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It is very common to see in the literature the remark that 
"rates can be added but ratios cannot". We will see that, in 
fact, both can be added as mathematical objects in several 
ways, but the question of meaningful answeiS is going to 
be situation-dependent. We can also find in the literature 
statements like "in order to interpret af b as a ratio, a must 
be less than b" or "we cannot reduce ratios in general" 
(Borasi & Michaelsen [1985]) If this were true, what 
would then be the connection between fractions (with their 
equivalence property) and ratios? The fiiSt aim of this arti
cle is to clarify these contradictmy ideas. 

At the same time, we will also try to answer some ques
tions about the normal way of adding fractions, like: Are 
there any assumptions behind this addition? Is it a mean
ingful operation within the context of a problem? Is it 
appropriate also to add rates and ratios in this manner?, 
and if not, what is the proper way? 

A ratio is a relationship between two quantities .. Implic
itly, we assume this relationship to be of a quotient type 
(as opposed to a difference type) .. For example, if the price 
of 3 records is 13 dollaiS, we identify this with the con
stancy of the fraction 13/3 This association provides the 
ratio concept with an automatic but sometimes false pro
portionality inherited from the equivalence of fractions .. In 
our example, we may translate that statement to otheiS pre
sumed to be equivalent, like 6 records will cost 26 dollaiS; 
but the real situation might be totally different: each record 
costing 4 dollaiS with one extra dollar for handling (mixed 
additive and multiplicative situation) 

Even in cases of "true" proportionality, we have to be 
aware that this assumption is usually only a mathematical 
approximation to the real situation .. For example, if a row
ing crew covers 3 kilometers in 5 minutes, we know that, 
most likely, they won't be able to row 30 kilometeiS in 50 
minutes. 

The first point we are trying to make is that a single state
ment of a ratio, according to the situation, might or might 
not behave in a proportional manner and that this is in most 
cases a mathematical simplifying assumption. We will cite 
some other examples .. We can say that in a population the 
ratio of children to adults is 3 to 2. If we are interested in 
the situation of how this ratio will change with time, we 
cannot assure that it will remain constant. The prices of 
things relate linearly (are proportional) to the quantity we 
purchase because we have designed our economy this way. 
In contrast physics, and most other areas of mathematical 
modeling, are filled with pseudo-linear relationships .. For 
example, when we want to describe the lengthening of a bar 

with temperature, we assume that the change in length is 
proportional to the length of the bar and to the change in 
temperature .. It is not difficult to convince oneself that this 
assumption will lead to the result that a sufficiently large 
negative change in temperature will make the bar disap
pear!!! In many applications we have to assume proportion
ality, or a constant rate, simply to make the analysis more 
manageable. (For a discussion on fractions, ratio and pro
portionality, see for example, Freudenthal [1983].) 

Rates are not that different from ratios .. We can say that 
a rate is the quotient fmm of a ratio transfmming the rela
tionship between two quantities into a single intensive 
quantity. Actually the rate is the quantity we get when we 
reduce a ratio to a unit ratio (one quantity relative to a sin
gle unit of the other quantity). On the other hand, any rate 
can be transfmmed into a ratio through a unit ratio. Fm 
example, the ratio 6 liters of gas in 75 kilometeiS can be 
transformed into the rate (75/6) 12.5 km.fl. On the other 
hand, the mortality rate of 0 .. 00003 can be expressed as 3 
deaths in 100,000. 

The main question we want to address here is the fol
lowing: When can the conventional way of adding frac
tions, 

a c ad+cd 
-+-=---
b d bd 

or adding vectoiS, 

(a,b)+(c,d)=(a+c,b+d), i.e. _ba"+"-dc = a+c 
b+d 

be used as a fair representation of a real situation involving 
either two fractions, two ratios (their quotient forms), 01 

two rates? To begin the discussion, let's consider the fol
lowing example. 

