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This studj in the fTeld of methodologj in secondary mathe- 
matcs s based upon tI2e philosophy that children's habits of 
paying attentIon to the present, habits of sctvtj and work- 
manship and habits of spontaneity In thought and action need 
to be encouraged. To this end, fieldwork, ir which simple 
instruments would be used, s proposed as a supplement to the 
regular courses n secondar7 mathematics. That students on 
tbe secondary level are nterested n out of door mathe- 
matcal exerc1ses s poInted out. Such activities tend to 
i_ve a meaning to mathematics that other techniques often 

i a c k. 

The proposed actvtes center about the instruments, for 
example, there ore anle mrrcr problems, plane table prob- 
lema, transit problems, and sextant problems. Each of tbese 
areas s divIded into, first, the problem of constructing the 
4nstrument, second, the problem of ;he instrument. The 
only deviation from this plan is in tbnt opening series of pro- 
pbsed exercises known as the congruence and simllarity problems 
where no special instruments are used other than stakes, mallet, 
and measurina' tape. 

In order to build a collection of smple low-cost i.nstru- 
monts, detaIled plans are presented for constructing an nngle 
mrror, a plane table, an alidade, a transit, a cardboard block 
transit, and a sextant. The cardboard-block transit conssts 
of a de'ree-marked, five-Inch circle of cardboard carrying a 
pattern for peep-sights, the latter to be cut and folded according 
to directions. This cardboard dial is thumbtacked at center to 
a block of wood and is used horizontally as well as vertically on 
top cf the plane table. The pattern for the sextant, presented 
in full sze, is to be cut out and cemented to three-plj veneer. 
Supports for he mirrors are nde from common corks. 

The f-ieldwørk required that the mathematics class be 
d1vded into teams of four members each. The construction 
duties of each tam member ore prescr1bed for each instrument. 



The out-of-door exercises associated with the use of each in- 
strument also indicate the specific duties of each team member. 

The exercises nc1ude problems inconrruence and similarity 
which are solved by using stakes and a measuring tape. The 
3-4-5 right triangle idea is used. The angle mirror is used 
to establish right angled corners as vell as to metsure dIstances 
and heights. The plane table exercises Involve the trIangulation 
method of mapping. The transit problems revolve about the 
simple laws of trigonometry and also the law of sines. 
Exercises with the sextant are concerned with measuring distances 
and heights as well as determining latitude by shooting the sun" 

Twelve to fourteen dollars is the estmated cost of 
supplying adequate instruments for field work for a class of 
twenty-four to twenty-eight students. Thile tbis s the 
initial cost, it is pointed out that the 5nstruments csn be 
used again and again in following school years with minor re- 
placement costs. 

This study is made to lay positive and definite plans for 
Introducing fieldwork as a needed supplementary actvïty in 
secondary mathematics. It s presented so that the teacher 
who has had no training n fieldwork may easily follow the 
plan. 
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CONSTRUCTION AND USE OF SIMPLE INSTRUMENTS 
IN SEC)NDARY SCHOOL MATHEMATICS 

CHAPTER I 

INTRODUCT ION 

Manpu1ating the symbols of mathematc8, a promthent 

feature of mass educatIon some twenti years ago, has gradu- 

a1137 given way to a saner technique which provides that 

students shall fthd reason, appreciation, and understanding 

in mathematical s1tuatons. This desirable comprehension 

is now facilitated by including some of the simpler ideas 

of trigonometri, graphs, function and slide rule skill in 

the books of secondary mathematics. :Tuch formalism and 

mans techniques have been postponed for later courses 

beyond the high school. The infinite array of individual 

differences has forced the modification of the mathematics 

course of studs. These differences are complicated by 

acquired systems of satisfactory as well as unsatisfactory 

habits of thinking, feeling, and doing. The school has no 

choice but to guide this imposing array of variables. 

Among the multi-form tendencies to action which appear 

without seemingly having been acquired, is one which leads 

the individual to be aware of number. It is one which if 

overly developed might easily lead by specific education to 

the production of a mathematical genIus. Or it may yIeld 

the mathematics special5st, so enamoured with his specialty 

that he measures all the elements in his environment 
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relative to his own success in the mathematical fIeld. 

Such a specialist, as a teacher, could be a hinderance to 

the wholesome development of students unless he recognizes 

that his own mathematical achievement is unique and not 

generally attained by the so called average student. It 

is a purpose of education in mathematics to build a hier- 

archy of mathematical habits about this a\areness of number 

and to give it dIrection and power. 

The teacher properly attuned to the exigencies of mass 

education recognizes that educatIonal growth is slow. 

Where a student Is constrained to pay attention to certain 

things or conditions, the teacher can serve by presenting 

new learnIng experIences on the pupil's horizon of compre- 

hension. There Is nothing in this situation which domanda 

time-pressure or hgh-tonsIon technique. Such methodology 

is more lIkely than not to build up emotional bloca. The 

mathematics Instructor plays upon thIs awareness of number, 

guides it through accepted channels, and allows It free 

rango through recognized habit patterns. The emotional 

balance of the Individual should be maintained by arranging 

activities in such a way that the learner can have many 

more successes than faIlures. Consequently, it devolves 

upon the teacher to discover the studontts sphere of mathe- 

matical understanding. Here is the place for dIagnostic 

testing. To the extent that we educate so that the 

individual may more effectively adjust to changing 
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mathematical environment, all tests should be diagnostic. 

When the cbild asks questions, the best answer is that 

simplest one wh-ch, as far as one is able to tell, satis- 

fies the query. Anzi elaboration of the answer beyond the 

experience of the child is waste motion. In secondary 

mathematics, this is an argument for a laboratory tech- 

nique. Let the experience be first, then the verbalization 

has meaning. The mathematics teacher is a spec-alIst and 

must be dissuaded from forcing his mathematical hobby upon 

his students. His work is to guide students who pay 

attention to mathematIcs. 

Purposes of Mathematcs: 

The instructor's purposes can hardly be more aptly 

put than they were eighteen years ago In the following: 

The primary purppses of the teaching of 
mathematIcs should be to develop those powers of 
understanding and of analyzing relations of 
quantty and of space which are necessary to an 
insight into and control over our environment 
and to an appreciation of the progress of civ- 
lization in its various aspects and to develop 
Eose habits of thou&ht and actIon which will 
make these powers effective In the life of the 
individual. (1) 

(1) The National Committee on Mathematical Requirements, 
The Reorganization of Mathematics in Secondary 
Education, U. S. Bureau of Education, Bui., 1921, 
No. 32, p. 9. 
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The Statement of the Problem: 

Students on the secondar' level comprehend the 

relations in mathematic$ more effectively If they are 

guided into and through some of the so called '1practicalt' 

applications. Every Instructor sees his best laid plans 

run awry frequently enough to cause him to seek new pro- 

cedures. Enthusiastic and detailed explanation on how a 

plane table, a sextant, a transit, or an such device is 

used, s often a rood exercise for the teacher, but the 

class responds too frequently with the half-smiling 

silence which means, twe would lIke to believe sou, but we 

have not had the actual experience that would enable us to 

comprehend»' Such a situation produces the problem: What 

ways and means shall the teacber employ in conducting 

mathematics fieldwork? This activity implies out-door 

experience for the student .n the belief that the pupil 

must first know practically; then he can reason upon his 

experience effectively. It is recommended that fieldwork 

supplement the regular courses in mathematics. Work of 

this kind requires the use of simple instruments. Simple 

instruments are defined as home-made and also manufactured 

instruments which can be purchased for less than fifty 

dollars. Consequently, emphasis upon great accuracy Is not 

expected no is it desirable for the majority of secondary 
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school pupils. Concerning accuracy, B3tz (2) says: .... 

no attempt should be made to reproduce or imItate the 

highly technical precision work of the trained engineer. A 

dramatizatton of the necessary steps with home-made instru- 

ments serves our purposes quite as well, If not better, at 

this stage." However, it may be said that emphasis upon 

accuracy should be In direct ratio to mathematical 

maturity. Secondary mathematics shall be assumed to 

embrace the junior and senior high school field. 

Value of the Study: 

at are some of the values associated with fieldwork 

in mathematics? "Practical" work of thIs type gives mean- 

ing to mathematics. Particularly attractIve to the pupil 

of average and below average ability, fieldwork also 

appeals to the bright student. Each group has an oppor- 

tunity to check Ideas against present reaUty, whIch, in 

itself, ts a desirable habit. Many of the criticisms 

leveled at mathematics against out-moded content are valid. 

The chorus of criticism is not peculiar to the present 

decade; it has been mounting in volume for fifty or more 

years, and it continues. Loath to depart too drastically 

¼:.; betz, William, The Teaching of Intuitive Geometry, 
National Council of Teachers of Mathematics, Eighth 
Yearbook, 1933, p. 157. 



from the patterns of the past, the text books yield slowly 

but surely. By increasing emphasis upon motivation and 

vitalization, the mathematics teachers respond to the 

shafts of disapproval. Fieldwork is avowedly a motivating 

and vitalizing factor. It may be said that out-door mathe- 

matics has an appeal for boys but not for girls, but such 

a remark is based upon the age old error of thinking that 

womens abilities to adjust to envIronment are vastly 

different from and generally inferIor to man's. Shuster 

and Bedford (3) say: 

While fieldwork seems at fIrst thought to 
be more suited to the interest of boys than those 
of girls, it has been found from actual experience 
that fieldwork, like scoutIng, makes a strong 
appeal to girls. Fieldwork Is unIque in arousing 
the interest of the best students and at the same 
time appealIng to the poor or slow moving pupils. 

This thesIs Is of value to teachers who are interested in 

starting fieldwork to supplement the usual program. It 

shows several kinds of simple instruments, how to make 

them, and suggests how to use them. The bibliography will 

enable the teacher to locate historIcal Information as well 

as other relevant facts. 

