-

DOCUMENT RESUME !

ED 290 629 SE 048 860
AUTHOR Sowder, Larry I
TITLE Cencept-Driven Strategies for Solving Problems in
Mathematics. Final Project Report.
INSTITUTION San Diego State Univ., CA. Center for Research in

Mathematics and Science Education.
SPONS AGENCY National Science Foundation, Washington, D.C.

PUB DATE Jan 88

GRANT MDR-8550165; MDR-8696130

NOTE 143p.; Appendix 2 contains small type.

PUB TYPE Reports -~ Descriptive (141)

EDRS PRICE MF01/PC06 Plus Postage.

DESCRIPTORS Computation; *Curriculum Development; Curriculum

Evaluation; Elementary Education; *Elementary School
Mathematics; Instructional Materials; Material
Development; Mathematical Applications; *Mathematics
Curriculum; Mathematics Education; Mathematics
Instruction; *Mathematics Materials; Problem Sets;
*Problem Solving; Teaching Methods; *Word Problems
(Mathematics)

ABSTRACT

This project was based on recent interviev research
which suggested that in choosing operations for story problems in
mathematics many students are guided by computatioral considerations
rather than meanings for the operatinns. This 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. In the first year of the
project (1985-86) students were interviewed, iaxtbooks analyzed, a
teaching experiment was conducted, and materials were developed and
refined. During the second year materials were tried out, further
textbook analysis was conducted and additional student interviews
were conducted. The major sections included in this report are: (1)
the catalogue of strategies used by students in solving story
problems; (2) what textbooks offer; (3) the teaching experiment with
sixth graders; (4) the development of the supplementary materials;
(5) the try-out of the materials; and (6) the spin-off studies. Four
appendixes contain: a list of presentations and publications based on
the project; the Story Problem Supplement; and reports to
participating teachers of grades 8 and 6 concerning results of the
experiment. (PK)
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PROJECT OVERVIEW

The basis for the project l.y 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). Intervisws 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 conceptual background
cne could expect from the usual curriculum. A teaching experizent with a small group of cixui graders
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 lizerature, examined whether U.S. ninth graders in algebra classes showed evidence of one
particuiar strategy.

Year 2 (1986-87). The materials developed during Year 1 were tried out in schools in Iilinois
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 sns with rationai 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, Threadgiil-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; Noddlings, 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 tc story problems.

Twenty-nine classrooms of students were first given paper-pencil tests of story problems (see
Appendices I and IV for item summaries). Results on these tests, along with consuliation 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 stategies were unlikely to give revealing interviews.
Hence in later work we did notinterview students whose writien work suggested that ey mught 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 caes) were cenducted with average and
above-average students.

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

1. Find the numbers and add (or multiply or subtract...; the choice nyay be “ictated by what has
taken place in class recently or t y what operation the student fee!s most competent at doing).

2. Guess at the operation to be used.

3. Look at the numbers; they will "tell" you which operation to use (e.g., "...if it's like, 78 and
maybe 54, then I'd probably eitiier ad.i or multiply. But {78 and] 3, it looks like a division
because of the size of the numbers").

4. Try all the operations and choose the 1nost : easonable 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 1. -ger or smaller than the given r.umbers. If larger, try
both addition and multiplication and choose the more -easonable answer. If smaller, try both
subtraction and divisior and choose the more reasonable answer.

7. Choose the operation whose meaning fits the story.

The firs: four strategies, of course, are not taught 2ad would be amusing if they wese not used by
real learners. Although most often the students who use these strategies are not successful students,
there are exceptions. One seventh grader :n 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-r.ieaning teachers who are not avare 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 6 may 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 iess number sense are involved.

All but the last strategy (#7) are extremely difficult to apply to multistep problems. Hence there are
impl.cations for National Assessmeat of Educational Progress findings (Carpenter, Corbutt, Kepner,
Lindquist, & Reys, 1980; Carpenter, Matthews, Lindquist, & Silver, 1984; NAEP, 1983): The
relatvely 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 ccmplicated 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 1arely 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: vperations
would not give correct soiutions {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 gene.ically
some corxmon 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 tae interviews are dismaying, there is a positive note. Many
students “shift gears" when confronted with a mulri-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 ascertam. 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
rnathematics textbook "carries" the curriculum. The degree to which textbooks, then, provide work
with the .neanings 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 representatve 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 muluplication and division,
however, appeared in grades 4-6! Only two pages of the grade 4 text would allow the reader to attach
meaning to multplication by giving drawings which could show a mearing of multiplication, +.ith
about the same in the grade 5 and 6 texts. There was even less work for a concept of division in the
grade 4-6 texts. Althcugh one mj7ht 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, studen:s would flounder and by default resort to imn.ature 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
multplicaton. There are also occasional calls for students to make up story probiems. 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 fe'w exceptions the “translations" practiced most often originate in pictures or stories
and end in symbols, rather tha rhe 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 vut 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, 1
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, 2 Marino, 1985) and to seek his advice or 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 supplementary to the v .al mathematics class, and did not require homework, so I had
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a fair monitoring of the work the students did. A group test given tc all of the sixth graders, along with
consuliation with the teachers, was used 1o identify students who couid likely profit trom 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 debnefing log
afterl each session. Teachers were given a weekly writter synopsis f the work we had done in the
small grougp.

The sessions varied n 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, and 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 amouats put rogether
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 §?

—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 understandab’e to these students. On the other hand, making
diagrams and matching given diagrams with numerical expressions were more difficuit for them than I
expected. For simple story problems, studer.ts saw no value in making diagrams (nonroutine problems
were used, therefore. in the materials developed).

Although the intent of the teackiing 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 prcblem).
Performance on the pretest items improved an average of 17.8% (to 66.4% from 48.6%); without a
control group it is difficult to gauge whether this improvement was due to the small gioup 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
advire received there and the teaching experiment experience were utilized during the development of
the preliminary materials during early summer, 1996. 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 materiais was labelled Story Problem Supplement (SPS). The SPS is included as
Appendix II.
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THE TRY-OUT OF THE 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 Iilinois Councii of [eachers of
Mathematics (see Appendix I), several teachers expressed a desire to use any matenals 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 stadents in these 12 classes were sent to the teachers, however. The
Illinois teachers whose students shewed the greatest improvement tended to be enthusizstic about the
materials. Whise this fact is encouraging, it must be r.oted that perhaps the teachers' eathusiasm for
story problems, rather than the SPS, was the element responsible for the students’ performance.

