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theorem-namely that (B) is impossible if n > 2 - we have shown the impos- 
sibility of (A) for every value of n except n = 1, or n = 2. For n = 1 (A) is of 
course possible; its impossibility for n = 2 may be shown by this same method. 
See Bachmann, Niedere Zahlentheorie, vol. II, p. 453. 

MISCELLANEOUS QUESTIONS. 

EDITED BY R. D. CARMICHAEL. 

QUESTIONS. 
13. What are the most important of the newer problems that confront teachers of high school 

mathematics, and why are they important? 
REPLY. 

9. What is the present state of experience with co6rdinated courses in high school mathe- 
matics? What contribution does this promise to the development of mathematics teaching in 
high schools? What about the corresponding matters in college mathematics? 

I. REMARKS BY EDITH LONG, Lincoln, Nebraska. 

That there has been and still is an unrest among thoughtful high school 
teachers of mathematics is manifest. This problem certainly exists: How are we 
to adapt the courses in algebra and geometry to the experiences of high school 
students, in order that these may contribute to their broader development in 
both a cultural and a practical way? On the one hand we have the student who 
is preparing for the university and on the other hand the student whose school 
life ends with the bigh school or who, going on to the university, will not continue 
the subject of mathematics. The one who would solve this problem must have 
these two classes in view, and the solution for the one must be the solution for 
the other since it is only in the largest schools that distinction can be made by 
having separate classes, even if it were advisable. It is for the high school 
teacher to work out a simple course which will serve the purpose of college prep- 
aration as well as the one now followed and which at the same time will give to 
the boy or the girl who does not go on a clear and simple notion of the nature and 
possibilities of mathematics as a whole. It ought to be possible for pupils to 
leave the high school with other impressions than that this great subject is 
embodied in two narrow and distinct divisions called algebra, where one works 
exercises, and geometry, where one demonstrates theorems. Some impressions 
of tangible and present value should be made to replace the vague feeling of 
subtle virtue, not to be understood now, but which in future years it is hoped 
will show its value and repay for long and weary hours spent. 

There is no conflict between these two aims. A course that will satisfy the 
latter purpose will serve the former far better than those we now have. But 
before such a course can be formulated and put into effect the barriers of preju- 
dice must be broken down. The tandem plan of algebra, geometry, trigonometry, 
analytical geometry, and calculus, running through the high school, and the first 
two years of college, should give way to a new course which will unify these sub- 
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jects. The simple parts with concrete basis should be given in the high school 
and from this on in one continuous course the subject should be developed in the 
college. It is, indeed, strange that this plan has been reversed and that much of 
the clear, simple mathematical intuitions are postponed to the college while much 
abstract work is required of the ninth-grade, thirteen-year-old child; for example, 
in connection with the theory of exponents and radicals and the binomial theorem, 
which apart from the claims of formal discipline, can be of no use to any one until 
they are applied in the higher mathematics. But any child of average brain 
power can understand and enjoy every phase of either algebra or geometry which 
is developed from measurement and drawing; and in this are to be included the 
elementary notions of analytical geometry and trigonometry which, to avoid 
paralyzing names, should come under the head of graphic work. 

He who runs may read the handwriting on the wall. Either we must adapt 
the course to the student or it will be swept entirely from the curriculum in the 
frenzied demand for humanized and vocational courses of study. Viewed purely 
from the standpoint of preparation for college, the great slaughter of students 
at the end of the first semester points to the weakness of the present plan. How 
could it be otherwise under an arrangement which is so contrary to the principles 
of pedagogy and child-psychology? First comes algebra, written in a language 
entirely strange to the child, with rules to be memorized and used in drill work 
for rapidity and accuracy. Now algebra is held in the schools under the sup- 
position that it gives reasoning power, but such memory work does not stimu- 
late thought power. And of what use is accuracy if there is no thought back of 
it? It is accuracy of thought primarily and not merely accuracy of execution 
that should be sought in mathematics. If drill in mechanical accuracy and 
rapidity are the aim, a course in business arithmetic would answer the purpose 
better. 

After a year of drill, when the student is beginning to acquire some efficiency 
in this line, another extreme kind of mental activity is introduced. Geometry, 
as it is taught, demands intensive deductive reasoning in place of rule and drill. 
This is continued for a year when the child is suddenly switched back to his drill 
work for another half year. Then it is all dropped until a year and half later 
the student is called upon, not to continue his algebra and geometry in the way 
in which he has been taught, but to apply them in ways in which he has not been 
taught. It is not strange that so many fail in the first year of college mathematics. 

