of @Underscore letters of lines (3\ Undprscore letters of lines 
lines which are pdrdllel which are perpendicular \::=) which represent dic190Mls 

A B C D E. A B C D E. A B C D E 

IA'\ UndPrscore letters 
'::!I incorrectly made 

Kite 

Crow 

ReNt 

SunK 

® Underscore symbols 
which ore correctly 

ldb@lled 
I 

Deqree 
0 

Second 

® Underscore number 
corresponding to pi mensio~I shown 

-1. II 
Inch Parallel 

7 Underscore let+Pr or @ In the drdwinq $ 
letters representing of this squdre 

anqle of 15° · pyrdmid cross 
A B out line or lines 

CD 

E. 

not drdwn 
correctly 

~ Underscore object of which this 
~ is d surfdce development 

@ I In the drawing of this 
,..~ hallo\>.( cylind~r, cross 
, · . 1 ·-out line or lines not, 

@ 

Squdre prism 
Riqht verticdl cone 
Rectdnquldr pyrctmid 
Tridnquldr pyrdmid 

Underscore the correct oblique 

v;ew cut by plane "A--$--

' drc,wn correctly 

I 1' I 
I I 
I · I 

~ Cross out lines not drdwn 
~ correctly in this projection 

[VJ 
the top view of 
which is correct 

circle ellipse t_!'' 
~~ e 

@ 

rectc9ngle m·v 
Underscore letter or letters 
indicc:ttinq correct section 

cut by plane "I- 2" 

I 2 I 2 2 g lfs_Jwl 

I [] II 
A B C D 

Score: 
Do not start the next test until told to do so 

4 

Right. ________ _ 



Time: 6 minutes Test No. 3 

In penci I write the correct answe>r 1n SpdcP allowed 

(I) Give name of 
Figure represented 

® Pldce dppropridte 
letter for view 
in spdce below 

~ ___ Front view 

~ ___ Side view 
___ Top v1E>w 

tJ6 

@ Give ndme of 
Fi~ure represented 

. ... 

@ Ldbel Front view of 
sketch ( F) dnd side view 

(S). Give ndme of Figures 
represented by (F)dnd (5) 

(F.) ______ _ 

(S.) ______ _ 

@ Tel I which Figure 
1s drdwn in perspective? 

Whc1t is other drawn in? 

~7 
-------

l] 

@ GivE" nome of 
Figure, r1:>pr1?sented 

@Whdt is thE> relc1tion 
or the longest sid@oF 

60°tridng1P to right-hdnd 
side of 45° tridngle 

9 Give nc9me oF 
object of which this 
is a development 

Score: 
Right ___________ . 

Do not start the next test until told to do so 

5 

Time: 15 minutes Test No. 4 

CD 

@ 

Notice : This tE>st need not be mountE>d on +hE> drdwinq bodrd 

Complete c1II three vi1:>ws putting in all visible dnd invisible lines 
rnissinq, dS well dS center lines where needed. 
You Cdn do this fre@hdnd if CdreFul ly done, or with scale dnd 
tridngles if you so desire-. 

® 

D CD 
LJ 

·rwll t----t_ ____ J ~ 

5 

[Q 

Score: 
Points made __________ _ 

Finish of tests 
6 



Mechanical Drawing Tests PART I 
for 

Test Score 

I 
High Schools, Trade Schools, and 

Entering College Students 2 .......... -----

BY 3 ....... .. . -----

FERDINAND A. P. FISCHER, M.A. 
Instructor Engineering Drawing, 

Crane Junior College, Chicago, Ill. 

4 ........ 

PART I 
TESTS 1, 2, 3, 4 

TECHNICAL INFORMATION TESTS 

Total 

The student will please fill in the blanks below. 
Do not turn page until you are told to do so. 

School .............. ...... ..... City and State . ... .... .......... ........... . . 

Grade . .... .. ...... .......... .. Student's Name . ................................ . 

When was your last birthday? . .... ........ ... How old were you then? ........... yrs. 

GENERAL INSTRUCTIONS TO THE STUDENT 
These tests are designed to assist you to determine for yourself just how well you have 

mastered your drawing work. You are asked to follow instructions and to do your own 
work; do not use books or reference material, and start and stop exactly upon the teach
er's signal. There are usually more questions than you can answer in the given time, so do 
not worry if you cannot finish. Answer them in their correct order, to the best of your 
ability and without wasting any time. 

A ·drawing pencil is the only tool necessary for these tests. For Test No. 4 the use of 
a scale or triangle is permissible. 

The problems are of this type: 
Test No. 1. Underscore the correct answer in pencil. 

