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relation between the variables in the sentence. The
expert sees the equation S = 6P "as representing an
operation (e.g., the coefficient 6 as a multiplier) on

a variable guantity (e.g., an unspecified number of
professors) to produce a number equal to another
unspecified quantity (e.g., the number of students)"
(Clement, 1982, p. 21). The novice, however, “simply
assumes that the order of key words in the problem
statement will map directly into the order of symbols
appearing in the equation®" (Clement, 1982, p. 18).

A third type of student seems to be in an intermediate
state between the expert and the novice.

The tendency toward syntactic interference of those
who are unsuccessful, according to Clement, is the result
of inappropriate instruction, since many textbooks
explicitly teach a word-order matching strategy
(e.g., Dolciani, Swanson, & Graham, 1986, p. 35-42)
similar to direct translation. Clement (1982)
acknowledges that word order matching technigques are
viable for many translation tasks, but finds the
deployment of these techniques ultimately misleading for
students. He and his colleagues (Scloway, lochhead, &
Clement, 1982) believe that syntactic translation has a
role only in contrived problems such as those that "are
constructed so that they can be solved thorough a trivial

word-to-symbol matching algorithm" (p. 174). In summary,
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the sentence translation process for experts according to
the cognitivist theory of Clement and his colleagues

(Figure 2) does not involve direct translation.

READ THE SENTENCE

DO A CONCEPTUAL ANALYSIS

CHOOSE A CONCEPTUAL STRATEGY FOR TRANSLATION

Figure 2. Translation Process - Cognitivist Theory

Methodological objections

Methodeological objections can be raised to Clement's
(1982) study. His theory of how a competent student
translates a natural language sentence into an algebraic
equation is based on think-aloud protocols. These
protocols deny at the outset the possible relevance of
syntactic knowledge, since such knowledge is well known
to be unconscious and introspectively inaccessible (Foss
and Hakes, 1878, p. 13).

Think-aloud protocols are a primary tool that
cognitive scientists use to determine the strategies that
are employed in solving logical problems. But such
introspective reports can only reflect the elements of

conscious, rational knowledge available to the subject
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(Ericsson & Simon, 1984, pp. 14-15). Thus, Clement's use
of such methods in this study is bound to support his
assumption that the knowledge structures to be tapped are
entirely rational in character. For this reason the
think-aloud methodoclogy employed by Clement (1982) is not
a fitting basis for rejecting a syntactic approach to

sentence translation.

Statement of the Problem

The literature on algebra word problem solving
states that translation is the most important part of the
process, and that translation of a problem involves
sentence translation. Two models of how sentence
translation occurs have been examined. The work of Paige
and Simon (1966), which examined the STUDENT program,
suggests that syntactic processes are sufficient for
translating a broad range of sentence types, but are
unable to handle others. The work of Clement and his
cclleagues has examined the conceptual methods needed to
translate S & P type sentences that are not directly
translatable (through syntax). But there has been no
attention to the possibility that competence in
translation is essentially syntactic and that the expert
responds to syntactic cues to abandon syntax for the

small minority of sentences for which conceptual methods
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are needed (see Figure 3). 1In Chapter 3, I explicate

such a model.

READ THE SENTENCE

]

DO A SYNTACTIC ANALYSIS

SENTENCE PHRASE

NO ORDER MATCHABLE? YES

DO A CONCEPTUAL ANALYSIS TRANSLATE

CHOOSE A CONCEPTUAL
STRATEGY FOR TRANSLATION

Figure 3. Translation Process - Syntactic Theory

Organization of the Dissertation

A review of the literature is presented in
Chapter 2, and examines the two approaches to sentence
translation, suggesting that the syntactic theory of
translation has been prematurely dismissed by current
researchers.

A syntactic theory of sentence translation is
proposed in Chapter 3. The components of knowledge
necessary for competence in translation are also
presented in that chapter.

The two contrasting theories were embedded in
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instructional programs and used in experimental
treatments. The design of the study, along with a
description of the subjects, instruments, and procedures
used in treatments, testing, and analysis of the data are
listed in Chapter 4.

Instructional materials aimed at remediating
deficiencies identified in the syntactic theory are used
to test the following experimental hypothesis:

An instructional treatment designed
according to the Syntactic Theory
will be more effective in promoting
competence in algebraic sentence
translation than an instructional
approach designed on the
Cognitivist Theory.

