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PROJECT OVERVIEW

The basis for the project lny in recent interview work which suggested that in choosing operations
for story problems in mathematics many students are guided by computational considerations rather
than meani-gs for the operations. The project aimed to refine the catalogue of strategies used by
students and to design and test instructional materials intended to foster a concept-based approach to
story problems among sixth graders.

Year 1 (1985-86). Interviews of sixth graders supplemented earlier work to give a ca:alogue of
strategies used by students. The analysis of textbooks was begun to see what conc,-ptual background
ene could expect from the usual curriculum. A teaching experiment with a small group uf simll gradt.rs
provided the basis for materials development; the materials were refined with the aid of a sixth grade
teacher during summer, 1986. A supplementary study, prompted by a consultant (B. Greer) and
relevant literature, examined whether U.S. ninth graders in algebra classes showed evidence of one
particular strategy.

Year 2 (1986-87). The materials developed during Year 1 were tried out in schools in Illinois
and California. Further textbook analysis showed that some with recent copyrights are giving more
attention to language for the operations that earlier books did. Since whole numbers were the focus of
Year 1 work, during Year 2 interviews with eighth graders were carried out to see whether students use
concepts of operati ins with rational numbers in a variety of forms. Another spin-off study (in
connection with D. McLeod's project) explored affect associated with the solution of story problems.

These parts of the project are addressed in the following sections of this report:

The Catalogue of Strategies Used by Students in Solving Story Problems
What Textbooks Offer
The Teaching Experiment with Sixth Graders
The Development of the Supplementary Materials
The Try-out of the Materials
The Spin-off Studies

Nonconservation of Operation in American Algebra Students
Searching for Affect in the Solution of Story Problems in Mathematics

Some concluding remarks close this report.

THE CATALOGUE OF STRATEGIES USED BY STUDENTS
IN SOLVING STORY PROBLEMS

Interviews of sixth and eighth graders confirmed earlier indications (Sowder, Threadgill-Sowder,
Moyer, & Moyer, 1983) that many students use disappointing strategies in approaching story
problems. Although each strategy listed was observed during the interviews of this project and the
earlier studies, researchers have commented on various ones (e.g., Greer, 1987, Greer & Mangan,
1984; Kalmykova, 1975; Lester & Garofalo, 1982, 1987; Noddings, 1983; Sherrill, 1983; Sowder,
Threadgill-Sowder, Moyer, & Moyer, 1983; Stevenson, 1925; Trafton, 1984). The list does show the
variety of ways in which students may be attempting to reach solutions to story problems.

Twenty-nine classrooms of students were first given paper-pencil tests of story problems (see
Appendices III and IV for item summaries). Results on these tests, along with consultation with the
teachers involved, were the basis for selection of students to be interviewed. Interviews in the earlier
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work had shown that users of the most immature strategies were unlikely to give revealing interviews.
Hence in later work we did not interview students whose wi-itten \holt suggested that tney aught be
users of such strategies (e.g., students who always added). Thus the bulk of the more-than-70
interviews (collectively, across this project and the earlier ones) were conducted with average and
above-average students.

Here is the catalogue of the strategies, roughly in ascending order of sophistication, with a few
comments (adapted from "Aspects of Solving Routine Story Problems;" see Appendix I).

1. Find the numbers and add (or multiply or subtract...; the cl-oice rody be '4.ictated by what has
taken place in class recently or 't y what operation the student fee most competent at doing).

2. Guess at the operation to be used.
3. Look at the numbers; they will "tell" yon which operation to use (e.g., "...if it's like, 78 and

maybe 54, then I'd probably either add or multiply. But [7g and] 3, it looks like a division
because of the size of the numbers").

4. Try all the operations and choose the most7easonable answer.
5. Look for isolated "key" words or phrases to tell which operations to use (e.g., "all together"

means to add).
6. Decide whether the answer should be L -ger or smaller than the given numbers. If larger, try

both addition and multiplication and choose the more reasonable answer. If smaller, try both
subtraction and divisior and choose the more reasonable answer.

7. Choose the operation whose n aning fits the story.

The first four strategies, of course, are not taught and would be amusing if they were not used by
real learners. Although most often the students who use these strategies are not successful students,
there are exceptions. One seventh grader in a gifted program used strategy 4, her computational facility
made the strategy feasible with one-step problems.

Strategies 4-6 do involve at least a bit of number sense, a minimal semantic processing, and a very
minimal awareness of the meanings for the operations. The key-word strategy (#5) unfortunately is
occasionally taught by well-rdeaning teachers who are not aware of its defects. Sherrill (1983) noted a
"pervasive" use of this key-word strategy in an interview study, and Nesher and Teubal (1975) found
that even primary school children were using key words. Note that although strategies 4 and 6may be
effective with some whole numbers, they are less likely to be successful when large whole numbers,
fracticas, or decimals for which the student has less number sense are involved.

All but the last strategy (#7) are extremely difficult to apply to multistep problems. Hence there are
implications for National Assessment of Educational Progress findings (Carpenter, Corbat, Kepner,
Lindquist, & Reys, 1980; Carpenter, Matthews, Lindquist, & Silver, 1984; NAEP, 1983): The
relatively good performance on one-step problems in NAEP testings may be specious, and we have a
possible explanation for the relatively poor performance on more complicated problems reliance on
these immature strategies.

What was most disappointing was the raiity of the meaning-based strategy 7. In the interviews,
even students who made correct choices of operations rarely could give any justification for their choice
of operation. "I just know" was a co.nmon explanation, as was a recital of why the othe: operations
would not give correct solutions (usually based on the anticipated size of the answer). Zwer g, in her
report of her interview work on problem-solving with elementary schooi st dents (1979), noted that the
then-typical curriculum did not provide the students with language with which to describe geneiallsj
some common applications of the operations. This lack is being addressed in some current text senes,
and it will be interesting to see whether this attention has a positive effect on the strategies used by
students.
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Although the overall findings from the interviews are dismaying, there is a positive note. Many
students "shift gears" when confronted with a multi-step problem and, apparently realizing that the
immature strategies are inadequate, adopt some other strategies. What these strategies are, and whether
the students indeed fall back on a meaning-based strategy, has been difficult to ascertain. There would
seem to be profit in including many more multi-step problems in the curriculum.

[See Appendix I for citations of project presentations or publications stemming from the work on
strategies.]

WHAT TEXTBOOKS OFFER

Even without documentation it is fairly safe to assert that in most elementary classrooms the
mathematics textbook "carries" the curriculum. The degree to which textbooks, then, provide work
with the ineanings for the operations is of direct pertinence to a study of student strategies. Little or no
provision for conceptual underpinnings could result in the adoption of immature strategies by default.

While it is difficult to generalize about all text series, the picture appears to be improving slightly.
In preparing the proposal for this project, I reviewed three text series that were fairly representative of
those on the market. In one series, 9 pages of the grade 3 text, with roughly 56 demonstrated exercises
and student exercises, could be said to give some conceptual background for multiplication, in the sense
that it was possible to use given drawings to determine product-. For division, the counts were 8 pages
and 39 exercises. Very little additional work on concept development for multiplication and division,
however, appeared in grades 4-6! Only two pages of the grade 4 text would allow the reader to attach
meaning to multiplication by giving drawings which could show a meaning of multiplication, kith
about the same in the grade 5 and 6 texts. Them was even less work for a concept of division in the
grade 4-6 texts. Although one might claim that the many story problems in the texts no doubt added to
the students' concepts, it seems as likely that, without being forearmed with sufficient conceptual
background, students would flounder and by default resort to immature strategies.

The slightly positive side of the picture is that some but not all recent text series are providing
somewhat more conceptual work, at least in grades 3-6. A small amount of picture-based work is
often included in grades beyond grade 3, perhaps even so far as with 1 digit by 2 or 3 digit
multiplication. There are also occasional calls for studen:s to make up story problems. Some texts also
provide verbal support for the operations (e.g., putting together equal sets means you should multiply).
Still missing seem to be many exercises calling for the student to make a drawing for a given fact, for
example. With a few exceptions the "translations" practiced most often originate in pictures or stories
and end in symbols, rather tha the reverse (e.g., make a drawing to show 2 x 4, or make up a story
problem for 144 ÷ 18). And, conceptual work for multiplication and division of fractions and decimals
is often skimpy or, if given, narrow in scope (e.g., only an area interpretation for the multiplication of
fractions).

THE TEACHING EXPERIMENT WITH SIXTH GRADERS

A teaching experiment was carried out to study the feasibility of different ways to add meaning to
the operations and to serve as a basis for the materials development planned. In 'september, 1985, I
met with consultant B. Greer (a psychologist who has worked with story problems) to review his work
and that of other Europeans (e.g., Bell, Fischbein, & Greer, 1984; Ekenstam & Greger, 1983;
Fischbein, Deri, Nello, L'L Marino, 1985) and to seek his advice on the teaching experiment.

Over a nine-week period in spring, 1986, I worked with a small group of seven sixth grade
students (an eighth student joined the group late, on request). Work was scheduled for the last period
of the day, was supplemental), to the u .,al mathematics class, and did not require homework, so I had

7



4

a fair monitoring of the work the students did. A group test given to all of the sixth graders, along with
consultation with the teachers, was used to identify students who could likely profit from the work.
That is, reither mainstr-amed students nor the highest-scoring students were considered for the project.
All the students invited to participate (with parent consent) agreed to do so: scheduling difficulties for
one student resulted in his joining the group late. I audiotaped the sessions and wrote a debriefing lug
after each session. Teachers were given a weekly written synopsis ,f the work we had done in the
small group.

The sessions varied in format, but each one focused on some aspect of meanings for the
operations. For examples, students wrote story problems for given expressions like 150 +. 25, worked
with concrete materials (counters, money, bags of Tootsie rolls, discount store advertisements) to
illustrate given expressions, arid filled out worksheets. Discussion and defense or explanation of
answers was common, in an effort both to have the students verbalize and to provide feedback to me on
what was guiding their thinking. Calculators were used to carry out any computations.

The following were the types of situations emphasized during the instruction. A chalkboard
summary and later, their own reference sheet, for these links were frequently used by the students.

Addition known amounts put together
Subtraction - a known amount taken away from a known amount

- two amounts compared
Multiplication several amounts of the same size put together

- "combinations" Cartesian product)
- finding a part of an amount

Division - how many 2s in 8?
- if 8 are put equally into 2 amounts, how many are in each?

There was not time for attention to missing addend subtraction and scaling multiplication.

Cartesian product multiplicaticn was understandable to these students. On the other hand, making
diagrams and matching given diagrams with numerical expressions were more difficult for them than I
expected. For simple story problems, students saw no value in making diagrams (nonroutine problems
were used, therefore. in the materials developed).

Although the intent of the teaching experiment was to try different teaching techniques without
concern for a cumulative effect, a small summative evaluadon was carried out by re-administering the
paper-pencil story problem test used as the group pretest (with an added multipart problem).
Performance on the pretest items improved an average of 17.8% (to 66.4% from 48.6%); withouta
control group it is difficult to gauge whether this improvement was due to the small group work.

THE DEVELOPMENT OF THE SUPPLEMENTARY MATERIALS

I met with consultants R. Brannan and D. Jungst in May, 1986, to review the teaching experiment,
to react to psychologist B. Greer's comments, and to plan the development phase of the project. The
advir't received there and the teaching experiment experience were utilized during the development of
the preliminary materiz:s during early summer, 19S6. The reactions, direct assistance, and further
advice of C. Meister (an elementary teacher) to the preliminary materials were used to refine them, and
to guide the development of the Teacher Commentaries to accompany each sample lesson. The try-out
form of the materials was labelled Story Problem Supplement (SPS). The SPS is included as
Appendix II.
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THE TRY-OUT OF PHE MATERIALS

Try-outs of the SPS took place in schools in Illinois and in California. As a result of a
presentation on the project theme at the annual meeting of the Illinois Councti of Teachers of
Mathematics (see Appendix I), several teachers expressed a desire to use any materials developed.
These teachers were teaching primarily fourth grade c...sses by the time the SPS was developed. Since
the target audience was grade six students, the results from the Illinois schools were not analyzed. The
pretest and posttest results for the students in these 12 classes were sent to the teachers, however. The
Illinois teachers whose students showed the greatest improvement tended to be enthusiastic about the
materials. While this fact is encouraging, it must be noted that perhaps the teachers' enthusiasm for
story problems, rather than the SPS, was the element responsible for the students' performance.

The main try-out of the SPS took place in the San Diego City Schools. Dr. Vance Mills, the
district's mathematics and science coordinator, and Mrs. Corky Gray of his office were remarkably
cooperative and helpful in locating .1 mix of schools with teachers willing to help in the evaluation.
Fourteen sixth grade teachers (and one fifth grade teacher, whose class results are not included in the
analysis) in 13 schools agreed to work with the project. Pairs of schools could be identified as rovghly
equivalent in socio-economic status; two of the teachers were in the same school. The SPS was made
available to seven of the teachers (the experimental classes), with the other seven classes serving as a
control group.

Control group teachers were asked to teach as they ordinarily would, whereas experimental group
teachers were invited to use their choices from the SPS. I sent a mid-year memo to remind the teachers
of the SPS and to offer assistance if they wanted any. Usage varie.. considerably, quantitatively from
virtually all of the materials to only about 20% of the lessons and no doubt with equal variance
qualitatively. Hence, the try-out can be considered a "weak" test of the materials, as opposed to a
"strong" laboratory-like test, in which teachers would use prescribed parts of the materials in a
prescribed sequence and a prescribed manner.

In each class, a pretest was given in October, 1986, and repeated as a posttest in April, 1987 (the
pretest could not be Lcheduled within a reasonable time frame in one control class). These tests served
to judge the equivalence of the experimental and control groups, to give a rough measure of the efficacy
of the SPS, and to identify (with teacher help) students for the follow-up interviews. Results on the
pretest and posttest are given by item in Appendix IV. These overall results and the scores of a
teacher's students were given to the teacher as a report of the project; each control group teacher was
also given a copy of the SPS.

Table 1 on the next page gives class means for the control and experimental classes on both the
pretest and the posttest for students taking both tests. (Recall that one control class did not take the
pretest.) One immediately notes the variety of levels among the classes and the perhaps disappointing
overall improvement in performance on story problems over the course of nearly a school year.

The dubious equivalence of the control group and the experimental group also stands out; an
analysis of variance of pretest scores verified that the two group means were different (observed
F1,297 = 7.6, p = 0.006). Hence, to adjust for this initial lack of equivalence, an analysis of
covariance of the posttest scores, with pret,..A score as covariate, was carried out (using the class as the
unit) The results of this analysis are given in Table 2 (next page), along with the observed and
adjusted means. Homogeneity of regression was verified (observed F = 0.03, p = 0.86). The results
enable one to reject the hypothesis of equality of posttest performance, adjusted for pretest
performance, between the control and the experimental groups. Hence, insofar as this statistical
adjustment equates the two groups (a moot assertion, given the multitude of factors that enter into
schooling), the experimental group did outperform the control group.
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TABLE 1

Pretest and Posttest Means for Control and Experimental Classes
(Maximum score = 17)

Class n Prrest Posttest
Control

Class 31 25 6.8 8.9
Class 32 16 5.3 6.4
Class 33 30 9.6 10.1
Class 34 17 5.4 7.6
Class 35 24 5.6 6.1
Class 36 14 5.8 6.2

All control 126 6.7 7.9
Experimental

Class 40 25 11.0 12.6
Class 41 17 6.4 7.5
Class 42 24 7.5 10.3
Class 43 24 5.8 9.9
Class 44 33 11.0 13.4
Class 45 26 9.4 11.5
Class 46 24 2.8 4.9

All experimental 173 8.0 10.3
All students 299 7.4 9.3

TABLE 2

Analysis of Covariance of Posttest Scores,
with Pretest as Covariate, Class as Unit

Source df Mean Square F (probability)
Within 10 0.81
Regression 1 51.55 70.67 (0)
Constant 1 6.38 7.83 (0.019)
Treatment 1 4.86 5.96 (0.035)

Group (n) Observed mean Adjusted mean
Comol (6) 7.54 8.18
Experimental (7) 10.02 9.46
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Although one can view the statistical analyses of the written tests as encouraging, the interview
studies have shown that such data are not trustworthy if one's concern is now the students amve at
their answers. Good scores on one-step story problems with whole numbers can result from the use
of the immature strategies. (It should be pointed out that the tests used here did contain multistep
problems and problems with irrelevant data see Appendix IV for the items.) A better test of whethe,
the SPS was effective in getting students to use a concept-driven approach lay in :he interviews.

As usual, performance on the posttest and teacher consultation were used to identify students for
interviews. Since the premise of the project was that the use of a concept -driven strategy would give
better performance, students who had shown a marked improvement over the year were singled out for
consideration. For practical reasons, only 16 students could be interviewed (roughly one per classroom
involved in the project). Interviews took place in May and June, 1987, with the posttest problems
providing the primary basis for the interview, although as time permitted interviewees were asked about
other problems. Students were told they had been picked because they had improved so much during
the year and that we wanted to try to find out how they did story problems so we could perhaps better
help other students.

There are occasions in the interviews when students seemed to be using conceptual understanding
of the operations as a guide. Here are some examples:

-"Cause they sold this much and had to throw z.way this much, and so, you'd probably
add those together."

-"...see, I figured that if he had a 200 inch board, and he has a piece that is 36 inches left,
you just subtract that..."

-"...so you have to, either add 36 twelve times or you can times 12 times 36."
-Interviewer: "How come divide?"
"You need to see how many, um, how many 36 cents you can get into 6 dollars."

-Inter :ewer: "How come divide?"
"Divide 90 by 6 to find out how many times 6 goes into 90."

These positive signs are balanced by less encouraging evidence:

-Interviewer: "Now what made you think of this (subtraction)?"
"Well, nothing else would work. Adding wouldn't work. Multiplying wouldn't work.
So, and dividing wouldn't work, so right away that only left one thing....

-Interviewer: "Why did you think of divide?"
"That's usually what I think of when I see a big number and a one-digit number. I just try
to divide."

With only 16 interviews it is difficult to arrive at definite conclusions, of course. My impression from
the interviews is that, despite some encouraging signs, a decided emphasis on meaning-driven
approaches will be necessary to help students avoid relying on the immature strategies, ideally starting
much earlier than grade six certainly by grade three, when multiplication and division usually receive
significant attention. Since the immature strategies are often successful in one-step story problems with
whole numbers, they may become habituated and their success may work against the development of a
meaning-driven strategy.

THE SPIN -OFF STUDIES

Two studies not in the original proposal arose naturally during the course of the project. Perhaps
students naturally come to adopt concept-driven strategies as they progress through the curriculum and
gain more experience in mathematics. If that were the case, then younger students' use of the immature
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strategies would perhaps be not quite so worrisome. European work, however, has suggested that is
not the case. Surprisingly, students who correctly decide that a particular operation will give the
solution to a problem involving whole numbers may choose a different operation 'hen the same
problem is given with fractions or decimals less than 1 in place of the whole numbers. For example,
consider "A pound of cheese costs $2.46. How much will 3 pounds of the cheese cost?" A student
who correctly chooses to multiply on that problem may choose a different operation when the "3
pounds" is replaced with "0.82 pounds"! Such students arc apparently guided by this (unintended)
precept from their whole-number work: Multiplication makes bigger, division makes smaller
(MMBDMS, per Greer & Mangan, 1986), and can be labelled "nonconservers of operation" (Greer &
Mangan, 1984). Since MMBDMS is associated with immature strategy 6, nonconservers are unlikely
to be using a meaning-based strategy. The first spin-off study looked for evidence of nonconservation
among the students in ten algebra classes. As many as 30% of the students showed regular evidence of
nonconservation, with up to 46.6% showing at least occasional lapses. Hence, there is no automatic
"cure" for the use of the immature strategies in the usual K-8 curriculum. See the "Nonconservation of
Operation in American Algebra Students" citation in Appendbx 1 for a fuller report of this study

The second spin-off study was devoted to the difficult area of affect. There is no doubt that story
problems carry a strong affective dimension, often negative, for many students. D. McLeod's NSF
project called for other, on-going NSF projects on problem solving to attempt t- incorporate
investigations of affect into their project work, so it was natural to review transcripts for evidence of
affect and to attempt, in later interviews, to identify elements of affect entering the solution of story
problems. This effort was notably unsuccessful, perhaps because the earlier interviews were not
concerned with affect and the later interviews were of eighth graders, for whom story problems may be
so familiar as to not give clear-cut evidence of affect. Somewhat more successfully, a semantic
diffemtial instrument was devised and used with preservice elementary teachers in an effort to
distinguish different degrees of affect within pairs of problems of the type used to test for
nonconservation. See the "Searching for Affect in the Solution of Story Problems in Mathematics"
citation in Appendix I for a fuller report of this study.

CONCLUDING REMARKS

1. The existence of the immature strategies should receive wider attention in preservir- teacher
preparation. Teachers must be aware of the weaknesses of the immature strategies, so that ,ney do not
encourage or even teach them. Stronger instruction jn using a meaning-based strategy for solving story
problems is likely necessary for preservice teachers; Mangan (1986) found that changing a multiplier
from a whole number to a decimal less than 1 resulted in a decrease on the order of 40% in a sample of

!

2. The prevalence of the immature strategies demands a curricular response. The limited,
although statistically significant, success of the supplementary materials suggests that, if meaning rather
than computation is to guide our students in their approaches to story problems, earlier and more
extensive attention must be given to meanings for the operations and to the utility of these meanings in
choosing operations for story problem. Otherwise, students may use the immature strategies by
default.

The inclusion in the curriculum of many more multi-step problems, of problems involving
irrelevant information, and of problems using "key words" in misleading ways is a relatively easy
approach toward thwarting the success of the immature strategies and hence dimming their
attractiveness.

12
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3. During the interviews, some students who were otherwise giving une..lightened performances
gave the impression that, on encountering a multi -step problem, they abandoned the immature
strategies. A one-step probletr Ives a decision about four operations; MMBDMS quickly reduces
that number to two. But a P.- problem is, a priori, much more complex; there are 4 x 3 = 12
possible orderings of differ( -rations as possible solution paths, obviously a much more difficult
task even if deciding which operands go where is ignored. If indeed stude.its can "rise to the occasion"
and call on cognitive resources not ..,ually used, perhaps their use of the immature strategies, while
disappointing, is not so troublesome. Whether this "gear-shifting" does indeed exist, what provokes it,
and whether many students use the immature strategies only as courses of least resistance are questions
to be examined.

4. When concrete materials of some sort were used during the teaching experiment, the students
noticeably "perked up." Hands-on work rather than sole reliance on paper and pencil and symbolic
procedures nas been advocated for years; the teaching experiment supports that advocacy and suggests
thr motivation and perhaps meaning can be added to a lesson by the use of concrete materials. Indeed,
a g.eater centrality of natural settings of all sorts in mathematics lessons would appear to diminish the
gap between students' ability to compute and their ability to use the operations is the settings which
story problems represent.

Story F.oblems

Mathematical
symbols

Cl^csroom models
and diagrams

5. Why do students seem untroubled by their use of the immature strategies? It may be that they
are completely unaware that more reliable means are available, which is the tack this project has
pursued. The work of Dx ack and her colleagues (1987) is provocative in that it suggests another
possible reason: Some students just want to get answers, others want to understand (this is a
paraphrase). Some students have surmounted a deficient ,.....rriculum and approach problems as we
might wish they would. How are they different is it in their different orientation toward learning?
While the current project has focused on a curricular approach, it may be that ar Iditional, broader
concern will also nee. to be addressed: How can we get all students to want to ..nderstand?

.13
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AP?ENDIX I

Presentations and Publications Based on the Project

Presentations

12

(1985, October). Strategies Students Use with Story Problems. Presentation at the annual meeting
of the Illinois Council of Teachers of Mathematics, Normal, IL.

(1986, April). Students' Strategies with Story Problems in Grades 6 and 7. Presentation at the
annual meeting of the National Council of Teachers of Mathematics, Washington, D.C.

(1987, February). Concepts Needed for Solving Story Problems. Presentation at the annual
meeting of the Greater San Diego Council of Teachers of Mathematics, San Diego, CA.

(1987, April). Enriching Middle Grad,- Students' Problem Solving Approaches. Presentation at
the annual meeting of the National Council of Teachers of Mathematics, Anaheim, CA.

Presentations appearing in Proceedings

(1986, September). Non-conservation of Operation in American Algebra Students. In
Proceedings of the Eighth Annual Meeting of PME-NA. East Lansing, ML

(1986, July). Strategies Students Use in Solving Problems. In Proceedings of the Tenth
International Conference of PME. London, England.

Publications to appear

To appear. Searching for affect in the solution of .,tory problems in mathematics. In D. McLeod
(Ed.), Affect in Mathematical Problem Solving: A New Perspective New York: Springer-
Verlag.

To appear. Aspects of solving routine story problems. In R. Charles & E. Silver (Eds.), The
Re$earch Agenda Project: Tire Teaching and__Evaluation of Problem-Solving Reston, VA.
National Council of Teachers of Mathematics and L. Erlbaum Associates.

In preparation. A Missing Link in Children's Solutions of Story Problems (tentative title).
Prepared for a special issue of the Journal of Mathematical Behavior.
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STORY PROBLEM SUPPI EMENT
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PROLOGUE FOR TEACHERS
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1
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What meaning* for the operations are covered In 5PS7 ....III
Is work with 'natural settings' included? iv
When and how should as materials or ideas be used? v
How can I tell whether my students benefit from SES work? v

Usage guide vi

STUDENT MATERIALS AND TEACHER COMMENTARIES

An indented title indicates dependence on the page listed
before It.
denotes materials which should be used early on to
facilitate the use of other supplement pages.