Suppose that a basketball player has two series of 12 
free shots .. In his fiiSt series he fails 3 of them and in the 
second only 2. The fractions of shots missed in the two 
series are respectively 3/12 and 2/12. If we now look at his 
total performance we can see that he failed 5 shots out of 
the 24, with a fractional representation of 5/24. Wby does 
the normal way of adding fractions (3/12 + 2/12 - 5/12) 
not apply in this case, and, instead, the quantities follow 
the relation: 

1_ "+" _3_ = 2. 
12 12 24 

which is the rule "add tops and bottoms"? (As shown 
above, this rule is equivalent to the addition of vectoiS.) 
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The answer to the last question (as we will see more 
clearly later) is that the whole (24 shots) to which the 
answer (5/24) refers is different from the wholes (12 shots) 
used for the addends (3/12 and 2/12). Note that in this 
example not only does the nmmal addition of fractions not 
give an appropriate answer, but also, if we simplify the 
miginal fractions (to 1/4 and 1/6), the "sum of tops and 
bottoms" (i.e. 2/10) won't give the right answer either. 

The previous example suggests that, at least in applica
tions, it would be worthwhile distinguishing ratios contain
ing the total values of the quantities from reduced ratios. A 
reduced ratio loses information about the two quantities 
involved and retains only their relationship. 

Ohlsson [1988] stresses that to understand the meanings 
of fractions we have to pay attention to both the mathemat
ical theory and the real situations in which they are embed
ded .. We fully agree with this statement In fact, it is the 
physical situation that determines the appropriateness of 
the mathematical representation. Ohlsson proposes that an 
adequate mathematical theory of the concept of ratio is 
based on binary vectors (a, b) and gives the following 
examples to support this. If I get 8 miles per gallon during 
the first part of a jomney but only 4 miles per gallon dur
ing the second, then the car's perfOrmance over the entire 
trip is not (8 + 4) = 12 miles per gallon. The correct analy
sis (according to Ohlsson) is (8,1) + (4,1) = (12,2) = (6,1) 
or 6 miles per gallon. Later in this paper it will be shown 
that this approach is also incorrect. Similarly, if one class
room has a ratio of 2 girls per 3 boys and another class
room has 4 girls per 3 boys, the combined class does not 
have 2/3 + 4/3 = 6/3 or 6 girls per 3 boys. In Ohlsson's 
paper it is claimed that the right description of this addition 
is (2,3) + (4,3) = (6,6) = (1,1), or one girl per boy. As we 
will see later, this way of adding ratios is only cmrect if 
the ratios involve the total values of the quantities, as in 
the example of the basketball player 

In another article by Lesh, Post & Behr [1988], these 
authors observed that because hactions and rates are them
selves quantities, they can be added using the standard 
rules and that these rules do not make sense for ratios 
which are ordered pairs of quantities They give as exam
ples the following: 

3 mi./hr.+ 2 mi /hr * 5 mifhr 

2 boys-to-3 pizzas "+" 3 boys-to-4 pizzas = ??? 

explaining that the seventeen-to-twelve answer (obtained 
by adding their fractional forms: 2/3 + 3/4) would not be a 
sensible answer 

It is true that rates and fractions can be added as nmnbers, 
but we should pay attention to the type of situations to which 
this addition can be applied Referring to the first example, 
addition of speeds can be applied to relative speeds between 
two objects but cannot be applied to a single object with two 
different speeds in two parts of a trip .. Looking at the second 
example, we could transform the two ratios into rates by 
dividing the two quantities Therefore also the sum of these 
two rates would not give a sensible answer 

There seems to be a tendency to try to associate to each 
of these three types of quantities (ratios, rates, and frac-

lions), according to their nature, a definite rule about the 
way that they should be added .. This is probably the wrong 
approach .. We have to keep in mind that these are really 
different mathematical expressions that can be transformed 
into each other. So if we are able to add fractions and rates, 
we can certainly also add ratios (using their equivalent 
fractional form, or in some other way, for example, by 
using vectors) On the other hand, if a rule does not make 
sense for ratios, it won't make sense for their equivalent 
rates either. 

Really, the important issue at hand is: when do the dif
ferent ways of addition give sensible answers within the 
real applications of these three quantities? The answers, 
obviously, will depend on the physical situations in ways 
we would like to describe. From the pedagogical point of 
view, this study strongly suggests that we should not 
detach these quantities and their operations from the real 
contexts they are embedded in-that is, we favor a realistic 
mathematics education approach. The following analysis 
gives the answer to the questions raised above, in a partic
ular situation, from which we can draw more general con
clusions. 