Some HistorIcal Factors: 

In the early 1900's, magazines like School 

(3) Shuster, C. N., and Bedford, F. L., FIeldwork In 
Mathematcs, p. 3. 
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MathematIcs, Supplement to School Science, printed artIcles 

related to use of Instruments In mathematIcs. OccasIonal 

references appeared in the sears up to the 1930's when t 

would seem that the world-wide confused questionIng of the 

foundatIons of socIety also burrowed Into secondary mathe- 

matics. The number of references since 1930 has Increased 

noticeably. Teacher trainIng In the use of simple Instru- 

monts seems first to have appeared In Teacher's College, 

Columbia UnIversIty, under the leadership of Professor 

Carl N. Shuster In 1926. Professor Fred L. Bedford of 

State Normal School, Trenton, New Jersey, has been assist- 

Ing Professor Shuster for manî years. They have trained 

thousands of teachers, manj of gone to 

establish teacher training courses in fieldwork at other 

centers of education. There are now "about fifty or sixty" 

(4) colleges offering this work; most of these are east of 

the Mississippi river. The demand for simple manufactured 

instruments has lead several companies to produce instru- 

ments at reasonable cost. (*) 

(4) Information In a personal letter from Professor C. N. 

Shuster, Teacherts College, Columbia UniversIty. 
(*) See AppendIx 'B.'1 



CHAPTER II 

THE LITERATURE RELATED TO FIELDWORK 

The American people are proud of their schools. They 

line them up alon the main highas for all to behold, and 

some communities go so far as to direct attention to them 

at night by means of well-plsd floodlIghts. As models of 

smplIcIti and beauty of architecture, these structures 

deserve the limelight. It is worthy of note here that the 

trend seems to be for schools to become communIty centers 

not only for children but adults as well. Certainly no 

more wholesome development could take place. 

Lack Equpment 

But behind the magnificence of these buildings lie 

cankerous defects 1n the system of education, troubles 

vaguely realized by some teachers and glaringly obvIous to 

others. The problem of realigning the school system Is one 

of almost infinite ramifIcation and not the problem of this 

thesis. Of the many conditions teachers are trying to 

change for the better, there is one which appeals directly 

to instructors in mathematIcs. The school laboratorIes 

contain the very best apparatus. The shops are equipped 

with high quality tools and Improved power machinery. Both 

are provided special rooms devoted to the respectIve 



purposes. For them requIsitions for materials, new equip- 

ment, and improvements are granted frequent1. Teachers of 

mathematics would wI11Ing1,7 agree that equipment for 

1abortory sciences Is Indispensable. But mathematics 

teachers also conduct a form of 1aboratori science, a 

science that requires equipment. Luck,i, indeed, is the 

mathematics classroom that has more than a few pieces of 

chalk, of string, two or three erasers, and an odd assort- 

ment of yardsticks put out b the local hardware or lumber 

merchant. This is not the condition of just a few isolated 

communities. It Is peculiar to urban as well as rural 

schools. It is reasonable to suppose that the dearth of 

equipment in the high schools of Indiana revealed in a 

survey conducted by Ingle (1) would not vary greatly from 

that of any state in the Union. 

However, the problem requires that something be done 

to change the situation for the better. BreslIch (2) says: 

ResponsIbility for this deplorable condition 
sometimes rests with the administration that fails 
to recognize the necessity for a complete modern 
equipment n teaching mathematics, and sometimes 
wth the teachers or supervisors who either have 
failed to impress the administration with the 
needs of the department or are ignorant of the 
amount and kind of equipment that should be 

(1) Ingle, Gerald C., The Use of Matherna 
Teaching Aids In the HIgh Schools of 
Unpublished Master1 s ThesIs, Indiana 

(2) Breslich, Ernest R., The TeachIng of 
Secondary Schools, p. 116. 

bical Equipment and 
IndIana, 
Univ., 1935. 
Mathematics in 
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provided. The matter s Important enough to 
deserve the most careful consideration of every 
teacher, supervisor, and admin-stratr 

Suggested EquIpment 

Bresllch suggests the mInimum student equipment as 

being: ruler, protractor, compasses, textbook, and slide 

rule; the minimum classroom equipment: desks, blackboards, 

squared. board, blackboard protractor, rulers, pointers, 

erasers, blackboard compasses, filing case, and pencil 

sharpener. This lIst is supplemented with a list of 

desirable equipment, the last item of which bears dIrectly 

upon the present thesis when it suggests surveying instru- 

ments and transit (3). Breslich recognizes that some good 

work in mathematics can be done wth home-made Instruments. 

To have a special room devoted to use of mathematics 

much the same as a phsies, blology, or chemistry labor- 

atory might be far beyond the fondest hopes of the pro- 

gre8slve teacher. If one were to plan such a mathematics 

classroom, he would Include mans Items not mentioned in 

the Bresllch compilatïon. Such a room has been planned In 

great detail by Bedford (4). He says: 

The accompanying floor and elevation plans 

(3) IbId., p. 125. 
(4) Bedford, Fred L., "PlannIng the Mathematics Classroom," 

The School ExecutIv, April, 1936, p. 290-292. 
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show the arrangement of a classroom designed to 
meet modern needs. It is a room planned as 
definitely for the teaching of mathematics as the 

laboratory is for the teaching of science; it is 

indeed a mathematics laboratory...... . . . ..In this 
classroom, mathematics can be studied as the 
science of concrete relations and as a means of a 

rational interpretation of the physical universe. 
It here becomes dynamic and functional and t}us 
meets the demands of modern lfe..... 

Beãford's lIst of equipment is impressive and suggestive of 

untold ways of motivatIng the subject. Indicative of the 

list are such items as calculating machine, contour map 

model, radio, reflectoscope, motion picture equipment, 

blueprints, maps, museum, and twenty-eight different 

nstruments including transits, sextants, angle mirrors, 

and plane tables. 

The history of the human race in most of its endeavor 

shows that improvements come gradually and surely as 

increasing attention s placed upon a problem. It remains 

for enterprising educators to indic'te clearly the value of 

mathematics lsborator equipment. But the Idea of using 

fieldwork n mathematcs first needs to be sold to large 

numbers of teachers whose traIning does not easily lead 

them to Introduce fieldwork and similar laboratory 

exercses. As the value of this type of experience for 

children is sufficiently demonstrated, superintendents will 

feel themselves free to make necesssry provIsions In the 

budget, and school boards will be more willIng to grant the 

requests. This thesIs suggests ways of Introducing 
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supplementary fieldwork and ways and means of building and 

of using home-made simple instruments. 

Need for FIeldwork 

It s worthwhile to note at this time that recognized 

authortios in th.e teaching of secondary mathematics mention 

fieldwork activitIes 1n their wrItings. Young (5) says: 

"Perhaps the primitive aspect of geometry as 'earth 

measurement' has been too nearly lost from sight. Seldom 

does a class in geometry make any terrestrial measurements, 

and yet nothing else would give the subject so much life 

and realIty." A esutious point of' vew is presented by 

Schuitze (6) when he says: 

Practical problems, introduced ratIonally 
and wIthout destroyIng the essentials of 
geometry and algebra, will Improve the teaching 
of' mathematics. But we must not expect too much 
from this movement, for it Is not a panacea that 
will cure all ills. There is even a danger that 
a fanatical pushing of this idea may do serious 
harm to the cause. 

Hassler and Smith (7) admit the value of fieldwork and 

sound a restrIcting note for the senior high school class 

seeking special college preparatIon in trigonometry when 

(5) Young, J. W. A., The Teaching of Mathematics in the 
Elementary and the Secondary School, p. 279. 

(6) Schuitze, Arthur, The TeachIng ofMathernaticsln 
Secondary Schools, p. 284. 

(7) ass1er, J. O. and Smith, R. R., The Teaching of 
Secondary MathematIcs, p. 384. 
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thej say: 

With simple home-made instruments, pupils 
can get the actual data for their problems and 
learn much about the role that mathematics plays 
In the realm of Indirect measurement. So long 
as the problems remain simple, the Ideas th- 
volved are not difficult. In this subject, the 
pupil is introduced to a field of practca1 and 
interesting mathematics. 

We are interested in this chapter, however, 
in the trigonometry of the senior high school... 
Hence we should not become too absorbed in the 
practical applications as to neglect a thorough 
study of the analytical parts of the course. 

Breslich (8) says: 

Boys and girls of today are greatly 
interested in making geometric desIgns and in 
determining unknown distances.....Such problems 
are real to them and are therefore approcated 
and understood.....The activities of drawing and 
measuring call for careful work. They offer 
excellent training in the use of mrthematical 
instruments. 

An enlightening selection from iolff (9) of Herschelschule, 

Hanover, Germany, follows: 

Our school is well off In possessing a 

Landheim, where vie are able to take up celestial 
studies and the applications of mathematIcs to 
fieldwork. The teaching of mathematics can be 
very successful in the Lanc3heim. A Landheim is 

a house for the pupils in the country where they 
go for a fortnight every year during the school 
term. They are taught there as well as in town, 
but the principal matter of interest is that the 
instructIon refers to the country and its in- 
habitants, to civl1zation, to the surface of the 

(8) Breslich, Ernest, The Adininistrationof Mathematics i 

Secondary Schoo1s,. 216. 
(9) Wolff, Georg, The Mathematical Collection," Natona1 

Council of Teachers of Mathematics, Eighth Yearbook, 
1933, p. 242. 
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ground and the lIke. Apparatus for both sImple 
and diffIcult measurement must be available 
there, such as tape measure, theodolite, 
surveyor's table and leveling instruments. We 
strive to construct the measuring apparatus our- 
selves, f possIble, In our workroom. 

While It is related to mathematics In particular, the above 

is suggestive of a wa of improving a phase of our 

educational pattern. The work of the schools is sometimes 

criticIsed because the children are isolated from rea1itr, 

and the teaching is too theoretical or academic. Here then 

is proposed a way of relatIng the classroom work to real 

situations, in short, a form of alternation of study and 

work. Perhaps Link (10) s rIght when he says: "Although 

conventional educators may not realIze it, the C.C.C. camps 

probably represent the fIrst Important stage in the 

revolutIon of educatIon in America." 

Suggested Constructions 

SugestIons for constructing Instruments for secondary 

mathematics vary from simple forms of protractor-ruler 

combinations to most elaborate detaIls Involving machine 

shop technique. Bresllch (11) suggests a drawing board 

placed upon a trIpod and leve1.d by a small spirIt level 

placed in two positions. A ruler placed on top of a 

(10) Link, Henry C., The Return to RelIgion, p. 146. 
(li) Ereslich, Ernest R., The Teaching of Mathematics in 

Secondary Schools, p. 125. 
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protractor on the board Is first pontec1 to one object then 

to another, the angle between the two objects being road 

drect1y from t}e protractor. To measure angles In a 

vertical plane, another board carrying the protractor is 

placed on top of and perpendicular to the drawing board. 