Uses of Multiplication

Counting Squares
How Many Squares? 3

*Making Choices 5
Two Uses for Times 7

How Much Is 0.76 of an Amount? 9
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*One Thing Division Can Tell

Division Can Also Toll
Two Uses for Division

Division Diagrams

17
19
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25
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nixed Operations: TLPS (To Improve ProbLmin Solving/
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STORY PROBLEM SUPPLEMENT
(SPS)

Prologue for Teachers

Wdy_va_5t5,_gisalca'

OioLy_Pc4'adcatSii221cmtni was motivated Dy some interviews of

children while they were solving story problem3. It became

apparent that many students were using tMmature strategies which,

although they might give success with simple one-step story

problems. would tail them with more complicated story problems.

l'ome of these immatuce strategies are listed here:

I Find the numbers and add
Guess at the operation to be used.

.3 Look at the numbers; they will 'tell' you what to do
4 Tty all <addition. subtraction....) and choose the

answer that is most reasonable.
5. Decide whether the answer should be larger or smaller

than the given numbers. If larger, try both addition
and multiplication. and choose the more reasonable
answer. It smaller, try DOth subtraction and division.
and choose the more reasonable.

b Look for isolated 'key' words to tell what operation to
use.

Locking was a strong use of mrdpinia for the operations --a

concept driven approach 12 x 16 merely signalled a

computational procedure. there was little eviaence that the

children underStOOd that 12 x 16 "tit' situations in which, say,

.00upS Of f6 each were totalled

Thus, it appeared that saudents could profit from

supplementary work with an emphasis on aitrerent facets of tie

operations

22 11

The bulk of the supplement is in awg:nt_pagra, These

Student pages are samples which could be used with the students

and which might give teachers ideas of other things to try, in an

ettort to encourage 0 more thoughtful. concept based approach to

Story problems. In some cases, a page might be duplicated for

use with the children, singly or in pairs or small groups: in

other GaSeS, a page might be used for a five or tan minute

teacher -led discussion.

The reverse side of each stuaent page contains a igagriel

CgaMen.IalY, with information about using the studen' page and

with answers Ua euvuis a gviat loaleatino

wt.en the 5tudeht pages might de use.] in the typical curriculum.

MaLtListIS SyEPQVtil_SQ_DelP

Story problems ate included in the curriculum in the hope

that they will enable stuaents to function when they encounter

such pre leSS 0 natural settings 1,15 oppubed to the story

Problem form) A teacher or a student could also model a story

problem with d diagram or with classroom moterials 5,Ch aS

cOullte(S Eventually one gets a U13CtiptiOn in the to. m Of

Mathematical syMbOlS There are. then, :hese ways Of

LVEC5=P11119 a problem based on a natural setting

A story Prot/1cm
Mathematical symbols
Models talagtsMU. Cid551D0M Materials,

A story problem representation is a tianlasiwo from a

ha tug al setting The mathematiCal symbols tot o StoiY problem

Je thought u, as a Ltandlatko from the slocy problem to the

23
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mathematical symbols. In making a diagram for a problem, one has

Lcdnallica from the story problem form to a model torm. The 5p5

materials are based on these representations, and linking these

representation by translating among them (iigure 1).

Psychological theory indicate* that a facility in translating

among these representations glveu evidence of understanding the

mathematics underlying the problem.

Story proolem
-with words
with drawing

Mathematical
symbols

Models
- classroom materials
-diagrams

--_ -----

Figure 1 Translations among representations

Wftal--MeaDLORS_QCU=_Lcir Ibe_PECLALI=2 are coveLea_151_,5E5'

$E.5 does not cover every use for every operation. Since the

target students are in upper elementary, most ot the work on

meanings treats multiplication and divison. Most students at

these grades already seem comfortable with addition and

subtraction uses. So there are no pages devoted solely to

addition or subtraction.

Uses for the operations which can reasonably come up in the

upper eieMehtely Ogedes are given in Figure 2 All ot these

(eAtept missing addend subtraction)
are covered in the student

pages the ones metkeo with '." are regarded as basic Sixth

tit IV

graders, for examPle, are likely to have encountered all of the

starred meanings earlier

toWILIQn
* -Put together know, amounts to tind a total.

* -Take-away: one amount is token tran another known
amount.

* -Comparison: two amounts are compared (how many more
or less).
-Missing addend: one addend and the total are known
in an addition setting

MmtlipligALnm
* -Repeated addition. several amounts. all the same,

are totalled
* -Cartesian product. 'combinations' ot choices are

counted
Part ot an amount: a tractional part of an amount is
Joaght.

-Scaling: an exact enlargement ot a tigure lb made.

DiY1_21.2.11
* -Repeated subtraction. how many amounts ot a given

size are in d given amount' (Sometimes called
measurement or quotitive division)

* -Sharing equally. how much is each part when a krIOWA
amount is split equally among a known number of
parts? (Also called partitive division)

Figure 2. Some meanings for the operations.

The school, at course. is a natural setting for 24Mt

Problems. purchases at the school store or lunch room, planning

for outings. sharing materials. choosing teams or class

officers.... Many teachers draw on these settings as they arise

for mathematics problems But untortunately the classroom is

limited in the natural settings which can be represented there

Thus. ap;:i is also limited in its suggestions for using natural

settings but there ate occasional student pages which lend

themselves to using natural materials (e g . -Let a Shop').



WhellABUJIDVMhQUIPLIESLEW".rials or ideas be used'

USAGE GUIDE

An indented title indicates dependwuce on the page listed
it.

denotes materials which srsuld be used early on to
the use of other supplement pages.

Early in the Year

before

facilitate

p 29

13 1

p 3

P 5
p 7

p 17
p 19

p 21
p 23
p 25

p 27
p 33
p 55
p 31

p 9
p 11

p 13
P 15

pp 37-39
pp 41-45
p 57
pp 37-53

p 59
P 61

p 63
p 6!c

p 35
p 67
p 69
p 71
p 73

pp 75-87

SE5 materials should lend themselves to a rather flexible

insertion into the mathematics !AMC. The materials are designs0

for -plug-in* use rather than "tack-on' use. Such plans as the

Missouri Mhematics Program call for gull attention to problem

Solving for part of the mathematics time. To work toward such a

plan. some pages give the baSis for a short oral review of the

ipelarions (e.g.. 'Choosing Operations Review') or can be oraun

in frequently .0t a daily stogy problem :e.g.. "story Proble.

Mani. I

Sure pages have prerequisites or build on earlier student

pages. ds suggested by the table of contents and the usage guide

Many pages could oe used virtually any time. Rather than take

the pages in order, a teacher is more likely to choose from the

different kinds of translations !See Figure 1).

my SPS?

Chart for Uses of s, x,
Before/with multiplication review,

Counting Squares
How Many Squares

During multiplication!
*Making Choices
*Two Uses for Times

Before/with division renew:
Dividing Paper Two Was
*One Thing Division can Tell

During division:
*Division Can Also Tell
*Two Uses for Division
Division Diagrams

Mixed Operationsi
"Add, Subtract, Multiply, or ')ivide'
Giving Reasons I

*Let't Shop
Problems with More Than One Step

Last third of Year

During decimal /fraction multiplications
How Much is 0 75 of an Amount'
Which Is Biggest" Which Is Smallest'
Buddy Problems

Enlargements
Any tc,e

As review: Choosing Operations Review
Story Problem Bank
Shopping Problems
other,. from Mixed Opsi Reinforcement

Problem writing, Add, Subtract, Multiply, or Divide 2
Headlines"

Question asking: Asking the Question
What's tr., Question'

Selected points:
Numberless Problems
Hidden Information

Reasonable Numbers
Using Easy Numbers
Key Words Can Mislead You

'Diagrams' seloc'ions from Mixed Ops: Diagrams

Most curricula give attention only to the translation from

Story problem to mathematical symbols. With ZU, a teacher

might also natura'ly look for different 3WAS of translating

51.1115: for example, can a student make up a story problem, from

either an expression like x S7 or from a diagram" In

dWitiOn, a teacher might look tar evidence of a concept driven

appioa,r. to story probiems, rather than reliance on the immature

strategies

26 vi
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COUNTING SWAM NAME

3 x 12 = 36 TELLS YOU THAT 3 ROWS OF 12 SQUARES EACH GIVE 36SQUARES.

3 ROWS

36 SQUARES IN ALL

12 SQUARES IN EACH ROW

LIGHTLY SHADE THE GRIDS TO SHOW EACH OF THESE. THEN USE THE GRID
TO GIVE THE ANSWER DO NOT CALCULATE!

3.

12 ROWS. WITH 13 IN EACH ROW

12 x 13

2.

15 x 18 =

1111111111111111111111111111111smumsr
1 101111111111dmumpsmums pi

mumps _ mom mg MOM
mummummmon mmommimsmmummuss
smemmermmossompsgmlimmmmmlems
sesssummoussommusmssmosimmosnmussomms mums m
mssomsmmommumpummumg
11:11111111111111111 I
smosammumsms mompsomossups
mossmommommompsimmilmmgmpnommonommummommmm m
11111111111 111111:1 111 1 1

21 x 32 .

Teacher Commentary Counting Squares

Main Obiect1vt The student can show a given multiplication
expression on a grid.

When to U82 Early In the year.

2-112124212.8=.1
Review arrays (equal rows of :squares. dots. Xe,...) as one way

to illustrate multiplication. The usual convention la that the
first factor tells the number of rows (rows are sidewayo). and
the second factor mives the number In each row. Arraye can be
regarded as a special model for the repotted-addition view of
multiplication, but It he carry-over to area and situations
where the factors are not whole numbers too.

Showing the exprseolona should be fairly easy, but using the
grids to find the products la likely to be new and may cauee some
puzzlement. Advise the students to look for "big' pieces they
know, like a 10 by 10 piece that la 100. or like rowe of 10 ao In
the example problem.
he a follow-up. you It aek how one would show 100 x 100 (or

other larger numbers) on a grid, or something like 3.5 x 12 on
grid (3 and a halt rows with 12 in each row).

&marl;
1. 1661 1 hundred. 2 strips of ten, 3 more strips A ten,

plus 6
2. 270: 1 hundred, 5 stripe of ten. 8 more etrlpe 01 ton.

plus 40
3. 672: 6 huildteda, 3 strips of ten, 4 more strips of ten,

plus 2

1)! deg

Additional activities (with natural oettings or as extenelono):

Trouble mote:

Other:

4-9



HOW MANY SQUARES? NAWE

HOW MANY SMALL SQUARES ARE INSIDE EACH RECTANGLE? WWAT IS THE BEST
MAY TO FIND OUT?

M MIMMONOSSMOR
1 1

I
1111

gil M"

MMIO

SIOM
ISUILIAMM

WM
SMALL SQUARES

2.

SMALL SQUARES SMALL SQUARES

5. PART OF JUAN'S RECTANGLE
WAS TORN OFF. How MANY
SMALL SQUARES DID HE
HAVE AT THE START?

SMALL SQUARES

RECTANGLE')

SMALL SQUARES

30

SMALL SQUARES

4

Teacher Comentary How Many Squares?

Main Obtective The tudent can apply multiplIcttion
to a,1 array on a grid.

When to liba Ear.y In the year; good before area work Is done.

BUOcassted use
If you use SI as an example, very little additional direction

should be necessary since many curricula Include work with gride
and multiplication In earlier grades. You may choose to have
your students brainstorm' for things that come in equal rows
(e.g., items on grocery shelves. square tiles on the floor, the
squares or rectangles In fluorescent light covers, holes in
screen wire, bleacher seats, seats In clam:n-30m rove, Spaces in
parking lots,...). You may also wish to discuss how this relates
to area (the length and width tell how many are In each row and
her many rows there are).

Problem 116 might deserve some follow-up discussion, since It
can be solved two ways (a horizonZal cut or a vertical cut).
Students need frequent reminders that many problems can be solved
In more than one way.

Mau=
1.

2.

3.

4.

5.

6.

90 (6 x 15 le fastest way)
234
68
322
100
117 (using a 'cut' to get either 6xI6 and 3x7 pieces or
6x9 and 9x7 pieces)

Nslan

Additional activities (with natural settings or as extensions):

Trouble spots:

Other:

31



HAKE

MAKING CHOICES

You KNOW 2 WAYS TO GO FROM SYCAMORE TO GENOA AND 4 WAYS TO GO FROM
OENOA TO ROCKFORD. IN HOW MANY DIFFERENT WAYS CAN YOU GO FROM
SYCAMORE TO ROCKFORD, BY GOING THROUGH GENOA?

AD
AE
AF 2 x 4 8
BC
BD
BE
BF

MULTIPLICATION CAN TELL YOU HOW MANY COMBINATIONS OF CHOICES YOU
CAN MAKE.

1. LES HAS A BLUE. A RED, A GREEN, AND A WHITE SHIRT. LES HAS JEANS,
BROWN CQRDS, AND DRESS-UP PANTS. (A) HOW MANY PIECES OF CLOTHING
IS THAT? (B) HOW MANY DIFFERENT OUTFITS DOES LES HAVE, IF ALL THE
COLORS LOOK ALL RIGHT TOGETAER?

(A) (B)

2. LES HAS TWO SWEATERS. HOW MANY DIFFERENT SWEATER -SHIRT -PANTS
OUTFITS DOES LES HAVE?

3. AN ICE-CREAM STORE HAS 26 FLAVORS OF ICE CREAM. YOU CAN GET A
REGULAR CONE OR A SUGAR CONE. HOW MANY DIFFERENT KINDS OF
SINGLE-DIP ICE-CREAM CONES CAN YOU GET?

4. ONE AFTERNOON THEY SELL $51.94 WORTH OF SINGLE-DIP CONES. IF ONE

CONE COSTS 53 CENTS, HOW MANY CONES DID THEY SELL?

5. You HAVE TWO KINDS OF BREAD: WHITE AND WHEAT. YOU HAVE PEANUT

BUTTER, TUNA SALAD, CHEESE, AND LUNCH-MEAT. HOW MANY DIFFERENT
KINDS Cli SANDWICH CAN YOU MAKE, IF YOU USt .'UST ONE KIND OF BREAD

AND ONE KIND OF 'INSIDE' ON A SANDWICH?

6. MAKE UP A SANDWICH PROBLEM LIKE NUMBER 5.

32
5

6

Teacher COMMentary Making CholCOO

nalU_UILVQLLYt The student can identity selected cartesian
product situations as uses of multiplication.

Baieffals neegeg Access to a calculator
(Optional) Cutouts of costumes--say, 3 shirts,
differently colored, 2 kinds of trousers.

When to U21 Before the textbook treatment of cartesian product
multiplication.

Saggealta...USS
Before showing the student page, introduce the lesson with a

problem like You have 3 different shifts and Z different kinds
of trousers or slacks How many different outfits do you have?
Act out the six outfits with the cutouts of chalkboard drawings.
If yi r textbook will be "sing tree chayramS, you might use that
Sort ut recording scheme. The example on the student page uses
pairs of letters.

Then ask. Is there an easy way to get 6, Just using
information in the proDlern'" Students will suggest
Multiplication, of course. you can emphasize that this kind of
situation gives another use for multiplication The language
used on the student page is 'making choices.' you will biddably
choose to use whatever language is in your text ("cartesian
product' is fIgL usually uaeci with children)

You might also 00 the example problem from the student page
before passing Out the page Students will readily multiply. but
belLeyjcig that there are eight may take several examples. In
checking the problems. you should ask for a -proof- for one or
two in the way of a list lake that in the example (or a tree
diagram. if you are using them) You might also add another town
with 2 roads to the example, to show that the choices can be
extended. Problem W2 calls for this extension Problem *4 is a
division problem to eep the children honest

AnzvsLz
1 (A) S (B) 12 (This one could be 'proved' by making a

list.)
2 24
3 52
4 98
5 8 (This one (Dean t take long to 'prove ')
6. Answers wilt vary The intent is that cartesian product be

inI.Olved. out some Children may .lost write a story abOut
sandwiches

NIAC9
Additional activities (with natural settings or as extensions).

Trouble spots

Other:



REMEMBER:

NAME

TWO USES FOR TIMES

1. MULTIPLICATION CAN TELL YOU HOW MANY THERE ARE WHEN SEVERAL
AMOUNTS OF THE SAME SIZE ARE PUT TOGETHER.

II. MULTIPLICATION CAN TELL YOU HOW MANY COMBINATIONS OF CHOICES
L THERE ARE.

WRITE I OR II IN THE BLANK TO SHOW WHICH USE OF MULTIPLICATION
THE PROBLEM WOULD NEED.

1. A D16 CAFETERIA HAS 6 KINDS OF SANDWICHES. 8 KINDS OF DRINKS.
AND 4 KINDS OF FRUIT FOR LUNCH YOU WANT ONE OF EACH:
SANDWICH. CK NIC, AND FRUIT. YOU HAVE $5. IN HOW MANY WAYS
CAN YOU CHOOSE LUNCH?

2. lw ONE SCHOOL. THERE ARE SIX SIXTH-GRADE AND FIVE
SEVENTH-GRADE CLASSROOMS. EACH CLASSROOM CAN HOLD 32 DESKS.
HOW MANY SIXTH-GRADERS.CAN THE SCHOOL TAKE?

3. THE STUDENT COUNCIL IS GOING TO ELECT A PRESIDENT AND A
TREASURER. THE STUDENT COUNCIL HAS 12 MEMBERS. HOW MANY WAYS
IS IT POSSIBLE FOR THE ELECTION TO TURN OUT?

If A SCHOOL ALLOWS $5.25 FOR SUPPLIES THAT WILL BE USED WITH EACH
STUDENT. HOW MUCH DOES THE SCHOOL ALLOW IN ALL IF THERE ARE
570 STUDENTS IN THE SCHOOL?

5. A FARMER HAS A WAGON THAT HOLDS 95 BUSHELS. THE FARMER HAULS
12 FULL LOADS OF CORN FROM A FIELD 3 MILES AWAY. HOW MANY
BUSHELS OF CORN DID THE FARMER GET FROM THE FIELD?

6. HOW FAR DID THE FARMER DRIVE TO GET ALL THAT CORN HAULED IN?

7. JUST USING FIRST INITIAL AND LAST INITIAL. HOW MANY WAYS CAN
PEOPLE'S INITIALS BE WRITTEN?

34
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Teacher Commentary Two Uses for Times

Bain Obiectin The student can distinguish between
repeated-addition and rartealan-product situations.

Whealouse Any tir after cartesian product multiplication has
come up.

2A991MLIO_u21
Some of the problems contain irrelevant information. You may

wish to have your students also record what numbers they would
multiply.

This lesson lends itself to the use of an overhead transparency
and a whole-clasa model. Write the two uses on the chalkboard.
and have the children hold up one or two finger* as you expose
each problem. This gives quicker feedback than a worksheet
approach.

Mowerg
1. II (6x8x4. Ask about the irrelevant 85.)
2. 1 (6x32. Ask about the 5 seventh-grade rooms.)
3. II (12X11. This is a hard point. After one officer la

chosen. there are only 11 students left for the other
office. You might use the names of a small number of your
students If the students do not seem to see this.)

4. I (570x5.25)
5. I (12x95)
6. 1 (12x3x2. or 12x6. Nos. students will not think of the 2

because they do rot think of a roundtrip.)
7. 11 (26)(26. Some students will write ?x26. end it

benefit from looking at the problem if ,lust 4 letters. say
ABCD. were used.)

tig.122

Additional activities (with natural settings or as extension):

Trouble spots:

Other:

35



NAME

H0

A. How MUCH IS

B. How MUCH IS 4 OF 8?

How MUCH IS 0.5 OF 24?

USE A CALCULATOR TO GET 0.5 x 24:

HOW MUCH IS 0.25 OF 8?

MUCH IS 0.75 OF AN AMOUNT?

USL A CALCULATOR TO GET 0.25 x 8:

_I

MULTIPLICATION CAN TELL YOU HOW MUCH PART OF AN AMOUNT I!..;.

I. YOU CAN FIND
3

iOF 112 BY CALCULATING x

2. YOU CAN FIND 0.75 OF 392 BY CALCULATING

3. You CAN FIND r OF 62kBY CALCULATING

4. YOU CAN FIND 0.6 OF 43.5 BY CALCULATING

5. MULTIPLICATION CAN TELL YOU

6. CIRCLE THE CORRECT CHOICE. DO NOT USE A CALCULATOR.

A. 0.39 x 565 EQUALS IS LESS THAN IS GREATER THAN 565

B 3.24 x 565 EQUALS IS LESS THAN IS GREATER THAN 565

C. 0.97 x 565 EQUALS IS LESS THAN IS GREATER THAN 565

O. 1.00 x 565 EQUALS IS LESS THAN IS GREATER THAN 565

E. 0.62 x 0.85 EQUALS IS LESS THAN IS GREATER THAN 0.85

HMMM, MULTIPLICATION CAN
MAKE W4ALLLHI!

9
10

Teacher Commentary How Much la 0.76 of an Amount?

BainDbiective The student can give a third use of
multiplication-finding part of an amount.

Materiels neagsg Calculators

Wben to use After decimals have been reviewed; can be
used before decimal or fraction multiplication.

Duo:meted use
This is the first student page on this third use of

multiplication. Virtually all of the students' earlier work with
whole-number supporta a 'mu!tiplication makes bigger' frame.
Since this lesson goes against that frame, It may not register
with the students and should get frequent follow-up.

Before presenting the page, spend some time on recognizing
which decimals and fractions are lean than 1. It will else help
some students to review that 1/2 0.6 and 1/4 0.26, since
these equivalencea are taken for granted.

Do example° A and B as whole-class work. Point out that the
answer is less than 24 (or 8, for B) since we are finding Just a
part of 24 Cc. 8). If you are keeping a chart of uses of the
operations, this new use could be entered now.

Some follow-up is essential since this new idea le inconsistent
with the old, entrenched 'multiplication makes bigger' idea. A
few exercisee like those in *6 or like those In 'Which is
Biggest? Which be Smallest?' could be uad on severe; occaelons.
Story problems like your dad buys 0.83 gallons of gas for the
lawnmower. One gallon costs *1.039. How much dose the gas for
the mower coat?' could also be used, since they involve thie
part-of-an-amount use of multiplication. Student° often reason
correctly that the answer will be leaa then 11.039 but conclude
incorrectly that subtraction or division are the only operation°
that could work. 'Buddy Problems' contains more story problems
using a number leas than 1.

Alm tr..12

A. 12, 12, 12
B. 2, 2, 2
1. 3/8 x 112
2. 0.76 x 392
3. 3/6 x 62 1/2
4. 0.6 x 43.6
6. ...how much part
6. A. le leas than

0. equals

of
B.

E.

an amount Le.
Is greater than C. Is leas than
la ilea than

Na
Aan dditional actIvit,le (with natural settings or ea exteneiona);

Trouble spots;

Other;



NAME

WHICH IS BIGGEST? WHICH IS SMALLEST?

CIRCLE THE BIGGEST ONE IN EACH ROW. BOx THE SMALLEST ONE IN EACH
ROW.

1. 56 0.285 x 56 1.003 x 56

2. 153.2 4
x 153.2 if x 153.2

3. 0.928 0.8 x 0.928 0.4 x 0.928

7 3 7
4.

g
4, X if 2..ii x i

5. 10,000 If x 10,000 2.01 x 10,000

6, 92 0.9999 x 92 1.00001 x 92

7. 24 x 24T
2 x 241

8. 68.5 1.3 x 68.5 0.425 x 68.5

38
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Teacher Commentary Which Is Biggest? Which Is Smallest?

Mala_DnagsALye The student can apply the part- of -an- amount
use of multiplication

Mdler_f_ritia_ntegeg Calculators

Whs0 to Ogg After introductory work on the part-of-an-
amount use of multiplication ce g , 'How
Much is 0 75 of an Amount?")

Sugstalc_a_mas
Before the lesson. review the uses of multiplication.

especially the finding-part-of-an amount one (e.g., What does 213
of 168 tell you'). Also review ordering decimals, since this la
not an easy Skill for students and it will De needed in believing
the answers to the exercises.
Depending on how earlier work with this idea has gone, you

might choose either to use the page as a whole-class. exercitse Dy
exercise discussion. or as an individual worksheet. It may help
the students to confirm that indeed multiplication can give a
Smaller number Dy using calculators on the ones with decimals.
Summarize the point at the end: Multiplication Dy a number lees
than one tells you what part of the number is.

tulairs.r a

Biggest Smallest
1. 1.003 x 56 0 285 x 56 (These could be confirmed Dy

calculator computations.,
2 1 1/2 x 153.2 3.4 x 153 2
3 0 928 p 4 x 0 928 (Confirm Dy Calculator)

4 2 1,4 x 7/8 3.4 x 7,8
5 2 01 x 10.000 10.000
6 1 00001 x 92 0 9999 x 92 (Confirm by calculator,

7 2/1 x 24 24

8 1 3 x 68 5 0 425 x 68 5 (Confirm Dy Calculator)

Huita
Additional activities (with natural settings or as extensions):

Trouble spots.

Other.

39



NAME

BUDDY PROBLEMS

WRITE IN THE BLANK WHETHER YOU SHOULD POD, SUB RACT MULTIPLY, OR
DIVIDE TO FIGURE OUT THE ANSWER.

1, A. A WOMAN BUYS 5 GALLONS OF GASOLINE. IT COSTS $1.039 FOR ONE
GALLON. HOW MUCH DOES THE GASOLINE COST HER?