In what follows next, we will frequently use the terms 
"reference whole" or "reference unit" We will specify 
now what we mean by the terms In the case of hactions 
these terms refer to the whole that each fraction is related 
to, e.g. "the set of shots" in basketball example. In the 
cases of rates and ratios these terms seem more ambigu
ous, but they refer to the amount of the referential quantity 
(usually the second one) .. Thus, for example, in a rate of 
miles per gallon the "reference whole" would be ''the total 
number of gallons" In a ratio of girls to boys, the "refer
ence whole" will be "the number of boys" We need to 
clarify that these quantities are not explicitly contained 
within the fraction, the rate, or the ratio, since we know 
that these quantities only give information of a relative 
nature 

Rates, ratios, and fractions are statements of a relation
ship between quantities and do not give any information 
about the number or the amount of the quantities them
selves (see Schwartz [1988]) Since this implies that these 
quantities cannot contain fUll information about a situation, 
we must expect, in general, to need to know the values of 
other variables to compute their sum meaningfully. This 
will be shown in the next sections 

A mathematical analysis of mte 
Consider the first example from Ohlsson about adding two 
rates representing miles per gallon on two parts of a trip. 
Let's call M1 and M2 the total number of miles in each 
part, G1 and G2 the total amount of gas used and r1 and r2 
the two rates (r1 = Mr/Gr and r2 - M,}G2).. The rate repre
senting the entire trip will then be: 
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As can be seen from the last formula (which does not real
ly depend on the particular example we have chosen), the 
two partial rates do not simply add to give the total rate 
Instead, we get a weighted sum with some related hactions 
as weights (the quotients in parentheses above) 

If the rates are added as vectors in the way suggested by 
Ohlsson: 

r +r 
(r1 ,1)+(r2 ,I)~(r1 +r2,2)"(T,I) 

we would get the total rate to be the average of the two 
rates. Comparing this answer with the correct weighted 
sum, this vector addition is seen to be appropriate only for 
a very particular case (reference wholes the same: a, ~ 
a2).. Therefore, in this type of situation, rates generally 
cannot be added simply as quantities or as vectors (as 
Ohlsson suggested) to give meaningful results 

The formula above for the rate r, can be applied in gen
eral to any situation in which we have two rates r1 and r2 
in two parts of the situation, each one characterized by the 
reference wholes G1 and G2, respectively, when we want 
to obtain the rate on the combined whole a, + a2 . For 
example, a car moving at 80 mi fhr for 3 hours and then 
moving at 40 miflu for 2 horns, will have, according to 
the general formula, an average speed given by: (3/5)80 + 
(2/5)40 ~ 64 mi flu 

A mathematical analysis of ratio 
If we now tmn to ratios, almost the same analysis holds as 
the one described above for rates .. let's consider then the 
second example given here by Ohlsson about the two 
classrooms and let's assume that Gh Bh G2, and B2 are 
respectively the total number of girls and boys in the two 
classrooms. Then the total ratios of girls to boys can be 
expressed by a, : B 1 and a2 : B2 and the ratio of the com
bined class by a1 + a2 : B1 + B2. Usually, though, we have 
available only some reduced rates. Let's write these as g1 : 

b1 and g2 : b2 Since the reduced rates must describe exact
ly the same relationships between quantities as the total 
rates we must have the equalities: 

/, " g, ~ a, and /, " g, ~ a, 
b, B, b, B, 

where /i andf2 are defined to be the ftactions representing 
the two ratios. Substituting these equalities into the ratio 
for the combined class we obtain: 

BJi + Bz/2 : B1 + B2 

or, dividing by B1 + B2, we get the equivalent unit ratio 
describing the combined class: 

(B, :s,)f' +(B, :B,)/, 

Again we can see clearly from the previous ratio that the 
addition of the fractional representations of two ratios (/1 + 
f2) would not give a correct relationship for the combined 
parts. 

If we now add the reduced ratios as vectors to obtain 
g1 + g2 : b1 + b2, an identical type of reasoning to the one 
just applied to the total ratios will bring us to a similar 
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expression for the unit ratio, except that the capital B's are 
changed to the lower case b's .. This shows that the sum of 
the reduced ratios as vectors won't give, in most cases, an 
appropriate answer since the fractions Btf(B1 + B2) and 
bd(b1 + b,) are only equal when the total ratios are reduced 
by the same factor (This applies to the total ratios them
selves) 

Note the similarity in the form of the unit ratio of the 
combined class just derived to the formula for the total rate 
given previously .. This hints at the idea that operations with 
rates and ratios, when meaningful, should be symmetricaL 