The procedure of sighting was the same. The article also 

suggests bow a sIiple transit was macle by using parts of a 

toy construction outfit known as Meccano. No directions 

are given, and It is krown to be a rather difficult problem 

to fasten a drawing board to a trIpod, let alone making the 

tripod itself. 

The same criticsm is due Richter's (12) novel device. 

Richter's concern ws for contour map making where straight 

lines and leveling are Involved. He affixed a small 

telescope sight on one end of the tp of an ordnary 

carpenter's wooden level. fie then attached the whole thing 

to a tripod In such a way that It was free to swing hori- 

zontally only. A transit poposed by Rich (13) might be 

called a pie-tin transit, for Its horizontal turntable and 

its vertical counterpart are pie tins. The vertical tin Is 

fastened at right angles to the horIzontal tn by means of 

(12) Richter, Leonard, "Contour Map Making," Sch.. Sci, and 
Math., XI, Dec., 1911, p. 812. 

(13) Rlch, Frank ., "A Fev LIve Projects n High School 
Mathematics," Sch. ScI, and Math., XX, Jan., 1920, 

p. 34. 
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strap Iron. The instrument has 1eve1ing screws and a 

spirit bubble for the horizontal plane. The sight tube 

fixed to the vertical scale and centered is most unuaual 

in that it is made of c?lass. It consists of a pIece of 

glass tube eight to twelve inches long and one inch in 

diameter stoppered at both ends with one-hole rubber 

stoppers. The glass sight tube about a quarter inch In 

dIameter is passed through the two stoppers. The space 

within 15 filled wIth a liquid so that the device shows a 

bubble for leveling purposes. 

Rogben (14) suggests a simple type of transit. The 

horizontal scale is made of a double protractor, that is, 

a scale of 360 degrees. A pole turns at the center of thIs 

and carries a small arrow poInting to numbers on the hori- 

zontal scale. The pole carrIes at its upper end a simple 

sighting tube attached to a vertical protractor. No men- 

tion is made of a tripod. His device called a shadowpole 

Is interesting. 

Engle (15) shows a transIt carrying a small compass 

and otherwise patterned after the regular instrument used 

by engineers. A wood-lathe would be necessary for its 

(14) Hogben, Lancelot, MathematIcs For the Million, p. 54. 
(15) Engle, T. L. "Constructing a Transit as a Project in 

Geometry", Math. Teacher, XXIV, ov., 1931, p. 444. 
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construction. A Univers1t' of Minnesota High School 

type (16) of transit is presented in true industrial art 

detail b Bent and Kinnej, and they imply that the total 

cost was less than 75 cents. 

"An Easily Made Sextant" is a proposal by Johnson (17 

He presents adequate working drawings and explains the uso 

of the sextant ft popular style. The most elaborate 

diagram found in the literature concerns a transit and is 

offered by Campbell and Strahl (18). A tracing supplement 

accompanies the descrIption and the instrument requires 

machIne equipment which most schools do not have. 

In chapter four of thIs thesIs the wrIter presents 

simple forms of some useful Instruments. The reader may 

find a list of manufactured Instruments, prices and In- 

strunient companies In the appendIx "C'. 

ExperIences of Some Teachers 

Though there are many teachers now using some form 

of fieldwork in secondary mathematics, there is little or 

no published information concerning their experIences. It 

(16) Bent, R. K. and Kinney, L. B. "A Field Instrument for 
the JunIor Senior HIgh School", md. Arts and Voc. Ed. 
Vol. 24. AprIl, 1935, p. 119. 

(17) Johnson, Gaylord. "An EasIly Made Sextant", ÇcedIa 
of Things to Make. p. 11. 

(18) Campbell, M. D., and Strahl, J. W. "A Useful Transit", 
md. Art and Voc.Ed. XXII, July, 1933, p. 233. 
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is known, however, that some experImentIng Is being conduc- 

ted b Professor E. H. C. Hildebrandt in the New Jersey 

State Teachers College at IiIontclair. Also H. W. Charles- 

worth, head of the mathematics department In East High 

School, Denver, has been conducting a separate and distinct 

course In field work. He belIeves that It would be better 

organIzed as supplementary activity than as a dIstInct 

course. Geraldine McCall, supervisor of mathematics, 

Mississippi Industrial and TrainIng School says: 

We have a mathematics laboratory in which 
the maps are drawn by the pupils during their 
vacant perIods, under supervision of the mathe- 
maties teacher. In the JunIor High School the 
work is done on the field as in the other classes 
but the maps are done by Scale Drawing. The ge- 
ometry class does this unit in Field Mathematics 
by use of congruent and simila:' trIangles. 

ifl the first year algebra class the chIldren 
are introduced to trigonometry soon after the 
study of sImple equations. The tangent, cosine 
and sine tables are represented graphically so as 
to give the child a practical insight into the 
real meaning of these tables..........One section 
of the first year algebra class burled the 

"treasure1' and then plotted and mapped the 
ground........The other section took the sketch- 
Ing and figured out the location of the "hidden 
treasure." 

The isst maps made by the students are 
practIcal drawings of the areas of dIfferent 
pIeces of land on our campus........(l9) 

(19) McCall, Geraldine, "A Unit in Field Mathematics", 
The MissIssippi Educational Advance, Feb., 1932, 
p. 132-133. 
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Limited Number of Books arid Theses 

VVhIle there are a number of short articles pertaining 

to fieldwork in secondary mathematIcs, it s surprIsing 

that there is on1j one book (20) on the subject. It de- 

scribes the use of instruments which ma,' be emp1oìed to 

enrich mathematics and to give fieldwork the practical 

significance of a science laboratory. ThIs book presents 

the most e1ementar matter of general surveying including 

the use of the plane table, angle mirror, hypsometer, 

clnometer, transit, level, tape, and other Instruments, 

simple problems in navigation including the use of the 

sextant and compass. In its 168 pages are many problems, 

answers, and also a large number of clear cut and extremely 

useful illustrations. However, the authors make no pre- 

tense of explaining how the instruments can be made, no do 

they Indicate classroom technique In presenting and 

conductIng the subject. 

Of the many theses reported in the U. S. Office of 

Education from 1920 to 1936 only two seem o be definitely 

related to the subject of fieldwork. Gerald C. Ingle (21), 

writing on the subject, "'iThe Use of athematical quipment 

and Teaching AIds in the High Schools of Indiana," shows 

(20) Shuster, C. r. and Bedford, F. L., Fieldwork In 
Mathemat les 

(21) Ingle, Ger1i. C., Op. c.t. 
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that mathematIcs teachers are meageri equipped with 

instruments of the type mentIoned In this study. 

Baumgsrtner (22), whose thesis was on I11ustrat1ve Devices 

and Fieldwork in Secondsry School Mathematics," fInds that 

fieldwork can be used to illustrate mathematical laws, and 

that Illustrative devices and fIeld instruments can be made 

or purchased to meet the needs of the secondary school. 

His excellent recommendations for further study are 

included elsewhere in tuis thesis (*). These sources, 

various1î rIch in suggestion, leave the mathematIcs teacher 

with the detailed problem of arranging for the construction 

of sImple instruments, of selecting a sufficient number of 

problem situations, and of organizIng small teams and theIr 

duties. 

(22) Baumgartner, Irvin V., IllustratIve Devices and Field- 
work in Secondary School Mathematics, Mastert s 
OhIo State UnIv., 1935. 

* See Appendix A 



CHAPTER III 

GENERAL ORGANIZING PRINCIPLES 

Vthere the activities of groups of individuals are 

concerned, as they are in this study, it is important to 

list principles of organization. It was consIdered 

necessary to keep such principles in mInd as the study pro- 

gressed for the purpose of checking the need for including 

or excluding certain elements. The fIeldwork activities 

are unit-like in character; consequently sorne sort of 

crIteria for evaluating units were sought. 

Organizing the ActIvities 

Of the several lists of criteria published, ilarap's 

(1) seemed most acceptable, and t i given below. The 

reader should substitute "mathematics fieldwork" for the 

work "it's in the list. 

Crlteria for Evaluating Units 

1. It should Involve a variety of direct sensory 
experiences. 

2. It should provide for some free, Informal 
associatIon of the pupils. 

5. It should provide an opportunIty for manipu- 
lative or bodily activity. 

4 The parts of the unit should make a coherent 
whole. 

(i) Harap, Henry, Curriculum Laboratory, Bui. No. 17, 

Western Reserve University, Nov., 30, 1931, p. 6. 
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5. It should provIde a consIderable amount of 

pupil activity. 
6. It should be satisfying or the anticipation 

of the outcome should be satisfying. 
7. It should provide sufficent concrete and 

illustrative material. 
6. The unit of work should have a useful purpose 

in the present or future life of the pupil. 
9. It should introduce actual lIfe stuatons, 

as far as possible. 
lo. It should utilIze materials as they occur 1n 

lIfe. 
11. It should contain accurate Information. 
12. It should provde an opportunity for the 

pupil to originate, plan, and dIrect the 
actIvity as far as possible. 

13. It should provide opportunities to judge, 
choose, and evaluate. 

14. It should be within the available time for the 
unit. 

15. The exposItion should be clear enough to make 
It possIble for a new teacher to put the unit 
In practice, if she so desires. 

1. It should state clearly where materials may 
be obtained. 

17. Viien references are given, they should be 
completo and exact. 

The item, number 15, is important In that it helps to 

explain the organizatIon of the next chapter In this study. 

Realizing the Frimary Purposes 

The primary purposes as stated in chapter one should 

also be kept In mind. The best way of doing this, perhaps, 

Is to suggest at this time how some of them may be 

realized. For example, "powers of understanding and of 

analyzing relations of quantity and space" may be developed 

by focusing attention u:on the approximate nature of all 
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measurement (Betz,2) and also by presenting experiences 

in indirect measurements. To develope "an appreciation of 

the progress of civilization" attention may be directed to 

early forms of measuring instruments well described by 

Smith (3) and Stark (4). Hogben (5) presents the relatIon 

of mathematics to civilIzatIon in an entertaining style, 

and he makes occasional reference to instruments, In this 

"progress of cIvilIzation" idea, the teacher may detail 

students to study and relate the nature of the work of the 

u. s. Coast and Geodetic Survey. Aerial mapping is of 

increasing im»ortance. hy Instruments cost so much would 

be a good oral report topIc. The pamphlet on Surveying, 

published by the Boy Scouts of America, conveys desirable 

Information. In developing "habits of thought and action," 

the art of tbe teacher will be challenged to the limit, and 

the habits are given expression th the several fieldwork 

problems. 