The basic design includes an attempt to make
students into experts as defined by each of the different
translation models. An evaluation of the students'
translatior. skills made after the instructional
treatments is reported in Chapter 5. The inference is
that the students who perform more like experts, possess
more of the cognitive tools underlying expertise in
translation.

A limitation of this design approach is that
students may perform more like experts without being more

like experts, i.e., the students may have learned a trick
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that produces a correct translation. A defense of this
design is presented in Chapter 6.

Final conclusions, discussions, and limitations of
the study are presented in Chapter 6. Also included are

recommendations for future research and practice.

Importance of the Study
Problem solving is the most important learning task
of the algebra student according to the National Council

of Teachers of Mathematics' An Agenda for Action (1980),

and the more recent Curriculum and Evaluation Standards

for School Mathematijics (1989). The most critical part of

problem solving lies in the translation rather than the
manipulation of the problem (Berger & Wilde, 1984; Mayer,
1980). Yet, the Standards (1989, p. 126) calls for
reduced attention to standard algebra word problems.

It is likely that the S & P research of Clement and
his colleagues was an important factor in the call to
decrease emphasis on routine word problem solving. Since
the think-aloud protocol analysis methods of Clement and
his colleagues do not accommodate the possibility of
syntactic processes in translation, the issue has been
prejudged, and there is an imperative to further assess
if their analyses are correct.

Another imperative to further assess the nature of

expertise in translation skills comes from pedagogical
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considerations. Clement (1982) suggested that "the
identification of these conceptual stumbling
blocks...should make it easier to design instructional
strategies to overcome them" (p. 29). But several
studies (Clement, Narode, & Rosnick, 1981; Fisher, 1988;
Rosnick & Clement, 1980) designed to test such
instructional strategies, instead showed that the
reversal error is extremely resistant to change. Other
studies (Fisher, 1988; Schrader, 1985; Hasty, 1987;
Rosnick & Clement, 1980) which also have attempted
pedagogical approaches based on the premises of the
Cognitivist Theory, were poorly conceived or inconclusive
(see Chapter 2). If the syntactic theory is correct,
then the recent recommendations to reduce the syntactic
translation emphases of the curriculum (NCTM, 1989,

p. 150) may be retrogressive.

The present study can shed light on syntactically-
based instructional methods that have been part of the
curriculum for centuries, but are neither understood nor
appreciated within the cognitive science frameworks which

dominate educational psycholegy today.



CHAPTER TWO

REVIEW OF THE LITERATURE

As indicated in Chapter 1 (Figure 1) I distinguish

between preoblem translation and sentence translation as

follows: Problem translation inveolves (a) categorizing a
problem into type, (b) using background information,

(c) expressing natural language statements of variable
relationships as algebraic equations, and

(d) constructing the problem eguation. The third step in
problem translation is called sentence translation.

This review of the literature describes two
approaches to sentence translation skill. The review is
organized in the following manner:

(1) Introduction
{2) Linguistic approaches to sentence translation skill.

a) Syntactic

b) Others
(3) Conceptual approaches to sentence translation skill.
(4) History of sentence translation curriculum,

(5) Pedagogical studies
(6} Summary
Introduction
The focus of this review is on the sentence

translation skill used in solving algebra word problems.

16
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In this study, translation skill is defined as the
ability to represent the quantitative relations expressed
in a natural language sentence as an algebraic equation.
The importance of this skill is attested to by Lochhead
(1980) who notes that "If mathematics instruction at all
levels were to place greater emphasis on developing
translation skills, perhaps we might see a time when the
power of mathematical language is available to all"
(p. 35).

Research into algebra problem solving covers many
different areas. Although many different traditions in
problem scolving research incorporate translation they do
not all clearly distinguish between problem translation
and sentence translation.

Mayer (1980), who is concerned about why algebra
word problems are so difficult, suggests that the answer
to this question "would provide the basis for a
psychological theory of human problem solving as well as
a pedagogy of mathematical learning" (p. 2}.

Mayer is one researcher who seems to make a
distinction between problem translation and sentence
translation. His work led him to conclude that
translation is the most difficult part of problem
solving. He gives evidence (Mayer, 1980, p. 3) that
translatieon skill involves both the ability to exploit

the structural properties of the propositions in the
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sentence, and to see schematic representations (schemas)
of problems.

Mayer also states that most algebra problems contain
four types of propositions: (a) assignments,

(b) relations between variables, (¢) questions, and

(d) relevant facts (Mayer, 1980, p.6). He hypothesized
that the relation between two variables is the most
difficult to translate of the four propositions.