The main try-out cf the SPS took place in the San Diego City Schools. Dr. Vance Mills, ihe
district's mathematics and science coordinator, and Mrs. Corky Gray of his office were remarkably
cooperative and helpful in locating . mix of schools with teachers willing to help in the evaluation.
Fourteen sixth grade teachers {and »ne 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 exp~rimental group
teachers were invited to use their cheices from the SPS. I sent 4 mid-year memo to remind the teachers
of the SPS and o offer assistance if they wanted any. Usage varie.. considerably, quantitatively from
virtually a1l of the materials to only about 20% of thie 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 scheduled 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, ard to identify (with teacher help) studeats 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.

Tabue 1 on the next page gives class rneans for the control and experimental classes on both the
pretest and the postiest for students taking both tests. (Recall that one control class did not take the
pretest.) Ore 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.;t 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 muititude of factors that enter int,
schooling), the experimental group did outperform the control group.




TABLE 1

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

Class n Pre*esi Postiest

Control
Class 31 25 0.8 8.9
Class 32 16 53 6.4
Ciass 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 5.2

All control 126 6.7 7.9

Experimental
Class 40 25 11.0 12,6
Class 41 7 6.4 7.5
Class 42 24 7.5 103
Class 43 24 5.8 9.9
Class 44 33 11.0 134
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 Mear. Square F (probability)

Within 10 0.81

Regression 1 57.55 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

Cortrol {6) 7.54 8.18

Experimental (7)  10.02 9.46

10




A

7

Although one can view the statistical analyses of the written tests as encouraging, the interview
studies have shown that sucn data are not irustworthy if vne's concern is how the students armve 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
probiems 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 « 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 perfcrmance, students who had shown a marked improvement over the year were singled out for
consideraticn. For practical reasons, only 16 students could be interviewed (roughly one per classroom
involved in the project). Interviews took place in May and June, 1937, with the posteest problems
providing the primcry basis for the interview, olthough as time permitted interviewees were asked about
other problems. Students were told they kad been picked because they had improved so much during
the yewr 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 . way this muck, and so, you'd probably
add those together."

-"...seg, I figured that if he had a 200 inch board, and he has a piece tha: is 36 inches left,
vou just subtract that..."

-"...80 you have to, either add 36 twelve times or you can times 12 times 36."

-Interviewer: "How come divide?"

"You rieed 10 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 ir:to 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 wy
to divide."

With only 1€ interviews it is difficult to arrive at definite conclusions, of cousse. My impression from
the interviews is that, despite some encouraging signs, a decidec emghasis on meaning-driven
approaches will be necessary to help swudents avoid relying on the immature strategies, ideally starting
much earlier than grade six - certainly by grade three, when mul:iplication and division usually receive
significant attention. Since the immature strategies are often successful in one-step story problems with
whole numbers, they may beccme habituated and their success may work against the development of a
meaning-driven strategy.

THE SPIN-OFF STUDIES

Two studies not in the nriginal proposal arose naturally during the course of the project. Perhaps
students naturally come to adopt concept-driven strategies as they progress througn the curriculum and
gain more experience in mathematics. If that were the case, thern younger students’ use of the immature

Q 11
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strategies would perhaps be not quiie so worrisome. European worl., however, has suggested that 15
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 differen: operation when the saine
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 muliiply on that problem may choose a different operation when the "3
pounds" is replaced with "0.82 pounds"! Suck 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 car. 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 Appendix I for a fuller report of this study

The second spin-off study was devuied to the difficult area of zffect. There is no doubt that story
problems carry a strong affective dimensior, often negative, for many students. D. McLeod's NSF
project called for other, on-going NSF projects on problem solving, to attempt = 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 fomiliar as to not give clear-cut evidence of affect. Somewhat more successfully, a semantic
diffezential 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 artention 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 i1 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 r,umber to a decimal less than 1 resulted in a decrease on the order of 40% in a sample of
teachers-in-training!

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..lichtened performances
gave the impression that, on encountering a multi-step proble..1, they abandoned the immature
strategis. A one-step problen”  -~lves a decision about four operations; MMBDMS quickly reduces

that number to two. Butar- protlem is, a priori, much more complex; there are 4 x 3 = 12
possible orderings of differe -cations as possible solution paths, obviously a much more difficult

task even if deciding which operands go wheze is ignored. If indeed stude.its can "rise to the occasion”
and call on cognitive resonrces 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
noticeahly "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
tha* motivation and perhaps meaning can be added to a lesson by the use of concrete materials. Indeed,
a g.cater centrality of nawral settings of all sorts in matiiematics lessons would appear to diminish the
gap between students’ ability to compute and their ability to use the operations ia the settings which
story provlems represent.

Story F.oblems

Natural
Settings

/ ™~

Mathematical Ci~csroom models
symbols 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, vhich is the tack this project has
pursued. The work of Dv >ck and her colleagues (1987) is provocative in that it suggests another
possible reason: Some students just vant to get answers, cthers want to understand (this is a
paraphrase). Some stuc=nts have surmounted a defic.ent «.riculum 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 fucused on a curricular approach, it may be that ar  4ditional, broader
concern will also nee. to be addressed: How can we get all students to want to .nderstand?
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APPENDIX I

Presentations and Publications Based on the Project
Presentations
(1985, October). Strategies Students Use with Story Problems. Presentation at the annual meeting

of the Illinois Councii 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 Couacil 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 Grace Students' Problem Solving Approaches. Presentation at
the annual meeting of the Natonat Council of Teachers of Mathematics, Anaheim, CA.

Presentations appearing in Proceedings

(1986, September). Non-conservation of Opcration in American Algebra Students. In
Proceedings of the Eighth Annual Meering of PME-NA. East Lansing, MI.

(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 story 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

Research Agenda Project: Tt.e 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 Jourr:al of Mathematical Behavior.
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What meanings for the operations are covered in SPe32 ... 018
19 wvork with *natural 2atting3® Incluced?................. iv
S%hen and how should GPS materlals or 1G6ea0 be ueed?........ v

How can 1 tell whether my students beneflt from SPS work?..v

UBage QUIG. .. .. i e e e e e, vi

STUDENT MATERIALS AND TEACHER COMMENTARIES

An I1ndented title Indicates dependence on the page |isted
before 1It.

® agenoten matorlaio which should be used serly on to
facilitate the use of other supplement poages.