The above formula can also be applied in the general sit
uation where two ratios (with fractional representations ft 
and / 2) describe two parts of a situation (with respective 
reference wholes B1 and B2) and we want to obtain the 
ratio for the combined situation. For example, if in two 
regions the voters in two political parties are in the ratios 2 
to 5 and 3 to 2 respectively, and if the two reference 
wholes (for the second party) are 1000 and 2000, then the 
combined ratio for the two regions together will be 
(according to the general formula): (1000/3000)(2/5) + 
(2000/3000)(3/2) to I, or, reducing this: 17 to 15 

Try now to solve the following problem using the above 
formula. A shirt with a marked value $60 is sold at 50% 
off. A tie marked $20 is 10% off. If we buy both, what is 
the equivalent total percentage reduction? 

Addition of fractions 
In order to extend the previous analysis to fractions, but at 
the same time to keep it readable, instead of a general 
approach that can always be followed, we will concentrate 
on one example and fix the values of some of the quanti
ties involved At the end we will give the general conclu
sions of the full treatment. 

To fix ideas, we think of two cans of paint, one contain
ing 1/8 of white paint (the rest black), the other one with 
3/4 of the contents white (the rest black). If we mix the two 
cans, what fraction of white paint will the mixture contain? 
We can add the fractions to get 7/8 or add "tops and bot
toms" to get 4/12 When, if ever, are these results correct? 

Let's call A 1 and A2 the amounts of paint in each can 
Then the total amount of white paint will be: 

I 3 
-A1 +-A2 8 4 

and the fraction of white paint, relative to the total amount 
of paint will be: 

I 3 
-A1 +-A2 8 4 

A1 + A2 

This is the correct result Note that only in the special case 
when A 1 ~ 8 and A2 ~ 4 does this fraction reduce to 
(I + 3)/(8 + 4), which is what we would get applying the 
rule of adding "tops and bottoms" .. Therefore we see that 
this way of adding fractions is meaningful only if the 
denominators of the fractions represent the whole amount 
in each of the cans and if, additionally, we want to refer 
the result to the combined amount of paint 



On the other hand, we can relate the total amount of 
white paint to the amount of paint in one of the cans, let's 
say the first one. If we do this, we now obtain the fraction: 

1 3 
-A1 +-A2 8 4 

A, 
The purpose of writing this is twofold. The first is to show 
that om original question (what fraction of white paint will 
the mixture contain?) was, strictly speaking, ambiguous 
This fraction can be given (as we did above) taking the 
whole amount as the unit of reference, or the contents of 
one of the cans as a unit, or using some other unit This 
might sound a little picky, but it is in fact a very important 
issue, as can be seen from our second remark: 

If we take A 1 = A2, the last fraction will reduce to 1/8 + 
3/4. The conventional way of adding fractions finally 
appears. Thus, only when the amounts of paint in each can 
are equal, and the result is referred to this common unit, 
does the usual rule of adding fractions give a correct 
answer (We will generalize this conclusion later on in the 
paper) 

In the above example the fractions involved express 
ratios and, as we saw, only in very particular situations 
does the addition of fractions correctly represent the solu
tion to the problem. When, on the other hand, the fractions 
express quantities, the condition of a common unit of ref
erence is satisfied automatically and, therefore, the addi
tion of fractions is the proper representation of the prob
lem. 

It is important to be aware that adding fractions in the 
usual way, or as vectors, can give an incorrect mathemati
cal representation of a real problem situation 

The two quotient formulas above, although not written 
with arbitrary fractions (to handle this we can replace the 
fractions 1/8 and 3/4 by general fractions fi and/,), give 
the fraction that results when we combine two sets of sizes 
A 1 and A2 each containing the fractions [ 1 and f 2 . The first 
formula gives the fraction relative to the combined whole 
and the second one relative to the first whole For example, 
if in one year a person pays 1/4 of his $50,000 salary in 
taxes, and in the next year pays 3/5 of his $100,000 salary 
in taxes, then, he paid in taxes, according to the general 
formulas above, [1/4(50,000) + 3/5(100,000)]/150,000 = 
29/60 of the total amount he earned, or [1/4(50,000) + 
3/5(100,000)]/50,000 = 29/20, relative to his first salary 

Implications for the classroom and for 
research 
Consider the low problems: 

(a) I walked 1/2 km. yesterday and 1/4 km today, how 
fat did I walk altogether? 