B. A WOMAN BM', 0.95 GALLONS OF GASOLINE. IT C'''''S *1.039 FOR ONE
GALLON. HOW MUCH DOES THE GASOLINE CG f HER

2. A. A RUNNER RAN 10 MILES ONE DAY, AND TWICE AS FAR THE SECOND DAY.
How F. DIU THE RUNNER RUN OA THE SECOND DAY?

D. A RUNNER RAN 10 MILES ONE DAY, AND 2/3 AS FAR THE SECOND DAY.
How FAR DIU THE RUNNER RUN ON THE SECOND DAY?

3. A BOY HAD TWO CAN FOR GASOLINE. HE PUT 0.73 GALLONS IN ONE CAN AND
?.5 GALLONS IN THE OTHEP CAN. HOW MUCH GASOLINE V 9 HE GET?

4. A. IN ONE CITY THE :ALES TAX IS 0.08 OF THE AMOUNT YOU BU/. IF YOU
BUY 32.39 WORTH OF THINGS, HOW MUCH WILL THE SALES TAX BEY

B. HOW MUCH WILL YOUR TOTAL BILL BE?

5 A JOGGER RAN 4.7 MILES ON MONDAY AND 4.2 MILES ON TUESDAY. How MUCH
FARTHER DID THE JOGGER RUN ON TUESDA)f

6. ONE POUND OF HAMBURGER COSTS $1.68. Yoo BUY 0.65 POUND. HOW MUCH

DO YOU PAY?

4 0

DON'T LET THE NUMBERS
FOOL YOU!

1)
14

Teacher Commentary Biscay Problems

Boda_E&ytcsivg The student can recognize part-of-an-amount
multiplication situations.

whsp to uug After 'Now Much Is 0 75 of an Amount'," and/or
"Which Is Bogges0 Which Is Smallest?'

Svgiatestea u2s

Review that multiplication can be used to tell you how much a
fractional part of an amount is Work problems 01 and 2 as a
group, emphasizing that since the B parts involve oars of the
amount, multiplication is still the correct operation. As
before, the idea of using multiplication to make a numer mutElar
needs much reinforcerit since it is counter to earlier
experiences with multiplication

Problems *3 through *6 involve a mix of operations.

aplawc.
1 A. multiply

B. multiply
2. A. multiply

B multiply
3 add
4. multiply (since the tax is port of the amount), 4,14
5 subtract
6 multiply (since you are buying only part of a pound)

Wiles
Additional activities (with na: cal settings or as extensions),

lrouule spots.

Other.



NAME

ENLARGEMENTS

HOW ARE LENGTHS RELATED IN EXACT ENLARGEMENTS, AS IN PHOTOGRAPHS?
MEASURE AND USE THE TABLE BELOW TO FIND OUT. USE CENTIMETERS.

OtO PICTURE NEW PICTURE

I. DISTANCE BETWEEN 1

EYFS 1--1

HEA
LEND GTH OF TOP OF

I

1

i. DISTANCE FROM TOP 1

If

OF EAR TO CHIN f____I
4. DISTANCE FROM LYE

TO TOP OF HLAO I I I

WHAl DO YOU ttplOO

42
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15 16

Teacher Commentary Enlargements

Bain Oblective The student experiences another uee of
multiplication and division. scaling
(enlargements).

UdEnriale nesdea Rulers with centimeter scales
(Optional) A photograph and an enlargement

of tho photograph

When to wed Any time; fits nicely when school pictures ar.
taken

2magazasuluns
If you have a photograph and an enlargment of It. chow them to

the etudents and ask If they think mathematics has anything to
say about enlargments. That le the topic of the page. and gives
another use of multiplication and division--in working with
enlargments (or 'shrinks.' although these are not covered here).

An answer to What do you notice? at the bottom might be 'The
new dlatance divided by the old dietance Is always 3. To get
multiplication explicitly Involved, as if one could say 'The new
distance is 3 times the old distance.' The latter form Is useful
in answering questions like 'If Otes arm had been 12 centimetere
long In the small picture, how long would Og'e arm have been In
the enlargement?' Be sure that students realize that with other
pictures, the number probably will not be 3.

Be somewhat careful of language here. Everyday language tilt:
'twice as big' for a picture probably reface to jenaths being
twice as big. 41dthe are also twice as big. areas are igut
times as bigl Sal engthe or dietanceo are two time as big'
rather than the picture is two tlmee as hip.
Follow-ups could lie In measurements of pictures and their

onlargemento to find the number involved (often called the
scaling factor), or flaking what might happen If all the lengths
were 1/2 or t/3 ae big (the picture ehrinkte).

ham=
(A11 in centimeters.)
1. 6 2 8 4 12 3

2. 9 3 12 6 27 3

3 12 4 16 8 48 3

4. 3 1 4 2 3 3

What do you notice? New Olatance divided by old distance to alwayo

3.

hat=
Additional activities (with natural settings or ao exteneionc)i

Trouble r of

Other; 43



NAME

DIVIDING PAPER TWO 'LAYS

NEEDEO: 6 STRIPS OF PAPER 24 CENTIMETERS LONG.

1. A. MARK OFF PIECES 4 CM LONG. How MANY PIECES DO YOU GET?

B. FOLD ANOTHER S:RIP INTO 4 EQUAL PIECES. HOW LONG IS EACH
PIECE?

EACH WAY SHOWS THAT 24 i =

2. A. MARK OFF PIECES 2 CM LONG ON ANOTHER PIECE. How MANY?

B. FOLD THE STRIP INTO 2 EQUAL PIECES. HOW LONG IS EACH
PIECE?

EACH WAY SHOWS THAT 24 =

3. MAKE UP TWO DIFFERENT PROBLEMS LIKE THE ONES ABOVE FOR
24 8 = 3.

A.

B.

4. MAKE UP TWO DIFFERENT PROBLEMS FOR 24 3 = 8.

A.

B.

5. MARK OFF PIECES 1.5 CM LONG. HOW MANY ARE THERE?

24 i

6. MARK OFF PIECES 0.5 CM LONG. How MANY ARE THERE?

24 .: -

44 17

0110 00.1tC_ILYV

Teacher Commentary Dividing Paper Two WayS

The student experiences both repeated-
subtraction and sharing equally division.

Malerla1s_liegges,1 Narrow strips of paper cut long-ways
from regular sheets of paper. 6 strips
for each StuoePt. (plus some extras).

Rulers with metric scale.

littcn (0 t&8 After students have had some metric experience.

5g.gatAlegLUSS
The page gives some practice with two meanings for division.without introducing any language tor them Language used in theteacher commentaries is 'repeated subtraction' for thehow-many-2s-in-8 type, and 'sharing equally' for the

how- many -in- each when -8- are -split into2-equal-parts type.
If you are keeping a classroom chart (e.g , "Chart for Uses ofs, x. and i°). you may wish to refer to it. either to reviewthe two uses or to motivate additional entries.
First have the stun is measure oft 24-cm lengths on the stripsand tear them oft (6 to 8 should be enouya) Since the page

involve', making measurements, you may need to review how to use
the type of ruler your students have.
Problems #5 and 06 are included to give the students experience

with the repeated- subtraction meaning for division even though
they do not know how to carry out the calculations.
Follow-up qu:stions could center on larger numpersi e g.. 'What

would be two ways of showing 120 8 with paper?'

Easw.stz
1 A. 6 B. 6 cm 24 7 9 = 6
2. A. 12 B. 12 cm 24 2 a 12
3 (samples. any order is all right. but both types should be

covered)
A Hark oft pieces 8 cm long. How many are there'
B. Fold the strip into H equal pieces. How long is each
piece'

4 (samples. any order)
A Mirk off pieces cm long How many are there'
B Fold the strip into 3 equal pieces How long is eachplie

16 24 1.5 = 16
6 48 although with this much measuring. some students will be

oft
24 : if-1 Point out that the answer is bigger than
either 24 or U L. (his can happen when you are dividing by
a number less than 1

Rae,
Additional activities with natu:al settingS or as extensions).

18 0

Trouble spots pp

Other.
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ONE THING DIVISION CAN TELL

EXAMELL

8 2 CAN TELL HOW MANY 2s ARE IN 8

DRAWING 8 AT THE START THEN SEE HOW MANY 25

627 THERE ARE 4.
8 2 =4

USE THE EXAMPLE 10 HELP YOU FILL IN THE BLANKS. USE A CALCULATOR
IF YOU NEED TO.

1. 20 4 CAN TELL

SHOW THAT THERE ARE
4s IN 20.

2. CAN TELL haulamisAEEIli113

MAKE A DRAWING FOR THIS ONE.

3. CAN TELL HOW MANY 645 ARF_III_ZOD,

HOW MANY 645 ARE IN 2048?

4. HOW MANY 1175 ARE IN 6786?

5. HOW MANY $1.295 ARE IN $7.749

6. HOW MANY 0.0355 ARE IN 12.259

1. A TAPE COSTS $6.98. YOUR FAMILY SPENT $55.84 ON TAPES ANU $39.90

ON RECORDS LAST YOU?. HOW MANY TAPiS YOUR IAMHY WY')

46
19 20

Teacher Commentary One Thing Diviolon Can Tell

Main Obiective The student can link repeated-subtract' a
phrasings and dIvIalon expressions.

Materials needed Calculators
(Optional) Counters for demonstration on

overhead
Stmoested ten

Review these two for for a given diviaion expreasionai 8 S 2
and 255. ras first la the better one here, since calculators can
bo weed.

Ask a rhetorical, 'What does 5280 46 mean?' With two or
three examples like 6 3 or 8 s 4 or 12 4 2, ask how one would
act them out with counters (or Xo on a chalkboard). Then use an
example or two with larger numbers- -e.g., 232 .1 8 or 465 3 16;
these would not be acted out but are good since the students do
not already know the answers, as they do on the easy ones. The
meaning featured In the lesson la, 6 3 can tell how many 3e are
in 6. (Sharing equally may come up If the children do the
demonstrations praise this as a way that will get more attention
later.)
Discuss the example, and 'brainstorm' for examples of

situations where repeated-subtraction division might come up
(e.g., how many cartons are needed for 24 empty bottles, how many
25 cent cookie's can one buy with 01,).

If only one calculator le available, the page might heat be
done as a teacher-led lesson. Problem *7 Involves a piece of
irrelevant information.
A possible extension is to ask for a story problem for, say,

360 24 that involves how many 24s In 360. If the 'students ace
not experienced at making up story problems, you might provide
setting, 'I have 360 shoots of paper In a drawer.. '

&unhurt
I. 6, 6, drawing should show 6 sets of 4 dots.
2. 18 4 3, drawing 'should show 6 sets of 3 (dote, probably).
3. 2048 3 64, 32
4. 58
5. 6
6. 350 Note with the students that the answer to a diviaion can be

larger than either number if you are asking how many tiny amounto
(tests than 1) are in pose number. This le likely a new idea for
them.

7. 8 Ask about the a39.90 (extra intormation)

Mite
Additional activities (with natural eettings or as extentilons)s

Trouble 'pots'

Other+ 47



NAME

DIVISION CAN AL 50 TELL...

REMEMBER: 150 4 25 CAN TELL HOW MAhY 25S ARE JN 150.

'DIVISION CAN ALSO TELL YOU HOW MANY EACH WILL GET WHEN SOME AMOUNT
LIS SPLIT UP EVENLY.

FXAMPIF 8 i 4 CAN TELL YOU HOW MARY FACH OF 4 WILL GET WHEN 8
ARE SHARED FAIRLY.

EACH WILL GET ,

so 8 4 4 =

1. DRAW AkROWS 10 SHOW THAT 12 3 TELL': YOU HOW MANY EACH WILL
611 :IAN 12 ARE PASSED OUT EQUALLY TO 3 PEOPLE.

CD C )
PUT NUMBERS IN THE BLANKS.

2. 224 4 7 CAN TELL YOU HO'fil MANY EAC' PERSON WILL GET IF PEOPLE

SHARE THINGS EQUALLY.

3. 1088 4 32 CAN TELL YOU HOW MANY EACI, BOX WILL GET WHEN _ ARE

SPLIT UP EQUALLY INTO BOXES.

4. $12.50 4 5 CAN TELL YOU HOW MUCH MONEY EACH PERSON WILL GET WHEN

PEOPLE SHARE EQUALLY.

5. ANN, BETTY, CASS, DIANA, ELLEN, AND FRAN WANT TO SELL 96 BOXES

OF GIRL SCOUT COOKIES. IF EACH ONE SELLS THE SAME NUMBER OF
BOXES, HOW MANY BOXES WILL EACH GIRL SELL?

6. JORGE AND KEN WANT TO SELL 48 TICKETS IN ALL. THEY HA,- "READY

SOLD 16 TICKETS. HOW MANY DO THEY STILL HAVE 10 SELL?

21

22

Teacher Commentary Divia.on Can Also Tell

nein Oblective Tne student can Ilnk sharing-equally
phraoinge and situations with division
expressions.

IlaterlfaeLneizgag Sc mm amount of real or play money (or
some classroom Man lei that could be
shared)

Calcustor for teacher

When to use After repeated-subtractio% meaning for dIvialon
(e.g., One Thing 'Avielon Car. Tell") has been
practiced.

Sumested use
Show some money, say 97.95. Say something like 'Suppose I AM a

rich person with 07.95. Pretend that I am going to share It with
(2 students), so we all three have the same amount of money. How
much will each of us get? How would you figure that out?'
Repeat with 4 mtudents and you, then with come number that does
not give an exact number of cents (use calculator throughout).
Tell that division can help when a known amount le put Into a
certain number of equal parts. Ask your students for otner
examples where an amount is shared or split up equally among
several people or places.
Discuss the example so the sac/game of drawings Is cleat.
Problem *6. a comparison subtricton. is to ward a(einst

'They're all divlesion.
As a follow-up, give and contrast the two unite with, e.g., 624
8 (how many 8s in 524, and how many such gets if 524 are shared

equally among 8).

Annultn
1. Drawing should sugcoot 4 dote *go' to e ring.

2. 7. 224
3. 1088. 32 (Some many Incorrectly write the reverse order by

Imitating e2.)
4. 5, $12.60
6. 16 (Note that the divisor. 6, la not written in the story.)
6. 42

Additional activities (with natural settings or Ao extensions),

Trouble motes

Others



NAME

Th0 USES FOR DIVISION

REMEMBER:

I. DIVISION CAN TELL YOU HOW MANY AMOUNTS OF A CERTAIN SIZE
ARE IN SOME AMOUNT.

11. DIVISION CAN TELL YOU HOW MUCH EACH GETS IF A CERTAIN
AMOUNT IS SHARED EQUAL .

WRITE 1 OR II IN THE BLANK TO SHOW WHICH USE OF DIVISION THE
PROBLEM WOULD NEED.

1. CANDY IS ON SALE fOR $0.88 A BOX. HOW MANY BOXES COULD YOU
BUY WITH $7? (Do NU1 COUNT TAX.)

2. A BIG BOX OF FANCY CHOCOLATES HAS 72 PIECES IN IT. How MANY
SHOULD EACH PERSON IN A FAMILY OF SIX EAT, TO BE FAIR?

3. THE AMOUNTS IN ONE SOUP RECIPE MAKE ENOUGH FOR 8 SERVINGS.
To MAKE ENOUGH FOR 40 SERVINGS, HOW MANY TIMES SHOULD THE
AMOUNTS IN THE RECIPE BE USED?

4. AT HALLOWEEN, ONE PERSON GAVE 3 SUCKERS TO EVERY
TRICKOR-TREATER. SHE GAVE AWAY 54 SUCKERS. How MANY
TRICK -OR- TREATERS CAME TO HER HOUSE?

5. ONE HUNDRED EIGHTY-FOUR SIXTH GRADERS ARE GOING ON A FIELD
TRIP. THERE ARE FOUR BUSES TO TAKE THEM. HOW MANY SHOULD
RIDE ON EACH BUS, TO KEEP THE LOADS EVEN?

6. A RICH MAN DECIDES TO SHARE HIS WEALTH BY GIVING $500 TO
EACH POOR PERSON IN ONE SCHOOL IF HE OR SHE GOES TO COLLEGE.
HOW MANY PeOPLE CAN HE GIVE MONEY TO, IF HE HAS $180,000?

7. JANE'S FAVORITE SONG TAKES 2 1/2 MINUTES TO PLAY HOW MANY
TIMES CAN SHE LISTEN TO THE SONG IN HALF AN HOUR.

8. A PACkmuL HAMBURGER WEIGHS 1.35 POUNDS. A MOTHER MAKES 5

EQUAL HAMBURGER PATTIES OUT OF IT. HOW MUCH WILL EACH ONE

WEIGH?

50
2)
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Teacher Commentary Two Uaes for Division

Cain ObiectIve The student can distinguish between repeated-
subtraction and sharing division situatIona.

Natertala needed (Optional) Pesponse cards labelled I and II

When to use Any time after both meanings for division have
been Introduced.

guggested use
Since some of these discriminations are difficult. this page

might be done a whole-class discussion mode. perhaps from an
overhead transparency. First review the two ways of thinking
about division. perhaps acting each out with counters or
chalkboard Xe (say. for i6 4 2).
As you do each problem, consider having the children write both

the and the T"-- forma so they are reminded of their
differences. If you write the material In the box on the board.
you can ask for a whole-class response by having the children
hold up the correct response card.

Advise the stud-onto to think how they would act the situations
cut. Problems *4 and *6 are very tricky. since they carry a
sharing Ides but are in fact repeated tv.otraction situations.
You might again as* the students to suggest situations for each
kind of division.

Allftwerg
1. 1

9. 11

3. I (want to know, how many er la 40)
4. I

5. II

6. I

7. I (how many 2 I/2s In 30; tell the children that we do
not use the ) notation with fractions)

8. II

Additional activities (with natural aettings or as extenoions)1

Trouble spots'

Others

51



NAME

DIVISION DIAGRAMS

Teacher Commentary Division Diagrams

halli_MIMILYA The student has diagram experience with twoTHERE ARE TWO WAYS OF THINKING ABOUT DIVISION. PUT THE LETTER OF THE Interpretations for division.CORRECT DIAGRAM IN THE BLANKS.

10 5

When to UMQ Early in the year, right before or with the first
1 HOW MANY 5S ARE IN 10? division work

2 IF 10 ARE PUT INTO 5
EQUAL PARTS. HOW MANY
ARE oti EACH PART?

C. ii431447ilii
salliEcv '13130

t:ILSC MAD

O. XX XXxxxx
XXXXXX

36i 3

3 How MANY 3s ARE IN 36?

4. IF 36 ARE PUT INTO 3
EQUAL AMOUNTS. HOW MANY
ARE IN EACH AMOUNT'?

5. IN THE DRAWING TO THE RIGHT.
SHOW HOW MANY 2S ARE IN 34.

6. IN THE DRAWING TO THE RIGHT.

SHOW HOW MANY S ARE IN 3.

52

34 2

X X X X X X X X X

X X X X X X X X X X
X X X X X X X X X X
X X X X

3

0 0 0
2S

26

Bklamosted usa
This page should probably be done as a teacher-led discuealon,

since students may not have formally encountered both uses for
divisicri and since their work with diagrams may have been
minimal.

Problem *6 is included to show that this moaning also tranmfers
to division by a fraction. Point out that the answer (6) is
greater than either 3 or 1/21 this sort of thing can happen
because of the question: how many 1/2s are in 3?

&imam
1. B
2. A
3. C
4. 0
6. Diagram should show 17 groups of 2 each.
6. Diagram should show that there are 6 halves in 3.

Additional activities (with natural settings or as extenalone)l

Trlubie epots,

Other:



NAME

ADD, SUBTRACT, WITIPLY, OR DIVIDE?

READ THE EXAMPLE AND THINK ABOUT IT. THEN FILL IN THE BUNK WITH
ADD, SUBTRACT, MULTIPLY, UR DIVIDE.

1. EXAMPLE: JANE HA, 6 TAPES. SUE HAS 8. HOW MANY TAPES DO THEY
HAVE TOGETHER?

'WHEN YOU WANT TO 0 OUT HOW MANY IN ALL, YOU

2. EXAMPLE: L HAD 2 DOLLA ;c. THEN HE SPENT 65 CENTS. HOW MUCH
DID HE HAVE LEFT?

914,11 1 ONE AMOUNT IS TAKEN AWAY FROM ANOTHER, YOU

3. I xAmpt.t. Bill flAU 2 OiAlAW,. CARL HAD 65 citric HOW MUCH MORE
till) MIL HAVE THAN CARD

'WHEN YOU WANT TO COMPARE T. , AMOUNT , ONE WAY IS Te

4. EXAMPLE: WALTER PAYTON SCORED 36 TOUCHDOWNS. A TOUCHDOWN IS
WORTH C POINTS. HOW MANY POINTS DID PAYTON SCORE?

TO FIND OUT HOW MANY THERE AR. TOGETHER WHEN ALL AMOUNTS ARE THE

SAME, YOU CAN

5. EXAMPLE' THE PTA HAD 75 OATMEAL COOKIES AT A EWE SALE. THEY

PUT 3 COOKIES o. EACH PLASTIC BAG. HOW MANY BAGS DID THLY GET?

To FIND OUT HOW MANY AMOUNTS OF THE SAME SIZE THERE ARE WHEN YOU

KNOW THE TOTAL, YOU

6. EXAMPLE: THE PTA HAD 75 OATMEAL COOKIES AT A BAKE SALE. THEY

PUT THE SAME NUMBER OF COOKIES AT EACH OF 3 TABLES. How MANY

COOKIES WERE AT EACH TABLE?

'WHEN AN AMOUNT IS SHARED OR PASSED EQUALLY TO SEVERAL PLACES,

YOU

54
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Teacher Commentary Add, Subtract, MultiL,Iy. or Divide?

Main ObitqLive The etudent can choose the correct opei.tion,
given a story problem or a descript n of a
situation.

When to use Any time.

Summated use
Perhaps with a question like 'How do you decide what to do when

you have a story problem? introduce the Idea that thinking about
the kind of situation involved In the story problem Is the beet
we to decide.

. is page reviews the kinds of situations that the etudente
have likely dealt with, ao individual work (lowed by discussion
could serve as a diagnostic. Note that *4 map be done by
addition (adding 36 sixes/ but that multiplication is far faster.
To encourage the students to think about uses for the

operations, ask them for reasons like the starred statements
whenever story probleme aro diecuased. 'Choosing Operations
Review' and 'Chart for Udeit... might be useful in this respect.
Student responre cards with the signs for the operations could be
tided in grour setting° to get feedback on all the utudents.

As another extension, you could ask, as you encounter them,
whether answer° to the -ed statements would change If the
numbers wort, frac,' .. X1101416. Children often errone Aely
think the operstioil doe.. end on the number ratnor than the
situation. *i Id, Subtract, Multiply, or Divtde? 2' oaks the
students to make up a story problem from a given general
statement like the starred statements hero, and could be used
fairly soon after this sheet.

diAmarn
1. add
2. subtract
1. subtract
4. multiply
6. divide
6. divide

H210

Additional activitiee (with natural settinoe or ae extensions)*

Trouble spots:

28
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NAME

CHART FOR USES OF +, , X, AND

KIND OF SITUATION GJAGRAM UsuALL/A0

A. ADD

A.

SUBTRACT
B.

A.

B.

C.

A.

B.

5

MULTIPLY

DIVIDE

29

Teacher Commentary Chart for Owe...

Hain Oblective The etudent can eventually link deecriptione
of altuationa and their operations.

Introduce early In the year, even though the
chart will not be completely filled In until
later.

Yam ..a...ssas

&masted trIIg
The page serves eta a modal for a poster you might keep on the

wall. AG the uses, and meanings for the operations are reviewed
or introduced, you could tape up new phraaings and diagram= for
the operations. So that the etudente do ggi adopt the chart
language :a key words, It la a wad idea to vary the language
frequently.
You might also provide a copy for each child for use with

homework.
Periodically or once you are confident that the children have

the content of the final chart mastered, you might remove it from
the wall.

Her la one form a final chart might takes

oltuatton

A. Put known amounts
together to find total

A. One amount lo
taken from another

B. Two amounts ere
compered

(C. Missing addenda)

A. Several amounts, all
the same, are totalled
(repeated addition)

B. Counting combinations,
of choices

C. Finding a part of
an amount

D. Enlargementa

A. Finding how many amounts,
are in a total (repeated
subtraction)

B. Finding each &sere when
a total le shared equally
(sharing equally)

I&LULA'
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Dlaoram Usually you

o-o° or

a o 0

o_cD

Add

Subtract

Multiply

Division
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NAME

PROBLEMS WITH MORE THAN ONE STEP

MAKE A DIAGRAM IF IT WILL HELP YOU. ONE OF THE PROBLEMS TAKES
ONLY ONE STEP.

1, TOM RAN 2320 FEET FROM JOE'S HOUSE TO BILL'S HOUSE. THEN HE RAN
4 MORE r }CKS. EACH BLOCK WAS 1050 FEET LONG. WHAT TOTAL
DISTANCE DID HE RUN?

2. THERE WERE 224 STUDENTS AT THE SCHOOL PLAY. ONE 'IUNDRED
FIFTY-SIX OF THEM SAT ON THE BLEACHERS. THE REST SAT ON BENCHES.
EACH BENCH HAD 6 STUDENTS. HOW MANY BENCHES WERE USED?

3. JAN WAS READING A BOOK THAT HAD 152 PAGES. SHE READ 20 PAGES ON
MONDAY AND 32 PAGES ON TUESDAY. HOW MANY PAGES DID SHE READ
TAOSE TWO DAYS?

4. A POST 12 METERS LONG IS
METERS OF THE POST ARE IN

STICKS OUT OF THE WATER.

POUNDED INTO
THE GROUND
HOW DEEP IS

THE
UNDER
THE

BOTTOM OF A RIVER. 2.5
THE RIVER. U. METER
RIVER AT THAT POINT?

5. A CAkPENTER HAS A BOARD 200 INCHES LONG AND 12 INCHES WIDE. HE

MAKES 4 IDENTICAL SHELVES AND STILL HAS A PIECE OF BOARD 36

INCHES LONG LEFT OVER. HOW LONG IS EACH SHELF?