Umes of Multiplication
Counting SQuares................ ottt et e e e e e 1
How Many SGUAres?. . ......vvecvenrennnn. et 3
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Using Easy Numbersd. .....co.ovtiinrnrnennnennrnnneennnnnan, 71
Key Woras Can MIglead You.....covvernennnnnns vunennnnnn. 73
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¥hat_ 192 yn_S$PS-

STORY
PROBE-::S?UPPLEHENT The bulx ot the supplement 18 1n atudent _pages, These

Studentl pages are samples which ¢ L}
p(ologue tor Teachers P ch ¢ould be usea wilh Lhe students

Why_was SPS createq? and which might give teachers 1deas ot Other things to try, in an

cftort Lo encourage o more thought tul, concepl pased approach to
Slory Proklem 2upplement was motivated Dy some interviews of PP

Story problems. [n some cases, a page might De Qupiicated
Childaren while they were solving story problems. It pecame e for

use with the children, 8i1ngly of i1n PaifsS Or small QU OoupPs;: In
apparent that many studgents were usiIng 1mmature strategies which '

other cases, a page might De used tor a tive or ten minute
aithough they might give success with simple one-step story

tearher -led giyscussion.
Broblems, would tail them with more complicated story probiems.
The reverse side ot each Student page contdins a teachec
Lue Of these iamalute strategies are listed here:
commenta(y, with 1ntormation aLOut usSing the Studen® page and
Fina the numbers and aaa

1
< Guess at the operation to be uSed. Wilh answers On Faug vils o guigde 1ndicating
3 Look at the numbers: they will “tell” you what to do
4 Tcy all (acdition, subtraction....) and choose the when the student pages might Oe used 1n the typicel curriculum.
answer thal 138 most reasonable.
S. Decige whether the answer shoula pe larger or smaller
thati the given numbers. It Jarger, try Doth addition
and muitipliceli1on., and choose the moie reasonable tow age the SPH materigls swpposed to help?
answer, It smaller, try DOth Subtraciion and dtvision,
and choose the mMorCe (easonable. LLOoIy problems are i1nCiugded i1n Lthe curraiculum 1n the hope
6 Look tor 1solated “key" woras to tetl wnat operation to
use. that they will enable sStudents O tunctlion when they encourter
Lacs1ng was a BLrong use Of gmedN U tOf the Operations--a such Pr¢ iems i1n natural settinge (as opposed to the story

concept driven approach 12 x 16 merely Signaliea o problem torm) A teacher or a Studenl could 3180 mogdel a Story

compult at,0onal procedure. There was little evidence that the proodlem with a dat1agram or wilh Classroum Moler1ais such as

chilaren undererood that 12 x 16 “t1t" Situations 1n whiCh, say, counters Eventually one gels a 4GL3C1plion an the to.n of

1J wroups ot 16 each were totalled fmathemati1cal Symbols There are, then, t(hese ways ot
<yl

Thus, 1t appeared that s.udents coulg protit tcom (eEres3entling o PrObiem basea on 3 natural Selting
A story problem

-Mathematical Iymbols

Models (a14grasms, ClaSsipom matelialy’

supplementlaly work with an emphasis on ditterent tacets ot tte

operat1ans
A stofy problem 1epfesentalion 18 a tranglatien from a

natural selting The methematical 9ymbols tor o Stoty provlem

Lan ot thought o, 8% a Lranglatih trom the Story proviem to the

o :2 23 : n
ERIC 23

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

mathematical sympbols. 1In making a diagram tor a prcblem, one has
tranzlatcd from the story problem form to 8 moael torm. The SPS
materi1als are based on these representations. and linking these
representation by transiating among them (s ligure 1).
Psychological theory inaicates that a facility in translating
among these representations glvey evidence of understanding the

mathematics underlying the problem.

Story problem

///,,9 -with worads

-Wwith dgrawing

//‘//'%

Mathematical Moagels
sympols I -classroom materials
———
- - r ams
€ P al agram
Figure 1 Translations among rfepresentations

Yhal mean 1098 of_uaes tor_the_cperaliond ace covered 1n 3PS?
SPS does not cover every use tor every operation. Since the

tor get Studenls are in upper elementary, most Of the work on

meanings treats multiplication ang Givison. Most stuaents at
these 9rades alfeady seem comfortaple with adaltion and

subtraction uses, 30 there are noO pages devoteg Soiely to

agddition Or subtrfaction.

Uses tor the operations which can reasonably come up in the

upper eleMentary Qi sdey are given in Figure < All ot these

(eacepl MiYsSiNng aduend subtraction) are covered in the stuaent

arfe fegaraeq as basic Sixth
111

payes The ones thatwed With “»°

gteders, tor example, are tikely to have encountered all of the

Starred meanings earier

agdition
#  -Put together know. amounts to tina a total.
SuRtraction
# -Take-away: one amount 18 Laken from another known
amount .
#  -Compari18on: two amounts are compared (hOw many More
of less).

-Mi13s1ng addend: one aadend and the total are known
In an aadition setting

Meltipiicataon

# -Repeated adaition. Several amounts, atl the same,
are totalliea

« -Cartegian Product. “combinations® Of choices are
counted
Part ot an amount: a tractional part of an amount |8
Jought.
~Scaling: an exact enlargement ot a tigure 15 made.

Division
# -Repeated subtraction. how many amounts Of a gtven

si1ze are in a4 given amount’ (Sometimes callea
measurement Of quotitive division)

# -Sharing equally. how much 1S each Part when 3 knowa
amount 18 sSplit equaily among & known number of
parts? (Also called partitive divisSion)

Figure 2. Some meanings tor the operations.

1s work with “natural 9ettinga’ ncluded?

The School, ot course, 18 d naturail setting tor J3QME
propiems. Ppurchases at the Schooi stcre Of lunch room, planning
tor oulings. Sharing Materiais, choosing teams or class
ofticers,... Many teachers draw on these gett1ngs as they arise
tor mathematics problems But untortunately the classroom i3
limited 1o the natural Settings which can be represented there
Thus, Lf'8 18 aiso limiteg 1n 13 suggest tons tor using natural

settingy But tnece ate 0OCCasional studentl payes which lena

themseives to uSiny nNatural materiais (e g ., “Let 3 Shop*).

J ' .
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¥hen_and how should SPS mr¢~rials or 1deas be used?

SPS materie's should lend themselves to a rather flexible
1ngertion 1nto the mathematics time. The materials are cesignea
tor "plug-1n* use rather than "tack-oR" use. Such plans as the
Missour) Ma*hematics Program call for gatly attention to probiem
solving tor part of the mathematics time. To work toward such a
plan. some pages give the pasis tor a short oral review Of the
opetotions (e.9., "Lhoosing Uperations Review®) Or can pe darawn
(nh o trequently (Jt @ Uaitly sStoty pitoblem fe.g.. “Story Proble.
Bane

Sune Pages have prercquisites of buiiag on earilier sStudent
pages. as sugQgested by lpe tabie Of contents anad the usdge Quide
Many pages coula pe used virtualiy any time. Rather than take
the ages 1n order, a teacher 13 more likely tO choose from the

aitterent kinds of transiations (see Figure 1).