(b) If a baseball player hits the ball once out of two 
times at bat (1/2) in one game and once out of four 
times ( 1/4) in a second game, what is his overall 
performance in the two games as a traction of the 
total number of times at bat? 

(c) 1/2 of cereal "Sweety" is sugar, 1/4 of cereal 
"Healthy" is sugar .. If I put in a bowl equal amounts 

of these cereals, what fraction of the cereal in the 
bowl is sugar? 

(d) In one classroom 1/2 of the children are boys and 
in another one 1/4 are boys If we put the two 
groups together, what fraction of boys will we get? 

These problems are completely different mathematically 
speaking, but students might see them as similru· and solve 
them identically. The first is the only one that can be 
solved by the usual way of adding fractions (common 
units). In the second one, adding "tops and bottoms" will 
give us the right answer .. The third and fourth need the 
more general formulas given before, although the fourth 
one, as stated, simply doesn't offer enough information. 

Why, then, do we teach the "odd" conventional way to 
add fractions? Simply, but very importantly, because that 
is the way fractions should add as numbers and therefore 
this procedure is the basis for all operational higher mathe
matics .. We cannot expect this algorithm however to fit 
blindly into all situations involving fractions 

We could represent these four problems graphically 
(using the same conventional part-whole interpretation, fm 
comparison purposes) in the following manner: 

"' ~ ~liJ ~ I 

0' [[] ~ ! i Wl f:':1 I [] 

~ lii2i ~ !liilill 

" ~ ![]]] l? 

It would be interesting to find out which type of represen
tation the children have in mind when they perform the 
operation of adding fractions The first is the only one 
compatible with the conventional algorithm. Note that the 
second and third (but not the first) reflect the idea of "com
bining" that we find in the addition of whole numbers 
This suggests that children who have a part-whole repre
sentation of fractions (as given in these diagrams) and 
associate ''sum" with combination will find the result of 
the usual algorithm for adding fractions incompatible with 
their mental representation and, for the same reason, will 
find the rule of adding "tops and bottoms" more logical 
(1/2 + 1/2 = 2/4 = 1/2) A graphical representation of addi
tion within the measure subconstruct would not have this 
problem 

Our previous discussion, together with these diagrams, 
show the importance of the reference unit for fractions .. We 
hardly stress in the classroom that, for example, ''a half', 
"a fourth", etc., do not have an intrinsic meaning and that 
to be completely specified we need to refer them to a unit: 
"a half of. ", ''a fourth of ", etc. (except in situations 
where the unit is implicitly accepted, as when 1/2, 1/4, 
are numbers) K. Hart (CSMS project, [1981]) found in 
children what appears to be a lack of reference to a unit in 
fractions when she posed problems of the type: "Mary 
spent 1/4 of her money, John spent 1/2 of his Is it possible 
for Mary to have spent more than John?" 
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We too often assume that a fraction has a unique sym
bolic representation when, in fact, it has many, depending 
on the unit taken and the subconstruct of the fractions we 
are embedded in. For example, we often expect children to 
answer "one and a quarter" to the question: what fraction 
is represented in the following figure? 

• • • 0 

• • 0 0 

when, in reality, many interpretations are valid: "5" (one 
symbol as a unit), "5/8" (the whole figure as a unit), "5/3" 
or "3/5" (a ratio interpretation), "two and a half" (a column 
as a unit), etc .. This again reflects what we said about the 
need to he explicit about the units. 

Turning now to some of the questions we posed about 
ratios at the beginning. We certainly need to reduce ratios 
Actually, that is the whole idea behind them. Nevertheless 
we have to he aware of the fact that some rules, like vec
tor-type addition, can only he applied to total ratios and not 
to their reduced forms. As was suggested before in this 
article, this problem can he solved by making a distinction 
between these two cases. 

Proportionality, as we mentioned earlier is a very deli
cate issue .. On the one hand, we want students to rea1ize 
that direct proportionality of two related quantities does 
not always hold and therefore must be checked using some 
of its properties, e .. g doubling one quantity doubles the 
other, etc. But on the other hand, we expect them to disre
gard the cases where proportionality does not apply exact
ly (examples of this were given in the introduction) In 
these cases, we can only check that proportionality is 
"plausible" and assume it as a "reasonable" mathematical 
representation of the real situation we are looking at. 