Most of Mayer's own work dealt with students!'
categorizing problems into types, and their ability to
recall various types of problems. Still, he states that
"special attention should pe paid to teaching children
how to translate among relational propositions (in
English}, relational equations, and concrete
manipulatives or pictures" (1980, p. 28). It is
precisely the translation of this type of relational
proposition (relating two variables) in a sentence that
is focused on in this review of the literature on

translation skill.

Linguistic Approaches to
Sentence Translation Skill
Research using syntactic approaches to translation
skill can be traced back to a study done by Paige and
Simon (1966) in which they claimed that "almost all the

thinking and problem sclving that people do requires that
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they handle natural language" (p. 51). In their study,
the researchers used Daniel Bobrow's (1968) computer
program STUDENT that was written to translate algebra
word problems. They were interested in "detecting the
extent to which the human subjects make use of direct
processes like those incorporated in the STUDENT program"
(p. 116). For certain sentences, the human subjects used
direct translation, and "the general translational
approach of STUDENT gives a pretty good explanation of
what the student is doing in solving the problem"

(p. 69).

After observing several human subjects, the
researchers noted that competent translators often need
to rely on auxiliary cues (e.g., "He must know that the
value of a quantity of coins equals the number of coins
times the value per coin” (p. 84)), and the internal
structure of the given situation (e.g., detecting
impossible situations). Note that these are aspects of
problem translation other than sentence translation.

Other researchers have mentioned the importance of
syntactic skills in their work as well. In a study of
the relation between language structure and algebra word
problems, Hinsley, Hayes and Simon {(1977) found that 1if
one recognizes that a sentence matches a certain
prototype, one may categorize it and then apply certain

heuristic techniques useful to problems in that category



20
(e.qg., formulas for work or distance problems). But if
the student does not recognize a category for a certain
problem, the student reverts to a procedure resembling
the direct translation of the STUDENT program.

The observation that a sentence that does not fit
into a category must be directly translatable
underestimates the role of direct translation. Even
after a problem is categorized, it may still contain
propositions that must be translated. The sentence:
Train A travelled twice as far as Train B, is easily
categorized as a part of a distance problem, but it is
still necessary to translate the relational proposition
expressed in the sentence.

These researchers used think-aloud protocols with a
group of students. They found one student who was a good
problem solver relying almost completely on direct
translation, and another who used auxiliary cues and
physical representations (see p. 116). They stated that
these "results have forced us to conclude that people use
more than a single approach in comprehending algebra word
problems" (p. 105}.

In evaluating the STUDENT program they note that for
certain sentences it used "a simple syntactical parsing
scheme” (p. 91). But because the program makes no
reference to semantic relations in these sentences,

STUDENT "cannot account for human solution processes
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which rely on semantic knowledge" (p. 91).

This analysis of the translation process used by
STUDENT is deficient in two respects. Firstly, the
critics fault STUDENT because it was not a good semantic
translator, unable to detect ambiguities even though its
author made no claim that it was a semantic translator
(Bobrow, 1968, p.201). Secondly, they did not fully
evaluate the syntactic limitations of STUDENT since they
fajiled to observe {(or report on) its attempts to
translate sentences of the § & P or Mindy's type which
do not respond to direct translation.

Other researchers have mentioned linguistic skills
in the translation process. Betty Travis (1981),
observed 84 students in a college intermediate algebra
class as they translated word problems. She finds value
in the early information processing techniques of Paige
and Simon (1966), but like Hinsley, Hayes, and Simon
(1977) suggests that "a direct translation scheme in its
purest form has to be augmented by specific semantic
knowledge to insure full understanding of the problem"
{(p. 3). She suggests that: (a) students should be
encouraged to set up equations in phrases, (b) teachers
should stress phrase structures of word problems, and
{c) students should use auxiliary cues, including
pictures, diagrams and flowcharts, with strong emphasis

on phrases and phrase structure. This emphasis on phrase
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structure in problems suggests the necessity of a
syntactic analysis in the translation process.

Mathematics educator, Thomas (1988) states that
"word problems make special linguistic demands on the
reader" (p. 245). These demands include both the
technical terms in the problem and the language in which
it is stated. Besides understanding the mathematical
terms, formulas and rules, he observes that a problen
solver must have an "“ordinary linguistic knowledge,®
{p. 246) and suggests that "the role of reading in
problem solving is important enough that teachers of
science and mathematics should not dismiss the linguistic
aspects of problem solving as trivial" (p. 244).