6. A CASE OF BOTTLES OF ORANGE DRINK COSTS $11.50. THERE ARE 12

BOTTLES IN THE CASE. THERE IS ALSO A 15 CENT DEPOSIT FOR EACH
BOTTLE IN THE CASE. WHAT WILL BE THE TOTAL COST FOR 12 BOTTLES?

31 3'

Teacher Commentary P:oblems With More Than One Step

Halm"Ublegliya The student can solve multi-step problems.

When to use Fairly early In tha year

Zugoested ust
The Immature strategies mentioned In the prologue often break

down completely with multi -step problems. On the other hand.
some students can "ehift gears and use much more thought on
multi-step problems. Thus, this page can serve as a diagnostic,
which students GAD ehift gears, and which can't? There will be
frustration. so If you can monitor the work well enough, you may
allow pair or mall group work after some individual work. The
word 'Ceposit° (as In bottle depoelt) appears In 86 and la not
always familiar to the students.

SING MORE MULTI-STEP PROBLEMS MAY BE THE BEST THING WE CAN DO
TO DISCOURAGE THE IMMATURE STRATEGIES. Frequently have a
multi -step proolem as the 'probteh of the day.' Several are
Included In 'Story Problem Bank.'

Answers
1. 5620 feet (more than a tulle)
2. 12 (benches)
3. 62 (pages) (This Is the one -step problem; It has extra

Information./
4. 9 meters (This 1e difficult without a diagram.)

6. 41 in.7.6xa (The 12 inches wide la attractive. especially
If the students have done area recently.)

6. 813.30

Additional activities (with natural setting* or as extensions),

Trouble spotel

Other'



GIVING REASONS 1 NAME

DIRECTIONS READ THE INFORMATION BELOW AND THEN ANSWER AT LEAST THREE
OF THE QUESTIONS. SHOW YOUR WORK AND GIVE YOUR REASON FOR DECIDING
TO ADD, SUBTRACT, MULTIPLY, OR OIVIDE. You HAVE TO DO TWO STEPS IN
ONE OF THE PROBLFMS.

25 PACKAGES OF WHITE PAPER AND 20 PACKAGES OF YELLOW PAPER. ONE
PACKAGE OF PAPER HAS 500 SHEETS IN IT. THERE WERE 24 PADS OF ART

AMOUNTS OF BLACK, RED, GREEN, BLUE, PINK, AND ORANGE PAPER IN EACH
PAD OF ART PAPER.

PAPER. EACH PAD OF ART PAPER HAD 36 SHEETS. THERE WERE EQUAL

HERE ARE THE SUPPLIES A TEACHER HA FOR 32 STUDENTS. THERL WERE

rmeat
1. HOW MANY MC PACKAGES OF WHITE PAPER WERE"THAN OF YELLOW PAPER?

I BECAUSE

2. HOW MANY PIECES OF BLUE ART PAPER ARE THERE IN ONE PAD?

WORK I BECAUSE

3. HOW MANY PACKAGES OF PAPER DID THE TEACHER HAVE?

WORK I BECAUSE

4. HOW MANY SHEETS OF YELLOW PAPER DID THE TEACHER HAVE"'

WORK BECAUSE

If THE !LACHER PASSED OUT ALL OF THE ARE PAPER, How MANY PIECES
WOULD EACH Of DEL SINEWS 6E0

60
34

Teacher Commentary :Jiving Reasons 1

taleQdjegiaist The student can give reasons for choices of
operations with story problems.

Saterlals needed (Optional) A ream of paper
(Optional) Calculetors

When to use Any time n.ter language for all the operations has
been discussed.

5q051e8ted ULM

Review the uses for the operations if they have not been
discussed recently (e.g., through the 'Chart for Used. .' If you
are using it).
Pees out or display the sheet. Illustrate an example (e.g..

How many sheets of shits raper did the teacher have?) so the
students see how the blar..cs are to be filled (I muitikiLad
because

Assign pairs of etudents tr work together on the sheet. You
may choose to have the students work 2 of the first 4 and the
last one, a multistep problem.
Having all the information at the top Is more difficult for the

",,tudents to deal with, but It is much mo-e realistic than the
three-sentence form for a story problem.
As an additional exercise for fast-finishers, you could ask

the they make up another problem on this theme for the bulletin
boar). 'Giving Reason° 2' repeats this sort of lesson.

I .1 $ I I

tinnstata
1. 25 20 5. I subtracted because I wanted to compare two

known amounts.
2. 36 6 - 6. I o,vided because the 36 pieces were In 6

equal amounts.
3. 25 20 45. 1 added oecause I wanted to find out how

much there was In all.
4. 20 x 500 10,000. I multiplied because thel: weir 20

equal amounts and I wanted to know how mar ht :a were In
all.

5. 24 x 36 864. 864 32 27. I mul.iplic0 ccauss I
needed to know how many pieced of art paper there were in
all. and then I divided because the paper wee shared
equally.

UM=
Additional activities (with natural setting° or as ectensione)i

Trouble spots:

Other:



NUMBERLESS PROBLEMS NAME

You NEED TO KNOW ONLY SOME OF THE MISSING NUMBERS TO ANSWER 11HE
QUESTIONS BELOW. CAKE UP YOUR OWN NUMBERS AND PUT THEM IN THE
BLANKS JUST FOR THE NUMBERS YOU NEED TO KNOW. THEN ANSWER THE
WESTION.

1. LAST YEAR ARNIE MISSED DAYS OF SCHOOL. CLINT MISSED

DAYS. gICHAEL MISSED DAYS. HOW MANY DAYS DID ARNIE AND

MICHAEL MISS IN ALL?

WORK:

2. ANNIE HAD / , THE' ANNIE BOUGHT A RECORD FOR ;

AND A PENCIL FOR How MUCH OiD ANNIE SPEND?

WORK.

3. CLARE RODE HER BIKE FOR HOURS. EACH HOUR SHE WENT

HILES. SHE RESEED FOR MINUTES. HOW FAR DID SHE RIDE?

WORK:

I.. A TOUCHDOWN IN FOOTBALL IS WORTH 6 POINTS, AND A FIELD GOAL IS

WORTH 3 POINTS. IN GAMES, YOu MADE TOUCHDOWNS AND

FIELD GOALS IN ALL. How MANY POINTS DID YOU SCORE IN THESE

GAMES?

WORK.

5. You HAD CENTS. YOU BOUGHT AN APPLE FOR ^ CENTS At) A

CARTON OF MILK FOR CENTS. 1HEN YOU HAD CENTS aft.

HOW MUCH DID YOU SPEND')

WORK:

62
1`)

36

116111_41glactive

Teacher Commentary Numberless Problems

The student can Identify the information
needed to solve a story problem.

When to USQ Any time

,(oorated use
Work $1 togeth,r SO the students will understand that all the

blanks do not have to be filled. EmphanIze that careful reading
of the question is necessary to know what Information you need to
know. Problem *6 allows two different choices of blanks. Thie
fact could come out in the discussion.

&maul
(Numerical answers will very.)
R.1.:1 to know:
1. number of days Arnie missed; number of days Michael missed/

add these
2. how much the record cost; how much the pencil coati add

these
3. how many hours Clare rode; how many miles she went each

flour; multiply
4. number of touchdowns; number of field goals; * of TOs x 6,

plus * of PGs x 3.
5. Elthor how much the apple cost and how much the milk cost

(then add). pt how many canto at the start and at the end
(then subtract)

Additional activities (with natural settings or as extens.Ons)*

Trouble Spots:

Other:

6 `)



64

CHOOSING OPERATIONS REVIEW

WI;AT WOULD YOU DO (ADD. SUBTRACT. MULTIPLY. DIVIDE)...

WHEN ONE AMOUNT IS TAKEN AWAY FROM ANOTHER?

2. IF A LENGTH OF ROPE IS CUT INTO SMALLER PIECES OF EQUAL _ENGTHS?

3. WHEN YOU COMBINE 16 AMOUNTS OF EQUAL SIZE?

4. WHEN YOU HAVE 5 EQUAL GROUPS OF 38 EACH?

5. WHEN YOU JOIN $276 TO ANOTHER AMOUNT?

6. IF AN AMOUNT IS SPLIT EQUALLY TO SEVERAL PLACES?

I. If 7JU COMBINED 148 GROUPS OF 8?

8. wHLN YUUCOMPARE THE HEIGHT OF YOURSELF AND A FRIEND?

9. WHEN YOU TAKE AN AMOUNT FROM S20?

10. WHEN YOU SHARE 425 EQUALLY AMONG 25 PEOPLE?

11. IF ONE AMOUNT IS COMPARED TO ANOTHER AMOUNT?

12. WHEN YOU JOIN THREE AMOUNTS OF DIFFFRENT SIZES?

13. IF YOU WANT TO SEE HOW MANY 16s ARE IN SOME AMOUNT?

14. IF YOU PASS OUT SEVERAL PIECES OF CANDY TO THREE FRIENDS?

15. WHEN YOU INCREASE AN AMOUAT BY 1658?

16. WHEN YOU REMOVE A CERTAIN AMOUNT FROM AH Amami'?

1/. IF YOU HAVE SEVERAL AMOUNTS OF THE SAME SIZE AND YOU WANT TO FIND

OUT HOW MANY THERE ARE ALL TOGETHER?

13. IF AN AMnUNT IS SHA4ED EQUALLY AMONG SEVERAL CONTAINERS?

19. WHEN YOU JOIN CERTAIN GROUPS OF EQUAL SIZE?

20. WHEN YOU WANT TO FIND OUT HOW MANY IN AL'?

21. IF YOU WANT TO COMPARE THE WEIGHT OF TWO ITEMS?

22. IF YOU PUT 5 BOXES WITH 36 PENCILS IN EACH IN ONE CONTAINER?

2i. WIZEN YOU SEPARATE 39? INTO 7 GROUPS OF EQUAL AMOUNTS?

A. 11 2286 ITEMS ARE PUT INTO GROUPS Of NINE?

It 2286 is COMBINED WITH 9? 37
38

26. IF 2286 IS SEPARATED EQUALLY INTO 9 CONTAINERS/

27. IF 9 IS REMOVED FROM 2286/

28. IF 9 IS COMPARED TO 2286?

29. IF 9 GROUPS OF 2286 ARE JOINED?

30. IF 2286 GROUPS OF 9 ARE PUT TOGETHER,

31. WHEN YOU WANT TO FIND OUT HOW MANY IN ALL?

32. WHEN 48 IS REMOVED ;ROM 1467?

33. WHEN ONE DISTANCE IS COMPARED TO ANOTHER?

34. WHEN TWO DIFFERENT AMOUNTS ARE JOINED TO 365?

35. IF 17 GROUPS OF EQUAL AMOUNTS AA MADE FROM 1169?

36. If YOU WART TO FIND ALL POSSIBLE COMBINATIONS WHEN YOU ARE GIVEN
CHOICES?

37. WHEN AN AMOUNT IS TAKEN AWAY FROM ANOTHER?

38. WHEN 67 IS TAKEN FROM 456/

39. IF YOU WANT TO FIND OUT HOW MANY THERE ARE ALL TOGETHER WHEN
SEVERAL KNOWN AMOUNTS ARE THE SAME?

40. IF YOU WANT TO SEE HOW MANY 4s ARE IN 2276?

41. WHEN YOU WANT TO FIND OUT THE TOT,q_ OF ITEMS AND THERE ARE 28
ITEMS EACH IN A CERTAIN NUMBER Of GROUPS?

42. IF YOU COMBINE 6 AND 7/

43. IF YOU COMBINE 6 SROUPS OF SEVEN?

44. IF YOU REMOVE AN AMOUNT FROM ANOTHER?

45. IF YOU WANT TO FIND THE NUMBER OF CHOICES YOU HAVI fOR DIFFERENT
OUTFITS WEN YOU HAVE 4 SHIRTs, 2 TIES, AND 7 PANTS?

46. WHEN YOU WANT TO SEE HOW MAN( IS ARE IN )197/

47. WHEN SEVERAL AMOUNTS AkI THE SAME AND YOU Wail TO TIN)) OUT THE

TOTAL?

48. wHir A KNOWN MOLINE 15 SHARED !WALLY TO SEVERAL PE ACES?

49. IF YOU WANT TO FIND OUT HOW MANY AMOUNTS OF 1HE SAME SIZE THERE

ARE IN A GIVEN AmouNT?

:-
50. WHEN YOU WANT TO COMPARE 5 AND 6?

6E)



51. WIZEN 127.8 IS DECREASED Eli SOME KNOWN AMOUNT?

52. IF YOU PUT TOGETHER 23 AMOUNTS OF THE SAME KNOWN SIZE?

53. IF YOU WANT TO SEE HOW MANY 17s THERE ARE IN SOME AMOUNT?

54. IF You TAPE AWAY A KNOWN AMOUNT FROM 615.2?

Bain OblectIvg

Teacher Commentary Choosing Operationa Review

The objective will vary depending
on how you use the material.

Materials needeg (Optional) Student response cards with
the operation :symbols on them

55. WHEN YOU WANT TO COMPARE 76.2 WITH SOME OTHER AMOUNT?

56. IF YuU COMBINE 53.34 AND SOME OTHER KNOWN AMOUNT?

57. IF YOU POUR 14 CM-, OF 114E SAYE SIZE INTO A BUCKET AND YOU WANT
T0 KNOW HOW MUCH YOU HAVE?

58. IF you WANE TO FIND THE DIFFERENCE BETWEEN $11.89 AND SOME OTHER

Whitalgynet Any time, review uses of operations

Zg24Bwags.oterUmeg
As wIth Story Problem Bank,* these questions can be ueod In

variety of wayes as a b-nk to select certain types of
situations, ae a source for a short oral review, as short quiz
material.... Since one of the four operations Is the response In
each case, you might wish to use student response cards.

AMOUNT? Some of the phrases are /121 corplete In themoelvea, leaving the
sought quantity Implied. For example, *...when you have 5 equal

59. IF YOU HAVE 10 METERS OF RUNT AND IOU WANE TO KNOW HOW MANY
PIECES 2.5 METERS CONC YuU CAN 61H

groups of 311 each?' (44) ;...nly ImFilee that you went to know how
many In all. If this abbreviated version 13 net clear to your
students, you might make explicit the quantity wanted.O. II YOU HAVE SHREDDED wHEA1 (ARIAL AND OAT CEREAL, AND YOU CAN

HAVE A BANANA OR PEACHES Ok BERRIES ON YOUR CEREAL, AND YOU WANT AaaRALn
10 KNOW HOW MANY WAYS YOU CAN CHOOSE BREAKFAST? E. 2. i 3. x 4. x 5. 4, 6. + 7. x

8. - 9. 10. 11. 12. f 13. - 14. 4-

15. 4 16 17. x 18. - 19 x 2C. x. If equal)
21. - 22. x 23. 24. 1- 25. ti 26. .4 27. -

61. IF YOU WANT TO KNOW HOW MUCH 2/3 OF AN AMOUN1 IS? 28. - 29. x 30. x 31. s (or r, 'f equal) 32.
33. - 34. + 36. 36. x 37. 38. - 39. x

62. IF YOU WANT TO KNOW HOW MANY 2/3s ARE IN 4 1/2? 40.
47.

41. x 42. 4 43. x 44. - 45. x 46.

x 48. 1- 49. 50. 51. - 52. x 53. 1.

63. IF YOU WANT 10 PAY 0.06 OF AN AMOUNT FOR TAX? 54.
61.

- 55. 66. 57. x E8. - 59. -r 60. x
x 62. 63. x 64. ^ 65. -

64. IF YOU WANT TO KNOW HOW MANY 0.06s ARE IN 1.02?
figLeg

65. IF YOU WANT TO FIND THE DIFFERENCE BETWEEN 0.06 AND 1.2?
Additional activitieel

Trouble spofil

Others



STORY PROBLEM BN'K

1. MARY BOUGHT SOME SHORTS FOR $17. A PkdA OF SHOES FOR $28, AND A
SHIRT FOR $9. How MUCH DID SHE SPEND FOR THE SHOES AND THE
SHIRT?

2. WILBUR HAD 138 MODEL AIRPLANES. HE GAVE ORVILLE 54 THEM. HOW
MANY DID WILBUR HAVE THEN?

3. LOU BOUGHT 48 CANS OF DRI''(. THEY ARE PACKED HE CASES OF 12.
How MANY CASES DID LOU C

4. GINNY of_LIvLRs 84 MORNING PAPERS AND 68 EVENING PAPERS. LAST
NIGHT SHE COI LECTED $148 FOR HER PAPER ROuTE. How MANY PAPEPs
DOES SI E DELIVER EACH DAY?

5. ON .,AluRuAY THE RESTAURANT SERVED 106 i-EUPLE FOR LUNCH AND 248
t,toRLE OR DINNER. How MANY MORE IEOPLE WERE SERVED FOR DINNER')

6. fain HAS 25 QUARTERS. How MANY NICKELS CAN FELIPE GET FOR HIS
25 QUARTERS?

7. MARTIN HAS TWENTY LOINS TO P'.0T INTO HIS BOOK. F . COINS GO ON

EACH PAGE. HOW MANY PAGES WILL HE TILL?

8. THE RECIPE FOR FRUIT SALAD CALLS FOR 4 APPLES. E

ARE NEEDED FOR 3 BATCHES OF THE SALAD?

Q. MRS. C4RCIA DROVE 350 KILOMFTERS EACH DAY. SHE TRAVELED FOR 15

DAYS. How FAR DID SHE RAVEL DURING HER TRIP?

1.0. PETE SOLD 49 ITEMS ON MOND,,f, 56 ITEMS ON 7.-SDAY, AND 14 ON

WEDNESDAY A HOW MANY MORE ITEMS DID HE S-L ON MONDAY THAN ON
WEDNESDAY'

11. FIF1Y-FOUR STUDENTS ATTENDED THE CLASS PICNIC. THERE WERE NINE

PICNIC TABLES. THE SAME NUMBER Or ANTS SAT AT EAUI TABLE.

How MANY STUDENTS SAT AT EACH TABLE?

12. THERE ARE SEVEN PACKAGE OF CuPCAKFS WITH 4 CuPONEs IN A

PACKAGE. How MANY CUPCAKES ARE THERE?

13. TEO WENT 10 DAY CAMP FOR SIX WEEKS, AND HE ATTENDEE 5 DAYS A

WEEK. MANY DAYS DID HE SPEND Al CAMP?

14. RALlut,. SPENT S36 FOR SOME TICKETS. EACH HIKE! COST i'.. How

MANY TICKETS DID SHE BUY?

15. THERE WIN( 4 SHIPS ilAVING IN Tia NEXT HOUR. EACH ,HIP HAD A

tkiw Of 276. How MANY Claw MEMBERS WERE LEAVING')

cp, ROSA wAtKII) FOP 26 MINUTES. SHE SWAM FOR 45 miAuTEs. How MUCH

6 (3 IONWR THAN AN HOUR DiD SHE EXEREASE?

ZANY APPLES

41
42

17. IN ONE GAME EACH TIME YOU PASS HOME YOU COLLECT $400. How MUCH
DO YOU COLLECT BY PASSING HOME 12 TIMES?

18. FOR AN AFTER-SCHOOL SNACK LORI iOULD HAVE AN APPLE, A TANGERINE,
OR t' RANGE. SHE COULD HAVE A GLASS OF JUICE OR MILK FOR M
DRINK. HOW MANS DIFFERENT CHOICES DID SHE HAVE FOR A SNACK AND
DRINK?

19. Si a BUYS ORANGES BY THE CRATE. EACH CRATE COSTS $13.98. How
MUCH WEL 17 CRATES COST?

20. SCOTT WENT TO SCHOOL FOR 186 DAYS LAST YEAR. How MANY DAYS
f RING THE YEAR WAS HE NOT IN SCHOOL?

21. RAMON HAD 28 PIECES Of BUBBLE GUM. HE SPLIT THEM EQUALLY AMONG 4
fRiLdos. How MANY TREAFS DID EACH FRIEND GET?

22. CHRIS FAR $13 A WEEK uN HIS PAPER Ruull. HE IS SAVING TO BUY A
SKATE BOARD FOR $59. How muc "ILL HE EARN IN 5 WEEKS?

23. 20 BEADS ALL ' ATHER. 4 i.us How MANY BEADS ON EACH
STRING?

24. W NTER VACATION LASTED 3 WEEKS. How MANY DAYS wAE THIS?

25. RENT FOR OUR APARTMENT IS $450 A MONTH. WHAT DOES iT OST TO
RENT FOR THE YEAR.'

26. MILHELLE HAS THREE SHIRTS, TWO PAIRS OF SLACKS, 'ND TWO SWEATERS.
How MANY DIFFERENT WAYS CAN SHE DRESS?

27. tou HAD 375 BASEBALL CARDS. MINDY HAD 148 CARDS. How MANY MORE
DID Lou HAVE?

28. SENA SLEEPS 8 HOURS EACH NIGHT. HOW MANY HOURS EACH DAY IS SENA
AWAKE?

29. BRENNAN HAD 500 MILLILITERS OF MILK. HE USED 212 MILLILITERS IN
A RECIPE. 110w MUCH MILK DOES BRENNAN NOW HAVE?

3C. JummER VACATION LASTED 91 DAYS. How MANY WEEKS IS tHIs?

31. MARIA SWIMS 35 MIND -ES EACH DAY. How MANY MINUTES DID SHE Swim
WRING THE LAST 2 WEEKS?

32. THE BICYCLE SHOP HAS 21 Ti RI PUMPS. THIY SILL Al t 4 OF THLA

FOR A TOTAL OF $255. WHAr IS DIE AVERAGE PRICE Or A TIRE PumPY

33. TERRY PRAE11Eis PIANO 45 MINUTES EACH DAY How MANY MINUTES DOES

HE PRAM, A WEEK?

34. t MATH TExItiooK CMS $7.50. PL WORKBOOK , 1AT WS WITH THE
TEX (psis $2.69. THE PRINCIPAL ORUIRIO OF EACH. MAT IS
THE TAL COSI?
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35. MARILYN SOLD 27 RAFFLE TICKETS AT $2.50 A TICKET. HOW MUCH DID
SHE COLLECT FOR THE RAFFLE?

36. FRAN COMPLETED THE BICYCLE RACE IN 3 HOURS. HER TOTAL DISTANCE
WAS 33.6 KILOMETERS. HOW FAR DID SHE TRAVEL IN ONE HOUR?

37. THE ART SHOW WAS PRESENTED ON MONDAY AND TUESDAY. 78 PEOPLE SAW
THE SHOW ON MONDAY. 21 PEOPLE SAW THE SHOW IN ALL. 110W MANY
PEOPLE SAW THE SHOW ON TUESDAY!

38. THE BASEBALL TEAM'S NAME WILL BE TWO WORDS. THE FIRST WORD WILL
BE RED, MIGHTY, OR HARD. TIE SECOND WORD WILL BE HITTERS OR
KNOCKERS. How MANX DIFFERENT NAME COMBINATIONS WILL THERE BE FOR
THE TEAM TO CHOOSE.

39. MANUEL BUYS FOUR NOTEBOOKS Al 89 CENTS EACH AND 6 PENCILS Al 15
LENTS EACH. 110w MUCH DID HE SPEND?

4U. A LIBRARY HAS t SHEIVES OF BIEN :APHEES. EACH SHELF HOLDS 45
HULA.- How MAW( BiOGkAPHEES AHL IN THE LIBkARY?

41. JENNY COLLECTED STICKERS. EACH STICKER BOOK CONTAINS 35
!TICKERS. HOW MANY STICKERS ARE NEEDED TO FILL 27 BOOKLETS?

42. MELISSA MADE 9 CAKES FOR THE STUDENT COUNCIL LAKE SALE. SHE SOLD
!HIM FOk $2.50 EACH. EACH CAKE COST $1.08 FOR INGREDIENTS. How
MUCH MONEY DID STUDENT COUNCIL MAKE ON EACH CAKE AFTER THEY PAID
MELISSA FOR THE INGREDIENTS?

43. IN THE VORNING THERE WERE 9.578 BOOKS IN THE LIBRARY. AT THE END

OF THE DAY THERE WERE 7.989 BOOKS IN THE LIBRARY. How MANY WERE
CHECKED OUT THAT DAY?

44. MILDRED RIDES 10 KILOMETERS EVERY WEEK X0 DELIVER PAPERS. How
MANY KILOMETERS OOFS SHE I.IDE IN A YEAR.

45. TYRONE ORDERED 4 MICROSCOPES FROM THE SCIENCE CATALOG. THE TOTAL
COSI OF SHIPPING EACH MICROSCOPE IS 51.65. How MUCH WILL II COSI

TO SHIP ALL 4 P'LROSCOPES?

46. two TEACHERS AND TWO PARENTS ARE GOING WITH THE CLASS TO THE

AMUSEMENT PARK. ADMISSION FOR AN ADULT IS $13.75. How MUCH DOLS

II COST FOR THE 4 ADULTS?

47. AN AVERAGE PAGE HAS 385 WORDS ON II. HOW MANY WORDS ARE ON 35

Pr.uEs?

48. TAMMY'S DAD TOOK US TO A BASEBALL GAME. HE SPENT $4.00 tN

PARKiNG, $15.00 ON TICKETS, AND $17.78 ON FOOD. How MUCH DID id

VINO/

119 'AMINE COON( IL CHAI(GED $0.25 ADMISSION 10 THE mOvjl ILSIEVAL.

98 STUUENTS ATTENDED. H04 MUCH MONEY DID STUDENT lougCEE EARN/

4

50. Tom COLIEC1ED $3.10 Fkom EACH of THE 24 CUSTOMERS ON HIS PAPER
ROUTE. HE ALSO E'RNED $13.15 IN ZIPS. How MUCH DID HE COLLECT
IN ALL

51. THERE ARE 864 BOOKS ON THE LIBRARY SHELVES. 148 BOOKS ARE
REFERENCE BOOKS AND 120 BOOKS ARE FICTION. How MANY BOOKS ARE
NOT AFERENCE OR FICTION BOOKS?