How_can | teli wheShec my atuv.uenis benetit fcom SPSY

Most curcicula give attention only to the tramslation from
story problem to mathematical symbois. With SPS. a teacher
might also natura'ly look tor aitterent sorts of translating
snilig: tor example, can a Stugent make up o story problem. from
ei1ther an expression tike 9 x 97 or from a diagram” In
aadition., 4 teacher might lOOk tor evigence of a concept ariven

appi vacr to story problems. ¢ dther than relidnce on the immature

alrategics

26 v
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USAGE GUIDE

AN indented title indicates dependwnce on the page listed before

it

® denOtes materials which shiuld be used early on to facilstate

the yse of othe
facly 1p the rear

Before/with mul

During multipl

Before/wi th div

During division

Mixeu Operation

Last third of rear

During decimal/

Any ti:e

As review!

Problem wriling:

Quostion askings

Se'vcted points:

‘D1 agramsi s

r supplement pages.

Chart for Uses of ¢+, -, x, *
tiplication reviaw:
Counting Squares
How Many Squares
cationit
#Making Choices
#Two Uses for Times
18100 resiew?
Dividing Paper Two Wars
#0ne Thing Division can Tell
t
#Division Can Also Tell
#Two Uses for Division
Division Diagrams
(X}
»Add, Subtract, Multiply, or Divide?
aBiving Reasons !
#l2t‘¢e Shop
Problems with More Than One Step

fraction multiplication:
How Much 18 0 7?3 of an Amount?

Which Is Biggest? Which Is Smaliest?

Buddy Problems
Enlargements

Choosing Operations Review

Story Problem Bank

Shopping Probliems

otherws from Mixed Ops1 Reinforcement

Add, Subtract, Multiply, or Divide 2
Headl 1nes'!

Asking the Question
What‘s tre OQuestion?

Number iess Problems

Hidden lnformation
Reasonable Numbers

Using Easy Numbers

Key Words Can Mislead You

elec*ions from Mixed Opes Diagrams

-2 -]

© v
N W -

2%
23
23
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27
33
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pp 37-39
pp 41-43
p 97

pp 372-33

p 39
p 61

p 43
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33
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pp 79-87
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COUNTING SQUARES Name

3 x 12 = 36 TELLS YOU THAT 3 ROWS OF 1
SQUARES . H OF 12 SQUARES EACH GIVE 36

Teacher Ccmmentary Count Ing Squares

Hain Objective The student can chow a glven mulitiplication
3 ROWS expresalon on a grid.

36 SQUARES IN ALL
12 SQUARES IN EACH ROW ¥hen to upe  Early In the year.

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

Revlew arrays (equal rows of squares, dots, Xs,...) as one way
1 1 31, n L 1.1.1.]. . i to Illustrate multlplication. The usual conventlon Is that the
1. [ 1.1 | B 2. |4 J 411l ol | | first factor tells the number of rows (rows are sldowsye), and
4 11} 1 | 1 Ji1i41.1-1. Lo the second tactor gives the number In each row. Arraye can be
4 1] P U S0 T Y AR O 6 O O O W S Y O B regarded 28 a speclal mode! for the repeated-asdition view of
4. -+ 431344 3 multipllication, but It has carry-over to area and situatlions
4-4 N A - I O 31 111 where the factors are not whole numbers too.

s - 44 -4 1 14 Showing the exprasslions should be falrly easy, but using the
| ¢ -4 -+ 1 ++ gride to iind the products |s llkely to be new and may cauce somse
- -t4+ ¢ +4-4 1 -+t 1+1 E puzziemaent. Advise the students to 100k for *blg® pleces they
know, llke a 10 by 10 plece that Is 100, or llke rows of 10 &8 In
the exasgple problenm,

n A8 a follow~-up, you might aek how one would show 100 x 100 (or
ERE other larger pumbers) on a grid, or scmothing like 3.5 x 12 on a

] grid (3 and a half rows with 12 In each row).

T
4
'
1
+
+
—r
i,
{
1
L
1
L]
|
1
"
'AAI
[

12 ROWS. WiTH 13 IN EACH Row
12x13=__ 1 x18=__ Angmdorn

1, 1661 | hundred, 2 stripe of ten, 3 more stripas ~f ten,
plus 6

3 111117 111 2. 270: 1 hundred, 5 strips of ten. 8 more stripes of ten,

' ] plus 40

1 TITTITYL 3. 672: 6 hundreds, 3 strips of ten, 4 more Btrips of ten,

plus 2

bptea

1- Asditlonal activitles Cwith natural oettings or as extensions):

-1 11 Trouble ®pote:

-1 17 Other:

21 x 32 =




HOW MANY SQUARES? Name Teacher Comentary

How Many Squares?

HOW MANY SMALL SQUARES ARE INSIDE EACH RECTANGLE? WHAT IS THE BEST Main Obiective The tudent can apply multlplicstion
WAY TO FiMD GUT? to 2. array on a grlid.

-4+ 4

T
~N

Yhaen to une Ear.y in the year: good hafore area work !s done.

It you uess %1 as an exumple, very litivie additional direction
_ SMALL SQUARES 1 should be necessary since many curricula Includs work with grics
i and multiplication In earller grades. You mky choose tC have

your students °*bralnstorm® for things that come In eQual rowe
TTHIrrt7 1T 1 (6.9., itemd on grocery shelves. 2quire tites on the floor, the
ok e o ot I A o 11t = squares or ractangles in fluorescent 1lght covers, holeo in
screen wire, bleacher soats, mzats In classroom rodws, spaces In
parking lots,...>. You may aiso wish to dliscuss how thi® relates
SMALL SGQUARES to srea (the length and width tell how many are in each row and
hOow many rows there are).
Problem #6 might deserve some tallow-up dlscussion, since It
s can be solved two ways (a horlzonial cut or a vertlcal cut).
: Sﬁzllgzud‘#g_s %5132355 Students need frequent reminders that many problems can b3 solved

SMALL SGQUARES D10 HE In more than one way.
HAVE AT THE START?

— Anawacn
—44-1-4.3-4 14414 . 90 (6 x 16 Is tastest way)
. 234

-4 ~4+-+ 4++ ¢t 4-1--4-% 4-4

!
2

- 3. 68

4. 322

f 6. 109
6.

117 (using a “"cut® to gst elther 6x16 and 3x7 pleces or

——— SMALL SQUARES 6x9 ana 9x7 pleces)

Lyt 1l _{ Notan
11§ - (111 Acdlitional actlivities (with natural settings or as extensions):
4 1_+< 44
13- Trouble spots:

_ SMALL SQUARES Other:

RECTANGLE? ____
SMALL SGQUAKES

31
30 ) ‘
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6.

Narme

MAKING CHOICES

YOU KNOW 2 WAYS TO GO FROM SYCAMORE 10 GEMOA AND 4 WAYS TO GO FROM
gguon TO ROCKFCRD. |N HOW MAHY DIFFERENT WAYS CAN YOU GO FROM
YCAMORE TO ROCKFORD, BY GOING THROUGH GENOA?