(2) Betz, Willi am, "The TeachIng of Direct Measurement in 
the Junior High School," Third Yearbook of the Nat'l 
Council of Teachers of Math., 1928, p. 149-194. 

(3) Sm-th, David Eugene, History of MathematIcs, Vol. II, 
p. 344-368. 

(4) Stark, W. E., "Measuring Instruments of Long Ago," 
Sch. Sci, and Math, Jan., 1910, p. 48-67. 

(5) Hogben, Lancelot, Mathematics for the Million. 
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Achevng Student Cooperation 

The members of the class must be definitely organized. 

Too frequently, the field trip or industrial plant tour is 

a vaste of time for lack of adequate preparation. To over- 

come such a difficulty, the teacher should note that there 

are attitudes of cooperation and also acts of cooperation. 

The acts will be taken care of in the ensuing chapter, but 

the attitudes may be developed now by reference to the 

student' s environment. 

As a build-up to the cooperation idea, the teacher 

should point to the need of the community to educate its 

members, and point to the fact that the teacher serves the 

community in a useful way. The lines of responsibility, 

teacher to principal, principal to superintendent, etc., 

should be mentioned. Another occupation may be used if 

occasion demands. The teacher will explain that in field- 

vvork the class will be divided into teams of three or four 

members each, and duties of each member will be prescribed 

to ensure actual particIpation and cooperation. 

The principle used in this activity is implied in the 

following quotation from The Educational Poli, cies 

Commission. (6) 

(6) Educational PolIcies Commission, The UnIque Function 
of Education in American Democracy, 1937, p. 60. 
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In our age.....society Is a compltcation of' 

individual activities and social relations. The 
indvìdua1 remains, and individual virtues are 
st:11 tndispen$able. But all Individuals must in 
cold fact operate their economies and conduct 
their lives under what John R. Commons calls 'the 
working Rules of Going Concerns, S taking many 
forms and names, such as the common law, statute 
law, shop rules, business ethics, business 
methods, norms of conduct, and so on, which these 
governing or regulating groups of associated 
individuals have laId down for the guidance of 
transactions. 

The members of each team shall be designated by 

number as no. 1, no. 2, rio. 3, and no. 4, or, as frequently 

used in the next chapter, just 1, 2, 3, or 4. 

The teacher shall arrange to have leaders named for 

each group, and the honor shall be passed around. The 

principal duty of the leader will be, In most cases, to 

present the wrItten reports of projects completed. 

In presenting the foregoIng, the writer has listed 

general principles pervadIng the whole subject of fIeldwork 

activities. They will not be specifically mentioned in the 

detailed presentation to follow. 



CT. APTER IV 

TLE INSTRIThOENTS: TEEIR CONSTRUCTION AND USE 

Tbe problems as Iere1n described are each unIt-like In 

character, but the entIre chapter is not to be considered 

a unit. It must açain be stated that this work is supple- 

mentarj and to be incorporated In the mathematIcal ex- 

perience as the calibre of the class demands. There will 

be chapter sections on each of the following: simple 

experiments involvIng congruent and sImilar triangles, 

constructIon and use of the angle mirror, the plane table, 

the simple transit and the sextant. Emphasis is laid 

upon construction of instruments because it is necessary 

to buIld a collection of instruments which may be used In 

future instructIon as well as the present. Also, the 

problems are so presented that a teacher, inexperienced in 

fIeldwork, may easIly follow the explanations and dIrec- 

tlons. When fieldwork is first introduced, the class will 

be a construction crew to a limited extent, and such ac- 

ti.vity can be defended from the standpotht of service to 

"tUe going concern" of educatIon as well as by statements 

1, 2, 3, 5, 6, 6, 9, 10, and 12 in the Harap list mentIoned 

in the preceding chapter. 

The Problems in Congruence and Similarity 

The work in general mathematics and plane geometry is 
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motivated by such problems as those which follow. If the 

teacher has not already done so, he ma begin this activitj 

with emphasis upon team work. The number one person on 

each team shall be delegated to draw a lIne on the black- 

board which he estimates to be twelve inches long; no. 2 

shall draw angles of 60 degrees and 140 degrees; no. 3 

shall measure the length of the room down one of the 

aisles, and no. 4 shall estimate the height of the room 

and also the height of some tree, pole or building close 

by. These experiments 5ll bring to the attent.on of the 

students errors in judgment, approximate nature of measure- 

ment, and the need for measuring devices. Such matters 

should be dealt with briefly for the concepts gros slowl'. 

The teacher will suggest that each team furnish its own 

tools. The cost will have to be mot b students and the 

school. Some money for this purpose can be obtained 

from student body funds if the matter is presented 

properly to the princpal and student body officers. The 

plans presented call for a minimum of money expenditure. 

The equipment needed: 

One tape measure 50 feet or longer (cloth or 
metal). 
One axe, hammer, or home-made mallet. 
Two ranging poles, 5 feet long, one end 
sharpened. 
Six stakes, one end sharpened. 

The cloth tspe measure may be procured from variety 

stores or mail order houses for about twenty-five cents. 



If the teacher Las two or more classes in the same 

subject, he can call the leaders for an after-school 

session wherein will be decided the duties of each team 

and team member. However, lt will be assumed that, at 

first, only one class will be involved in the fieldwork 

a et iv lt y. 

ProgressIng now to a series of problems In congruence, 

one, sorne, or all of which may be used, a sIde-angle--side 

relationshIp is explained first. The object is to measure 

dIstances by using a triangle congruence idea even though 

it may be recognIzed that other methods of solution are 

posa lb le. 

Problem C-1 

Angle-s ide-angle 

Find side XY 

The straight lIne distance XY might be the diagonal 

distance through a building, and XA and XY might be two of 

the sides of that building. In such a case, the project 

shall he carrIed on by having the no. 3 and no. 4 members 

of a team measure XA and extend the tape line directly 

toward no. i who stands approximately at point C In line 

XA extended. then 3 and 4 have reached a point along thIs 
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line such that AC equals the XA distance, the no. 2 person, 

checked b no. 1, drives a stake in the ground. ïn a 

sImilar manner the line MA is extended to a point B. A 

triangle ABC has boon formed In which AC equals AX, BA 

equals AY, and these sides include a right angle in each 

triangle so that the side-angle-side relationship is satis- 

fled. If 3 and 4 will measure BC, it will be the same 

length as XL The XY distance might be a bay, a lake, one 

end of a gully, a blackberry or salai thicket, a hill, 

and the students will suggest other possibilities. If 

such an obstruction lies on the line XY, it is best to 

place stakes at positions X and Y, and a third stake 

at any convenient point like A. Let no. i do it, for a 

change. Let 2 and 3 do the measuring as in the above prob- 

10m and allow 4 the job of telling no. 1 where to drive 

the stakes corresponding to points B and C. The leader 

will make a simple report carrying statement of the prob- 

lem, a good drawing with measurements marked O it, and 

the signatures of the members of the team. 

Problem C-2 

Angle-side-angle / 

L 
Find AX or XB 

A 3 

C 
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Hov far is the door, X, of the school from each end of the 

football field? might be sgestive of a series of prob- 

lerns related to school grounds. The team with Its particu- 

lar problem in mind decIdes that line AB shall be used 

as a base lIne upon which will be built a triangle ABC like 

the triangle AXB. No. 2 and 3 will drive a five-foot 

ranging pole at each point B and A. No. 3 wIll tell 2 

where to drive a stake at M so that it will be on the line 

AB. No. 4 will measure AM. No. 2 will tell 3 where to 

drive a stake at D in line with A and X, and 4 wIll tell 

3 how far from A to place the stake. ow the problem is 

to locate a poInt E so that the angle EAB will be just as 

large as angle XAB. Let 4 hold one end of the tape at M, 

the tape is carried to A and held taut by 2; it is extended 

back to M where it Is held b 3; it is extended taut to D 

and held there by no. 1. Now if i and 4 will carry their 

poInts of tape toward E, they will locate the point E when 

the two points of tape are held together. Once this spot 

is located, 2 can come from A and drive a stake at E. By 

a similar procedure, the point F may be located, thus 

making angle FEA equal to XBA. the angle-side-angle condi- 

tion is establIshed; AB is the side. The lInes AE and BF 

extended will locate the point C, and all that remains is 

to measure CA and CB. 
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Problem C-3 

N 
I N 

Angle-side-angle A 

3-4-5 trtangle 

Find AX 

AX might be the distance across a small stream, or the 

31 

distance from seashore to an outlying rock, or the distance 

of the schoolhouse from road AB. The team will determine 

the length of a base line AB they will use. It will be 

measured and a prominent stake driven at mid-point M. A 

right angle must be established at B, and it may be done 

in the following detailed fashion. Let no. 2 form a loop 

of the tape by holding the zero end and the 24 foot mark 

together. Let no. 3 hold the 6 foot mark at B and no. 4 

hold the 14 foot mark at D on line AB. Now if 2 will move 

toward point C until the tape is taut, the point E will be 

located. The small triangle EBD is a 6-8-10 or 3-4-5 

triangle which is always a right triangle, the right angle 

in this case being at B. Consequently, BC is now perpen- 

dicular to AB. The line BE is extended to such a point 

that no. i standing on it can lIne himself up with points 

II and X. Having done so, he has determined the point C. 

The distance BC is to be measured. 
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Some problems involving similar triangles will now be 

considered. Each member of each team will be requested to 

make an isoceles rigtt triangle from stiff cardboard, let 

the equal sides be 6 inches long. A straight line is to 

be drawn from the vertex of the right angle perpendicular 

to the hpotenuse. C. 

Problem S-1 

St VIEJ 

-PIN 

-THREAD 

-WEtHT 
I '3 
M 

If a weight attached to a thread is tied to a pin as indi- 

cated in the diagram above, the whole device will serve as 

a level. V'rien side AB is placed upon a slanted surface, 

for example, the top of a classroom desk, the thread wIll 

not correspond in dIrection to line CiI. The two dotted 

arcs indicate where degrees amy be copied from a protractor; 

the pin poInt is the center. This device could be used 

to measure the degree of a slope if the zero posItion were 

marked on line CM. With pin, thread, and weight removed, 

the isosceles right triangle may be used to determine 

distances and heights. A team may elect to find the height 

of a tree, and each member will determine the height, 

average the answers, and return a team report. 
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I 

Problem S-2 '1 

Observer tacks a paper P to tree at the height of his eye. 