52. THE FOOTBALL STADIUM HOI5S A TOTAL Of 896 PEOPLE. THERE ARE 8
SECTIONS OF THE SAME SIZE. How MANY PEOPLE 'AN BE SEATED IN EACH
SECTION?

53. EACH STUFFED ANIMAL COSTS $5.89. WILLY BOUGHT 3 ANIMALS. HOW
MUCU DID HE SPEND?

54. 27 BENCHES. 3 PEOPLE TO A BENCH. How HANY PEOPLE'

55. EVAN ENTERED A BICYCLE RACE. HE TRAVELED 6.9 KILOMETERS AN HOUR.
How FAR DID HE TRAVEL IN 4 HOURS?

56. ROBERTO TRAVELED 95 METERS PER MINUTE ON HIS BICYCLE. HOw FAR
DOES HE IgAVEL IN 15 MINUTES?

57. Two LITERS OF DRINK COST $1,78. FOUR LITERS Of ORINK COST $3.40.
FIND EACH UNIT LOST. itHicH IS A BETTER BUY? MAI IS THE
DIFFERENCE BETWEEN THE UNIT PRICES?

58. THE SCHOOL SUPPLY STORE HAD 60 PAIRS OF SCHOOL SHOELACES nN SALE
FC' S1.50 EACH. AFTER THE SALE THERE WERE 36 PAIRS LEFT. How
MUCH MONEY wAS COLLECTED FOR THE LACES THAT wERE SOLD/

59. IN ART t'ASON MADE P SET OF MATCHING PLACE MATS. HE USED 64 GR'c';
PLASTIC STRIPS AND 80 YELLOW PLASTIC STRIPS. EACH PLACE MAT

NEEDED 18 STRIPS. How MANY MATS DID JASON MAKE?

60. RAMON HAS $68. SALLY HAS $49. SALLY SPENDS $13. How MUCH MORE
MONEY DOES RAMON HAVE THAN SALLY DOLs NOw?

61. A RECIPE FOR PARTY PUNCH CALLS FOR 6 CUES of LRANBERRY JUICE AND
8 CUPS OF GINGER ALE. HOw MANY CUPS OF LIOUIO WOULD II TAKE TO
MAKE 9 RECIPES?

62. THE PIA tdDERED 18 BOXES OF PUNCH. IN EACH Box THERE WERE 32

PLASTIC BOTTLES Of PUNCH. DURING THE FUN FAIR 26! BOTTLES wERE

USED. HOW MANY WERE LEVI?

63. SUPPOSE YOU TAKE 16 mcm,Hs PER MINUTE. flow MANY MINUTES HAVE

PASSED If YOU HAVE TAKEN 208 BREATHS/

64. THE WALL PLAQUE IoR THE SPIEcH (ONUS, toST S59. THE TROPHY FOR

THE FIRST PLACE wiNNER wAS $75.65. 110w MUCH wAs SPENT O' THE TwO

ITEMS/

65. IN THE SUPERmARKE' WIRE ARE 10 (HECK0u1 COUNTERS. Two COUNTERS

44 TAKE 10 ITEMS ok LESS. Ti' LE TAKE 20 ITEMS OR LESS. HOw MANY

TAKE MO;1 THAN 20 1IE45?

71



7 2

66. WILUWOOD 'CHOOL RECEIVED 210 BANNERS. EACH OF THE 14 CLASSROOMS
WILL RECEIVE THE SAM T NUMBER OF BANNERS. How MANY BANNERS WILL
Ff.f1 CLASS RECEIVE?

67. A SET OF MODEL CARS COSTS $10.44. THERE ARE 12 MODELS IN THE
SET. How MUCH DOES EACH MODEL CAR COST?

68. 12 DIVISION PROBLEMS. 18 MULTIPLICATION PROBLEMS. 12 MORE
DECIMAL PROBLEMS. 126 MINUTES SPENT SOLVING THE PROBLEMS. ON
THE AVERAGE HOW MANY MINUTES WERE SPENT ON EACH PROBLEM?

69. MS. ROBERli PURCHASED 12 PAIN! SE S. Hi9w MUCH ANGE DID SHE GET
FROM $70.00 IF THE SETS COST 1.5.t EACH.

70. ['EMIR COLORS COME IN RED, BLuf, OR GREEN. POSTER LETTERING
tomLs IN WHITE, YEttOw. OR BLACK. FIND ALL THE OlIFERE4T
HuSSIDLL COMBINATIONS.

II. bitkE ARE 114 PACKAGES OF PAPER IN THE STORE ROOM. 70 PACKAGES
ARE WHITE AND 27 ARE BLUE. How MANY ARE NOT WHITE OR BLUE?

/e. IN ONt WEEK 24 STUDENTS COLLECTED 504 CANS OF CANNED GOODS FOR
THE SCHOOL °RIVE. PRETEND EACH STUDENT CATHERED THE SAME AMOUNT.
How MANY CANS DID EACH STUDENT GAThZq?

73. THE STUDENTS HAVE 19 EMUS OF I-SHIRTS WITH 25 SHIRTS IN EACH.
How MANY T-SHIRTS DO THE STUDENTS HAVE?

74. THERE WE 2E 430 PEOPLE AT THE MUSICAL PERFORMAI -E GIVEN BY THE
FILTH AND SIXTH GRADE TUDENTS. 295 OF THEM sal IN CHAIRS. THE

HEST SAT ON BENCHES EACH BENCH HOLDS 15 PUIPLE. How MANY
BENCHES WERE NEEDED.!

75. Mill HAS 4 SHORTS, 3 SHIRTS, AND 2 SWEATERS. How MANY DIFFERENT
OUTFITS CAN HE WEAR?

76. RHONDA WANTS TO BUY A NEW BICYCLE. THERE ARE 5 DIFFERENT COLORS.
4 DIFFERENT STYLES, AND 3 DIFFERENT SPEEDS (1-SPEED, 3-SPEED,

10- SPEED). How MANY CHOICES DOES SHE HAVE?

17. ToNy WANTS TO BUY A CAMERA THAT COSTS $112.50. 'ONY CAN SAVE

$2.50 A WEEK. How MANY wEEKS HILL IT TAKE TO SAVE PIOUGH MONEY'

78. MRS. JOHNSON ORDERED 24 BOXES OF COMPUTER DISKS. THE TOTAL COST

WAS $456. How MUCH WAS EACH Box?

79. Soma tomPuttw PRINTERS CAN PRINT 15,000 LINES A MINUTE. How MANY

LINES A SECCND IS THIS?

HO. A oiclioNANY (l)s1 122.14. THERE AR1 35 ou.TiONAPiLS ON 2RDTR.

146,1 Mit DI THE TOTAL COST OF Mist HOOKS?

81. 1A(H PAGE of A PHOTO AtHum HOLDS 6 PHOTOS. How MANY PHOTOS will

NITOID TO FITT 48 PALL S? 4,
46

82. A PHOTOGRAPHER TOOK 912 PiclukES. THERE ARE 36 PIC-ORES ON A
ROLL OF FILM. How MANY ROLLS Of fiLm DiD THE PHU& "IAPHER USE?

83. THE BASKETBALL TEAM SPENT $108.48 FOR 3ALLS, $268 FOR WARM -UP
SOUS, AND $58.79 FOR IWO BACKBOARDS. HOw MUCH CHANGE DID THE
TEAM GET BACK FROM $500.00?

84. MATT'S FAMILY PAID $349 FOR A VIDEO RfrORDER. BRAD'S FAMILY PAID
$489 FOR A RECORDER. How mix.' MORE DID BRAD'S Ft 4LY SPEND?

85. THERE ARE 41,520 TOOTHBRUSHES TO BE PUT IN BOXES 120
TDOTHBRUSHES ARE PACKED IN EACH Box. How MANY BOXES ARE NEEDED?

86. SANDI BUYS A GLOVE FOR $17.85 AND AN UNIFORM OR $34.29. How
MUCH CHANGE HILL SHE RECEIVE FROM $100?

87. 1Ht swum COUNCIL HAD $1286 Tu SPEND 0.1 VIDEO EQUIPMENT. THE(
SPENT 1575.85 ON A VIDEO RECORDER AND $214.27 ON A TELEVISION,
AND THEY BOUGHT 5 VIDEO RECORDER TAFES AT $4.89 EACH. How MUCH
MONEY DOES THE STUDENT COUNCIL HAVE Nuw?

88. SARAH ENTERED THE BIKE-A-THON. SHE RicElvED A PLEDGE OF 25 CENTS
A MILE FROM HER FATHER AND A PLEDGE OF 10 CENTS A MILE FROM HER
BROTHER. SARAH RODE 22 mitts. How MUCH MONEY LID SHE COLLECT
FOR THE BiKE-A-THON?

89. JONATHON HAD A PIECE OF WWI 48 mETLF6 LONG. IF HE CUT THE LONG
PIECE INTO SMALLER PIECES 3 METERS TONG AN[) SOLO THEM AS JUMP
ROPES AT 59 CENTS EACH, HOW MUCH MONEY wilt HL MAKt?

90. THE SIXTH GRADE DONATED 446 CANS OF FOOD To THE FOOD DRIVE. THE
FIFTH GRADE DONATED 259 AND THE FOURTH GRADE DONATED 319 CANS.
THESE CANNED GOODS WERE SHARED Euum1Y AMONG THE 4 AREA FOOD
PANTRicS. HOw MANY CANS DiD EACH ONE FOCEivL?

3



Teacher Commentary Story Problem wank

rain ObJectiva The objective will depend on how the
bank la used.

When to use Whenever a selection of story Problems
la needed

aOSe.--1211512121212112AZI
The hank could 'seed as a source of problems of particular

types-e.g., you night want to pick out multiplication problems
to give the students to tell what kind of multiplication use they
illustrate. Or you might be looking for acme multi-step problems
to use as clams openers on certain days. fou might be planning a
mixed operations list of story problema, and could draw from the
ones In the bank...
Whenever your students make up story problems, or you find

additiGnal lists of problems, add them to the bank!

&mmielLe me i. multi-step irr -
I. a37 irr 2. 84 -

5. 142 - 6. 125 x

9. 5250 km x 10. 35 - irr

13. 30 x 14. 9 -

17. 0 4800 x 18. 6 x

21. 7 - 22. 066 x irr

25. 05400 x 26. 12 x

29. 288 mL 30. 13 -I-

33. 315 x 34. 01457.17 me
36. 11.2 - 37. 138 -

40. 315 x 41. 946 x

43. 1509 - 44. 520 x

47. 13,475 x 48. 036.78 +

61. 646 me +- or 62. 112 -

65. 27.6 km x 56. 1425 m x

58. 036.00 me -x 59. 8 me r

62. 309 me x- 63. 13 +

66. 15 - 67. 60.87 ÷

70. 9 x 71. 9 ma + or

73. 475 x 74. 9 me - -
77. 45 - 70. 019 -
Ul. 288 x 82. 27 ÷

84. 0140 85. 346

87. 0471.43 me xi- or --x-

89. 09.44 me -x 90. 271 me .4 .7

7 't

Irrelevant Information
3. 4 .7 4. 152 irr

7. 4 - 8. 12 x

11. 6 - 12. 26 x

16. 1104 x 16. 11 me + -

19. 0237.66 x 20. 179 -

23. 5 4- 24. 21 x

27. 22i - 28. 16 -

31. 490 me x x 32. )16 me - T

+x, or xx+ 35. 067.50 x
38. 6 x 39. 04.46 ma xx+
42. 012.78 ma xx- or -x
45. 06.60 x 46. 055 x

49. 024.50 x 60 088 15 me xi
63. 017.67 x 54. 81 x

57. 00.04 ma T - -
60. 032 me - 61. 126 me ix

o

64. 0134.66 i

mor ..xi

or

68. 3 me - 69. *5 m x

- - 72. 21 -

76. 24 x 76. 60 x

79. 260 7 80. e774 90 x

83. 064.73 me
86. 047.86 me + - or -

88. 07.70 me xx+ or ix

41 48

(Page 48 is blank to keep the student pages starting
On odd pages.)
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NAME

240 BOXES

PUT +. X, OR IN THE BLANK TC TELL WHAT YOU WGULD DO TO
ANSWER THE QUESTION.

1. 240 BOXES, WITH 16 CANS IN EACH BOX.
HOW MANY CANS ARE THERE IN ALL?

2. 240 BOXES, WITH 16 BOXES PUT ON EACH
TRUCK. HOW MANY TRUCKS ARE NEEDED
IN ALL

3. 240 BOXES, WITH 16 OTHER BOXES HIDDEN.
HOW MANY BOXES ARE THERE IN ALL?

4. 240 BOXES. THEN 16 OF THEM ARE HAULED
AWAY. HOW MANY BOXES ARE THERE NOW?

5. 240 BOXES, ALL TO BE PUT ON 16 SHELVES.
HOW MANY BOXES WILL BE ON A SHELF, IF

EACH SHELF GETS THE SAME NUMBER?

6. 240 BOXES. THERE ARE PLACES FOR 16 OF
THEM. HOW MANY BOXES DO NOT HAVE
PLACES?

7. WRITE YOUR OV.N PROERCM ABOUT 240 BOXES.

76
49

50

Teacher Commentary

Main Obiectiva The student can select the approprlate
operation for given story problem.

*ion tg_urg Any time after bailie meanings for all the
operations have been reviewed

zusazIniacyadt.

240 Boxes

Sometimes student!, look at the numbers In a story problem and
look at their relative sizes for cues as to what operation to
use. To show that thlr is pa/ at all a good method, this page
uses the name numbers, 240 and 16, In each problem Thinking is
the beat policy,

If the ntudents have had quite a bit of experience with the
meanings of the operations, this could serve as an individual
worksheet, with sow* sharing of the Story problems written for
*7. (You could add the story problema to 'Story Problem Bank.

If the students are not so experienced, tiring a transparency
and basing a discussion on the problems. one by one. it be
most profitable.
Ao a follow-up, you It have the students write story

problems using the different operations but the sane numbers.
You could use 'easy' number like 12 and 4 for some students, and
larger numbers like 144 and 18 with c here.

Maw=
1. x

2.
3.

4.

6.
6.

7. Problems will very. Collect for Ilter use

Notes

Additional activities (with natural battings or as extensions)*

Trouble spots:

Others



I

A CAFETERIA SERVED 18 FOOTBALL PLAYERS LUNCHES ONE WEEK, MONDAY
JHROUGH FRIDAY. THE PLAYERS ATE 270 HOT DOGS AND 288 HAMBURGERS.
tACH SANDWICH HAS 240 CALORIES. THEY DRANK 360 DRINKS; 250 WERE
MILK AND THE REST WERE JUICE DhINKS.

1. HOW MANY HOT DOGS DID THEY EAT EACH DAY, IF THEY ATE THE SAME
NUMBER EACH DAY?

GIVING REASONS 2 NAME

OJESIIM READ THE INFORMATION BELOW ANO THEN ANSWER AT LEAST
THREE OF THE QUESTIONS. SHOW YOUR WORK ANO GIVE YOUR REASON FOR
DECIDING TO ADD. SUBTRACT, MULTIPLY, OR DIVIDE.

I BECAUSE

2. How MAN' FEWER HOT DOGS DID THEY EAT THAN HAMBURGERS?

WORt

Te!....ler Commentary Giving Reasons 2

Bain Obisctivg The student can give reason, for choices of
operations with stor problems.

Baterials neeaeu (Optional) Calculator,

When to usg Any time after 'Giving Reasons 1'.

SUcloested uag
Depending on how 'Giving Reasons l' went, you might teat this

Page as an ind.vidual-student activity or as a work -In -pairs one.
Have aomeone read the story, and remark that the players had two
)(Inds of sandwiches (some students may doubt that 'h dog' and
'hamburger' mean aandwiches).
The first three problems are one-step one the last two an

two -stop ones. The directions call for the students to work
three; you may choose to have them work 2 of the first three anu
84, or some other selection.

I BECAUSE Arau.imn
1. 270 ; 5 - 54. I divided because the total amount was split

up evenly among the 5 days.
2. 288 270 18. 1 subtracted because I wanted to compere

the two amounts.
3. HOW MANY CALORIES WERE IN JE HAMBURGERS ALL TOGETHER? 3. 288 x 240 I multiplied bece.itie I wanted to know

how many in ail and each hamburger had the same amount.
4. 360 - 250 110, 110 -26 - 84. 1 subtracted the first time

because part of the total was 250, and the second time
because Monday took away 26 of the 110 juice drinks.

5. 270 288 . 558. 558 18 . 31. I added to find the total
number of sandwiches. and then divided because each player
ate tne same number. (Another way. (270 18) (288 181

4. Ii THE PLAYERS DRANK 26 JUICE DRINKS ON MONDAY, HOW MANY JUICE * 31. assumes that each player ate he same number of migh
kind of sandwich.)

kli1E15,
BECAUSE

DRINKS DID THEY DRINK THE REST OF THE WEEK?

I BECAUSE

AND I BECAUSE --a

5. HOw MANY SANDWICHES olD EACH PLAYER EAT, IF THEY ALL ATE THE SAME

NumBER?

51

Addi.lonal activities with natural settincm or op extensions),

Trouble spots:

Other'

7 9
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NAME

SPACE VISITORS

SPACE VISITORS FROM ANOTHER PLANET NEED SOME HELP WITH THEIR
MATHEMATICAL THINKING. PUT +, -, X, OR IN THE BLANKS TO TELL
THE VISITORS WHAT TO DO.

1. To COMBINE rd ri ZORKS AND A?' ZORKS:

2. To FIND HOW MANY OXYGEN MASKS ARE IN it
BOXES. EACH WITH e4 OXYGEN

3. To FIND HOW MANY BOXFuLS Oc FILM CARTRIDGES
Mk( Akt IF MIRE AkE ot FILM CARTRIDGFS
ANUJ4 FILM LAklkibUS IN EACH BOX:

4. To 1-140 HOW MANY OXYGEN MASKS EACH SPACE
VISI10R GETS IF THEY HAVE GIF OXYGEN MASKS
FOR cifV1511016:

5. TO FIND HOW MANY SNIPPLES THERE ARE AFTER IF
SNIPPLES ARE EATEN FROM A BOX OF ne
SNIPPLES:

6. TO FIND HOW MANY SPACE SUITS ARi NEEDED IF
THERE ARE ST VISITORS BUT ONLY 1A SPACE
SUITS (EACH VISITOR NEEDS ONE SPACE SUIT):

7. To FIND OUT HOW MANY WAYS THEY CAN GO FROM
EARTH TO PLANET MOOK AND THEN TO PLANET
7YOR, IF THERE ARE A WAYS FROM EARTH TO
1100K AND )0 WAYS FROM MDOK TO ZYOR:

8. To FIND OUT HOW MANY SPACE VISITORS 1HERE
ARE IF THEY ARE SITTING IN eA ROWS WITH Art

VISITORS IN A ROW:

Teacher Commentary Space Visitor°

Mitift_latjecillye 'he stuaent can choose the curreCt operation
for d story problem

When to uUV Any time atter WWI< with uses and meanings for
all the operations.

5sespe2colo_ve
This page 15 a review page, 50 an individual workSheet lesson

could :le used There ore a few nunSense woids in the problems
(41 ZOrk. p5 snippie) You may waW some sharing of the story
problems inane up in RY

An Ultra' 2
1

2. x

3
4

5
6
' x

8 x

9 Problems will vary

ticrie2
Additional aCtivit,es (with natural settings or as extensions).

trouble Spots

9. MAKE UP YOUR OWN PROBLEM ABOU1 1HE SPACE other

VISITORS.

0
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Teacher Commentary Let's Shop

Main Obiegtive The student can maka up story prob.ems
for given operations from a fal:ly natural
setting.

Materials needed 1. Cards or 560411 pieces of paper with ono of
'add,' subtract,' 'multiply,' or 'divide'
written on each.

2. (Best) Enough discount story ads or news-
paper ads so that there is one for every
two students. Otherwise, the reverse page
can serve ae an advertisement.

3. Calculators

Wh.n to use Any time aft.7 meanings for all the operations
have been disa,ussed.

a21202131111100
Announce that to 'ay we are going to plan our shoi.7.1INg. Olvel

each child a card s.ith an operation named on it, and W., pairs
o: children an adertisemeat. It is beet If the pelr shoeing an
advertisement have cards with alleriult, operations. Each student
is to meke up a story ,roblem using information from the
advertisement and requiring the operation on hls/ne cr.rd. You
may want the student to show a olution for his/her problem oleo.
(Students may wel.t to trade cards, so plan whether you want to
let them or not
After each student hoe mace up a shopping problem, have tha

pair make up a story problem thit requires laglh operations.
Problems can be shared, but ,..ften students know .hat operations
were on their neighbors' cards.
The story problem3 can be collected and 4sed later for a

worksheet of story problem (ewe 'Shopping Problems' for an
example), or added to 'Story Problem Bank.'

Collect the cards with the operations on ttem sia,e this sort
of activity Is easy to repeat with different advertisements (or a
transparency of newspaper advertisement). You may choose to
limit the cam' to --Iitiplication and division, or have more
multiplication and cards than addit,on and subtraction
ones.

tin
Additional activities (with natural settings or as extensions)!

Trouble spots!

Others
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NAME

FIGURE OUT ANSWERS TO THESE SHOPPING PROBLEMS THAT SOME STUDENTS
MADE UP. YOU MAY USE A CALCULAToo,

1. OUR FAMILY WAS REDOING OUR BATHROOM. MY MOM WANTED 2 NEW BATH

(VE0)($51:441)tOr
J=T3*.BOTTI;WF VANISH

WOULD EVE,tYTHING

2. IF YOU GET TWO JARS OF PEANUTS FOR $1.970 HOW MUCH WOULD EACH JAR
COST?

3 HOW MUCH MONEY WOULD PEANUTS ($1.97) AND CHu,.IIATE-CJVERED CHERRIES
(S.88) COST?

4 SARAH MIGHT 2 JARS OF PEANUTS. Yel..1 CAN BUY 2 JAPS rnR 51.97.
SARAH HAD $5.00. %Iv MUCH CHANGE WILL SHE GET BACK?

5 IF I HAD FIVE DOLLARS, AND I BOUGHT CHOCOLATE-COVErD CHERRIES AT
88 CENTS A BOX AND A BOX OF SANDWICH BAGS AT 58 CENTS A BOX, HOW
MUCH WOULD I HAVE LEFT?

6 I BOUGHT A PAIR OF SHOES FOR SHIRLEY, JENNY, KRISTA, AND KAREN.
EACH PAIR COST $14.90. How MUCH MONEY DID I SPEND?

7 I WENT TO THE K-MART. MY FRIENDS AND I HA. $10.00. I BOUGHT 4
CANS OF PEANUTS AND THE COST WAS $1.97 EACH. How MUCH CHANGE WOULD
WE GET BACK?

8 GINA BOUGHT 2 TOWELS FOR $5.14 AND fir..W DRAPES FOR 12).97 AND 3
BOTTLES OF VANISH FOR $2.97. IRLNE BOUGHT 2 JARS OF PEANUTS FOR
$3.94. How MUCH WILL WE HAVE TO PAY IN ALL? IF EACH ITEM WAS THE
SAME PRICE, WHAT WILL EACH ITEM COST? (THERE ARE 8 ITEMS.)

9 WE BOUGHT 4 BOXES OF CHOCOLATE-COVERED CHERRIES FOR S.88 A BOX. WE

ALSO BOUGHT 1 JAR OF PEANUTS FOR $1.97 AND 2 BAGS OF PO °CORN FOR
$1. HOW MUCH MONEY DID WE SPEND? HOW MANY ITEMS DID WE BUY?

84
.7 58

Teacher Commentar Shopping Problems

bath 001.M.AlYt The student c-n select the uorr,ct operation
in a mix. 1 wperat is list ct story problems.

HASt11$1.2_0=1S9 Calculators

Whaell_ua_mUS Any time

5g90121tOLgat
This lis, ot shopping Problems could serve in lieu ot a

selection of the problems written during 'Let s Shot These
wre written by students. and in a case or two (N9 for example)
may not be uompletely clear (did 2 b.gs cost a total of .1 or ala
each bag cost $1?). These can be used to point out the
desirability. and even the necessity. ot clear writing.

(inays.r2
1 $30.08
2 99 cents ('' 985)
3. $2.85
4. $3.03
5 $3 54
6. ssl 60
7 $2 12
8. 4.02; $4 2525 (meaning')
9 $7.49. 7 items

ticale2
AGaltiOndl activities (with natural settings or as extensions).

Trouble sp

Other:



NAME

ADO, SUBTRACT, PULTIPLY, OR DIVIDE 2

FILL IN THE BLANK WITH ADD, SUBTRACT, MULTIPLY, OR DIVIDE. WRITE
A STAY PROBLEM TO S'IOW EACH STATEMENT.

1. WIZEN YOU WANT TO COMPARE TWO AMOUNTS. ONE WAY IS TO

STORY PROBLEM:

2. WHEN YOU WANT TC FIND OUT HOW MANY IN ALL, YOU

STORY PROBLEM:

3. To iiNo OUT HOW NARY AMOUNTS OF THE SAME alZE THERE ARE IN A

KNeWN TOTAL, YOU

STORY PROBLEM.

4 To FIND OUT HOW MANY THERE ARE ALL TOGETHER WHEN ALL THE AMOUNTS

ARE TUE SAME. YOU CAN

STORY PROBLEM:

5. WHEN AN AMOUNT IS SHARED OR PASSED EQUALLY TO SEVERAL PLACES

YOU

STORY PROBLEM:

59
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Teacher Commentary Add. Subtract. Mul.iply. or Dividet 2

DAIDAT.ectIvq The student write story problems. given
general desciiptions of eituntions.