From the standpoint of the course finished in the high school, and this is 
really the more important, there can be no doubt that readjustment must take 
place if the student is to reap the best results. To be successful this readjusted 
course must be built upQn the experiences of the child in connection with the 
measurement of lines, areas and solids, first brought into use by drawings, so 
as to appeal to the eye, and then by expression in algebraic symbols. Thought 
conveyed to the brain through the eye is lasting. The picture appeals and lingers. 
There is little of algebra which cannot be based on some picture and none that 
should be required of ninth-grade students. As far as possible the picture thought 
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should be constantly seen in the algebraic sentence. No sentence without thought 
should be demanded in algebra as it is in other studies. Thought to the child 
means concrete sight thought. It is not only a child trait but a universal trait 
that the thought which the eye conveys is most effectively conceived. Data 
expressed in a list of figures make little impression, while a graph from the same 
list is convincing. A well-drawn cartoon may do more damage to a cause than 
a season of speeches. The time spent in drill may be lessened by one half if in 
the algebraic symbols is seen a shorthand writing of an English sentence, and at 
the same time the student will acquire a steady thoughtful rate of manipulation. 

For example, why is the thermometer the best illustration of negative quan- 
tities? Because in the thermometer we have a perfect mechanical graph. It 
has the scale line, an arbitrarily chosen zero, an arbitrary unit of measure, and a 
real little point running up and down the scale, adding both positive and negative 
quantities. Children delight in working with it. The picture of this is the graph 
and the student can always draw this picture. But the picture has broader 
possibilities. It can be made to illustrate quantity of every kind that admits 
of the positive and negative idea. 

But it is not for the sake of training the student to be more expert in the 
solution of exercises that I make the plea for the concrete treatment of algebra. 
It is for the sake of giving as a basis of the entire development something tangible, 
something definite upon which the student can build the work for himself. 
Having in hand material which he understands, he should be able to organize 
his work and develop the subject with some independence. It should not be 
necessary for the teacher to take the lead every time a new phase of the subject 
comes up. With a clear notion that factoring has its counterpart in finding the 
dimensions of rectangles whose areas are given, and previously having studied 
the nature of the rectangle, the student should by drawing find his own way to 
factoring, first arithmetic numbers, and then simple quadratic expressions. The 
teacher should guide, not develop, the work. To always carefully develop a 
subject before assigning new work may do more harm than to allow a class some- 
times to flounder, for in the latter case there are always some who will find their 
way out with great strength, while in the former case every member of the class 
is crippled. With material in hand and lessons carefully assigned there will be 
no floundering, not even when the student passes from algebra to geometry. 
A student who has developed his own algebra from geometric figures scarcely 
realizes that there is any change in subject. He has already learned to take the 
ivitiative in organizing his work and he is not handicapped. As the geometry 
progresses he can work out the simpler notions of trigonometric ratios and thus 
widen the field of application to real things about him. 

In this reconstruction we need the cooperation of the university teacher. While 
it is true that many school superintendents declare that they pay no attention 
to what the university demands, nevertheless, the present arrangement of the 
mathematical course in the high school was originally made through the influence 
of college entrance requirements and nothing would facilitate the readjustment 
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now so much as a liberal attitude on the part of the colleges and universities in 
accepting the unified course for admission. There is no line along which the 
child-study investigators could better direct their attention than to placing 
mathematics on a sounder pedagogical basis; for there is no subject which causes 
such waste. of time and such humiliation through failure on the part of the child. 

NOTES AND NEWS. 

EDITED BY W. DEW. CAIRNS. 

An article (in German) by Professor T. H. Gronwall of Princeton University 
on the summability of Laplace and Legendre series appears in the June number 
of Mathematische Annalen. 

Professor C. J. Keyser discourses upon " The Study of Mathematics " in his 
inimitable style in the Columbia University Quarterly for June. 

Mr. W. W. Kustermann has been appointed to an instructorship in mathe- 
matics in the University of Michigan, to succeed Mr. E. B. Escott who resigned 
recently. 

Professor R. C. Archibald has been added to the editorial board of the Bulletin 
of the American Mathematical Society. 

At Purdue University Mr. Ralph B. Stone has been promoted to an assistant 
professorship of mathematics; Dr. Thomas E. Mason, Mr. 0. W. Albert and Mr. 
Charles K. Robbins have been appointed to instructorships; Professor William 
Marshall has been given leave of absence for a year of study in France. 

The June issue of School Science and Mathematics contains a paper by Pro- 
fessor W. B. Ford of the University of Michigan on " The Future of Geometry " 
read before the spring meeting of the Michigan Schoolmaster's Club; and a paper 
by Miss I. E. Holroyd entitled " Mathematics in the Education of Girls " read 
before the Mathematical Club of the Kansas State Agricultural College. 

Mr. W. A. Reinert, of the Oak Park, Ill., high school, has been appointed to 
an instructorship in mathematics at the Michigan Agricultural College, Lansing, 
Mich. He is a bachelor of the University of Wisconsin and has been taking 
graduate work at the University of Chicago. 

Professor David Eugene Smith of Teachers College, Columbia University, 
has leave of- absence for the next academic year. He attended the Napier 
tercentenary at Edinburgh where he made an address, and also the Roger 
Bacon celebration in Oxford, where he read a paper on "Roger Bacon as a 
mathematician." 
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