He backs away to a position O so that OR is in lIne with 

OT and 0M is in line with OP. Since the triangle TOP 

is similar to the cardboard isosceles triangle, TOP is 

ïsosceles. Therefore, distance FO is the same as the 

height of the tree above point P. 

Sorne horizontal dIstance (problem S-3) Is to be found 

in the same manner. Suppose the problem Is to find dis- 
tance from the road to the school house, mentioned In the 

last congruence problem. The observer will first locate 

a position A, then move down the road to a position near 

R where a line of sight back to X would coincido with the 

hypotenuse of the right triangle. The measured dIstance 

AR would be the required one. 

The drawing below suggests a way of using similar 

triangles to determine a distance AB. 

. K 

Problem S 4 / 

Find AB 

C _. - 

G I 
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Suppose there is some obstructIon on the line AB so that 

it cannot be directly measured. The team determines an 

convenient base line such as A C F. Points C and F are 

any convenient points. A stake is driven at E in lIne 

with stakes at C and B. Point D shall be so located that 

CD equals CE. Let no. i run the tape from no. 4 at E to 

no. 3 at C, to no. 2 at D and back to no. 4 at E. The tape 

vill then be drawn taut so that a tape triangle is formed 

like triangle ECD. The persons holding the tape will move 

so that no. 3 occupies position F, and no. 2 is placed on 

the line at positIon G b no. 1. Mien the tape triangle 

is tightened, no. 4 will be in position at H. In such a 

manner angle AFK is made equal to angle ACB. The line Fil 

should be extended until it meets AB extended in some such 

point as K. The following proportIon indicates what lines 

to measure: unknown AB is to BK as AC is to CF. 

J . 

Problem S-5 i 

I 

A 
Find AX 

. 

IC 
The C-3 problem can be solved b similar triangles. To 

determine an inaccessible distance AX, the team will first 

decide upon a base line like AB. Let 3 move along AB with 

his cardboard isosceles triangle until he determines a 

position A (checked by 2) such that the lIne of sight X to 
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A is perpendicular to AB. iO. 4 a3sIsted b no. i will 

determine the perpendicular line BC. With the tape, no. i 

will measure some convenient length BM; 4 will drive the 

stake at M. No.2 will move toward B along the lIne AB, 

and 4 (at point M) wIll tell 2 to stop when 2 Is in lIne 

with distant X and poInt M. The stopping point is R. In 

the meantime, 3 and 1 will be getting ready to measure BR 

and AR. When the measuremants are made, 2 and 4 will cal- 

culate AX by using proportion XA Is to BM as AR is to BR. 

No. 3 and i wIll make the report. 

Problem S-6 

Find a height by T 
O.... 

shadow method 

- Do w 
It is required here to find the height of the building 

AH. Let i and 2 work together, and 3 and 4 wIll work to- 

gether so as to get two solutions, one a check on the other. 

In the following, the work of 3 will be the same as the 

work of 1, and 4's work will be the same as 2's. Let 2 

measure the height of i to the nearest quarter-foot. Then 

i will move to some positi . on where a well defIned shadow 

of him is formed. No. 2 will measure the shadow to the 

nearest quarter-foot. Having determIned OT and OI, 2 and 

i will measure the shadow of the building to the nearest 



quarter-foot. No. i will set up and solve the proportion 

AH is to OT as AD is to OW. No. 2 and 4 will average the 

results and turn in a team report. 

In conductIng these fieldwork exercises, the teacher 

will be faced with the problem of supervising the work of 

from five to seven teams. The need for the teacher to 

plan five to seven different measuring situations for each 

problem is apparent and his suggestions should be offered 

only when a team is at odds about a possible project. The 

problems of the teams must be decided before they go into 

action, but the C-1 problem must be arbitrarily assigned. 

The Angle MIrror Problems 

The difficulties of formIng a right angle were met in 

problems C-3 and S-5. An angle mirror is a handy device 

which can be used to establish a lIne at right angles to 

another line. Its appearance Is indicated in the figure 

number 9 accompanying thIs section. Types of instruments 

similar In principle are used by surveyors, engineers, and 

military range finders. Just how the angle mirror can be 

used may be indicated by reference to the sketch in figure 

9. 

Suppose that the dotted lIne extending from the base 

of the pole represents the line of poles beside a road, 

and it is desired to find the distance of the tree from 
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this line. The desIred ithe (later to be measured) from 

the tree must be perpendiculer to the line of the poles. 

In other words, a right anglo must be formed by the two 

dotted lines. To locate the veitex of the r:ght angle, 

team member no. i (wIth 2 checking to see that i stays on 

the line) holds the instrument so that he sights across 

the left edere of te open face and sees the pole through 

the right wndow. No. i then backs away from pole along 

the proper line until he sees the image of the tree in the 

right side mirror. Then he aligns the mirrored tree with 

the pole, the point (determined now by 3 and 4 with a 

string and plumb bob) directly below the angle mirror s 

the vertex sought. 

VThy the angle is a rIght angle may be considered now. 

Refer to the dIagram showing the generalized form of the 

problem above. It is required to show that angle PVT 

is a rIght angle. Remember that a ray of light enterIng 

a mIrror at an acuto angle Is reflected from the mirror 

at the very same angle. A ray of light from the tree 

comes to left mirror, is reflected to right mirror, and 

is reflected from the rIght mirror to the eye of the ob- 

server. The angles that are equal are DAT and .AB and also 

the pair EBA and CBO. At A and B, perpendiculars are 

drawn meeting at a point M. The two small angles at A 

will be equal and should be called Ha and "a". Likewise 
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at B, the angles will be 'tb" er "b8. Angle TyP, being 

an exterior angle of triangle AVB, equals the sum of the 

two opposite interior angles, u2aTt plus "2b". In the 

quadrilateral MAEB, angles MAE and MBE are each 90 

degrees. Since a quadrilateral can have only 360 degrees, 

the other tvo angles, when added, must equal 180 degrees. 

So t can be said that angle M plus 45 degrees equals 180 

degrees. It is also true that M plus "a plus "b" equals 

180 degrees. Therefore M plus 45 equals M plus "a" 

plus "b", from which ïs obtained "a" plus "b" equals 45 

degrees. But, as was stated above, TVP equals "2a" plus 

"2b", which shows the angle TVP is one of 90 degrees. 

The work now turns to arranging the construction of 

one angle mirror for each team. The materials needed by 

each team are: 

One board, three-eights by 3 by 16 inches, which may 

be laid out in the following pattern: 

'. i/Il 
J 

I 
I III 

' ,Il 
' y\ o II 

I II 
' II 

I 
il 

' 
t 

1 
II 

I II 
I ti 

2 mirrors, 2 in. x 3 in. 
10 small shingle nails 
4 upholstery tacks or thumb tacks 
i é in. bolt, 1- in. long 
2 washers and 1 wing-nut 
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Duties of team members: 

No. 2 shall get the lumber. 
No. shall get the hardware. 
No. 4 shall lay out the plan (as above). 
No. i will collect funds and pay expenses. 
When all four jobs are finished, the boards will be 
collected and sent to manual training department with 
a tactful committee seeking machine assIstance. 
No. 4 and i will assemble the instrument. 

Some angle mirror problems now follow: 

Problem AM-1 

Lay out a circle 

T 

Problem Alu-2 

Lay out a baseball 
diamond 
s 

Problem AIvI-i. Letteam decIde upon two points like a tree 

and a pole to represent points A and B In the diagram. No. 

i will carry the bundle of stakes, six or more. No. 2 

will carry small hammer or mallet. No. 3 wIll carry angle 

mirror to a posItion near C and by usIng the instrument 

according to previous directions, will with the help of 

no. 4 locate the point C definitely. A stake will be 

driven at that point. The duties shall rotate as points 

D, E, F, G and H are located, the object being to give 

every one a chance to use the angle mirror. 

Problem AM-2 

Team will decide where home plate Is to be and drive 
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a ranging pole there. Then 3 and 4 will run a line 90 

feet in any suitable direction to a point for first base 

where a stake wIll be driven. No. i with angle mirror 

will determine a right angle at F, with no. 2 assistIng. 

No. 3 and 4 wIll run the line 90 feet to S. At S, no. 2 

with angle mirror will establish the right angle, no. 1 

assistIng. S to T will be measured 90 feet by 3 and 4. At 

T, no. i 'will determine the angle with help of no. 2, 

while 3 and 4 check TN. No. 2 with mirror will check the 

ang le FHT . 

¶ 
Problem AM-3 

I 

Find heIght of M 
a chimney 

A 
Let no. 3 back away from the chimney until he finds a 

position where points A and X line up in the angle mirror. 

No. 4 and i should measure height of instrument above 

ground. This will also be equal to distance AH Let them 

also measure distance of the Instrument to the chimney, LUI. 

No. 2 shall calculate by using the proportion A H is to 

MN as MN is to lix. As soon as HX Is found it can be added 

to AH to get height of chimney. The two similar triangles 

involved are ANM and HMX. 

Problem AN-4 

Measuring a distance. 
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Use the diagram for AM-3 n a horizontal position, and It 

wIll represent a plan for finding a distance from a point 

H to an inaccessIble poInt like X. The distance MX can be 

calculated by using the similar triangles AMX and HMA to 

help form a proportion AX is to AM as AM is to HA. 

The Plane Table: 

One of the most useful instruments for making a map 

is known as the plane table. It is used by architects, 

engineers, foresters, and military men. It is one of the 

princIpal instruments used by the U. S. Coast and Geodetic 

Survey. All the necessary operations for producing a map 

are made with it in the field. It consists of a small 

board fitted to a tripod and, in work where great accuracy 

Is important, the devce is made so that It can be easily 

turned n any direction and also leveled by means of 

thumb screws. The instrument suggested in figure number 13 

is made in the simplest possible manner arid does not have 

a turning or levelIng device. The reason for this is that 

great accuracy Is not so important in school field work as 

an understanding of the general methods involved. However, 

accuracy shall be observed within the limits of this 

instrument. Detailed instruction concerning the use of 

the plane table will be given later. It is important now 

to arrange for the construction of a plane table by each 
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t e am. 