VD2D to use Soon after the first 'Add. Subtract. Multiply,
or Divide

DUcioested win
If your students have not had mucn experience at making up

story problems. you may wish to have pairs of students s'ork
together. Some clams discuesion (*What operation wouli be
used?") of a few 'favorite' story problems la worthwhi,e.
ColInting the problems and reading them may give you an idea of
which situations need more etention.

First efforts are often not extremely imaginative (you may get
Iota of problems about apple). Typlcally. Inexperienced students
make thene errors forgetting to write a question; writing a
take-away subtraction story when a comparison subtraction is
Involved (111/) mixing up the two kinds of division situations,
repeated subtraction ($3) and sharing equally ($5).

As a follow-up, you might cut co and post several of the story
problems. <a) as challenges to ot, -a or (b) grouped by operation
so that the students see a variety of situations for addition,
subtraction. etc. As an extentslon for experienced students,
suggest that they inlude extra firrel.vant/ information in their
problems.

Maw=
1. subtract (The stories should Involve a contrast of two

distinct amounts. as oppose' to the removal of a subset of
a set In takeway subtraction.)

2. add
3. divide (Repeated subtraction should make sense for the

story.)
4. multiply
6. divide (Sharing equally should make sense for the story.>

fiQlan

Additional activities (with naturtl settings or as extennionse)1

Trouble spots:

Others
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NAME

HEADLINES!!

MAKE UP A STORY PROBLEM FOR EACH HEADLINE!

2.

3.

4.

5.

88

$10,000 + $20,000!

$50 $36.4-e!

58 x $0.49!

$100 i 4!

(3 x 35) 45 !

EX1RA! EXTRA!
READ AIL A2OUI ll!

61

Teacher Commentary
Neaalineall

td
mathematical expression to sti appropriate

translate (,em a given

Wheli_U_LiSe Any time, aciapts
to make a good

'filler- or a 'dowhile the teacher is getting something ready'activity

SuQariCA_vus
You might have groups of five

pioulems for the five'headlines-, critique
them within thr .1 group, and share %nthothe- groups. 'fleadlinee l" might encourage a mote imaginativeapproach. A5 the children gain more experience, the storyproblems they write should become somewhat

more elaborate andcreative; they often involve irrelevant information and multiplesteps.
The first :our

problems contain a money c le. You might preferto use others (60 x S5 muesli) or omit .ny cues tas in t5).Collect the problems
for your problem bank.

Hult2
Additional activities (with natural settings or as extensions).

Trouble WukS

Other

62 .
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NAME

ASKING TIE QUESTION

WRITE A QUES1'ON THAT THE PERSON MIGHT HAVE BEEN ANSWERING.

1. DI1ORIS SAW SOME EARRINGS THAT (ST $2.98 FOR A PAIR. SHE SAW
SOME BRACELETS THAT COST $1.29 EACH.

AMY'S WORK: WHAT QUESTION 010 AK's' ANSWER?

a 2.98
111
4.1i 4,,

HIONNCS WORK: OU11,1ION

ez.18 X8.%4
. 3 t 1.24
t PA+ eio.L3

^1...

?. ON/ SlekL HAS BOOKS ABOUT SPORTS FOg $0.89 EACh. Ii ALSO HAS

6001.) BAILS 10k $6.q EAC4.

PATS WORK. WHAT QUESTION 01U PAI ANSWEit?

10.00
- 4 1 8

i3 32 A...

DAV1'S WOkK:
P 41.79

2 l'OAD
(11.7/3

6Ntu'S OUNK (UN A CALCUIA1010. OULSTION?

10.00 .89 = 11.?33955

Il boo.1.4. An.

64

90
6=2111=311.M117C1111M...

Teacher Commentary Picking the Oueetion

BalliOblectiya The student can ask a question appropriate for
a given calculation In a given context.

When to use Any time; calculations are already done.

&sweated uaa
Writing questions may be a new experience for the students, so

you may choose to :se this page as a whole-class discussion, with
some time for in' vidUals to think of or write down, their
questions. Since the work is likely to be new, money contexts
are used. A.. an example for problem I. jou might wri'e the
calculation,. 2 x 1.29 2.58 and 2.58 I. 2.98 5.56. and aek
what question you might have had in mind (How much would 2
bracalets and a pair of earrl- coat?). Some students may need
east.rance that it la all righ I Include another eentence if
they can't see how to write ju a question (Delores bought 2
bracelets and a pair of earring, Haw much did she spend?).
Joke(?)s On this page the ens_ r le a que-Ilion.
Follow -up can be fit into many situation's, even outeide of math

time, where some information invites asking a quantitative
question. 'What's the Question ?' le a page for which students
are to write the quo:8U°, given the calculation and the context

(Possible questions)
1. Amy's work: How much did she pay for a pair zof earrings

and a bracelet?
Dionne° work: How much did she pay for 3 pairs of
earrings and a bracelet?

2. Pet's works If you buy a ball. how much change do ycu get
from *HY.'
Dave's work: How much would you pay fcr 2 bocce and a

ball?
Greg's work: How many books can you buy for 010?

Malta
Additional activities (-Ith natural eettIngs or as extenelons),

Trouble spots:

Oeker'
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WHAT'S THE QUESTION?

NAME

DALE'S FAMILY HAS 5 RABBITS. ONE RABBIT EATS 2 POUNDS OF
FOOD EACH WEEK. LC FOOD COSTS 49 CENTS A POUND. IT TAKES 12
FEET OF CHICKEN WIRE TO MAKE A RABBIT PEN. GALE TAKES CARE OF
THE RABBITS FOR 3 HOURS EVERY WEEK.

1. 5 x 2 = 10. THE ANSWER IS 10 POUNDS.

dHAf IS 1HE QUESTION?

2. 5 x 2 10, AND 52 x 10 - 520. (HE ANSWER IS 520 POUNDS A YEAR.

WHAT IS THE QUESTIONS

3. 520 x 0.49 = 254.8. THE Ie6WER IS $254.80 A (EAR.

WHAT THE QUESTION?

4. 3 x 1? = 36. THE ANSWER IS 36 FEE OF WIRE.

WHAT IS THE QUESTION?

TO4Ci`or Commentary What's the Dues ,on?

ftaln Obiective The student can write a queetien for given
story Problem work.

Yhen to klet After earlier work with writing questions for
story problems (e.v.. 'Asking the Question') and
with dealing with 'Hidden Information.'

BUomeste- use
Ht e eomeone read the information in the box. Write on he

board. *2 x 49 m 98. The answer is 98 cents.' Tell the udente
you wrote that because you wore thinking of a queetion at Jt the
story. What dc they think it was? (E.g.. How much would the
food for ono coot each week?)
Since this is a more difficult version of writing questions few

a etch-y. you may want students to work in pairs or small groups.
Some of the problems involve 'hidden* information: ;:ow many
weeks in a year (83). how many hours In a day (86). and 1r 84 the
student's gustation will have to Introduce the 3 (e.g.. how much
wire will it tat.. for 3 cages?)

Answers
Posoltilitiees
1. How many pounds of food do the rabbits eat each week?
2. How many pounds of food do they eat each year?
3. How much does the food for a year cost?
4. How much chicken wire does it take for 3 caged?
5. How many hours does Dale work in a year?
6. How many 21-nour days does Dale work in a year?

Haws

5. 52 x 3 = 156. THE ANSWER IS 156 HOURS A YEAR. Additional activities (with natural settings or ae extern:plow:)i

WHAT IS THE QUESTION?

6. 156 24 = 6.5. THE ANSWER IS 6.5 DAYS A YEAR.

WHAT IS QUESTION?

.92
65

66

Trouble spots:

Others



NAME Teacher Commentary Hidden Information

HIDDEN INFORMATION

SOMETIMES IN A STORY PROBLEM YOU HAVE TO USE INFORMATION THAI IS
NOT WRITTEN DOWN. WRITE DOWN THE *HIDDEN' INFORMATION FOR EACH
PROBLEA. THEN ANSWER THE QUESTION.

1. THERE AkE 60 MINUTES IN ONE HOUR. HOW MANY MINUTES ARE IN A DAY?

HIDDEN INFORMATION:
WOkK:

I . Itli ( tot IA GE BASI.E IBA' t Pt AY1P WAS 84 INCHES TAIL. How MANY FEET
lAt l wiv., !Ht PI_ All R7

HIDDIN INFORMAl ON
WORK:

3. DANA BuUBHI 2 POUADS OF GUM DROPS, AND SIIONDRA BOUGHT 10 OUNCES
OF GUM DROPS How MANY OUNCES OF GUM DROPS DIU DANA AND SHONDRA
BUY TOGETHER?

HIDDIN INFORMATION:
WORK.

4. A MILL IS 5280 FEE,. HOW MANY YARDS IS THAT?

HIDDEN INFORMATION:
WORK.

5. Tiff PIA COLORID 25 DO/EN EI,!-) FOR TH' EGG HUN!. (IOW MANY EGGS

IIID Y OR?

H1UHIN INtuRMAIION.
WORK

94
1,1 68

Maio CilLiec,Acye the student can call on hidden informatioo
for use 111 story problems

Wpralv_yt Any time. especially useful before first
encounters witr story prob'ems needing hidden
information

Susueattsis=
Since the point of this page is to alert the students to the

fact that information not appearing in ci story problem may be
essential for its solution, you might choose to have this as a
class discussion, and skip the solutions to tht problemS.

An excellent follow -up is to "brainstorm" for additional hidden
information thot might be useful in problems. kT1ationships
among twits of measurement (as in Pl. al, aJ, 04) give one
souice -2000 pounds in a ton, 100 centimeters in a meter and
other metric re,3tionships, 3b5 says in d year, . Some everyday
terms 'as "dozen' in US) may not be familiar to all the students,
How many in a duet. trio. pair. quartet. quintet. sextet. octet
gross (a dozen dozen. or 144). score (as in "Four score'). ream
(as a ream of paper, 500 sheets) Some general-information
facts could also be useful Temperature of bo.ling or freezing
water in Fah;-enheit dna Celsius. federal speed limit in miles per
hour or kilometerS per hour. normal body temperature. important
dateS..

AUSVICS
I 24 hours in a day 24 x 60 = 1440. 1440 minutes in a day.
2. 12 inches in zi foot 84 12 = 7. 7 feet tail.
3 16 ounces in a pound .2x16) 10 = 42. 42 ounces
4 i feet in a yard 5280 J - 1760, 1760 yards in a mile.

2 in a dozen 25 x 12 = J00. 300 eggs

1821V2
Additional activities (with natural settings or as extensions)

'rouble spots

Other
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3589 GLASSES IN A DAY?!

NAME

REASONABLE RICERS

PUT THE NAMES OF THINGS OR NUMBERS IN THE BLANKS. USE REASONABLE
NUMBERS. THEN ANSWER THE QUESTION.

U YOU WANT 5 . ONE OF THEM COSTS
HOW MUCH MONEY DO YOU NEED?
WORK:

2. YO' ')RINK GLASSES OF MILK OR OR EVERY
DAY. HOW MANY GLASSES DO YOU DRINK IN A YEAR?
WORK:

3. IISHA AND JAMES' FATHER DRIVES A AT HIS WORK. HE

DRIVES MILES IN A YEAR. HOW MANY MILES WOULD THAT BE
EACH MOWTITT
WORK:

4. You HAVE
COSTS
WORK:

FOR RIDES AT EACH FIDE
HOW MANY RIDES CAN YOU TAKE?

5. THERE ARE STUDENTS IN ONE CLASSROOM. PRETEND THAT EACH

STUDENT WEIGHS POUNDS. HOW MANY POUNDS WOULD THE STUDENTS

WEIGH ALL TOGETRITer
WORK:

96
69 70

Teacher Commentary Reasonable Numbers

Melo Obieg_ilye The student can supply reasonable nui7bers
into famiiier story problem contexts

Whet' to tag Any time after 'Hidden Intormation'

5A.il2g2.1*.O_M2S

Problem *2 uses background information not given explicitly In
the problem but needed for the so:ution ("hidden' information).
there are 365 days in a year.

Some sharing might be fun, e.g., in CI hearing what other
Students wanted to tn./ could be interesting.

One thing to look for in the students' responses is the
reasonableness of their numbers No one (probably) drinks 20
glasses of liquid in d day. for example ($12).

twalytE2
(Numerical answers depend on the students' choices.)
1. Operation: multiplication.
2. Operation: multiplication, 365 x
3 Operation: division 1 11

4. Operation: division, _11_ : _12_
Operation. multiplication. _11_ x _12_

NOle.2
Additional activities (with natural settings or as extensions),

Trouble spots.

Other



NAME

USING EASY NUMBERS

READ THIS:

HOW MUCH TIME WILL IT TAKE A PERSON TO BIKE 11.25 MILES, IF
THE PERSON CAN BIKE 7.5 MILES IN ONE HOUR? (ASSUME THAT THE
PERSON DOES NOT GET TIRED ANO CAN KEEP UP THE SAME SPEED.)

SOMETIMES A STORY PROBLEM SEEMS HARD BECAUSE IT HAS UNFAMILIAR
NUMBERS IN IT. ONE WAY TO SOLVE A PROBLEM LIKE THAI IS TO

I. USE FAMILIAR NUMBERS THAT ARE EASY TO RELATE,
?. SEE WHAT YOU WOULD DO WITH THESE 'EASY" NUMBERS. AND
3. DO THE SAMS 1HING WITH THE NUMBERS IN THE STARTING

PROBLEM.

IXAMPLE TRY EASY NUMBERS IN THIS COPY OF THE PROBLEM ABOVE:
12-,

HOW MUCH TIME WILT IT LAKE A PERSON TO BIKE

1HE PERSON CAN BIKE MILES IN ONE HOUR?

MILES, IF

II WOW.") TAKE THE PERSON HOUkS. YOU CAN (+,-,x,i) TO GET

THE ANSWtK.

DO THL SAME THING WITH THE NUMMERS THAI WERE MARKED OUT

THE ANSWER TO THE QUESTION IS

TRY EASY NUMBERS AND USE A CALCULATOR TO HELP YOU FIGURE THESE

out:

1. 6ASoLINE COSTS $0.(389 A GALLON AT ONE STATION. How MUCH DO 15.6

GALLONS COST AT 1HAT PRICE'?

?. A PACKAGE OF ONE KIND OF MEAT WEIGHS 1.79 POUNDS AND cois $3.01.

HOW MUCH WOULD ONE POUND OF THE MEAT

3. ONE KIND Of GERM IS 0.02 CENTIMETER: A,.ROSS. 110w MANY OF 1HE

GERMS WOULD BE IN A LINE 2.54 CENTIMETERS LONG?

4. ONE F'IRSON CAN JOG 5.5 MILES EACH HOUR. IF THE PERSON DOES NO1

(11.1 TIRED, HOW MANY WEIS (AN T111 PERSON GO IN 2.5 HOURS

roST?

98
71 72

Teacher Commentary Using Easy Number.

Main ObiectIve The student car, substitute easier numbers
In story problems.

Materials needed Calculators

hen to unq Any time story problems with very largo numbers,
decimal., or fraction(' viii be coming up.

211221AISSILM21
Story problems with less famil'ar numberslarge numbers,

decimals, fractions, mixed numbers--sometimes cause students
problems. Often this trouble is caused by the students' reliance
on the Immature strategies cited In the prologue. Bdt such
numbers can cause even adults to etc,p and think. Substituting
'easy* numbers le a good approach to much probilms.
The top half of the page ehould be used as an example. The

exerciwts might be done by pairs, since thinking of 'easy'
numbere is a new task for students.
Recall 'easy numbers' whenever a student Is stuck on a story

problem in the future, and the difficulty may be the numbers
involved.

anreatust
Example: 2, divide, 1.5, 1.5 hours
1. Possible easy numbers: el or 02. 15 or 16 (gallons)

*15.43 (Students may need help Interpreting the 15.4284
that a calculator will give.)

2. Possible easy numbers: 2 (pounds), 3 (dollars)

01.69 (Again, the calculator's 1.6815642 may puzzle
students.)

3. Possible easy numbers: 1 or 2 (cm), 3 (cm)

127 (Students may doubt this answer, since they expect
division to jive a smaller number. 3 wants to know
how many 0.02s are In 2.54, so 127 le correct.)

4. Possible easy numbere' 5 (mliee each hour), 2 or 3 (hours)

13.76 miles

Nakao

Additional activities (with natural settings or as extensions):

Trouble spots:

Other:
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NAME

KEY WORDS CAN MISLEAD YOU

FINDING A KEY WORD IS NOT ENOUGH. You HAVE TO READ THE WHOLE
PROBLEM AND THINK ABOUT IT. TELL HOW THE UNDERLINED KEY WORDS
COULD MISLEAD YOU.

1. DALE atua $1.25. THEN DALE HAD 55 CENTS. How MUCH DID DALE
HAVE AT THE START?

Teacher Coamentary Key Words Can Misleed You

limn Obiectlya The student can reject an automatic response
to key words.

When to use And ti:de, but esp,ziatly if your students seem
to r.'y flgie key words in story Froblema

aisitaBlasLurift
Sometimes teachers point out the importance of key words in

understanding what is Involved in a story problem. But then
students gguse this adv.ce by skimming gay for key words without

I. fAlli CLASSROOM AT ONE SCHOOL HAS 32 CHILDREN. THE SCHOOL HAS 12 any sort of thoughtful re/Wing. Although eNch a pract'cc can
CLASSROOMS. HOw MANY CHILDREN ARE Al THE SCHOOL ALL TOGFIHER? give succeaa on some one-step story problems. It Is much more

difficult to apply to multi-step problems or problems with
irrelevant Information.

If your students need a yarning about reliance on sole key
words. this page it he useful. In each case the underlined

3. Dili UlYiplll UP HIS PIECES OF CANDY EVENLY WITH JOSE AND word is often a key word for an operation which is na
CLtVELAND. EACH BOY GOT 15 PIECES OF CANDY. HOW MANY PIECES DID appropriate for the problem's solution. The page it best be
BEN START WITH? handled in a whole-class dies:mac:lion.

4. FLO 'VAS 3 11 E AS MUCH MONEY AS LACY DOES. FLO HAS 84 CENTS.

HOW MUCH DOES LACY HAVE?

5. USA, PERSON AT THE PARTY GOT 2 BALLOONS, A HAT. AND 2 BOXES OF

RAISINS. HOW MANY THINGS DID EACH PERSON GET?

6. MANNY'S MOTHER BOUGHT SOME THINGS Al THE GIOCERY STORY. St GAVE

THE CLERK $10 AND GOT $1.27 IN CHANGE. IN AIL, HOW MUCH DIG
il

SHE

SPEND AT THE STORE?

71
74

&mama
1. 'Spent' might suggest subtraction. but addition la the

correct operation.
2. 'Ail together' it suggest addition of 32 and 12. but

multiplication is correct.
3. 'Divided' naturally mm0003 division, but multiplication

(3 x 15) is ccrrect.
4. 'Times as much' naturally suggests multiplication. but

divialon is correct.
5. 'Each' might suggest multiplication or divielon, but hero

addition is al' that is needed.
6. 'In all' might suggest addition, but subtraction la the

correct choice.

Wita

Additional activitiee (with natutal settings or as extonsions)s

TIOU)10 rpotss

Otheri



NAME

SIMPLIFIED DRAWINGS. OR DIAGRAMS

SOMETIMES IT HELPS TO THINK OF A STORY PROBLEM WITH A SimPLIFIED
DRAWING. &R DIAGRAM.

1.11 20i Avg zqt
A. B.

7

C.

D. E.
2,t

IN THE BLANK, PUT THE LETTER Of HE BEST DRAWING FOR THE PROBLEM.

1. 248 + 4

2. 248 4 (TAKE AWAY)

3. 248 4 (coopARIsoh)

4. 4 x 248

5. 248 4 (HOW MANY 45 IN 248?)

6. 248 4 (SHARING)

MAKE A SIMPLIFIED DRAWING, OR DIAGRAM, FOR EACH OF THESE.

7. 3 x 186 8. 62.3 49.8 (COMPARISON) 9. 600 1 4 (SHARING)

102
76

Teacher Commentary Simplified Drawings, or Diagrams

Mdiri_Ugle,zli_ye The students gains more experience at linking
diagrams and mathematical expressions.

When to Use Atter you have modelled some story problems
with diagrams.

,5vagealt.O_Y21
Before showing the student page, ask the students how you could

make a simple drawing for a problem like 'There were 4 -ats. 3
were caught. How many were still free" Use dots for the rats
to make the point that a simplified drawing does not hive to look
like a rat. :hen ask about a simple crowing like 'There were
1000 rats. 568 4ere caught. flow Many were still free" tt

would clearly take too much time to draw even 1000 dots, so you
can introduce the fur:her simplification of using a labelled
'blob' as In the student page. It is probably a good idea to
introduce the word 'diagram' for the dot sketohes and for the
blob drawings. ("Drawing' seems to suggest something closer to a
photog:..ph. )

This type of work is likely quite ner to the Students. so you
choose to do the first six problems r ividually as a whole -class
discussion. Hake the sketches on the hilkooeiro and then ask.
one at a tame. about irl, 112. etc . recording the mathematical
expression Dy the eventual choice
The 'ast problems involve mating the diagram instead of

just choosing one

Ansge.c0
I D

2 E. where the arrow suggests something happening later
3 B, since cOmperison involves two sepal ate amounts.
4 A
Sc
6 F

1-9 Drawings will vary. the best answers can be pres.imed to
be similar to these in tn- earlier part of the lesson The
importan: feature is. 4,C.. the drawing comawnice, the
a.:tion or the relationship'

titne2
Additional activities (with natural settings or as extension)

Trouble shots-

Other

103



NAME

CHOOSING DIAGRAMS

IN EACH BLANK, PUT HE LETTER Of THE BEST DRAWING FOR THE

Teacher Commentary avaoeing Diagrams

BAIR Obiective The student hae more experience in linking
PROBLEM. diagrams and mathematical expreealcns.

____ 1. 120 15

2. 120 15 (TAKE-AWAY)

3. 120 - 15 (COMPARISON)

4. 120 x 15

i 120 = 15 (How MANY 155 IN 120?)

6. 120 4 15 (SHARING)

A.

15

D.

12o .3. /SA.

104

B.

120 MILES

THEN 10 ht.c
171) 1I7 , 1:11 I

E.

120 MILES

C.

120 MILES

THEN
110 tas..es

I /17 714 w Oo

F.

120 MILES

ThcN ilo

7

C9

11
78

when to use Aft., some work with diagrams (say, 'Simplified
Drawings, or Diagrams..

5.22(151issted use

Before the students see the student pacmi, do some preliminary
work to help them distinguish between B and C and between E and
F. Draw a segment labelled '120' on the chalkboard and ask the
children what you hsve done as you mark off 4 equal plecea on the
segment, putting a question mark on each piece (divided 120 Into
4 equal parts,' getting a diagram for 120 = 4).

10

Leave that drawing on the board, and again draw a segment for
120. :hie time mark off several little pieces labelled '4 and
then write 'and eu on. What does this diagram suggest ? - -how
many 4es are In 120, or 120 4 also. Contract the two diagrams,
and how the two uses for division give different diagrams.

Similarly, use two drawings liLe E and F (with. flay. 108 and
24) to show that take-away and comparison subtractions give
different diagrams.
The diagrams hero aro based on line segmental. Such diagrams

are more common than *blobs. even with cwantities that are not
really lengths 'Ilk* money). In later gradeb. diagrams are moat
frequently based on line segments.

Annwarm
1. D
2. F
3 E
4. A
6 C
6 B

digign

Additional activities (with natural isettlnge or ea extencions)8

Trouble spots=

Other

'



NAME

HOW'S MY DRAWING?

A DIAGRAM IS A SIMPLIFIED DRAWING.

A DIAGRAM FOR A PROBLEM SHOULD GIVE THE INFORMATION NEEDED,
BUT NOT TAKE TOO MUCH TIME TO DRAW.

Teacher Commentary How's My Drawing?

thkinADIecALye The 5,udent can give sore criteria
for evaluating drawings to, story problems

HHAT ARE SOME GOOD AND BAD POINTS OF PAT'S. KIM'S, AND LEE'S WlitEi to 'Aar in the early stages of work with diagrams
DIAGRAMS?

I. THERE WERE 4 ROWS OF SIXTH GRADERS SITTING IN EVEN ROWS ON THE
THLACHERS. EACH ROW ha() 24 STUDENTS. HOW MANY SIXTH-GRAUERS
WERE "MERE?

PAT'S DIAGRAM KIM'S

0

LEE'S z4

2. Jo's CAT WEIGHS 9 POUNDS. LES' UOG WEIGHS 52 POUNDS. HOW MUCH
MORE DOES THE DOG WEIGH THAN THE CAT?

PAT'S DIAGRAM KIM'S

0 0
62

LEE'S

q 51

StzgattilLm*t
A whole-class discussion of a transparency of the page might be

a good way to bring out the points. Have someone reed the
material in the box, then the first story. and then ask for
opinior s dbOut Pat's diagram Continue with the other diagrams,
and with the second problem Use the term "diagram" often.

ATIN1,2Cs
1 Pot s diagram .9 too detailed and doeS not even ilcIude the

aumeiCd1 .nformdtiOn. It would take too long to drdw.
Kim s diagram just shows 4 rows and 24 students. am, that
there are 24 Students in every row.
Lee s drawing ir probably the beet of the three. It shows
4 rows end suggests that there are 24 in each row. Lee
Probably did not Ctaw 24 in every row to Save time

2 Pet u diagram is again too detailed and omits the numerical
informetion.
KIM 5 diagram is all right but ti. ere is nothi on the
d'agrom to suggest what u going On (th.t the two amounts

are being compared)
Lee s draw.ng is again probably the best. showing the
amounts and how they might be related.

thrte2
Additional activities (with natural Settings or du extensiOns).