A ball has the shape of a-
Cube Sphere Prism Oblong 

As "sphere" is the correct answer, we place a line under it, thus: Sphere 
Test No. 2. Underscore the correct answer in pencil. 

Which triangle is a right-angled triangle? 
As "C" is the correct answer we place a 
line under it, thus: _f_ A B C 

Test No. 3. Instead of underscoring the correct answer you will be asked to write the 
answer in the space provided for it. 

Test No. 4. You will be asked to complete three views of an object. An isometric view 
(pictorial representation) of the object is shown, two of the views are drawn, and the 
third partly finished. You are required to add the missing lines. 
You are given a certain length of time to work on each test. When the teacher indicates 

that the time is up for the test you are working at, you must stop immediately and 
proceed with the next test. 

When the teacher gives the signal "Go," turn the page and begin. 

The Bruce Publishing Company, Milwaukee, Wisconsin 
Copyright, 1929, by Ferdinand A. P. Fischer 

Printed in the United States of America 



PART-II. 
MARKING KEY. TEST N0. 1 

A le-t-ter Y-ept'e se.n+s a symbol, line or set of line5 
and counts f'or one poih+ in rnat-kin.9 . 

See KEY-PART-I-Page. 5 Toi" 9r-adiri.9 VOt'io+ions, Pt-ob.(!) & @ 
Ci) A\ B\ /c @ 

f--/ _A_L_ B---j I. ~ II "- D 7-6~7 

A - S_ymbol ( '). A- Cor..-ect rneasuremen+. 
B - Mix"d number} con·e.ctly B - Dashq,s. 
C - 5yrnbol ( ") made. and ( Mat"k o-ff on piece of 
D - Fraction pl ac.ed. paper- lengths fo"@&@. as a 

check ;.., sco rin-5 t-cz.s+s ) . 

r~"~ A -Whol~ .numb~r @ IA ra c\ B - Symbol ( 0 ) . 

~ 
5 II 

C- Dimension ore, 2.- --l 
~~c Must be 8 

correctly made A- Cot'l""ect me as ur-e rT'I cz. nt. 
and plac1Zd. B- Mix:ed nu"'1bet' a.rid (" )_ 

c · A now h~od s plo.ce.d 
c:Ot't'«.ctly.(Jf' number is 

obowi a solid line motk correct) 

Maxim.um s COYe.J_~_Poinis . 

TEST NO, 2. 
Man_y di-fferen-t me.-thods may b<Z. used by student to salve 

~och proble.n1. lnsh·uctoi- rnus+ decidcz. if pupil's me.+hod is conec+. 

CD ® @ 

/ ' / ' I \ 

I \ 
\ I \ 

I I 

4 @ Se.le.ct any thre<!. 
points(A.B . c) _ ® 

Pei-p<!.ndiculor bisectors 
tncz.et o.t cehter. 

I \ 

No+e: Moximvm score _ 6 __ Points 

A Tew possible solutions are 9ive.n on Pag<t.·6. Mai-k in.3 Ke.~ . Pod ·I. 
-2.-



.v 

MARKING KEY - TEST NO . .3. .SERIE5- (A). 

The objective of this problem is to measure the actual drawing ability of the pupil in making a finished 
working drawing. Therefore, each unit is scored separately. The units as indicated by letters are scored in 
points as shown below. 

The instructor may decide the correctness of the placing of dimension lines. Mastery is concerned with 
the ability to dimension each important unit so that the problem can actually be constructed. 

M M 

J 0 

1'"11::---/ '-'-----4o4i------- Z ,_, ____ __.,. ___ I -"--=---i 

.., __ __..,:;:._ __ N ____ 4'-'-------------
c 

-3-

R 

A 

Check ( \/) in this order with a blue 
or red 'pencil each line or set of lines 
correctlY. drawn. Add checks to get 
total score. 
LETTER 

A Side view directly in line with 
front view. (Some students pre
fer to use the axes of projecticm 
·method, others not, in placing 
the views. Either way is given 
credit for one point.) 

B Slot in side view. 
C Slot in front view. 
D Slot in top view. 

E Groove-in side view. 
F Groove in front view. 
G Groove in top view. 

H Hole in front view. 
I Hole in side view. 

J Hole in top view. 

K Center lines of holes in front view. 
L Center lines of holes in side view. 

M Center lines of holes in top view. 

Placing of Dimensions 
N 4" length. 
0 2" width. 
p 2" height. 
Q 1" width of slot. 
R ¼" depth of slot. 
s %" radius of groove. 
T ½" diameter of bole. 
u ¼" height of center of hole 

above the base. 
V 1" distance from center of hole 

from end. 