The materials needed: 

3 pieces vertical grain fir, i in. x i In. x 36 tn. 

i piece hardwood, . In. x in. x B in. 
2 pleces spruce or pine, 3/4 in. x 8 in. x 16 in. 
5 angle irons, - in. x 2 in. x 2 in. 
3 * in. bolts, l in. long. 
3 wing nuts and 6 washers. 
6 screws,five-eights inches, and 4 three-eighths inches 
i package of assorted sandpaper. 

The class as a whole will delegate someone to explain 

the construction to the manual trainIng department and ask 

for special assIstance after the layout has been made by 

the class. The team work shall be divided so that members 

no. 1 and 2 get the lumber, and 3 and 4 get the hardware. 

The leader of the team shall arrange for the finances and 

the school should pay at least the lumber cost of each 

table. No. 1 and 2 shall layout the table top, mark the 

ten inch circle, locate the 120 degree lines, and locate 

the points where small holes must be drilled to fasten 

the anle irons to the board. If this top is made of several 

boards, i and 2 shall also arrange for two cross pieces 

to be nailed securely to the under side of top and outside 

the ten inch circle. 3anding wIll be a duty of 1 and 2 as 

well as attaching the three angle irons. Members no. 3 

and 4 will plan the work for the tripod legs, mark the 

center for the quarter inch holes, indicate saw- 

width cut to be mate in each leg, and fix the naIl to be 
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placed in opposite end of each leg. The alidade stick 

shall be accurately marked for position of the screws 

which will later be driven to fasten the anp1e irons. 

The 3-4 crew will sand the tripod supports, also the alida- 

de. Before the sanding process, the pieces will have been 

assembled and brought to the manual trainIng department 

for cuttIng and drilling. 

In the problems to follow, the teacher will have 

selected f5ve or six measurIng projects, and the teams 

will be distributed to the projects arbitrarily. It may 

be mentioned, in passing, that surveys with the plane 

table are usually carried on by employing the principle of 

trIangulation, that Is, instead of measuring every line In 

the survey, only one ground line need be measured, then all 

other points may be located on paper by means of angles, 

and distances may be determined by measuring lines on the 

paper. The meaning will be more apparent as the problem 

and its solution are indicated. 

OD 
Problem PT-i 

A V 
The problem is to make a map showing the location of 

the points C and D and a base line AB, so that any required 
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distances may be measured from the map. The team first 

decides upon some convenient base 1ne like AB. Then some 

convenient length, say 100 feet, is measured upon the lIne 

to determine two definite poInts like A and B. In order 

that each person may have an opportunity to work on the 

project, the detail of duties is presented. No. i shall 

carry and be responsible for the plane table; 2, the 

alidade and tape; 3, the ruler, two stakes and mallet; 

4, the drawing paper (ordinary heavy wrapping paper is 

adequate), four thumb tacks, and one pencil. No. i and 4 

will place the table in position over point A, level it as 

best they can, and line one edge of top parallel to AB. 

No. 2 and 3 will locate a point "a1' on the paper so that 

paper point 1s directly above ground polnt A. Then no. 

2, holding the right edge of the alidade on point "a", will 

move the alidade to a position such that he can sight the 

distant stake B. Using the alidade as the guide, 3 w511 

draw the line through tta1 and then lay off ten inches upon 

it. Let the end of ttie ten inch segment be called "b". 

The line "abt' on paper represents th.e direction and length 

of AB on the ground. One inch on the paper represents ten 

feet on the ground. No. 3, careful not to disturb the 

plane table, will use the alIdade on point "a" to sight 

toward poInt C. No. 4 will draw the lIne and place a small 

(temporary) "o" at the end of the line. It Is not known 
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exactly where C is, but it is known that will be some- 

where on the line just drawn. No. 4 will sight toward 

point D, and 1 will draw the line and write a (temporary) 

udn at Its extremity. 

The plane table is moved to a position B where the 

paper point "b" is placed directly over ground point B, 

and lIne "ab" points in same dIrecton as AB. It will not 

be easy to do this. The beet wa (duties of 1 and 2) 

is to remove the thumbtacks from all corners except the 

one near "b", place alidade on "ab" and turn paper until 

stake A can be sighted. Then the tacks should be placed 

again. No. 2 will now determIne the direction of the line 

from ttbl toward the sighted point C, and 3 will draw the 

line. This line will intersect the 'ac" line in a poInt 

which definitely etermnes the poInt "c". No. 3 will 

fix the direction of a line from "b" to sighted poInt D, 

and 4 will draw it. This line will intersect the lIne 

"ad" at a poInt which determines the exact location of 

"d". Recalling that every inch on the paper represents 

ten feet on the ground, one can measure any required dis- 

tance on the paper. If "ac" Is three inches long, that 

means that AC is thirty feet. 

Problem PT-2 Make a map of the school grounds. In laying 

out this problem te teacher will indicate where each 

team Is to start its activities. There will be five or 



six different starting places, yet all teams will follow 

the same route around the school grounds. 

I 
/ 

The diagram above shows a possible situation. The team 

starting at station B will draw lInes corresponding to the 

arrows at thet poTht. The lInes go toward prominent 

corners of buIldings. Distance B to C will be measured 

and drawn to a predetermined scale on the map. When the 

plane table Is placed over C, draw lines as indIcated. 

The distance C to D is measured and drawn on map according 

to the scale, and so on until the team arrIves at the 3 

station again. The map will have been drawn by that time. 

Though all teams start from dIfferent stations, the maps 

should be quite the same. The teams should be told not 

to be too greatly concerned if their boundary lines do 

not close exactly. There is bound to be what is known as 

an error of closure which should be shown on the map. 

Other mapping problems could be substituted for PT-2 1f 

some team proposed one that seemed to be adeauate. 
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The Transit Problems: 

The transit or theodolite is an instrument for 

measuring the number of degrees in angles in a horizontal 

plane as well as in a vertical plance. Then the sight 

tube 5s in the positIon indicated at left center in fi'uro 

number 16, the transit, after being leveled, is ready 

for measuring angles on the horizontal. The position 

indicated at the bottom of the same figure shows the in- 

strument ready for measuring angles of elevation or de- 

presson. Either of the two positions may be used when an 

observer is endeavoring to find the difference 5n eleva- 

tion between two dIfferent stations. The simple transIt 

pictured requires more accurate worlQnanshlp than any of 

the devices Illustrated so far. It also requires more 

material for its constructIon. Therefore it is ad- 

visable for the teacher to appoint a special team to 

make just one of these instruments. This specIal group 

will plan its own constructIon detail, and it shall be 

allowed wide latitude in making modifications with the 

idea of further simplification. The school will fInance 

the project. A complete set of transits must await the 

passage of several school terms. 

However, the fieldwork actIvitv need not stop, for a 

very simple type of cardboard transIt shown in figure 17 
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mary be made, used and eventually taken home for further 

use by each member of the class. For the sake of team 

work, it will be sufficient for each team to make one 

cardboard transit. The duties of the four team members may 

be prescribed as follows. Let no. i provide a piece of 

stiff cardboard at least 6 in. by 7 in. and also one 

thumbtack. o. 2 shall provide waterproof cement. No. $ 

shall brins a block of wood i i. by 6 In. by 6 in. No. 4 

shall bring a razor blade or sharp knfo. No. 1 and 2 are 

to cement the figure 17 to the cardboard. No. 3 will 

carefully draw center lines perpendicular to the edges of 

the block, press thumbtack In where the lines intersect, 

and then remove tack. It will be the duty of 4 to make 

the necessary cuts indIcated in figure 17. He should be 

directed not to cut the dotted l ,. ne but to cut part way 

through the cardboard on the back side to facilItate 

folding. No. 2 and 3 will assemble the transit. This de- 

vice can now be used on top of the plane table which has 

already been made. 

AttentIon may now be turned to a series of problems. 

It may be mentioned that the previous problems requiring 

the construction of angles by means of tape and stakes can 

now be greatly sImplified for the angles can be directly 

measured. The transit is not involved in the plane table 

problems because the angles there are sighted and drawn 
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immedate1y upon paper, the actual number of degrees in 

any of the angles being immaterial. The f5.rst work in 

trigonometry involves right triangles and tables of 

values for sines, cosines, and tangents of' angles. 

Problem T-1 

Find height of T a bu ilding . -° 
_/I\______________ 

R G 

Team members i and 2 measure some convenient distance, 
sav 75 feet from G out to R, where 3 and 4 will set up 

and level the plane table. The transit-block shall he 

placed on table in a vertIcal position at edge of plane 

table so that the thumbtack is drectl over ground poInt 

R. This ma' be deterniined by using a plumb-bob. The card- 

board turntable is turned untIl the top of the building 
is seen through the sighting device. Since the observer 

is looking at a point which is above the level of the 

transit, the angle is called an angle of elevation. The 

angle Is called an angle of depression when the observer 
is looking down at a point which is below the level of the 

instrument. suppose that the angle of elevation measures 

28 degrees, and the height of the Instrument (ground to 

thumbtack) measures three and a quarter feet) then these 
facts will be taken by i and 2 to 1eip them calculate 
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the height G to H. Vorking on the right triangle LTH, 

i and 2 v11 use the idea that TL trnes the tangent for 

angle LTH will equal fl-I; I.e. 100 x .53 equals HL. Since, 

in this simple problem, LG will generally equal TR, it 

will be necessary to add TR to HL to get HG; i.e. 3.25 

plus 53. equals 58.25. If the transit were located on a 

hill, it would be necessary to solvo two right triangles, 

and the height of the instrument need not necessarily 

enter the calculations. The two possible conditions are 

indicated below with step by step solution. 

- H 

TO ----- ---- L 

G 

Here the ground slopes up toward transit. Measure G 

to thumbtack T on transit and also the angle of depression 

LTG. In right triangle LTG, TG times the sine for angle 

LTG will equal GL. and TG times the cosine for angle LTG 

will equal TL. Ieasure angle of elevation LTH, and thon, 

in the triangle LTH, TL times the tangent for angle LTH 

will equal LH. Now OEL plus Lii will equal HG. 

In the next picture the ground slopes down toward 

the transit. 
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G - - 
- - - I T------- __J L 

Line GT is to be measured as well as the tvo angles 

of elevation. LTG and LTH. In the triangle LTG, TG times 

the sine for angle LTG will equal GL, and TG times the 

cosine for angle LTG will equal TL. In the big triangle 

LTH, TL times the tangent for angle LTH will equal HL. 

Now HL minus GL will equal HG. 