Trouble spots



I 414E

PROBLEMS --> DIAGRAMS 1

MAKE A DIAGRAM FOR EACH PROBLEM.

1 FRANCEY WAS FASTER THAN GIL. HENRY WAS SLOWER THAN GIL. FRANCEY
WAS SLOwtR TIAN IAN. WHo CAME IN NEXT-TO-LAST?

?. A GAMILY HAD 400 MILES 10 GO ON A TRIP. THEN THEY DROVE 5 HOURS
Al A SPEED OF 55 MILES EACH HOUR. HOW FAR DID THEY STIL, HAVE TO
GO?

3. THtlit WERE 7i PARKED IN A PARKING LOT. THEY WERE IN 3 ROWS.

Two ROWS HAD THE SAME NUMBER Of CARS. THE OTHER ROW HAD 2 MORE

CARS THAN EITHER OF THEM. How MANY CARS WERE IN EACH ROW

4. RALPH HAD Two ROLLS OF ROPE. ONE WAS 50 FEET LONG ANQ THE OTHER

WAS 25 ELL! LONG. HE NEEDED IWO PIECES OF Rs " EACH 24 FEET LONG

TO MAKE A ROPE LADDER. HL NEEDED A PIECE 28 ET LONG TO MAKE A

111(1. SWING IN A TREE. DID HE HAVE ENOUGH RUE.

in8
81

Teacher Commentary Problems --> Diagrams 1

Mplajibleclly& The student has experience at making a
diagram for a story problem.

When to use After the etudents have seen sevecal diagrams
and evaluated some ( n in 'How's Hy Drawing ?').

5Utioested USQ
Review that diagrams are simplified drawince, that they should

show the Important information and how it is related, and that
they should not take too long to draw.
These problems are difficult since students are reluctant to

make diagrams for probler.a they can easily ewe how to solve.
Accordingly. you might show an example before they etart working.

Example: (Some student) rode hie/her bike 4 hours At a speed
of 8 miles an hour, rested, and then rode another 3 hours at a
speed of 6 miles, an hour How for did (the student) ride In all?
(Remarks You may have to review what "8 milea an hour' mane.)

One possible diagrams

8.. 4,. V. 1.'". 4.0 ".

A whole-group lesson might be your beet choice here, since the

studente probably have not had much diagram-drawing ex,7erlence.

EganInlianzatc.c.0
1 .

4.er C tzAtam.

2.

(oaf)

3.
77 1.0

171

P

4-
iv

Additional

Hat
Additional actirAtleo (with

natural et...tinge or as extensione)o

Trouble spots:

82 Other:



NAME

PROBLEMS --> DIAGRAMS 2

MAKE A DIAGRAM -OR EACH PROBLEM.

1. Ai 8:00 IN THE MCRNING. IT WAS 37 DEGREES. DURING THE DAY. IT

WARMED UP BY 18 DEGREES. THAT NIGHT THE TEMPERATURE FELL 43
DEGREES. WHAT WAS THE TEMPERATURE THEN?

2. THERE WERE 54 STUDENTS SITTING OH THE BLEACHERS IN 3 ROWS, THE
LOWS( ROW HAD 5 MORE STUDENTS IN IT THAN THE SHORTEST ROW DID.
ha OTHER ROW HAD 1 MORE STUDENT IN IT THAN THE SHORTEST ROW DIU.
HOW MANY STUDENTS WERE SITTING IN EACH ROW?

Teacher Commentary Problems --) Diagrams 2

Mlifl_QDIVS..il/t The student has experience at making a
diagram for a story problem

Wgeft_U_mg1 After experience like 'Problems --) Diagrams 1

&ggetec1 LI=
Review that diagrams are simplified drawings, that they should

show the important information and how it is related. and that
they should not take too long to draw.
An example may be needed. it it has been some time since the

students have had diagram work Here is an .xample (Someone)
needed 719.:S to buy some records on aa,e. (His/her) parents
said it was all right It (someone) had the money. (Someone) had
lb 89 saved up. (Someone) baby sat for 4 hours. and the people
paid (him/her) SI 25 an hour Did (someone) have enough? if

not. how much more did (she'he)
One possible diagram. developed in steps. is this:

C

'D

YOu may decide to have small groups or pairs of students work
on these problems.

Pg22.1121t_An2EtIS

3. DAVE THREW THE BALL 8 FEET FARTHER THAN EDUARDO. FLIP THREW IT
1

--->

10 FEET LESS THAN EDUARDO. FLIP'S LITTLE SISTER THREW IT 20

IEET. DAVE THREW IT 106 FEET FARTHER THAN FLIP'S LITTII ISTEIT.

HOW MULH FARTHER GID FLIP THROW IT THAN HIS LITTLE SISTER 7 2
, 64 ,ft II

-e' (14,21, ill
o I

1 1 0

83

tt -1;

((z'1

J

C
0

S.

t.) 1:1117------
to. lot 1247- ,

F

S __-_ : :::11110

ii t'

le .----- :,....------

ligiSS

F.s log is - 1/1!'

/WWI iOnal activities /with natural settings or as extensions)

Trouble bpots.

84 Other:
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NAME

FROM DIAGRAMS TO NUMBERS

WRITE DOWN WHAT THE DIAGRAM TELLS YOU.

FXAMPI F

THEN

2.

WAYS FROM A TO D?

4.

6.
3

15 4- 41
6

85

Main 0121.tc.11.Ye

Teacher Commentary From Diagrams to Numbers

The student can write a mathematical
expression for a gi.^(1 diagram.

Whga to use After some work with diagrams and with meanings
for all the operations

SVgatte&l_mat
This page might best be done in Poit9 or Sniell gioups. *f you

hove a chart of uses of the operations. suggest that the ,t lento
might want to refer to it

AMUlitc.2
I. 1 98 i 29 (comparison subtraction)
2 a x 2 x 4 (cartesian product multiplication)
3. 11 2 1 4 (repeated subtraction division)
4 4 x I 65 (repeated addition multiplication)
5 765 ; 3 (sharing equally division)
6. 15 J/4 4 7/8

qgie2
Add ilonol activities (with natural settings or as extensions).

Trouble spots

Other.
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NAME

STORY PROBLEMS FROM DIAGRAMS
Nan QvIegsLyt

Teacher Commentary story Problems from Diagrama

The student can make up a story problem that
tits a given diagram

WRITE A STORY PROBLEM THAT THE DIAGRAM MAKES YOU THINK OF. time atter some work on diagrams and atter meanings
for operations have been covered

2.

426 MILES

__J iLHJLE5

3. I. 56 1 56 1 56 I 56 1 56 1 56 I

Lug:al:aims=
Writing a story problem for a diagram is fairly open-ended.

Units (miles or dollars) are given in the first two probleMs to
suggest something of a context for the students. It yOu are
maintaining a chart of uses with diagrams, you might review that
before the page.

It Some students really Seem stuck, you might quietly suggest
context to them. e: -a hiking trip or distances between towns or

a story about giants. $2--sharing money or buying 4 of something

or money. a3 buying 7 of something or going on a trip or

taking 56 cm steps.
Set a tone for friendly critiquing and stit-e some of the

problems, to see whether there is a 'tit' between diagram and

story This sort of follow -up gives further practice at
translations between diagrams and story problems
Collect the problems to add to your problem bank.

InitnaSSI-1.01112CtialiOn2
The diagram is intended to suggest:
1 a comparison subtraction (some students may think of

audikeliCAli4n comparison (how many times as tar asl even thous

that type of comparison is not used in this supplement)

2. a sharing equally division
3 a repeated-addition multiplication

Unita
Additional activities (with natural settings or as extensions):

Trouble spots.

Other
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Appendix HI

Reports to the Grade 8 Teachers

Cover letter
Commented hem Report
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December 1986

To: (Grade 8 Teachers involved)

From: Larry Sowder /

Re: Item-by-item report for the Word Problem Thinking Test

You will recall that earlier work has shown that younger students
frequently use "immature" strategies in solving word problems.
Unfortunately, such limited "rules" as "times make bigger, division makes
smaller" do give correct answers on many one-step whole-number
problems. But life in junior high is tougher.

The Word Problem Thinking Test gives some information on how eighth
graders might be thinking. (The interviews should give more information.)
Keep in mind my biases: One of the principal reasons for mathematics in
the curriculum is to enable students to function in natural settings which
(many) word problems represent; hence, in a calculator age we do not need
a curriculum which yields students who can compute but don't know when
to use what computation.

1. There were two forms of the test, labelled A and B here. On the copies
you have, * cn the cover = form A, and the unmarked cover = form B.

2. Fractions on the tests were written in the bar form. They're in the /
form here for ease of typing.

3. Scoring was based on choice of correct operations. Hence, transcription
errors or errors in translating (e.g., 60% = 60, or 2/3 = 2.3) were ignored.

4. There were 9 classes tested, a total of 255 students with a 128-127
split between forms A and B. Some of the percents do not represent
percents of the total taking the form: in a few cases I collected the tests
before the students had had time to work on all of the problems; these
were ignored in the tabulation.

5. As you can imagine, the nine classes were quite different. Six of them
seemed to be about the same caliber; they are lumped together as "Subset
1" ' the report. The other three classes performed noticeably better; they
make up "Subset 2."



Word Problem Thinking Test
Item-by-Item Report

(Problems 1 enabie a contrast of performance of decimals vs frctions,
although the metric system might cloud any claims. Problems 13 involve
the same contrast.)

1A. One Kind of germ is 0.015 centimeters long. How many of these
germs would it take to make a line 0.9 centimeters long?

All classes
Percent correct (div) 25.0
Percent reversals 22.7
Percent choosing x 23.4
Percent choosing - 9,4

Subset 1
8.9

24.1

29.1

13.9

Subset 2
51.0
20.4
14.3
2.0

65

Your class

1 B. One kind of germ is 3/203 inch long. How many of these germs would
it take to make a line 9/10 inch long?

All classes Subset 1 Subset 2 Your class
Percent correct 18.9 14.5 25.5
Percent reversals 22.0 14.5 33.3
Percent choosing x 22.0 25.0 17.6
Percent choosing - 2.4 2.6 2.0

Comment: The reversal error (interchanging dividend and divisor) is very
common, for either fractions or decimals. It is disappointing that so
many students chose multiplication. What meaning do they have for
multiplication of fractions? Or are they choosing multiplication because
they "know" the answers is lots, and multiplication is the tool for getting
lots?

(Problems 2 also allow a [clouded] contrast of mixed numeral and decimal
performance.)
2A. A post 12 feet long is pounded into the bottom of a river. 2 1/4 feet
of the post are in the ground under the river. 1/2 feet stick out of the
water. How deep is the river at that point?

All classes Subset 1 Subset 2 Your class
Percent correct + - 30.5 26.6 36.7
Percent correct 21.1 8.9 40.8
Percent choosing

only one of + 25.0 35.5 8.2
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2B. A post 12 meters long is pounded into the bottom of a river. 2.25
meters of the post are in the ground under the river. 1.5 meters stick out
of the water. How deep is the river at that point?

All classes Subset 1 Subset 2 Your class
Percent correct + 22.0 13.2 3F 3
Percent correct - 13.4 6.6 23.5
Percent choosing

only one of + 22.8 28.9 13.7

Comment: is the B version more difficult because of the metric
measurements, or the decimals (or both)? Only a few students made a
drawing for this problem.

(A contrast of "easy" frar;tions vs "hard" fractions was built into #3.)

3A. At one school 3/4 of all the eighth graders went to one game.
Two-thirds of those who went to the game travelled by car. What part of
all the eighth graders travelled by car to the game?

All classes Subset 1 Subset 2 Your class
Percent correct (x) 11.7 6.3 20.4
Percent choosing - 54.7 62.0 42.9
Percent choosing div 7.8 3.8 14.3

3B. At one school 2/5 of all the eighth graders went to one game.
Four-sevenths of those who went to the game travelled by car. What part
of all the eighth graders travelled by car to the game?

All classes Subset 1 Subset 2 Your class
Percent correct (x) 4.7 2.6 7.8
Percent choosing - 44.9 43.4 47.1

Percent choosing div 17.3 15.8 19.6

Comment: Not their finest hour. Multiplication of fractions is usually
introduced in sixth grade, so they can't claim newness. Does the "what
part" really suggest subtraction, or have the students been doing more + -
of fractions at this time of eighth grade? Perhaps the interviews will
give some more information. The "hard" fractions in B had only a little
effect.
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(Problems 4 were for two things: does length triaa width overwhelm
and do decimals < 1 present more difficulty than decimals > 1? Other
work says yes to both.)

4A. A small computer piece is shaped like a rectangle which is 0.25
centimeters long. Its area is 0.15 square centimeters.
piece?

All classes Subset 1

How wide is the

Subset 2 Your class
Percent correct (div) 7.8 1.3 18.4
Percent reversals 7.8 3.8 14.3
Percent choosing x 27.3 22.8 34.7
Percent choosing + 22.7 34.2 4.1

Percent choosing 16.4 21.5 8.2

4B. A small computer piece is shaped like a rectangle which is 2.5
centimeters long. Its area is 15 square centimeters. How wide is the
piece?

All classes Subset 1 Subset 2 Your class
Percent correct (div) 18.9 3.9 41.2
Percent reversals 4.7 3.9 5.9
Percent choosing x 29.9 28.9 31.4
Percent choosing + 19.7 30.3 3.9
Percent choosing - 5.5 6.6 3.9

Comment: Problems 21 are set up similarly, with the width rather than
the length given (fishing exp1/4-,Jtion).

(Problems 5 were to see how well, if covered, the minimal work in earlier
grades on Cartesian-product multiplication is being grasped. The A
problem is almost certain to be familiar if Cartesian-product
multiplication has come up.)

5A. One ice-cream store has 6 kinds of toppings, 18 kinds of ice cream,
and 2 kinds of cones. How many different kinds of single-scoop cones
with a topping could you order?

All classes Subset 1 Subset 2 Your class
Percent correct (x) 20.3 8.9 38.8
Percent choosing + 18.0 26.6 4.1

Percent omitting 10.2 10.1 10.2
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5B. Eight students are running for student council president, 4 other
students are running for vice-president, and 6 others are running for
treasurer. In h^w many ways could the election turn out?

All classes Subset 1 Subset 2 Your class
Percent correct (x) 6.3 2.6 11.8
Percent choosing + 28.3 26.3 31.4
Percent omitting 25.2 28.9 19.6

Comment: The difference in Subset 2's performances on the two problems
is striking.
******* ****************** ******* ************ **********

(Problems 6, 7, & 8 focus on "non-conservation of operation," the
willingness of students to change their choices of operations when only
the numbers in the problem are changed. These problems involve division;
Problems 14-16 involve multiplication.)

6-7-8A. Three people bought different kinds of candy in a store.

(a) Mr. Black paid $8.64 for 3 pounds of plain fudge. How much does one
pound c ost?

(b) Mrs. Carter paid $2.60 for 0.65 pounds of nutty fudge. How much does
one pound cost?

(c) Mrs. Dean paid $4.32 for 3/4 pound of fancy fudge. How much does one
pound cost?

All classes
Percent correct 1,div) (a) 89.1
(Figures include (b) 64.1

reversals.) (c) 53.5

Subset 1
82.2
64.6
51.3

Subset 2 Your class
100.0

63.2
57.2

6-7-8B. Three people kept track of how much gas they used.
(a) Mr. Black's car went 240 miles on 15 gallons of gas. How many miles
would the car go on one gallon of gas?
(b) Mr. Cortez' boat went 12 miles on 0.6 gallons of gas. How many miles
would the boat go on one gallon of gas?
(c) Miss Dean's moped went 48 miles on 3/8 gallon of gas. How many miles
would the moped go on one gallon of gas?
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classes
Percent correct (div) (a) 77.9

Subset 1
68.4

Subset 2 Your class
92.1

(Figures include (b) 58.3 52.6 64.7
reversals.) (c) 37.3 28.0 51.0

Percent of all students
doh..., all three probs
and showi-i non-con 34.8 33.3 36.8

Comment: Two surprises in the A problems--the decrease from (a) to (b)
is usually about 40% but Subset 1 kept that from happening, and the
"weaker" performance of the "stronger" Subset 2. Stronger problem
solvers do usually exhibit greater flexibility, whicn might work against
them here.

(Another aecimal vs fraction contrast, Lnd an intent to see whether
distance = rate times time dominates.)

9A. An explorer travelled through 1 1/8 miles of forest in 3/4 hour. What
was the explorer's average speed (in miles per hour) through the forest?

All classes Subset 1 Subset 2 Your class
Percent correct (div) 28.3 17.5 44.9
Percent reversals 3.1 3.8 2.0
Percent choosing x 18.9 17.9 20.4
Percent choosing + 11.8 19.2 0
Percent or: ting 16.5 19.2 12.2

9B. An explorer travelled through 1.2 miles of forest in 0.75 hour. What
was the explorer's average speed (in miles per hour) through the forest?

All classes Subset 1 Subset 2 Your class
Percent correct (div) 19.8 13.3 29.4
Percent reversals 20.6 25.3 13.7
Percent choosing x 27.0 21.3 35.3
Percent choosing + 5.6 9.3 0

Percent omitting 15.9 18.7 11.8
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(10A and 10B differ on two counts -- context [allowance vs baseball cards]
and numeral form [symbols vs words]. 10A is a modification of a problem
used by Marshall in an earlier study.)
10A. Janet spends 2/3 of her allowance on school lunches and 1/6 on
other food. What part of her allowance is left?

All classes Subset 1 Subset 2 Your class
Percent correct 15.0 2.6 34.7
Percent only + 20.5 20.5 20.4
Percent only - 44.1 48.7 36.7

10B. Two-thirds of Pete's baseball cards are about Padres' players ana
one-sixth of them are about Angels' players. What part of his cards are
about players on other teams besides the Padres and the Angels?

All classes Subset 1 Subset 2 Your class
Percent correct 14.3 6.7 25.5
Percent only + 26.2 21.3 33 3
Percent only - 26.2 26.7 25.5

Comment: "Left" seems to be a persuasive key word in 10A! A few
students did try a solution with a pie drawing (I counted these as correct).

(Problems 11 were included as fillers and because performance by ninth
graders in an earlier study was puzzling: about 1/5 of them chose
division.)
1 1A. Les had 20 books to read. Les has read 2 1/4 of them. How many
books does Les still have to read?

All classes Subset 1 Subset 2 Your class
Percent correct (-) 77.8 71.4 87.8
Percent reversals 4.0 5.2 2.0
Percent choosing div 5.d 6.5 4.1

118. Les had 20 books to read. Les has read 2 1/4 of the books. How many
books does Les still have to read?

All classes Subset 1 Subset 2 Your class
Percent correc_ (-) 65.6 52.7 84.3
Percent reversals 4.0 5.4 2.0
Percent choosing div 11.2 12.2 9.8

Comment: Any ideas on why the B version was harder for Subset 1? The
B version was included since someone looking at the earlier results
thought that the B version would be easier. I hope to interview at !east
one student who chose division.
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(Problems 12 yield easily to proportions, a topic that some of the students
had had but one that others may not have had. Variations of each of these
problems have been imPri in nthor studies with you ngor Qt., itiontc.)

12A. A parking lot can hold 24 buses. If 8 cars can be parked in the space
used by 3 buses, how many cars can be parked in the parking lot?

All classes Subset 1 Subset 2 Your class
Percent correct 30.2 11.7 59.2
Percent choosing an

incorrect x only 26.2 31.2 18.4

12B. To make 6 popcorn balls, you need 8 cups of popcorn. Pam made 24
popcorn balls. How much popcorn did she use?

All classes Subset 1 Subset 2 Your class
Percent correct 36.6 18.1 62.7
Percent choosing an

incorrect x only 19.5 25.0 1 i.8

Comment: Students using a proportion were not tabulated separately.

(Problems 13 again compare performance, fraction vs decimal. Students
having fractions in Problem 1 had decimals in Problem 13 and vice versa.
The students should be all warmed up by now.)

13A. How many 1/8 ounce doses of medicine are in 2/3 ounces of the
medicine?

Al! classes Subset 1 -Subset 2 Your class
Percent correct (div) 29.4 26.0 34.7
Percent reversals 20.6 13.0 32.7
Percent choosing x 7.9 9.1 6.1

Percent choosing 20.6 23.4 16.3

13B. How many 0.2 gram doses of medicine are in 0.75 grams o" the
medicine?

All classes Subset 1 Sub It 2 Your class
Percent correct (div) 61.0 43.1 35.3
Percent reversals 6.5 9.7 2.0
Percent choosing x 8.9 11.1 5.9
Percent choosing - 8.9 2,5 3.9

Comment: Comparisons with Problems 1 are interesting.
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(Prnhlems 14, 15, A. 16 hring up non-conservation ar;a:n. Problems 6-8
involve division; these involve multiplication.)

14-15-16A. Some people bought gasoline that cost $0.819 for a gallon.
(a) Mrs. Brown bought 9.1 gallons for her car. How much did she pay?

(b) Mr. Cruz bought 0.39 gallon for a weed trimmer. How much did he pay?

(c) Mrs. Davis bought 2/3 gallon for a lawnmower. How much did she pay?

Percent correct (x)
All classes
(a) 64.5
(b) 56.6
(c) 51.6

Subset 1
48.7
39.2
31.1

72

Subset 2 Your class
89.6
83.3
83.3

14-15-16B. Some people bought cheese that cost $2.55 for a pound.

(a) Mrs. Cruz bought 5.1 pounds. How much did she pay?

(b) Mrs. Cuarte bought 0.85 pounds. How much did she pay?

(c) Mr. Egan bought 3/5 pound. How much did he pay?

Percent correct (x)

Percent of all students
doing all three and
showing non-con

All classes
(a) 75.4
(b) 55.7
(c) 56.6

Subset 1
63.4
42.3
40.8

23.5 29.8

Subset 2 Yr ;r class
92.2
74.5
78.4

16.7

Comment: Good news--better than students in the rest of the world on
conservation! Bad news--Subset 1 performance on the (a) problems. Will
they be intelligent consumers?
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tOrnInlorn 17 ....,r4 18 are unfair for most students. Thiey probably.1-.I.ave hadX. .s.OVIVI 1 1....* . i C-41 IV

little or no work with multiplication in scaling. And for the A versions,
they may have minimal work with percent in grade 7. Scoring was very
liberal with respect to translation of the 60%.)

17-18A. One kind of copy machine can reduce to 60% of the beginning size.
17A. If a building in a drawing is 24 centimeters tall, how tall is the
building in a reduced copy of the drawing?

All classes Subset 1 Sul .set 2 Your class
Percent correct (x) 31.9 22.1 45.8
Percent choosing - 21.6 33.8 4.2
Percent choosing div 25.0 17.6 35.4

Comment: "! want something smaller than 24" and the erroneous feeling
that only subtraction and division can make smaller may account for these
data.

18A. If a building is 18 centimeters wide in the reduced copy, how wide
was it in the drawing at the beginning?

All classes Subset 1 Subset 2 Your class
Percent correct (div) 11.3 3.0 22.9
Percent reversals 3.5 4.5 2.1
Percent choosing x 33.9 22.4 50.0
Percent choosing 13.4 22.4 2.1

Percent choosing + 6.1 9.0 2.1

Comment: Similarly, the realization that something greater than 18 was
needed and the erroneous "times makes bigger" may have affected the
choice.

17-18B. One kind of copy machine can reduce to 2/3 of the beginning size.
17B. If a building in a drawing is 24 centimeters tall, how tall is the
building in a reduced copy of the drawing?

All classes Subset 1 Subset 2 Your class
Percent correct (x) 10.8 11.4 10.0
Percent choosing 27.5 32.9 20.0
Percent choosing div 40.0 25.7 60.0

Comment: As for 17A.
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18B. If a building is 18 centimeters wide in the reduced copy, how wide
was it in the drawing at the beginning

Ali ciasses Subset 1 Subset 2 Your class
Percent correct (div) 7.5 7.1 8.0
Percent reversals 1.7 1.4 2.0
Percent choosing x 38.3 18.6 66.0
Percent choosing 10.0 17.1 0.0
Percent choosing + 14.2 12.9 16.0

Comment: As for 17B.

(Variations of Problem 19A have been used in other studies. It was
included here as filler and because it is a two-step problem of some
difficulty and includes attractive irrelevant information. 19B was
included to see whether a repeated-subtraction division would be easier
than the sharing division of 19A.)
19A. A carpenter has a board 100 inches long and 8 inches wide. He makes
4 identical shelves and still has a piece of board 10 inches long left over.
How long is each shelf?

All classes Subset 1 Subset 2 Your class
Percent correct (- div) 16.5 6.0 31.2
Percent omitting 20.9 23.9 16.7
% using irrel info 41.7 46.3 35.4

19B. A carpenter has a board 100 inches long and 8 inches wide. He makes
some shelves that are 22 1/2 inches long, and still has a piece of board 10
inches long left over. How many shelves did he make?

All classes Subset 1 Subset 2 Your class
Percent correct (- div) 4.2 1.4 6.2
Percent doing 100

divided by 22 1/2 29.2 17/.5 49.0
Percent omitting 17.5 26.8 4.1

°A using irrel info 15.0 22.5 4.1

Comment: Isn't the percent using the irrelevant 8 inches in 19A
phenomenal? And only about a third of those using it seemed to have area
or perimeter in mind. As I recall, no one made a drawing for either
problem, even amori those with nonroutine problem solving experience.
19B wasn't as informative as I had hoped, since the single division could
give the solution if the calculation were interpreted correctly (as you
probably know, Dr. Silver has done some work showing that correct
interpretations are not to be assumed).
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(Problems 20 involve percent, so the possible unfairness noted earlier
applies here. The two prrikian-nc involve numbers of different magnitude=
to see how that might affect choices. Again, scoring treated abuses of 6%
liberally--e.g., 6% = 0.6 was not marked down if the student indicated
multiplication.)