Maximum score 2-2 Poitits. 

-4 -



r:i\ A tc.+te.r counts for one point, 
\Y ollowe,d fol" a single line or 
set or tin e..s occordin g +o 1-he. 
key. 

A .. .Top View .. ( rec-tan9l0 
B Side VitZ.W ( t-t-·ioh9 le) 
C Toro View (diagonals~ 
D Dash cir-cle. 

@ 

A 
C 

.. 

E Dash cylinder. 
F' Center- line . 
G Both center I incz.s 

(in top view). 

a 
F-9 

e: 

Maximum Scoye ~ 
_ _ ::, __ _ Points. 

Mo.t-1< cor-t"ect if studu1 
gets oblique v• evv f..,orn Ce) 

of Prob. @ by usin.9 d.ivid~rs 
or mo.l'"l<,..,9 off on pi(Z.c:Q. of pop~r 
ond transfcz.rin!3 to Prob.@. 

-5-

Maximum Score: 
__ _ .2...:._ Points . 

@ 

MARKI NG KEY - TEST NO. 3. 

" I \ 

-6-

I\ 

H 

H 

G 

Total 

SERIES -(8) 

C 

Maximum Score: 
__ _ 3_ __ Poin+.s. 

• 

F 

B 

C 

cscc+iol'I 
E 

(c and. I> must 
be corr-cz.ct to 
gcz.t credit 
fol" E ) . 

Maximum Scoycz.: 8 ___ Points. 

Mox.imum 2. 0 Points. 



MARKING KEY 
PART II 

for 

Mechanical Drawing Tests 
BY 

FERDINAND A. P. FISCHER, M.A. 
Instructor Engineering Drawing 

Crane Junior College, Chicago, Illinois 

The instructor must use his good judgment in grading all on the same standard. 
To help in grading variations from the samples shown for Tests 1 and 2, consult 
Grading of Variations on MARKING KEY-Part I, pages 5 and 6. 

To assist the author to secure more accurate norms, please mail carbon copy of 
RECORD SHEET to 

FERDINAND A. P. FISCHER 
848 Park A venue 

WILMETTE, ILLINOIS 

Published by The Bruce Publishing Company, Milwaukee, Wisconsin. 
Copyright, 1930, by Ferdinand A. P. Fischer. 
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Time (1 and 2): 16 minutes Test No. 1 

This test need not be mounted on th@ drawing bOdrd 

In guide lines below indicdte 
numericc:1lly the stdtement 

using proper symbols 

Seven f@et six and seven-ei<3hths 
inches 

® Properly dimension num@ricdlly 
the dngle of sixty-seven deqre>es 
shown dt right 

L 

@ Ordw lineas indicdted from point 
(Al to the right dnd medsun? with 

your scdle distdnce rE>quired 

A horiz.ontal ddsh line one dnd 
eleven sixteenths inches long 

(A). 

(JI\ A horiz.ontdl dimension line 
~ two dnd five eighths inches 

long, drdwn to scdle of ¾""'I" 
Put drrow hedds dnd dimc::>n
sions in. proper pl dee . 

(A). 

ScorE' 
Points mdde ____ _ 

Go right on to test No. 2 

Test No. 2 

Drdw by g@ometrical construction 
Do not @l'"c9SE' c1ny of your construction lines 

CD Draw equilc1t@rdl @ DrdW perpendiculdr @ Construct requldr 
tric1nqle with given bisector of given line hexdgon with given 
line .ts d side line dS d side 

Divide given line 
into PivE> eqUdl pdrts 

Iii:\ Find center oF circle 
\:::V which mcikes this c,rc ® Prolong these lines 

dnd connect them by 

\~ oC¾' radiu~ 

Score: 
Number right_ ________ _ 

Do not start the next test until told to do so 
2 

102 



This test should be mounted on the drawing board. 

In spdc@ below complete d threP-view working drdwing oF the pattern shown 
by the sk'='tch cmd fully dE"scribed. Fully dimension your drdwing. Scdle Full siz~. 

Your Vvork. will be judged on dccurc:1cy, drrdnqement, dim~nsioninq, dnd 
nedtness of work.. Show center linE"S where needed. 

3 

Time: 22 minutes 

Length 4", Width 2", Height 2 ", 
Upper groove is" deep,\" wide, 
Lower groove !" r.gdius. 
Two½" dicime>ter holes drilled 
through pc1tte>rn. Center of e.sch 
ho IE> 1;· .. From end oP pdttE"rn 
dnd I.~ dbove bottom. 