Martha Burton (1988), who directs a mathematics
laboratory and conducts research on how students solve
problems, sees the trouble with sentence translation as
based in the natural language. She claims that current
strategies that require the students to make immediate
variable assignments (e.g., S = # of students, P = # of
professors), take the students away from the structure of
the natural language sentence where the verb is. She
says that "Until the student has a verb for the problem
statement, possession of algebraic words for all the
appropriate nominals cannot lead to an equation®
(p- 5). It is interesting to note that the students in

Clement's (1982) study who used direct translation did
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not locate the verb in the sentence, but translated the

word "as" for "=" in the algebraic equation.

Conceptual Approaches to
Sentence Translation Skill

There is a body of literature that takes the
apprcocach that the competent sentence translator uses only
conceptual strategies as ocutlined in the Cognitivist
Theory (Figure 2). Several researchers (Clement, 1982;
Clement, Lochhead, & Monk, 1981; Clement, Narode,
& Rosnick, 1981) have studied the reversal error
{Chapter 1, p. 7) that occurs in sentence translation.

Evidence of the reversal error was first alluded to
in a letter to the editor of a mathematical journal
(Kaput & Clement, 1979). A study by Rosnick and Clement
(1980) indicated that a significant number of otherwise
competent students make the reversal error when
translating algebra word problems. In fact, of 150
college freshman engineering majors who were tested,
37% of them missed the student and professor problem, and
two-thirds of the errors were the reversal error
(see p. 7).

Another problem used in the study was "At Mindy's
restaurant, for every four people who ordered cheesecake,
there were five who ordered strudel." The error rate for

this problem was 73%, and again, two-thirds of the errors
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were the reversal error (Rosnick & Clement, 1980, p. S}.
The students translated the sentence as "“4C = 5S§",
instead of the correct "5C = 48".

In an attempt to discover why students had such
difficulty in translating these sentences, Clement (1982)
set up audiotaped and videotaped interviews with fifteen
of the freshman engineering students. From his analyses
of these think-aloud protocols, Clement characterized
three types of solvers.

A Type 1 student uses a "word order matching"

(p. 18) apprcach. The student wrote "65 = pP"
corresponding to the order of the words in the sentence:

Six times as many students as professors. This type of

student was unsuccessful.

A typical Type II student attempted word order
matching, but was dissatisfied with the resulting
equation "6S = P". The student reversed the equation to
S = 6P" but found that it did not match the conceptual
image of six students for every one professor. The
student drew a model of the situation that had one circle
with a P in it, and six circles with S in them. The
student compared the circles and assumed that the six
students in some way matched with the one professor.
Although the resulting equation was not correct, such
students recognize the relevance of the semantic

relations expressed in the sentence. Clement (1982)
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calls the semantic strategy used by a Type II student a
"static comparison approach” (p. 19).

The successful, Type III, student thought that since
there were more students than professors, the number of
professors should be multiplied by six so it would egual
the number of students. This type seems to understand
that translating involves a relating of two guantities,
and Clement calls this method an "“operative approach"

(p. 20).

Clement also suggests that the competent
translator's success lies in "{a) remembering that
variables stand for numbers rather than objects in these
problems, and (b) being able to invent a hypothetical
operation on the variables that creates an equivalence"
(p. 28).

Lochhead (1980) investigated "whether it [the
reversal error] is so persistent that it remains even
among faculty" (p. 30). He gave 200 university faculty
(at physics or engineering departmental seminars and a
university-wide seminar), and 150 high school science
teachers the equation "A = 7S". They were to write one
sentence in English to express this information. They
were told that A is the number of assemblers in a factory
and S is the number of solderers in a factory. Lochhead
divided the faculty into groups (a) in the physical

sciences; (b} in natural, behavioral and social sciences;
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and (c) others. He found that outside of the physical
sciences, "the overall success rate was about 50%"

(p. 34). He found (p. 33) that in the physical sciences,
the success rate of university faculty was 80%, and for
high school faculty it was a dismal 44%. He did not
categorize the types of errors as reversals or other, but
showed several examples of the types of interpretations
made and they often included the reversal error. It is
important to note that this study is actually concerned
with writing an equation as a sentence rather than
translating a sentence into an equation.

Later studies by Mestre, Gerace, and Lochhead
{1982), and Mestre and Lochhead (1983), showed that the
reversal error occurs in bilingual and other cultural
groups as well.