Problem T-2 
I X 

- I 

Find distance to 
I 

some inaccessible 
point X. ..- I 

+ 
c___.v ÔA 

Let 3 and 4 estab1sh the transit at a marked point 

A and, after sighting toward X swing the sighting devIce 

through an angle of 90 degrees. Then i and 2 will be 

directed to drive a stake at sorne position C on the correct 

line of sight from A. They will also measure the distance 

AC to the near3st foot while 3 and 4 are setting up the 

transit at C to measure angle ACX. Now i and 2 can calcu- 

late AX b using the formula AC times the tangent for the 

angle ACX. 



56 

The horizontal distance proble's can be made simpler 

bì using the Law of Sines. The proof of the law can be 

found in most textbooks on trigonometry, and it is not 

dIfficult. Refer to the last diagram (problem T-3) and 

suppose that the poInt A is further to the left; then the 

angle XAC will be an acute angle. A base lIne AC shall be 

measured as well as the angles XAC and XCA. Since the sum 

of the angles of the triangle is 180 degrees, the angle at 

X can be calculated. The proportion known as the Law of 

Sines in this case will be: AC is to the sine of angle 

AC as the unknown AX is to the sino of angle ACX. The 

law may be stated generally as: one side is to the sine of 

the angle opposite that side as a second side is to the 

sine of the angle opposIte the second side. 

Problem T-4 

Find the height of 
an object when its base 
is inaccessible. 

/ 

- ¡I 

/ I »JA 
Point X might be the top of a hill, the high school 

letter on a hillside, the top of a sawmill smokestack, or 

even a tree top in someone's backyard. The team leader 

wIll assign the special duties: measure some base lIne 

BC. Set transit at B and measure the vertical angle XBA 

and also horizontal anzle ABC. 1iOVO transit to C and 
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measure horizontal angle BCA. In solving the problem 

only two triangles will be used, namely, ABC and BAX. 

First find AB, in triangle ABC, by using the sine law: 

AB is to the sine of angle BCA as BC is to the sine of 

angle CAB. Second, use triangle BAX to find AX by the 

right triangle law: AB times the tangent of angle XBA. 

The Sextant Problems 

The sextant s an instrument for measuring angles, 

and it is related to the angle mirror previously described. 

The angle-mirror was fixed to indicate angles of 90 de- 

green only, but a sextant is adjustable to read angles 

from O degrees to 120 degrees. The sextant is used in 

aviation as well as in sea navigation to determine bear- 

ings. 

The idea of the sextant originated in the 
minds of astronomers in the sixteenth century, 
and vory crude instruments were made at thit tirio. 
The sextant in its present form, however, was not 
known until about 150 years ago. Sir Isaac Newton 
was the first to conceive the idea of reflecting 
mirrors in a sextant, but he never made or used one. 
The honor of Inventing the sextant goes to an 
American, Thomas Godfrey, of Philadelphia. In 
1730, Godfrey made a sextant that was actually 
used in navigation the same year..... 

Since then the sextant has become one of the 
most imortant Instruments of the navigator and the 
explorer. Admiral Peary, Admiral Byrd, Colonel 
Lindbergh, and others have all found the sextant a 



necessary part of their equipment. In the control 
cabin of a steamer or a large air lIner there are 
several sextants always ready for use. (1) 

The sextant shown In the accompanying diagrams Is one 

that can be quickly made and used. The dIagrams carry 

instructions for constructing the instrument. The list of 

material needed follows: 

1 sheet of bristol board, 61 in. x 9 in. 
4 corks, height l- in. with largest diameter l- in. 
2 mirrors i in. x 1* in. 
Waterproof cement and a I in. screw 
Three-ply veneer, 

- 

in. x 6 in. x 6 in. 

In view of the fact that the manufactured sextants range 

upwards in price from 4.5O, It seemed advisable to 

desIgn the very simple cut-out sextant which is described. 

The Instrument was devised wIth the idea that each student 

should make one, learn to use ït, and be privileged to 

take It home for further use. 

The sextant may be used in the horizontal position 

as weil as In the vertical positIon, or, as a matter of 

fact, any position. To explain, the reader may be referr- 

ed to the diagram for problem T-2. Suppose the sextant 

Is being used at point C, and the size of angle ACX Is 

desired. The observer holding sextant horizontally looks 

through sight device C and through the clear portion of 

the B mirror until he can see the marker at A. He then 

(1) Shuster, Cari N. and Bedford, Fred L., Fieldwork in 
Mathematics, p. 68. 



moves the indicator arm untIl the mirror A reflects an 

image of the distant point X Into the B mirror. Then 

this image is lined up (along the right edge of mIrror B) 

with the distant point A (which is seen through clear 

portion of mIrror B), the Indicator arrow points to the 

number of degrees in the angle ACX. No matter how the 

sextant is tilted, the above method holds. 

The several class teams should be directed to select 

two or three measuring projects lIke those listed under 

congruence, similarity, angle-mirror if the Indicator 

arrow is held at 90 degrees. then the tm reports are 
in, the class can receive instruction in finding latitude. 

As a preliminary to finding latitude, it will be 

necessary for each team to establish the meridian through 

some point of their own choosing on the school crounds. 

This may be done by driving a rod into the ground so that 

it 5S vertical. To be definite, let the shadow line of 

the pole be marked at 10:30 a.m. and again at 1:30 p.m. 

The angle formed by the two shadow lines should then be 

bisected. The bisector (which should be well marked on 

ground) will represent the meridian accurately enough for 

the present purposes. 

When the day for determining latitude arrives, the 

team members will lIne themselves along the team meridian 

to shoot the sun. The teacher shall provide colored 
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cellophane to be fastened to the sIghting device bj 

means of a rubber band so that the es of the observers 
will not be injured. 

The sextant is held vertically in the plane of the 

meridian with the rIght hand, snd the observer looks 

through the eyepiece C and the clear part of mïrror E to - 

the horIzon. Then the index arm is adjusted wIth the left 

hand so that the image of the sun reflected from mirror 

A into mirror B and back through C to the eye coincides 

with the horizon. By moving the index arm, the observer 

should follow the sun as long as its altitude increases, 

and then record the altitude at the moment it starts to 

decrease. The greatest altitude s attained at high noon. 

The altitude thus registered is not the latitude, but the 

latitude can be found by using the formula: latitude 

equals 90 degrees minus the altitude of sun and plus the 

sun's declination angle when the sun is north of the 

equator. If the sun is south of the equator, the "plus" 

in the formula changes to riinus. The sun s in the plane 

of the equator on March 21 and September 23 of each year, 

and on these days the latitude equals 90 degrees minus the 

altitude of the sun. 

The declinatIon for every day of the year is given 

in the Nautical Almanac published by the United States 

Government. It is also given in The World Almanac. The 



Keuffel and Esser Company of New York City publish a 

small booklet with the information desired, and it may be 

obtained through the nearest representative of that company 

without charge. Other corrections involving semi-diameter, 

refractIon, dIp and parallax need not be made becsuse the 

accuracy of the instrument does not warrant the use of 

such factors. 

The folloWIng diagrams are ¶ncludod to aid in under- 

standing the necessIty for correction due to the sun's 

declination. 

Sun In plane of the 
equator 

VED ALTITUDE 

Angle X Is the latitude 
Angle X equals angle Y 
Angle Z011 equals 90 degrees 
There Is no declInation 
Latitude equals 90 degrees minus observed altItude of 
sun. 
If observed altitude of the sun Is 50 degrees, lati- 
tude equals 90 minus 50, or 40 degrees. 

- 

Sun north of plane 
of equator 

March 21 to 
September 2 

ThE 3W.J PROfI 

fllL pLE OF 

ThE E.Q¼)A10. 



Angle X equals angle Y 
The declinatIon must be ADDED to angle X to find the 
latItude. 
Therefore latItude equals 90 minus observed altitude 
PLUS declination, z, 

Sun south of 
the equator 

Sept. 23 to 
March 21 

3SvE ALTTL$DE- 

J?'J,.S DECL%NATij çiTHE - PI-A IJ E 

Angle X equals angle Y 
But angle X is greater than the latftude; hence 
the declInation must be SUBTRACTED from angle 
X to get the latitude. 

It may be added here that the latItude may be directly 

determined at night by measuring the angle, horizon to 

observer to Polaris. 

vhen conditions are such that the horizon cannot be 

readily determined, the observer can have an assistant 

hold a plumb-line from mirror A across the 30 degree mark 

on the scale. i'ote that the center line C to B represents 

the horizon, and a plumb line held at A and crossing 30 

degrees will be perpendicular to lIne CB. 

The scale on the sextant Is a 60 degree arc, hence 

the name: sextant. The scale, however, Is marked so that 

each of the degrees represents a number twice as large. 

The 45 degree point is marked 90, and the 60 degree point 
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is marked 120. this should be so, and how the Instru- 

ment measures the altitude of the sun, for example, will 

now be pointed out. 

The mirrors at zero reading are parallel. Recall that 

a ray of light enterIng a mirror at some angle is re- 

flected from the mirror at an angle of the same size. At 

the zero position a ra of light entering A In such a waj 

as to be reflected to B and then to C would have to 

come from sorne object such that a line from the object to 

A would be parallel to BC. (because the mirrors are para- 

hei) 

This relation enables an observer to check the 

accurac7 of the sextant. He looks C through clear part 

of B to some well defined object, and then moves Indicator 

arm until the refiecton of the object in B Is aligned 

with the object seen through clear part of B. The reading 

on the scale, theoretically, should be zero, but there Is 

bound to be some deviation. Consequently, ali sextant 

readings should be corrected by the amount of deviation 

from the scale zero. For exrnpie, if the indIcator arrow 

points to a position one-half degree to the left of zero, 

then all later readIngs will be one-half a degree too 

large, and a subtraction will be necessary. 



Proof of the 

c9o-a>I (9o-a 

- - M C 
'Is 

A ray from the sun if allowed to continue through 

mirror A would cross horizon line BC to form angle "m't. 

Angle "rn" represents the sun's altitude above the horizon. 

Angle "k" equals angle "k'". In the triangle ABK, angle 

"k" equals 180 degrees minus 105 degrees minus (90 degrees 

minus "a"), which, when simplified becomes, "k" equals 

"a" minus 15. By using the same idea on trIangle AIIB, 

"rn" equals "2a" minus 30. Comparing the latter equations 

shows that "2k" must equal "rn" . Therefore 'Tm" equals 

"2k'". This means that in order for "k'" to register 

the true number of degrees In angle "rn", it must indicate 

a number twice as large as the actual angle "k'". 