Test No. 3-A 

Score:>: 

Points mc1d~-----

4 



This test should be mounted on the drawing board. 

(!) By medns of projection dnd using dimensions given, Finish 
the top Bnd side vie-ws or the> righ+ re>dangulc,r pyrc1mid 
Altitude :l¾'' Bdse =- ¾" x l ¾". 
A f' didmeter hole- e>xteonds ! "up from the middle of the bdse 

@ 

Score: 

Points 

Usanq dimensions of p.roblem I, drdw by medns of dn oblique 
or duxi I ic1ry view the truP size> dnd shc1pe of the cut section 
No s1dE> view required. 

" I \ 

s 

Scor-e· 

Points 

@ 

Time: 22 minutes Test No. 3-B 

Using dimensions of problem I, drdw thr"e views of problem I 
dnd drow three views of pyrdmid when top is cut off dS 
shown in Front view Omit hole in bc1se. 

L_ 

" I \ 

Score: 

Points 

Complete the end view of this iron Cdstinq. Mdke upper 
hc:1\f oF the end view in elevdtion and lower hdlf in section. 

Symbol for Cdst iron in section is rB 

Score: 

Points 

6 Total Score _______ ___ TestNo. 3-B 



Mechanical Drawing Tests 
for 

High Schools, Trade Schools, and 
Entering College Students 

BY 

Test 

1 
2 ... 
3-A 
3-B 

PART II 

FERDINAND A. P. FISCHER, M.A. 
Instructor Engineering Drawing, 

Crane Junior College, Chicago, Ill. 
Total 

PART II 
TESTS 1, 2, 3 

PERFORMANCE TESTS 

The student will please fill in the blanks below. 
Do not turn page until you are told to do so. 

Score 

School .. .. ... . ..... . .. .. .. .. .. . City and State ..... .. . . . ... ... . . .. .... . . ... ..... . 

Grade ....... '. .......... .. .. . .. Student's Name ..... .. .. . .. . .. . . ... ..... . ...... . 

When was your last birthday? . . . . . . . . ....... How old were you then? ........... yrs. 

INSTRUCTIONS TO THE STUDENT 
These tests are designed to assist you to determine for yourself just how well you have 

mastered your drawing work. You are asked to follow instructions and to do your own 
work; do not use books or reference material, and start and stop immediately upon the 
teacher's signal. There are usually more questions than you can answer in the given 
time, so do not worry if you cannot finish. Answer them in their correct order, to the 
best of your ability and without wasting any time. 

You will need your drawing board, T squares, triangles, scale, pencil compass, nicely 
sharpened drawing pencil, and thumb tacks. Place these on your drawing board so that 
you will be ready to work when the signal is given. 

The problems are of this type: 
Test No. 1. Some problems will be given to see how well you understand the use of the 

scale, mixed numbers, and angles. 
Test No. 2. You will be asked to do some geometrical problems. In this type of work 

be sure not to erase any of your construction lines. 
Test No. 3. You will be asked to draw by means of projection lines three views of an 

object. This test must be mounted on a drawing board. Your work will be judged on 
accuracy, placing of views, dimensioning (when called for), and neatness of work. 

Test No. 3-A is adapted for trade schools or schools where working drawings are empha
sized. 

Test No. 3-B is adapted for schools emphasizing the principles of sections and oblique 
or auxiliary views. 
You are given a certain length of time to work on each test. When the teacher indicates 

that the time is up for the test you are working at, you must stop immediately and 
proceed with the next test. 

When the teacher gives the signal "Go," turn the page and begin. 

The Bruce Publishing Companr, Milwaukee, Wisconsin 
Copyright, 1929, by Ferdinand A. P . Fischer 

Printed in the United States of America 
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TABLE I.--DATA FOR MEMBERS OF GROUP A (CONSTRUCTION, 
SKETCHING AND SIMPLIFIED INSTRUMENT :METHOD} AS TO AGE, 
INTELLIGENCE ~UOTIENT' scoru:.s MADE ON I\IECHANIC.AL ABILITY 
TE.S'I', A VERA GE GRADES OF PREVIOUS SEMEST.tl:R, AND ACHIEVE-
lv'IENT SCORES ( FIRST AND SECO:ND TESTING) 

STU- AGE I.Q. AV. MECH. FISCHER'S TEST FISCHER Is T.t!iS1h 

DENT (MO.) GRADE APT. (FIRST TIME) (SECOND TIME) 
Pt. Pt. To- Pt. Pt. To-
I II tal I II tal 