In a short study to determine students' concepts of
variable, Rosnick (1981) wrote the equation 8 = 6P, and
asked the students in his college statistics course what
the letter S and the letter P represented. He was amazed
that over 40% were incapable of answering his questions
correctly. This led to his conclusion that students need
to develop better understandings of the concepts of
variable and equation.

Davis (1980) offers an information processing
approach to explaining the reversal error. He postulates

certain "frames" of knowledge (p. 170) that students can
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retrieve from memory. He assumes that students have two
separate "frames" that they learn in mathematics classes
that act like schemas. For example, the "label frame® is
used to state that twelve inches represents one foot, as
in

12i = 1f.
The "numerical variables frame" is used to state that if
I represents the number of inches and F represents the
number of feet, then

I = 12F.
In interviews with mathematicians who are presumably
competent translators, Davis discovered that they are
aware of the two different frames and usually check to be
sure they are selecting the correct frame. This led him
to suggest that instruction should alert students to the
presence of the two frames and the necessity of checking
to see 1f the correct one has been selected.

This checking strategy may sound like a third,
alternate theory as to how the competent translator
operates, but it seems more probable that it is a part of
a conceptual strategy. Translators who have had the
experience of being weak in conceptual strategies,
probably have learned to use checking as a backup
strategy for additional suppert. If they check the
equation using numbers they may catch the reversal error,

but if they check the equation against their image of
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sets they may not detect the error.

Another study (Caldwell & Goldin, 1987) examined
factors that affect the difficulty of a word problem.
They divided word problems into four types: abstract
factual (AF), abstract hypothetical {(AH)}, concrete
factual (CF), and concrete hypothetical (CH), and tested
students to see which types were more difficult.

Problems were given a syntactic complexity
coefficient (Goldin & Caldwell, 1984, p. 256) based on
counting the number of words, the number of sentences,
and the number of numbers in a sentence. This measure of
syntactic complexity resembles techniques commonly used
in assessing text difficulty in arithmetic word problems.
But it is not sensitive to grammatical characteristics of
the reversal error problems. For instance, Caldwell and
Goldin (1987, p.189) assign a higher syntactic complexity
coefficient to an AF problem than to a CF problem, even
though the CF problem contains a sentence that does not

yield to direct translation.

History of Sentence Translation Curriculum

Scme past approaches

A review of some algebra textbooks show that even a
hundred years ago the translation of a word problem was

considered to be very difficult. 1In Elements of Algebra,

Davis (1857) defined the statement of the problem as "the
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operation of expressing, algebraically, the relations
between the known and unknown quantities which enter it"
(p- 80). He said that the statement of the problem
cannot be defined by a rule.

In New Elementary Algebra, Ray (1866) paraphrased the

same idea and reiterated that some conditions are made
explicit by the sentence, while others are implicit.
These texts show no particular reference to syntactic
processes used in translation.

An algebra text by the School Mathematics Study Group
(1962) used one entire chapter to slowly develop the
translation of phrases and sentences into algebraic
notation. This development is very syntactical (see

p. 156) in its direct translation apprecach.

Some current approaches

A current algebra text (Dolciani, Swanson, & Graham,
1386) uses a syntactic approach when it states that in
order to translate a word phrase into a numerical or
variable expression "you must be able to translate each
part of the word phrase into an appropriate mathematical
symbol" (p. 35). The translation of a word sentence into
a mathematical sentence is handled in the same way, with
many examples showing literal translation. It is
interesting that a sentence of the S & P type, "the team

won five times as many games as it lost"™ (p. 42), appears



in the exercises with no instruction to aid the student

with intended syntactic methods.

Some proposed approaches

The proposed pedagogical approaches as found in
An Agenda for Action (NCTM, 1980), The Curriculum and
Evaluation Standards for School Mathematjcs, (NCTM,
1989), or as suggested by the predominant cognitivist
research, downplay translation skills as they are
currently presented in the algebra curriculum.

The Agenda (1980) suggests that the mathematics

curriculum be expanded to include a wide range of non-

30

routine problems and "not be limited to the conventional

‘word probklem' mode" {(p. 3). The Standards (1989)

suggests decreased attention be given to typical word

problems and suggests problem solving that helps students

"apply the process of mathematical modeling to real-world

problem situations" (p. 137). Such proposals are

consistent with current recommendations from the research

community (see the next section) that advocate conceptual

control of the translation process with no apparent role

for syntactic methods.