We are moving more and more in the direction of teach
ing as a way of guiding the students to rediscover mathe
matics (see for example, Gravemeijer et al. [1990] and 
Streefland [1991]) .. 'This kind of approach, though, forces 
the teacher to know more about the overall behavior of 
mathematical objects and their operations in different con
texts, as we have explored in this paper 

Conclusions 
The single most important general conclusion of this paper 
is that the addition of fractions as numbers requires us to 
have the same unit of reference for the addends as well as 
for the result This means that when we add two fractions 
in the context of a problem the result will be sensible only 
when the two fractions refer to some common unit and the 
result is needed also relative to this common unit This 
sounds logical, but it is not trivial at all. 

If we look back again at the four problems presented in 
the last section, we can identify only in the first this con
stancy of reference unit required for the addition of frac
tions to he appropriate. In the second example we actually 
have a 1/2 of 2 and a 1/4 of 4, not a common unit of refer
ence In the third there is a common unit for the two frac-
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lions but the result is required in relation to a different unit 
of reference: the total amount of cereal. 

The requirement of common units will not be satisfied in 
applications related to fractions as ratios (for the reasons 
given below in the discussion of ratios), but will be ful
filled when fractions are used as measures (for example, in 
problem (a)) 

In the case of adding fractions as vectors ("tops and bot
toms"), this procedure will almost always give an inappro
priate result unless, by chance, the numerators and denom
inators of the fractions contain the total values of the quan
tities and, furthermore, the result is required relative to the 
combined whole (this is the case in problem (b) and the 
example of the basketball player). 

In more general situations, the fractions cannot contain 
all the information and therefore the value of related frac
tions will he needed to calculate their combined sum .. For 
these cases we need more general formulas (containing 
more relevant parameters of the problem) like the ones 
given in this paper 

Strongly connected with the previous issues is the 
importance, in general, of the reference unit for fractions, a 
point already stressed before. 

If we now turn to rates and ratios, the work in this article 
suggests that the simple addition of these types of quanti
ties, either as fractional quantities or as vectors, will not 
give an appropriate answer in the type of situations we are 
looking at, where we need to combine the given rates or 
ratios of the parts to obtain the corresponding description 
of the situation as a whole This is really not very surpris
ing. If we look at the general formulas deduced for rates 
and ratios we see they both have the combined wholes as 
reference (G1 + G2 and Br + B2, respectively) in their 
denominators, which we already know is not a proper con
dition to be able to add them meaningfully as fractional 
quantities. 

The analysis presented in this paper also demonstrates 
that only when the ratios contain the total values of the 
quantities will their vector addition give the correct result. 
If not, only the more general approach like the one given 
in previous sections will be appropriate. 

The asymmetry implied in the adage that "rates can be 
added but ratios cannot" should not be taken very seriously 
since, although rates and ratios are different mathematical 
structures, they are equivalent in the sense that a ratio can 
always he transformed into a rate and vice versa. In fact 
this paper shows a strong symmetry between the formulas 
obtained for the "addition" of rates and ratios in combined 
situations 
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Harmonious development is not a simple matter Let us take, for 
instance, abstract thought, which at first sight seems to be wholly an 
advantage; concerning harmonious development, however, it has 
many disadvantages. Abstraction is the basis of verbalization. Words 
symbolize the meanings they describe and could not be created with
out the abstraction of the quality or the character of the thing repre
sented It is difficult to imagine any human culture whatsoever without 
words. Abstract thought and verbalization occupy the most important 
place in science and all social achievement. But at the same time 
abstraction and verbalization become a tyrant who deprives the indi
vidual of concrete reality; this in turn, causes severe disturbances 
in the harmony of most human activities Frequently the degree of dis
turbance borders on mental and physical illness and causes prema
ture senility As verbal abstraction becomes more successful and effi
cient, man's thinking and imagination become further estranged from 
his feelings, senses and even movements 1 1 Thinking that is cut off 
from the rest of the man gradually becomes arid. Thought that pro
ceeds mainly in words does not draw substance from the processes 
of the older evolutionary structures Abstract thought that is not nour
ished from time to time from deeper sources within us becomes a 
fabric of words alone, empty of all genuine human content Many 
books of art and science .. literature and poetry have nothing to offer 
except a succession of words linked together by logical argument; 
they have no personal content 

Moshe Feldenkrais 
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