~ • D. 169 102 83 69 15 8 23 36 31 67 
.A. D. 197 106 84 58 31 14 45 57 41 98 
J.D. 172 105 81 82 17 8 25 41 28 69 
E.D. 166 108 76 58 19 19 38 31 22 53 
H.E. 172 114 87 89 21 16 37 39 31 70 
C.F. 192 106 85 73 28 14 42 48 46 94 
L.H. 169 103 84 73 22 15 37 48 46 94 
G.H. 175 104 82 52 14 12 26 27 42 69 
B.H. 183 95 77 46 16 4 20 40 34 74 
G.K. 174 106 89 67 26 7 33 50 41 91 
F.R. 180 106 80 67 24 7 31 32 28 60 
A.S. 173 97 73 52 25 7 32 36 37 73 
S.T. 170 101 87 65 16 10 26 42 29 71 
J.W. 170 115 88 68 32 11 43 48 44 92 
J.M 166 114 84 53 22 6 28 42 39 81 
L.M. 171 112 82 71 27 20 47 52 29 81 
J .H. 177 101 77 63 12 9 21 36 40 76 
B.K. 173 108 82 67 21 11 32 48 42 90 
D.M. 166 110 87 77 19 15 34 39 46 85 
R.H. 169 127 94 64 27 14 41 52 43 95 
E.H. 182 101 80 51 22 6 28 45 27 72 
A. L. 168 123 93 78 35 21 56 53 49 102 
J.M. 174 121 90 72 35 24 59 60 50 110 
G.M. 202 112 83 80 34 14 48 52 46 98 
A.M. 169 110 86 70 16 .5 21 ·34 41 75 
E.O. 165 122 89 66 23 14 37 49 32 81 
J.P. 211 93 75 46 18 9 27 36 29 65 
R.T. 199 98 88 51 19 13 32 39 40 79 
L.Z. 167 110 86 57 22 11 33 48 47 95 

-
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TABLE 2.--DATA FOR MEMBERS OF GROUP B (CONSTRUCTION 
SKETCHING AND STh1PLIFIED INSTRUMENT METHOD) AS TO .AGE 
INTELLIGENCE QUOTIENT, SCORES N.ADE ON MECHANICAL ABILITY =, AVERAGE GRADES OF PREVIOUS SEMESTER AND ACHIEVE-

SCORES (FIRST AND SECOND TESTING) ' 

STU- AGE I.Q. AV. MECH. FISCHER'S TEST FISCHER'S TEST 
DENT (MO.) GRADE APT. {FIRST TIME} (SECOND TIME) 

Pt. Pt. To- Pt. Pt. To-
I II tal I II tal 

P . L. 173 103 84 64 20 15 35 35 24 59 
N.T. 172 105 75 58 22 13 35 42 21 63 
D.D. 199 90 80 86 14 6 20 34 23 57 
A.G. 171 109 85 58 23 11 34 39 45 84 
D.S. 165 115 75 52 21 5 26 22 22 44 
V.M. 204 106 80 65 25 11 36 43 31 74 
M.B. 173 108 86 71 15 4 19 25 31 56 
J.R. 167 100 83 55 16 3 19 31 27 58 
K.V. 180 95 78 64 19 4 23 26 30 56 
R.G. 175 106 85 61 30 14 44 31 23 54 
E.H. 180 107 85 61 18 11 29 32 36 68 
R.T. 173 97 84 40 23 6 29 38 33 71 
T.R. 172 101 75 54 17 5 22 20 21 41 
J.B. 164 115 90 67 31 20 51 40 40 80 
R.A. 160 119 87 52 32 20 52 38 31 69 
G.C. 168 112 88 72 26 18 44 30 22 52 
J . D. 170 101 84 77 33 26 59 45 30 75 
M.D. 179 108 86 54 16 17 33 29 31 60 
E.H. 170 111 84 43 19 11 30 30 19 49 
C .M. 171 113 86 68 21 14 35 37 36 73 
H.H. 179 115 81 64 28 18 46 38 34 72 
B.W. 170 120 95 89 30 17 47 51 48 99 
H.H. 195 114 88 71 37 18 55 50 31 81 
A.V. 172 111 87 78 21 20 41 38 29 67 
R.G. 174 109 85 45 29 19 48 29 21 50 
P.S. 192 108 80 65 21 17 38 32 30 62 
H.O. 193 90 80 59 24 16 40 34 30 64 . 
S. VI. 168 97 90 55 18 16 34 24 24 48 
L.T. 181 109 76 67 23 20 43 50 32 82 

. 

. 
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