Sy‘.}mor( A %
2 1enod AD
AL
4 3 A 2x4=8
¢ B8C
BD
Rocthbord BE
Bf

MUL TIPLICATION CAN TELL YOU HOW MANY COMBINATIONS OF CHOICES YOU
CAN MAKE .

. LES HAS A BLUE. A RED, A GREEN, AND A WHITE SHIRT. LES HAS JEANS,

BOWH CORDS. AND DRESS-UP PANTS. (A) HOow MANY PIECES OF CLOTHING
IS THAT? (B) HOwW MANY DIFFEREN] OUTFITS DOES LES HAVE. IF ALL THE
COLORS LOOK ALL RIGHT TOGEYHER®

(A) (8)

. LES HAS TWO SWEATERS. HOW HMANY DIFFERSNT SWEATER-SHIRT-PANTS

OUTFITS DOES LES HAVE?

AN 1CE-CREAM STORE HAS 26 FLAVORS OF I1CE CREAM, YOU CAN GET A
REGULAR CONE OR A SUSAR CONE., HOv MANY DIFFERENT KIWDS OF
SINGLE-DIP I1CE-CREAM CONES CAN YOU GET?

ONE AFTERHOON THEY SELL $51.94 wORTH OF SINGLE-olg CONES. IF ONE
CONE COSTS 53 CENTS, HOW MANY CONES DID THEY SELL:

YOU HAVE TWO KINDS OF BREAD: WHITE AND WHEAT, YOu HAVE PEANUT

' BUTTER., TUNA SALAD, CHEESE, AND LUNCH-MEAT, HOW MANY DIFFERENT

KINDS OF SANDWICH CAN YOU MAKE, IF YOU USt .SUST ONE KIND OF BREAD
ANO ONE KIND OF “INSIDE® ON A SANDWICH?

MAKE UP A SANDWICH PROBLEM LIKE RUMBER 5.

32

Teacher Commentary Making Cholcee
Main Upsective The student can identity setected cartes:an
Proauct sjtuations a8 uses of multipl cation.

Haterials needed Access to a caiculator
(Optional) Cutouts of costumes--say, 3 shirts,
aifterently colored, 2 kinds ot trousers,

¥hen to yse Before the textbook treatment of cartesian product
multiplication.

Sugusated uge

Betfore sShowing the student page, introduce the |esson with a
problem like “You have 3 gitterent Shittls ana 2 ditferent kinds
of trousers or slacks How many ditterent outtits ¢go you have?*
ACl Ooul the SiIx oulfils with the cutoutS Of chalkboard arawings.
It yo € textbook will be using tree diayrams, you might use that
sort ot recoraing scheme. The exampnle on the student page usesz
pairs ot letters,

Then asx, "Is there an easy way to get 6, Just using
intormation 1n the proplem®  Students will suggest
multiplication, of course., you can emphasize that this kind of
situation gives another use tor multiplcation The language
used on the student page IS "making choices.” you will probably
choose to use whatever language 13 In your text (“cartesian
proguct’ 1s pQt usually udeg wilth chilacen)

You might aiso do the example problem from the atudent page
Defore passing out the page Stugents will readily muitiply, but
RelleyinNg that there are eight may take several exampies. [n
check ing the problems, you should a8k for & “proot® for one or
two in the way of a 113t l:ke that «n the exampie (or a tree
aiagram. 1f you are using them) You might also add another town
with 2 roads to the example, to Show that the choices can be
cxtended. Problem %2 cally for this extension Prorlem #4 i3 o
aivision problem to eecp the children honest

Angwers

1 (A) S (B> 12 (This one could be “proved® Ly making a
list.)

2 24

3 52

4 98

5 8 (Thi1s one doesn t take long to "prove )

6. Answers wili vaty The 1nteat 18 that cartesian proguct be
involved. but some children may just write a story aboul
sanawiche s

Notes

Additional activities (with natural settings or as extensions).

.
Trouble sSpols 33

Other:
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EauaL AHOUNTS,
OR CHOICES...?

TWO USES FOR TIMES

REMEMBER ;

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

I, MULTIPLICATION CAM TELL YOU HON MnNY COMBINATLONS OF CHOICES
THERE ARE.

—

WRITE 1 OR Il IN THE GLAMK TO SHOW WHICH USE GF MULTIPLICATION
THE PROBLEM WOULU NEED,

. A BIG CAFETERIA HAS &6 KINDS OF SANDWICHES., 8 KINDS OFf _DRINKS,
AND 4 KINDS OF FRUIT #OR LUNCH  YOU WAWT ONE OfF EACH
SANDWICH, C< NK, AND #RUIT. YOU HAVE $5. [N HOwW MANY WAYS
CAN YOU CHOOSE LUNCH?

2. 1 ONE STHOOL, 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 1S GOING TO ELECY_A PRESIDENT AND A
TREASURER. THE STUDENT COUNCIL HAS 12 MEMBERS. HOow MANY WAYS
IS IT POSSIBLE FOR THE ELECTION TO TURN OUT?

4, A SCHOOL ALLOWS $5.25 FOR SUPPLIES THAT WILL BE USED WiTH EACH
g}unsur HOW MUCH DOES THE SCHOOL ALLOW IN ALL, if THERE ARE
0 STUDENTS IN THE SCHoOL?

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

THE FARMER HAULS
How MANY

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

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

34
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Teacher Commentary Two Usss for Tima®
e The student can distinguleh betwean
repeated-addition and carteslan-product situations.
¥hen to uce Any timv after carteslan proouct multlplicatlon haa
come up.

Some of the problems contain Irrelevant Information. You may
wish to have your students 2120 record what numbers they would
muitiply.

This lesson ienda Itself to the uss of an overhead transparency
an” a whole-class modal, Write the two uses on the chalkboard,
and have the chlldren hold up one or two flngers as you expose
each problem. This glves guicker feedback than a workeheset

approach.
Aoeziacs
1. 1] (6x8x4. Aspk sbout the Irrelevant 36.)
2. 1 (6x32. Ask about the 5 seventh-grade rooms.)
3, 11 ¢12x11. This Is a hard polnt. After one officer la

chosen, there are only 11 students left for the other
offlice. You might uoe the names of a emall number of your
studeonts If the students do not seem to cee this.)

4. 1 (570x6.26)>

. I 12x9%

6. 1 (12x3x2. or 12x6. Mos. studente wi!l not think of the 2
becauss they do rot think of a roundtrip.)

7. 11 (26x26. Some students wlll write ”x26., and might
beneflt from looklng 2t the problem 1f lust 4 letters, cay
ABCD, were used.)