20A. The bill for a meal at a restaurant was $2.90, plus sales tax. The
sales tax is 6%. How much does the sales tax add to the bill?

All classes Subset 1 Subset 2 Your class
Percent correct (x) 51.7 41.2 66.7
Percent choosing + 14.7 20.6 6.2
Percent choosing div 15.5 13.2 18.2
Percent omitting 8.6 13.2 2.1

20B. The bills for all the meals at one restaurant added up to $12,185.80,
plus sales tax. The sales tax is 6%. How much does the sales tax add to
the total?

All classes Subset 1 Subset 2 Your class
Percent correct (x) 57.8 43.3 77.6
Percent choosing + 7.8 11.9 2.0
Percent choosing div 12.9 11.9 14.3
Percent omitting 12.9 20.9 2.0

Comment: Why division? Possibly the sense that the sales tax will be an
amount smaller than the bill, and division makes amounts smaller.

(Problems 21 are companions to Problems 4. They enable a contrast of
petformance with decimals > 1 and decimals < 1, and an examination of a
possible over-influence of A = lw.)

21A. A rectangular strip of cloth is 4.5 meters wide. Its area is 1.8
square meters. How long is the strip?

All classes Subset 1 aibset 2 Your class
Percent correct (div) 6.1 0.0 14.9
Percent reversals 11.4 1.5 25.5
Percent choosing y, 32.5 34.3 29.8
Percent choosing + 17.5 28.4 2.1

Percent choosing - 9.6 11.9 6.4



76

21B. A rectangular strip of cloth is 0.45 meter wide. Its area is 0.18
Cr 11 tara mates r. How long is the Ski

classes Subset 1 Subset 2 Your class
Percent correct (div) 8.0 4.6 12.5
Percent reversals 18.6 10.8 29.2
Percent choosing x 28.3 24.6 33.3
Percent choosing + 19.5 27.7 8.3
Percent choosing - 7.1 10.8 2.1

Comment: The "stronger" Subset 2 students reverse a lot. Are they
thinking incorrectly, or are the reversals a result of the two division
forms? (Teachers have commented that the fraction form for division
helps students avoid reversals.) The "times" in the area formula does
seem to influence students.

(Problems 22 allow a study of fraction vs decimal again, and like Problems
9, of whether the "times" in d = rt has undue influence. They also include
attractive irrelevant information.)

22A. During part of a 80-mile trip, a hiker walked through 20 miles of
hills at a speed of 0.8 miles an hour. How much time did it take him to
walk through the hills?

All classes Subset 1 Subset 2 Your class
Percent correct (div) 10.6 1.51 23.4
Percent choosing x 24.° 12.1 42.6
Percent using irr info 32.7 43.9 170
Percent omitting 18.6 27.3 6.4

22B. During part of an 80-mile trip, a hiker walked through 20 miles of
hills at a speed of 4/5 miles an hour. How much time did it take him to
walk through the hills?

All classes Subset 1 Subset 2 Your class
Percent correct (div) 8.0 4.6 12.6
Percent choosing x 25.9 10.8 46.8
Percent using irr info 38.4 43.1 31.9
Percent omitting 19.6 30.8 4.3

Comment: It looks as though students could use more exposure to
problems with extra information especially when it is "attractive." It is

interesting that the "stronger" Subset 2 students seem to be more
influenced by the multiplication in d = rt than do the Subset 1 students.
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Appendix IV

Reports to the Grade 6 Teachers

Cover letter
Summary
Sn-ategies Students Use in Solving Story Problems
Report by Item



DEPAP,IMENT OF ,,IATI-IEMATICAL SCENCES
COLLEGE OF SCIENCES
SAN DIEGO STATE UNIVERSITY
SAN DIEGO CA 92182

(619) 265-6191

August, 1987

Dear (class code )--

78

Last year you helped in the evaluation of some supplementary materials for story problems. The
enclosed represent some of the results, the ones I thought you would find of greatest interest:

1. A summary of the findings.
2. An overview of the strategies that students use, with some quotes from the interviews.
3. Story problems written by your students, for 3x6 (#19) and 42+3 (#20). Besides being of

interest to you, these might serve as examples, both good arid bad, when you have new students
write story problems.

4. An item-by-item report for the posttest, with the percent correct for all students and the
percent correct for such students from your class only. The whole group of students represents
quite a range, from GATE students to less talented or motivated students, but the results may give
you an idea as to how your students stacked up against some other sixth graders in San Diego.

I hope the enclosures are of as much interest to you as they are to me. If there is other information
on the results that you would like, let me know. Let me mention again that all the results in reports
to (-tilers are coded, so that schools, students, and teachers cannot be identified.

Thank you so much for your cooperation and assistance last year. Best wishes for another good
school year.

Sincerely,

Larry Sowder
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SUMMARY

1. Students who used the supplementary materials performed better statistically than
those who did not. ("Truth-in-research-reporting" cautions: The difference was not
earth-shaking; getting a quite substantial improvement probably takes more than a year. Also,
whether the better performance is due to the materials could be argued; perhaps just the additional
attention - -in quantity or in quali,,,, to problem solving was the reason.) You are, of course, free to
use anything from the materials you wish. No doubt how you use supplements is as important as
what sort of supplement you use. Those of you using the new books will find that they have some
of the things used in the materials--for example, giidance on choosing the operation in a story
problem.

2. The strategies students us2 will quite often break down when the problems
become even slightly more complicated. For example, many students seem to use a
strategy in which their judgment of the size of the answer, rather than their thinking about what sort
of situations the operations fit, dictates what operation they choose. This strategy is quite effective
on one-step story problems with familiar-in-size whole numbers; it is quite difficult to carry out
with multistep problems, or problems with large whole numbers or fractions or decimals for which
the student may have little "feel." In particular, the "multiplication makes bigger, division makes
smaller" idea from whole-number work can misguide a stude...t when numbers less than 1 are
involved.

The thrust of the project materials was to emphasize the uses -,:lf the operations, thereby giving the
students a reliable method to use in choosing the operations for story problems. To keep students
from adopting, or continuing to use. the less mature strategies, one might try a combination of
several things: a. Routinely have students give reasons for their choices of operations ("I used
division because it wants to know how many 3.5s are in 1260" rather than "I divided because I
wanted a smaller number"). b. Include more multistep problems and problems with irrelevant
information in the curriculum, since such problems work against the success of some of the
immature strategies. c. As a reminder that each of the operations fits certain types of situations,
have students make up story problems for given computational expressions (this also servt.s as a
diagnostic). d. Even sixth graders can profit from work with diagrams or concrete materials in
connection with the uses of the operations.
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STRATEGIES STUDENTS USE
IN SOLVING STORY PROBLEMS

Here is a list of the most common strategies that have been observed as students solve story
problems during interviews. Since in most cases last year the interviews were with students who had
shown a good improvement from the fall test, no interviewee used either of the first two strategies.
These two strategies are included since they have been observed with other sixth graders. Excerpts
from interviews wit,. sixth graders illustrate the other strategies.

Strategy 1. Find the numbers and add. (Besides these "automatic adders" there are also occasional
"automatic multipliers," etc.)

Strategy 2. Guess at the operation to be used. (What has been practiced recently in class often
seems to have an influence on the choice.)

Strategy 3. Look at the numbers; they will "tell" you what to do.

Example: (S = student; I = interviewer)
I: Why did you think of divide?

S: That's usually what I think of when I see a big number and a one-digit number. I just try
to divide.

Strategy 4. Try all the operations, +, -, x, -!-, and choose the answer that is most reasonable.

Example:
I: How did you figure it out...?

S: Well, I did all the possible ways. I added, I multiplied, I subtracted, and then I got to
division, I found out that was the best way.

I: How did you know it was the best way?
S: Because some of them came out too much or not much.
I: You went ahead and figured out the answers completely?
S: Yes.

Another example:
I: Now what made you think of this (subtraceon)?

S: Well, nothing else would work. Adding wouldn't work. Multiplying wouldn't work. So,
and dividing wouldn't work, so right away that only left one thing....(It is not clear that S actually
performed the rejected calculations. Our most striking example has been an Illinois seventh grader
in a gifted program who used this strategy, carrying out the calculations and then making her
choice.)

Strategy 5. Look for isolated "key words" to tell what operation to use. (As you know, the spirit
of "key words"--think about the situation -is all right, but students abuse the advice by looking only
for the key words.)

Example: [Correct operation: multiplication, 12 x 36]
S: ...so you plus 'em up. [12 + 3611
I: How do you know?
S: 'In all.'
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StrntPgy 6. Decide whether the answer should bc larger or smaller than a parricuiar given numoer.
If larger, consider both + and x, and choose the more reasonable. If smaller, consider both and -,
and choose the more reasonable.

Example:
S: Well, I would think that you have to subtract, because, er, it'd either be a subtract or, urn,

divijon, and then one that sounds right would be the subtraction.

Strategy 7. Choose the operation which fits the story.

Example:
S: Cause they sold this much and had to throw away this much, and so, you'd probably add

those together.

Example:
S: ...see, I figured that if he had a 200 inch board, and he has a piece that is 36 inches left, you

just subtract that...

Example:
S: ..so you have to, either add 36 twelve times or you can times 12 times 36.

Example:
I: How come divide?

S: You need to see how many, urn, how many 36 cents you can get into 6 dollars.

Example:
I: How come divide?

S: Divide 90 by 6 to find out how many times 6 goes into 90.
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REPORT BY ITEM

All Classes, Pretest and Posttest
(299 Students Taking Both)

(Note: The Comments here were retained from a report-to-teachers form, which included the
posttest results for a given teacher's class instead of the pretest results.)

N . T VT, IMLISTEI_Vd (See also #16 and #17.)

1. A store has 12 big boxes of cat food. There are 36 cans of cat food in each box. How many
cans of cat food are there in all?

Pretest percents Posttest percents
Correct 65.9 73.2
Incorrect + 25.4 14.4
Incorrect 0.7 0.3
Incorrect + 6.4 10.0
Incorrectly checked "missing information" 1.3 0.3
Other ("don't know," omit,...) 0.7 1.7

Comment: The students (about 1 in 7) who chose addition may be misusing such "key
words" as "in all." Such misuses are the reason that the use of a key word approach is not
recommended. The 10% of the students who cnose division may be us..rs of the "let the
numbers tell you what to do" strategy or are focussing on the "each" in the problem statement.

7. A bag of snack food has 4 vitamins and weighs 228 gams. How many grams of snack food
are in 6 bags?

Pretest percents Posttest percents
Correct 60.5 64.5
Incorrect + 2.3 3.3
Incorrect - 0.3 0.3
Incorrect 6.7 5.0
Incorrectly checked "missing information" 5.4 5.0
Used irrelevant information 21.7 15.4
Other ("don't know," omit,...) 3.0 6.4

Comment: It is disappointing that nearly one in six students used the irrelevant 4 from the
problem. Are we giving them too few story problems with irrelevant information?

135



88

10. A store has notebooks in these colors red,
can have paper with holes or without holes.
you buy at this store?

blue, green, yellow, brown, or bla,:k. A notebook
H v many different kinds of notebooks could

Pretest percents Posttest percents
Correct 20.7 37.1
Incorrect + 22.7 23.1
Incorrect x 0.3 0.7
Incorrect 1.0 0.0
Incorrectly checked "missing information" 25.4 17.1
Out of time 0.7 0.7
Other ("don't know," omit,...) 29.1 21.4

Comment: This item involves a different use of multiplication, in counting "combinations"
(the Cartesian product view). Your text may not have given any attentio., to this use of
multiplication (some do in the _orm it tree diagrams), so you can judge whether this was fair
for your students. It was encouraging that the experimental students, perhaps because of their
use of the relevant pages from the experimental materials, did substantially better on this item
than the overall figs -.... Sixth graders can handle this typ- of mulciplicatior (some literal
interpreters of Piaget might assert that only older children can). Note that more than one in six
students checked "needed information is missing"; is this because no numerals appear in thy:
problem statement?

ONE-sTELDTATEIDNiTama

2. A parking lot has 54 cars in all. The cars are in 3 equal rows. How many cars are in each
TOW . 9

Pretest percents Posttest percents
Correct 71.2 88.3
Incorrect + 4.7 2.7
Incorrect 0.7 0.0
Incorrect 15.1 6.4
Incorrectly checked "missing information" 5.4 2.0
Other ("don't know," omit,...) 3.0 0.7

Comment: Good performance. Students during the interviews, however, did not seem able
to give any generic description of why division should be used here (such as, "all the --rs have
been put into 3 equal amounts").
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6. A wall is 90 inches high. A worker is putting tiles in rows across Mc wall. Each tile is 6
inches high and costs 96 cents. How many rows of tiles will it take to cover the wall?

Pretest ercents Posttest ercents
Correct 39.5 47.5
Incorrect + 2.7 L3
Incorrect x 22A 15.7
Incorrectl- ,thecked "missing information" 17.1 20.1
Used irrelevant information 9.7 5.4
Other ("don't know," omit,...) 8.7 10.0

Comment: From the interviews it was clear that some students thought the total number of
tiles to cover the whole wall was sought, and they realized that the length of the wail was
needed to do that. So perhaps the performance here is somewhat better than the figures might
suggest. Re-Itively few students "bit" on the irrelevant 96 cents. But why did almost
one-sixth of the students want to do 6 x 90? Do questions about walls usually involve area, in
their experience? Note that #6 involves the measurement use of division (how many 6s in 90?)
rather than the partitive use, as in #2 (how many in each, if 54 are split equally among 3?)

12. One piece of paper is 12 inches wide. It has a total et-96 srniley faces in equal lines on it.
There are 6 lines of faces. How many smiley faces are in each line?

Pretest percents Posttest percents
Correct A 2.1 51.2
Incorrect + 2.0 1.3
Incorrect - 2.0 0.3
Incorrect x 13.4 7.7
Incorrectly checked "missing information" 5.7 7.4
Used irrelevant informaticn 22.7 17.1
Out of time 0.3 1.3
Other ("don't know," omit,...) 11.7 13.7

Comment: Again, a disappointing number of students used the irrelevant number, 12.

15 A package of 12 st:-:kers costs 36 cents. How many packages can you buy for $6.00?

Pretest percents Posttest percents
Correct 10.5 51.8
Incorrect + 3.3 0.7
Incorrect - 2.3 1.7
Incorrect x 8.7 4.7
Incorrect ÷ 0.3 J.7
Incorrectly checked "missing information," 4.0 2.3
Used irrelevant information 31.8 29.8
Out of time 1.0 1.7
Other ("don't know," ... t,...) 8.0 6.7
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Comment: The extraordinary percent using the irrelevant information, 12 stickers, is a
puzzle. Surely the context, buying items, is familiar to the students. The four one-step
division items show no particular pattern when performances on the measurement pair (#6 and
#15) and on the partitive pair (#2 and #12) are compared. except that irrelevant information
may be quite seductive and that context is influential (as in contexts where area might be
pertinent).

TWO-STEP ITEMS

4. An empty truck weighs 9600 pounds. The truck has 8 cars on it. Each car weighs 3100
pounds. What is the total weight of the truck and cars?

Pretest percents Posttest percents
Both steps (x, then +) correct 43.1 60.5
Incorrect + as first step 33.8 18.7
Only first step correct 8.4 7.7
Incorrectly checked "missing information" 1.3 1.0
For 2nd step, other (usually omitted) 52.2 35.8
(Percents represent the two steps, so do not sum to 100.)

Comment: Many curricula do not give a lot of work with multistep problems, so
performance here may be understandable. Students who started the problem with 9600 +
3100 stopped there. Son of these were interviewed and almost always gave a corrected
solution when the "8 cars' was pointed out.

8. A carpenter has a board 200 incf s long. He makes 4 identical shelves and still has a piece of
board 36 inches long left over. i .)w long is each shelf?

Pretest percents Posttest percents
Both steps (-, then +) correct 9.4 21.4
Incorrect + as first step 36.1 37.8
First step only correct 8.7 6.0
Incorrectly check.';d"missing information" 9.0 10.0
For 2nd step, other (usually omitted) 75.9 63.2
(Percents represent the two steps, so do not sum to 100.)

Comment: The most common error was to choose only 200 + 4, ignoring the (re1,vant) 36
inches left over. Although only about one in five were completely successful on the problem,
that is about twice as many as were successful on the pretest in me fall. Variants of this
problem have been used in other research studies and are quite difficult. From the interviews,
"missing information" students wanted to know the width of the board; students who were
asked iv make a drawing for the problan recognized that 200 + 4 was incorrect and then
succeeded in solving the problem, although occasionally r.. eding prompting.
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1 1. To make 6 popcorn bails, you need 8 cups of popcorn. Row much popcorn would you need
to make 24 popcorn balls?

Pretest ercents Posttest ercents
Both steps (÷ x) correct 16.1 27.4
Incorrect x as first step 34.8 30.4
Incorrect as first step 16.1 11.0
First step only correct 5.3 4.7
Incorrectly checked "missing information" 5.4 4.3
c'or second step, other (usually omitted) 71.9 59.9
(Percents represent the two steps, so do not sum to 100.)

Comment: This problem was on the test just-to-see: A problem like this is usually
encountered in the curricula m only when ratios and proportions are treated, even though it is
do-able without proportions. (The supplementary tratletials do not give extra work ol.
proportions.) The common first step of 8 x 24 was curious, and defended during interviews
by you would need more popcorn." A drawing for the problem usually helped an
interviewee (there is software under development which provides drawings for similar
problems).

13. A roll of film costs $1.SO. You can take 12 picturrs with a roll. Then it costs 35 cents to get
each picture developed. What n the cost for film and development for 12 pictures?

Both steps (x, the +) correct
Incorrect first s.ep
First step -or
For 2nd e. ,usually omitted)

Pretest percents Posttest percents
20.7
30.1
26.1
74.2

31.1
23.7
30.1
63.5

Comment. tring interviews, students who had chocen only 12 x 35 as a solution most
often gave a corrected solution when the question was emphasized.

MULTIPLIC,TIO

16. One kind of cheese cnsrs $2.60 a pound. A package of the cheese weighs 4 pounds. How
much does this pack - of cheese cost?

Pretest percents Posttest percents
Correct 66.9 72.6
Incorrect + 4.7 3.3
Incorrect - 1.7 0.3
Incorrect + 8.4 6.7
Incorrectly cnecked "missing information" 13.0 9.7
Out of time 1.7 1.3
Other ("don't knew,' omit,...) 17 6.ti
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Comment: This prohlem was included hprrtitcp of 217; th;c pqtr rpprpcpnt an exploratIon of a
phenorm.tnon that you may have noticed even with older students (and researchers have found
fairly prevalent even among adults!): Students who correctly choose multiplication on #16
may then choose some other operation on #17, even though the context is exactly the same.
All that is changed is the amount of cheese bought, from 4 pounds to 0.65 pounds. Such
students realize that less than $2.60 is needed in #17, but are guided by the "multiplication
makes bigger, division makes smaller" principle that holds ally for whole numbers (ignoring 0
and 1, which rarely appear in story problems.) Hence, they opt for division or subtraction.
Such behavior is understandable with sixth graders, whose multiplication experience has been
predominantly with whole numbers. The supplementary materials included work on this
topic, so #16 and #17 were included. Lessons for us are (1) not to emphasize or encourage a
"multiplication makes bigger, etc." approach and (2) when multiplication with factors less than
1 is introduced and practiced, to emphasize that such multiplications can tell us how much part
of an amount is. For example, 0.9 x 12.3 can tell us how much 0.9 of 12.3 is.

None of the students interviewed had chosen "needed information missing" so I have no
explanation for why about a tenth of the students chose that option. It should be mentioned
that 66.9% of the students were successful on #16 at the time of the pretest.

17. One kind of cheese costs $2.60 a pound. A package of the cheese weigh:, 0.65 pound. How
much does this package of cheese cost?

Pretest percents Posttest percents
Correct 29.1 39.8
Incorrect + 10.4 7.0
Incorrect 5.0 3.3
Incorrect x 0.7 0.3
Incorrect + 18.4 17.1
Incorrectly checked "missing information" 15.1 13.4
Out of time 2.0 1.3
Other ("don't know," omit,...) 19.4 17.7

Comment: (See the comment after #16 if you skipped it.) Note the drop from 72.6% in #16
to 39.8% here, and the 10+% increase in choices of division. Students during interviews
rightly rejected subtraction becausi! "subtracting pounds from money doesn't make sense."
Since many of the students may not have encountered multiplication with a decimal less than 1,
the increase in "I don't knew" choices is understandable. Again, the interviews gave no
insight into the cne-in-eight choices of "needed information is missing."
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EILLEEEZI_,S1 (t.) avoid a multiplicationidivision set)

3. Mr. Jones lost 15 pounds on a 2-month diet. Now he weighs 217 pounds. How much did he
weigh before the diet?

Pretest percents Posttest percents
Correct 66.6 75.6
Incorrect - 13.7 5.7
Incorrect x 2.0 1.3
Incorrect ÷ 2.3 1.7
Incorrectly checked "missing information" 6.7 7.7
Used irrelevant information 5.4 3.3
Other ("don't know," omit,...) 3.3 4.7

Comment: This filler item was included to see whether what is regarded as a "subtracting"
situation, losing weight, would sway the students toward a choice of subtraction.

9. A store bought some bananas in 24-pound boxes. It sold 189 pounds of them and had to
throw away 27 pounds. How many pounds did the store buy?

Pretest percents Posttest percents
Correct 23.1 32.1
Incorrect - 8.7 6.7
Incorrect x 1.7 1.3
Incorrect 1.0 1.7
Incorrectly checked "missing information" 18.1 21.1
Used irrelevant information 34.1 22.1
Out of time 0.0 1.0
Other ("don't know," omit,...) 13.4 14.0

Comment. Again, this filler was included to see whether a "throw away" context would lead
students to choose subtraction incorrectly. Note that the irrelevant information here is much
more attractive than the irrelevant information in #3. Performance is actually "better" than the
numbers indicate since some students correctly used the irrelevant 24 in answering a different
question. How many boxes did the store buy? During an interview, one student defended the
choice of "needed information is missing" by saying that the problem did not say how many
boxes had been bought, thus showing a mind-set on an alternate solution. Another student
said that how many pound:: the store bought (which is the question of the problem) was
missing.



89

14. There were 270 studentc at the first name. That was 15 more students than there were at the
second game, and 18 more than at the third game. How many students were at the second
game?

Pretest percents Poscst percents
Correct 29.1 47.8
Incorrect + 35.5 "Z8.4
Incorrect - 0.3 0.7
Incorrect ÷ 1.7 0.7
Incorrectly checked "missing information" 4.0 6.4
Used irrelevant information 16.7 8.4
Out of time 0.7 1.7
Other ("don't know," omit,...) 9.4 6.0

Comment: "More than" can signal addition to students who rely solely on key-words, so this
filler item was included.

5. Lee read 45 pages on Monday, 33 pages on Tuesday, and 36 pages on Wednesday. How
many more pages does Lee have to read to finish the book?

Pretest percents Posttest percents
Correct (Needed information is missing) 76.6 83.9
Incorrect + 18.4 9.7
Incorrect - 2.3 2.3
Incorrect x 0.0 0.7
Incorrect ÷ 0.0 0.7
Other ("don't know," omit,...) 2.7 2.7

Comment: This is the only item on the test for which "needed information is missing" was
the correct choice. Even though such an option is probably a new experience for students,
they performed well, with the 9.7% choosing addition perhaps answering the question that
would be expected: How many pages did Lee read in all on those days?

DIAGRAM

18. Circle the best drawing for showing 8 x 4:

Pretest percents Posttest percents
Correct (8 segments with top labelled 4) 38.5 51.2
Choice A (adjacent segments, one 8, one 4) 12.7 10.7
Choice B (segment marked 8 over one marked 4) 21.1 16.1
Choice D (segment marked 8 cut intc 4 pieces) 8.0 9.4
Choice E (segment marked 8 with 4 arrow to left) 8.0 7.4
None or no answer 11.7 3.3
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Comment: Diagrams and drawings are so helpful in problem solving and in later
mathematics that the supplementary material contains work with them. Typically text
treatments give no student exercises in which the student is required to make a diagram or
drawing. Choice B may have been relatively popular since it is the closest to the algorithm
form; similarly, choice A is closest to the horizontal form 8 x 4.

aliQE,21:.W J =IN jai }MUMS,

19. Make up a story problem that would need 3 x 6 to figure it out.

Correct
Other (incorrect, omit,...)

Pretest percents Posttest percel is
44.1 59.5
55.9 40.5

20. Make up a story problem that would need 42 -:- 3 to figure it out.

Pretest percents Posttest percents
Total correct 35.5 50.4
Correct (partitive) 29.8 43.1
Correct (measurement) 5.4 7.0
Other correct (e.g., area) 0.3 0.3
Incorrect 64.5 49.5

Comment: Knowing that other researchers have found an even lower percent able to write a
story problem for a computation form makes the figures for #19 and #20 a little encouraging
(and up about 15% in each case from the fall pretest). Even so, that 2 out of 5 sixth grade
students cannot write such a story problem makes one wonder what their understandings of the
multiplication and division concepts are. It was also disappointing to find that many of the
correct problems were unimaginative and stereotypic; perhaps instructions like "Make up an
interesting story problem..." or 'Make up a different kind of story problem..." might have
provoked a little more creativity rather than a reliance on the "safe" textbook kind.