The problems suggested have been selected from many 

with the purpose of giving satisfactory experience In a 

minimum time. Making maps by offsets, makIng contour 

lines, mapping by method of radiation, and levelIng are 

additIonal projects which may be conducted if time permits. 
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In the bibliography, the reader will find references 

leading to further problems. 

The cost of equipping a class with manufactured 

nstruments was felt to be prohibItive; consequently, the 

above plsns were proposed, and simple, inexpensive instru- 

ments were built as a check upon the plans. To give the 

reader an idea of the range of prices of manufactured 

Instruments, a table of prIces is appended. (*) The 

Western Instrument Company, most reasonable of all, offers 

several instruments made primarily of wood. in addition 

to the Items mentioned in the table, this company offers 

a sun dIal for 2.5O and a five-dollar Chrono-Astrolabe 

or Sky Dial. The latter instrument mechanically poInts 

out stars and constellations for any day of the year at 

any tIme of the nIght. 

* See Appendix B 



CHAPTER V 

SIThIIYIARY OF THE STUDY 

This study, "The Construction and Use of Simple In- 

struments in Secondary School Mathematics," is one that 

was carried to mpletIon in an effort to determine what 

ways and means a teacher might employ in conductIng 

mathematics fieldwork. It was pointed out that students 

on the secondary level are interested in out-of-door 

mathematical exercises because these experiences tend to 

give a meaning to mathematics that the too academic class- 

room technique lacks. 

Fieldwork requires instruments, preferably of low 

cost. It was felt that manufactured instruments for 

school purposes, while reasonable enough in unit-cost, 

would entail the expenditure of too much money if all mem- 

bers of a class were to be adequately equipped. The only 

way to circumvent the cost item was to plan and arrange 

for the construction of the simplest possible instruments. 

Consequently, it was necessary to search the lItera- 

ture in the field for suggestions and, finally, to make 

original working drawings for such instruments as an angle 

mirror, a plane table, an alidade, a transit, and a sextant. 

The total cost of materials for a complete set of Instru- 

ments, i.e. one of each kind, is estimated to be less than 



two dollars. The cost per class of twenty-four or 

twenty-eight students would be twelve to fourteen dollars 

at the most. The writer checked the workIng drawings by 

constructing the instruments according to specifications. 

In order to be ready to set a program of supplemen- 

tary mathematical fieldwork in operation, It became nec- 

essary to not only plan for the construction of the in-. 

struments by the students, but also, to plan in detail a 

selected series of problem exercises. 

As planned, the mathematics class is to be divided in- 

to teams of four members each. Each team was to construct 

one of each kind of instrument, and the construction 

duties for each team member were prescrIbed. Each team 

was to solve a series of field problems; the specific 

duties agaIn were planned in detail. Every problem in- 

volved a written team report. 

The general organiz1ng prInciples underlying field- 

work activIty were presented. These principles empha- 

sIzed the necessity for the student to acquire meaning- 

ful mathematical experiences and also as to cooperate In 

group activity. The principles also were used as guides 

by the writer to make the proposed activities conform to 

the requirements of unIt-like work. Many suggestions were 

made to enable the student to realize the fundamental 

purposes of mathematics. Possible vocational interests 
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wore also 1.ndlcated. 

In outlining the problems proposed in the stud37, the 

attentloned was centered upon the instruments. For ex- 

ample, the angle-mirror problems presented a plan for 

constructing the instrument as well as a series of exer- 

cises concerning the use of It. 

The congruence problems requIred such simple supplies 

as tape measure, stakes, and an axe. The exercises con- 

cerned measuring distances based upon the side-anle-side, 

the angle-side-angle, and also the side-side-side concepts. 

The 3-4-5 prnciple was used to establish perpendicular 

lines. The problems in similarity involve the use of the 

tape, stakes, and a cardboard isosceles right triangle. 

Among the several exercIses shadow reckoning was in- 

cluded. 

The difficulties of establishing rIght angles by 

previous metbods led to the construction and use of the 

angle mirror. How to la out a circle and a baseball 

dIamond were presented as exercises. Other exorcises on 

fInding dIstances and heights were based upon the mean- 

proportIonal ideas associated with the right triangle and 

the altitude upon the hypotenuse. 

The exercIses on map making required the construction 

and use of the plane table. A plan for mapping the school 
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grounds was offered, and the triangulation method was 

used. 

The transit construction was most complcated, but a 

simple cardboard-block type of transit was proposed for 

use with the plane table. The exercises were the famIliar 

ones wherein smp1e trIgonometric laws were used. The 

sine law was used in two of the inaccessIble distance 

problems. 

The sextant problems required the constructIon of a 

cut-out Instrument, that is, the basic pattern was pre- 

sented full size to be cut out and cemented to three-ply 

veneer. ExercIses were proposed for measuring distances 

and heights a well as determIning titude. 

Withal, the study was made to lay posItive definite 

plans for introducing fieldwork as a needed supplementary 

activIty in secondary mathematics. 
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Suggestions For Further Study 

1. A survej of schools using fieldwork. 
Schools in the rnidd1e-.vest and east are evidently using 
fieldwork activities to a greater extent than else- 
where. A survey of the school systems involved 
could bring worthwhile conclusions concerning kinds 
of instruments, number of instruments, methods of 
conducting fieldwork and results obtained from their 
use. 

2. School systems of Oregon could be surveyed to dIscover 
the range of equipment in the mathematics classes 
with the Idea of attracting attention to the dearth 
of equipment. 

3. Survey the needs of mathematics teachers of Oregon with 
the idea of proposing a series of summer session 
courses ln the State System of Higher Education to 
meet those needs. It would bs assumed that training 
in conducting fieldwork would be one of the needs. 
The writer believes that the mathematics teachers 
are not adequately served in the summer sessIons. 

4. The word, geometry, means "earth measurement." A unit 
mirht be worked up to revolve about the Idea of 
measurement of the envIronment featuring the con- 
struction, use, and understanding of maps of the 
communIty and adjacent territory. 

5. It would be of value to determine when the interest in 
fieldwork begins, when it Is at Its height, and when 
It wanes. There might easily be a poInt at which 
the pseudo-sophistication of adolsecents nullifIes 
the value in fieldwork. 

6. It would be of value to discover the attitudes of 
students toward homemade Instruments versus manu- 
factured Instruments. 

7. It would be of value to determine how much mathematical 
subject matter could be assocIated with the use of 
the Instruments mentIoned In this study. 

8. Plans and models could be made with the Idea of having 
Instruments made from new plastic materIals now on 
the market. 



APPENDIX - A 

Suggestions for Further Study (1) 

1. The Relation of Fieldwork to Pupil Interest in 
Mathemat tes. 

The assumption has been made that pupils are interest 
ed in fieldwork and that interest in mathematics can 
be created through the use of fieldwork. There 
appears to be a need for further study on the rela- 
tion between pupil interest and fieldwork which will 
also consider the factor of the teacher who is not 
especially trained for this work. 

2. The Relation of Fieldwork to the AttaInment of 
Mathematical Skills. 

3. Preparation of Courses of Study for Secondary 
School Mathemattcs in which Fieldwork in Incorporated. 

work. 

Courses may be prepared to replace any of the present 
courses or a course whIch will replace all present 
mathematIcs courses with one hich extends over two 
or more years. Such course or courses to arrange 
the present subject matter to correlate appropriate 
fieldwork with other class work or to eliminate some 
of the present subject matter to allow for sufficient 
time for the carrying out of selected fIeld activi- 
ties. 

4. Preparation of Teaching Units in the Use of FIeld- 

A selecton and arrangement of subject matter for a 
particular field project or the arrangement of field- 
work and textbook material to cover a particular 
topic in mathematics may prove of value to teachers 
Introducing fieldwork. 

5. A Study of Methods of Training Teachers in the 
Use of Fieldwork. 

One phase of the problem is the training of teachers 
in the organizatIon and supervision of field activi- 
ties and in the InterpretatIon and use of the data 
obtaIned in those activities. Another phase of the 
problem is the trainIng of teachers In the selection 
of suitable field activities for particular courses. 



APPENDIX A (can't) 

6. Design and Construction of Homemade Devices. 

New devices constructed for sImplicity and more satIs- 
factory results. 

(1) Baumgartner, Irvin B. Illustrative Devices and Field- 
work In Secondary School Mathemati6s. Master's Thesis, 
1935, 0Mo State University. 



APPENDIX B 

PRICE LIST OF MANUFACTURED INSTRUMENTS 

Instrument Price Company 

Angle-mirror 1.00 Western Instrument Company 
3.00 Lafayette Instruments, inc. 
7.50 Eugene Dletzgen Company 

10.50 Eugene Díetzgen Company 
AlIdade 4.00 Lafayette Instruments, Inc. 

Low 235.00 Eugene Dìetzgen Company 
High 305.00 Eugene Dietzen Company 

Plane Table 15.00 Lafayette Instr-iments, Inc. 
Lovv 39.00 Keuffel & Esser Company 
High 50.00 Keuffel & Esser Company 
Low 39.00 Euene Dietzgen Company 
High 85.00 Eugene Dtetz,gen Company 

Tape, steel 50' 4.23 Lafayette Instruments, Inc. 
11 TI 7.02 Lafayette Instruments, Inc. 

Transit 36.00 Lafayette Instruments, Inc. 
24.50 Montgomery Ward Company 
6.95 Boyce-Meler Equipment Co. 

24.50 Sears, Roebuck & Company 
Low 375.00 Eugene Dietzgen Company 
High 425.00 Eugene Dietzgen Company 

Sextant 4.50 Boyce-Meler quipment Co. 
2.00 The 'estern Instrument Co. 

17.50 Lafayette Instruments, Inc. 
Low 200.00 Keuffel & Esser Company 
High 225.00 Keuffel & Esser Company 

Bubble-sextant 23.50 Lafayette Instruments, Inc. 

Boyce-Meler Equipment Co. 
Eugene Dietzgen Company 
Keuffel & Esser Company 
Lafayette Instruments, Inc. 

The :;estern Instrument Co. 

Box 281, Bronxville, New York 
San Francisco, CalIfornia 
San Francisco, California 
252 Lafayette St., ew York 
City, also East PalestIne, 0. 

Box 981, ichIta, Kansas 
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