Hoted

Additional activitjies (with natural settings or as extension))

Trouble apots:

Other:

35
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NAME -
Teacher Commentary How Much Is 0.76 of an Ascunt?
HOW MUCH 1S 0.75 OF AN AMOUNT? Main Obtective The gtudent can glve a third use of
auitiplication--finding part of an amount.
]
. HOW MUCH 1S 3 OF 2u? Haterie.m nagdad Calculators
How MucH 15 0,5 oF 247 __ then Lo use After caclzals have bean reviewed: can be
uead before decimal or fractlon mulitiplicatlon.
USE A CALCULATOR T0 GET 0.5 x 24: prication
. 2ugpanted uan
. How MUCK 15 5 OF 8? - Thils Is the firet student pags on thils third use of
sultiplication. Virtually all of the atudents’ earller work with
HOw MucH 1S 0.25 ofF 8?7 whole-number supports a "multiplicatlion makes blgger® frame.
Since this lesson goes agalnst that frame, 1% may not regloter
Ust A CALCULATOR TO GET 0.25 x 8: with the students and should get fregquent follow-up.

[N e - Before preasenting the page, spend soae time on recognlzing

which decimals and fractlions are less than 1. It will alec help
some students to review that 172 = 0.6 and 1/4 = 0.25, since
these equivalences are taken for granted.

N Do exampies A and B as whole-class work. Polnt out that the

MULTIPLICATION CAN TELL YOU HOW MUCH PART OF AN AMOUNT 15, J

3

. YOU CAN FIND 3 OF 112 BY CALCULATING ;X anewer 18 less than 24 (or &, for B) since we are finding Just a
part of 24 (c. 8). 1If you are keeping A chart of uses of the
You can FInD 0.75 OF 392 BY CALCULATING _— operatlions, thls new use cculd be enterod now.
3 ' Some follow-up 1o esaentlal since thls new idea I8 Inconsietent
YOU CAN FIND & OF 627 8Y CALCULATING - with the old, entrenched "sultliplication makes bigger® tdea. A

few exercloes |tke those In #6 or 1lke those in “¥Which Is
Blggoot? Which Is Smellest?" could be usud on sovera: cccaslons.
Story problema |lke “Your dad buys 0.83 gallons of ges for the
lawnmower. One gallon comts ©1.039. How much does the gas for
MULTIPLICATION CAN TELL YOU -t the mower cost?® could alsc be used, since they lnvolve this
part-of~-an-amount uoe of multipliicatlon. Studants often raason
correctly that the anower wlll be less than ©1.039 but conclude
Incorrectly that eubtractlion or dlvislon are the only opsratlions
that could work. "Buddy Problems® contains more story problemo

You can £:8D 0.6 of 43.5 BY CALCULATING .

CiRCLE THE CORRECT CHOICE. DO NOT USE A CALCULATOR.

0.39 x 565 EQUALS 1S LESS THAN IS GREATER THAN 565 using a number less than 1.
3.24 % %5 EQUALS 1S LESS THAN IS GREATER THAN 565 Aoz uuA 2. 12, 12
565 B. 2, 2, 2
0.97 x 565 EQUALS IS LESS THAN IS GREATER THAM B 2 s
2. 0.76 x 392
1.00 x 565 EQUALS 1S LESS THAN 1S GREATER THAN 565 2. QL2
4. 0.6 x 43.5
0.62 x 0.85 EQuUALS 1S LESS THAN IS GREATER THAN (.85 g 06 % 438 o act of an I
6. A. to less than B. Is greater than C. is less than
0. equals E. I8 i»es than

Haa, MULTIPLICATION CAN Aaditicnal activit.ys (with natural settings or as uxtensions):

MAKE aMALLEKI!

Trouble spoto: ? Y
L}

10 Other:
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NacA

WHICH IS BIGGEST?

CIRCLE THE B«GGEST ONE IN EACH ROM.

ROM.

1. 56
2. 153.2
3. 0.928
4, %
5. 10,000
6. 92
7. 24
8.  68.5

38

0.285 x 56
3
2 x153.2
0.8 x 0.928
3 7
+ X3
3 X 10.000
0.9999 x 92
2
T X 24

1.3 x 68.5

Name

Teacher Commentary Which [8 Biggest? Which ls Smaljest?

WHICH 1S SMALLEST?

BOX THE SMALLEST ONE IN EACH

1.003 x 56

17 x 153.2

i3
1

0.4 x 0.928

2.01 x 10,000
1.00001 x 92
3
i X 24

0.425 x 68.5

...TELLS YOU HOW WUCH

PARI OF A NUMBER 1S.

Haib OQRaeClLIYE The student can apply the part-ot-an-amount
use of multiplication

Matecials needed Cailcuilators

Yhen to yge Atter 1ntroauctory work on the part-of-an-
amount use of muiltiplication (e g , “"How
Much 18 0 75 of an Amount?")

Suggesied wge

Betore the lesson. review the uses of multiplicataion.
especialiy the tinding-part-of-an-amount one (€.g.. Whot aoes 2/3
ot 168 te!l you?). AlsSo review ordering decimals. since this 18
not an easy sSkill for students and !t will De needed in belleving
the answers to the exercises.

Depenaing on how earlier work with this i1dea has gone, you
might choose either to uge the page a8 3 whole-class. exercise Dy
exercise discussion. OC a8 an 1ndividual worksheet. 1t may help
the students to confirm that i1ndeed multiplication can give &
smaller number DYy using calculators on the ones with decimals.
Sunmarize the point ot the end: Multiplication Dy 8 numbar less
than one tells you what part of the number 13,

Anawers
B1ggest Smailest
1. 1.003 x 56 0 285 x 56 <(These couia be confirmea Dy
calculator computations.)
2 1 1/2 x 153.2 3,4 x 153 2
3 0 928 0 4 x 0 928 <Confitm by calculator)
4 2 1.4 x 78 34 x 78
5 201 x 10.000 10,000
6 1 00001 x 92 0 9999 x 92 (Contitm by caeilculator)
7 21 x 24 24
8 1 3 x 685 0 4.5 x 68 5 (Contirm by calculator)
Notes

Additional activities (with natural sSetlings or a3 extensions):

Trouble spols.

Other .
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NAME Teacher Commentary Buady Problems

BUDDY PROBLEMS

ﬂaxn_ﬂu¢:£$1¥£ The Student can recognize part-of-an-amount
multiplication situationy.