Pedagogical Studies
Clement (1982) noted that syntactic interference

caused some students to be unsuccessful at sentence
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translation, and he suggested that "the identification of
these conceptual stumbling blocks using protocol analysis
should make it easier to design instructional strategies
to overcome them" (p.29)}.

Some of the general approaches taken to remediating
the reversal error illustrate the underlying cognitive
analysis, i.e., that translation is accomplished using
conceptual strategies only. For instance, the
suggestions of Clement, Lochhead and Monk (1981) for
halting the reversal error include: (a) spending more
time on translation skills, (b) assigning more problems
of the type that cannot be solved by non-operative
approaches, (c) showing the shortcomings of the
non-operative approaches, and (d) emphasizing the
operative approach.

In trying to explain how fairly competent students
could make translation errors Soloway, Lochhead, and
Clement (1982) found these reasons to downplay syntactic
processes:

It appears that these students have developed

special purpose translation algorithms which work

for many textbook problems, but which do not jinvolve
anything that could reascnably be called a semantic
understanding of algebra. Many word problems are

constructed so that they can be solved through a

trivial word-to-~-symbol matching algorithm...While
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these techniques may be partially successful in many
classroom situations, they are too primitive and
unreliable to be trusted in any but the most routine
applications. (p. 174)

Several studies (Rosnick and Clement, 1980; Rosnick,
1981; Soloway, Lochhead, & Clement, 1982; Fisher, 1988;
Wollman, 1983; Schrader, 198%; Cooper, 1986; Hasty, 1987;
Seeger, 1990) have tested instructional strategies aimed
at remediating the reversal error in translation. These
studies were all based on the conceptual approach.

The first study by Rosnick and Clement (1980} tried
tutoring strategies to halt the reversal error. They
suggested that the teaching unit used was not ideal, but
that what they "were interested in knowing was whether a
fairly simple, traditional, algorithmic approach to
teaching would be sufficient to help the students with
the reversal error" (p. 16). The lesson stressed,

(a) understanding the sentence, (b) finding numbers that
would fit the relationship, and (c) checking those
numbers in the algebraic equation.

Six students were interviewed and taped during the
instruction. The researchers found that even when some
of the students'! behavior changed, i.e., they wrote the
correct equation, they still had no conceptual
understanding of the problem. They wrote the equation so

that the numbers worked, but they were dissatisfied with



33
the order of the variables. The results of this study
led to the conclusion that the reversal error is due to a
resilient misconception about equations. Blame for this
problem was laid on a school system that "focuses
primarily on manipulation skills" (p. 23).

A series of experiments by Soloway, Lochhead, and
Clement (1982), was used to study the effects of computer
programming on the problem of translation. They hadg
determined from previous analyses of student protocols,
in attempts to translate the S & P problem, that "the key
to fully understanding the correct translation lies in
viewing the number six as an operator which transforms
the number of professors into the number of students"

(p. 177).

In one experiment using 17 professional engineers,
47% missed a Mindy's type problem. After a day of
writing and running programs that used assignment,
conditional, and for-next statements, all of the group
answered a Mindy's type problem correctly. Since no
retention time was used with this group, and they were
tested on one sentence only, it 1is highly likely that the
engineers' success was due to the "practice effect"

(p. 179) mentioned by the researchers.

In another experiment the same researchers used

freshmen and sophomores in an assembly language class.

The students were all given a Mindy's type problem. Half
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were asked to write an equation for the sentence, and the
other half were asked to write a computer program to
indicate a relation between the variables in the
sentence. The students who wrote the equation had a 55%
error rate, while those who wrote the computer program
had a 31% error rate.

A final experiment by the same researchers had
freshman engineering students interpret an S & P type
equation and a computer program that related two
variables. The nunmber of students "who answered the
computer problem correctly, but the equation problem
incorrectly was more than 3 times as large as the group
who answered the egquation problem correctly, but missed
the computer problem" (p. 180).

The researchers noted that programming helped the
students focus on an understanding of the semantics of
the expression they were translating. The step by step
process of writing a program and the debugging process
also helped the students. This led to the conclusion
that "if students were placed in an environment which
could induce them to take a more active, procedural view
of equations, then the error rate on these problems
should go down"(p. 178}. Five hypotheses about why
students had more success in a programming environment
were listed (p. 181) and are paraphrased here: (a) The

symbol '=' is defined as an act of replacement, (b) one