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

¥hen to yge After "How Much IS 0 75 of an Amount®* and/or

1. A. A WOMAN BUYS 5 GALLONS OF GASOLINE. |T cosTs $1.039 FOR ONE "Which 1s B.goest? wWhich Is Smallest?-
GALLON, HOW MUCH DOES THE GASOLINE COST HER? -

B. A woMAN 8U75 0.95 GALLONS OF GASOLINE, IT €*~S $1.039 FOR ONE

Suggeateq use
GALLON. HOW MUCH DOFS THE GASOLINE CC f HER. —_— Review that multiplication can be used to tell you how much a

fractional part of an amount 18 Work probtems #l ana #2 as a
group, emphasizing that sSince the B parts involve pact of the
amount, multiplication 18 still the correct operation. As
betore, the 1gea ot using multiplication to make a numoer gmallar
needs much feinforces -2t since 1t 1S counter to earlier

Z. A. A RUNNLR RAN 10 MiLES ONE DAY. AND TWICE AS FAR THE SECOND DAY,
HOW FA DID THE RUNNLR RUN OM THE SECOND DAY? -

B. A RUKNER RAN 10 MILES ONE DAY, AND 2/3 AS FAR THE SECOND DAY. experiences with multiplication
HowW FAR UID THE RUNNER RUN ON THE SECOND DAY? -_— Problems %3 through #6 1nvoive a mix Of operat(ons.
3. A BOY HAD TWO CAN> FOR GASOLINE, HE PuT O.73 GALLONS IN ONE CAN AND Apawers
2.5 GALLONS IN THE OTHER CAN. HOW MUCH GASOLINE D D HE GET? —_— 1 A multiply
B. multiply
2. A. multiply
4. A. IN ONE CiTY THE “ALES TAX 1S 0.08 OF THF AMCUNT YOU eu;. IF You B multiply
BUY 32.39 WORTH OF [HINGS, HOW MUCH WILL THE SALES TAX BE _— 3 agg
4. multi1ply (Since the tax 18 part of the amount), sdd
B. HOw MUCH WILL YOUR TOTAL BILL BE? — S subtract
6 multiply (Since you are buying only part of a pound)

5 A JOGGER Ran 4,7 MILES ON MONDAY AND §.2 MILES ON TUESDAY. HOwW MUCH
FARTHER 01D THE JOGGER RUN ON TUESDAY’

Hotes
Adggitional activities (with nal ral Settings Or as extensions):

6. ONL POUND OF HAMBURGER COSTS $1.68. You 8uy 0.65 POUNC. HOW MUCH
00 YOU PAY? —_—

lcounle spots.

Other.

DON'T LET THE nUMBERS
Foo. vou!

(U

*y
F’N.

14




Name

ENLARGEMENTS Teacher Commentary Enlargsments
HOW ARE LENGTHS RELATED IN EXACT EMLARGEMENTS, AS IN PHOTOGRAPHS? Hain Obiectiye The otudent experiences another use of
MEASURE AND USE THE TABLE BELOW TO FIND OUT. USE CENTIMETERS., multliplicatlon and division, scaling
Cenlargemants).
OLo picTURE NEW P ICTURE

Hairrials needod Rulero with centimetor ecales
. ’ (Optional) A photograph and an enlargement
of the photograph

¥hen to une Any times €its nicely when 8Chool pictures ar.
taken

~

If you have a photograph and an enlargmnent of I1t, show thea to
03 ° " the students and ask 1f they think mathematics has anything to
say about enlargments. That Is the topic of the page, and glves
another use of multlpiication and division--in working with
enlargnents (or *shrinks,® although these are not covered here).
An answwer to "¥hat do you notlice?® at the bottom might be *The
new distance divided by the old distance Is always 3.° To get
multiplication expllcitly involved, &s 1€ one could say *The new
distance 18 3 timeo the old distance.® The latter form le ussiu)
In anewering questions like “1€ 0g’a arm had been 12 centimeters
long In the snall plcture, how long would Og’s arm have besen In
the onlargement?® Bo eure that otudento reallzs that with other
J pictures, the number probably will not be 3.

Be somewhat careful of language here. Everyday language !iko
*twlce ao big® for a plcture probably refers to lapatha belng
twice 28 big. Rinr~ Jidths are also twice ao bIg, areas are fguc
e timee as big! Sat angths or dlatances are two times as blg*®
\/ rather then ®the plcture Is two times as hlg.®
Follow-ups could lie In measurements of plctures and their

O enlargements to find the numbor Involved (often called the

scallng factor), or asklng what might happen 1t all the lengths
were 1/2 or 1/3 as big (the plcture "ehrinks®).

A Anrmiocn
(Al In centimeters.)
N i+ 0 A IR

I, DISTANCE BETWEEN i 2. 3 31 %5 % 3

EYFS | { | s 3 12 4 16 8 8 3
>, LENGTH OF TOP OF | ! } J .
H :;El:?;mc[ FROM T0P : ll ] ! \ what do you notice? MNew distance cCivided by old dlatance |5 alwayo
" QOF LAR TO CHIN | ] | | | | :
4y, DiIsTANCE FROM EYE ] ! [ | | | J.

T0 Top Of HLAD 1 L 1 ! Add:tlonel activities (with natural gottings or ao extenelono)!

WAl bO YOu NCTict? Teouble £ o

4 2 ls 16 Other: 3
ERIC 4
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NAME

DIVIDING PAPER TWO WAYS

NEEDED: 6 STRIPS OF PAPER 24 CENTIMETERS LONG.

1. A, MARK OFF PIECES 4 CM LONG. HOW MAHY PIECES DO YOU GET? -

B. FoLp gNOTHER STRIP INTO 4 EQUAL PIECES. HOW LONG 1S EACH
£

PIECE?
EACH WAY SHOWS THAT 24 5+ __ = ___

2. A, MARK OFf PIECES 2 CM LONG ON ANOTHER PIECE.

HOoW MANY?

B, FOLD THE STRIP INTO 2 EQUAL PIECES. HOW LONG 15 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,

8.

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

2h ¢ =

?
4. MARK OFF PIECES 0.5 CM LONG. HOW MANY ARE THERE? ___

2k 2 ___ -

o 44
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Teacher Commentary
Baio Upiective  The stugent experiences poth repeated-
3Subtraction ana Sharing equally aivision,

Bateriala neegey  Narrow Str1ps of paper cut long-ways
from regular sheets Ot paper, 6 strips

tor each stuaent (plus some extras),
Rulers with wetric scale.

¥ohen_to yge After 2tudents have hag Some metric experience.

Sugqeateq use

The page gives some practice with two meanings for aivision
without 1Introducing any tanguage tcr them Language used §n ;h.
teacher commentaries 13 “repeated supbtraction® for the
how-many-23-1n-8 type, ang “sharing equally" for the
how~mony-ln‘each-uhen-ﬂ-are-spll( 1nto-2-equal-parts type.

It you are keeping a classroom chart (e.g , “Chart tor Uses ot
t. T. X. anG ). you may wish to refer Lo 1t. either to review
the two uses or to motivate additional entries,

First have the stu~ s measure off 24-cm lengths on the stlrips
and tear them oft (6 (o0 8 ahould be enouga) Since the page
iPpvolves making Measurenents, you may need 1o review how to use
the type of ruler your students have.

Problems %5 ang 46 are includged to give the students experlence
with the reprated-subtract jon meaning for division even though
they dgo not know how to carry out the calculatjons.

Follow-up questions could center on larger numbers; e g.. "what
would pe two ways of showing 120 + 8 with paper?*

Ansvecs

1t A. 6 B. 6 cm 24 - 4 = @

2. A. 12 B.12cm 24 -2 = )2

3 (samples, any order Is all right, put poth types shouia pe
covereag)
A Hark off pieces 8 cm lorg. How many are there?
B. Fold tre strip into 8 equal pieces. How long 18 each
piece?

4 (samples, any oraer)
A Marr off preces 3 cm long How many are there”
B Fold the stc1p into 3 equal pieces How iong 18 each
piece?

5 16 24 - 1.5 = 15

6 48 although with this much measuling. Some students will Ds
ot t
249 - 0,9 = 48 Point oul that the answel 3 Digger than
ei1ther 24 or U L. (hi1s can happen when you are aividing Dy
a number Jess than 1

Hotea
Ada'tionatl activities (wilh natusal Settings Or as extensions).
).
Trouble spots .} S
%
Other . '

BDiviging Paper Two Yays




Name

ONE THING DIVISION CAN TELL

ExampiE
8 I 2 CAN TELL HOM MANY 25 ARE IN 8.
DRAWING 8 AT THE START THEN SEE HOW MANY 25
. O THERE ARE 4,
T 852 = b
Ust Tt EXAMPLE TO HELP YOU FILL IN THE BLANKS. USE A CALCULATOR
If YOU NEED TO.
1. 20 2 4 CAN TELL

SHOW THAT THERE ARE ___
S IN 20,

2. ______ CAN TELL HOW MANY 35 ARE IN 18,
MAKE A DRAWING FOR THIS ONE.

3. CAN TELL HOW MANY 645 ARE_IN 2048,

HOW MANY 645 ARE N 20487

4. How MANY 117S ARE IN 67867 ___
5. How MANY $1.295 ARE IN $7.747 ______

6. How MaNY 0.035s aRE IN 12.257

7. A TAPE COSTS $6.98. YOUR FAMILY SPLNT $55.84 ON Tapts Akb $39.90

ON RECORDS LAST YEAR. HOw MANY TAFtS DID YOUR TAMIEY sUY? |

Q 19
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Teacher Commentary One Thing Divielon Can Tell
Main Obsectlye The student can link repeatec-subtract| .
Phrasings and divislon expressions.
Batecialn needad Calculators
(Optional) Counters for demonstratlon on
overhead
Sugaented usg

Rsview theee two forms for a glven division expressions: 8 = 2
and 258, T.e £irst I8 the botter one here. since calcuiators can
be ueed.

Ask & rhetorlcal, *What does 5280 : 45 mean?® With two or
three examples like 6 : 3 or 8 + 4 or 12 { 2, amk how cne would
act them out with countere (or Xs on a chaikboard). Then use an
example or two with larger numbers--e.g., 232 : 8 or 465 + 153
these would not be acted out but are ©ood aince the students do
not already know the answers, as they do on the .asy ones. The
meaning featured In the lesson 18, 6 3 can tell how many 39 are
In 6. (Sharin@ equaliy may come up 1f the chlldren do the
demonstratlioni pralee thils as a way that will gat more attentlon
later.)

Diecuss the example. and "brainstorm® for aexemples of
sltuations wvhere repeated-subtraction dlvision might come up
(e.9.. how many cartons are needed for 24 empty bottlee, how many
256 cent cookles can one buy with $1,...).

1f only one calculator |s avaliable. the pags might heot be
done as a teacher-led lesson. Problem &7 Involves a piece of
trralevant Informatlon.

A poesible extenslon 18 to ask for a story problem for. say.
360 : 24 thet Involves how many 248 In 360. lf the students ace
not experlenced at making up story problems. you might provide e
eetting: °I have 360 sheots of PaPer in a drawer.. °

6, 6, drawing shouid show £ seta of 4 dots.

18 ¢ 3, drawing should show 6 sets of 3 (dots. probably).
2048 : 64, 32

68

6

350 HNote with the students that the answer to a divielon Gal be
larger than either number f you are asking how many tiny amounts
(less than 1) are In Bome number. This is ltkely a new ldas for
them.

7. 8 Ack about the 939.90 (extra intormation)

A S WN -

Additional actlvities (with natural esttings or as oxtenslons):
Trouble 3pots:

Other:

|
|
|
|
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DIVISION CAN ALSO TELL... Teacher Commentary Divis.on Can Aleo Tell
REMEMBER: 150 = 25 lve Tn2 student can link sharling-equally
T CAN TELL HCHW MAhY 255 ARE IN_ 150, B phrasings and sltuatlons with division
?é"éﬁﬁ?'r‘ CAN ALSO TELL YOU HOW MANY EACH WILL GET WHEN SOME AMOUNT-I expresaions.
L= : , Hateclalm needed Somo amount of real or play money (or
EXAMPIE 8 & 4 CA TELL YOU HOW MANY FACH OF 4 WILL GET WHEN hareyy08r00s mate tal that could be
HAR AIRLY. Calcui *tor for t@racher
O 2% e?
- fa) e ) 1D EACH WILL GET __, ¥hen Lo use After repeated-subtractio:. meaning for division
. O SO8: 4= (e.g., "One Thing ".ivision C»r. Tell®) has beon
. Q \_.,Q S 08:4=__ practiced.
1. DRAW AKROWS 10 SHOW THAT 12 2 3 TELLS YOU HOW MANY EACH wiLL Sugnested uge
Gt T wHEN 12 ARE PASSED OUT EQUALLY TO 3 PEOPLE. Show some money, say 87.965. Say somathing Ilke "Suppoee | 23 a
0 o o ¢ o o e s s s e+ = rich person with 87.95. Pretend that I am going to share It with
(2 students), 30 we ull three have the same anount of money. How
- =uch will each of us get? How would you flgurc that out?*
( ) Q ( > Rspeat with 4 students and you, then witn gome number that doese
not glve 2n exact number of cents (usc caiculator throughout).
Tell that divisicn can help whan & known amount I8 put Into &
PUT NUMBERS Id THE BLANKS. certaln number of equal parts. Ask your students for otner
. examplias where an amount |8 ehared or epllt up equally among
2. 224 7 CAN TELL YOU HO'W MANY EAC" PERSON will GET IFf ___ PEOPLE savaeral people or places.
Discuss the exe=ple B0 the sequaence of drawings ls clear.
SHARF ___ THINGS EQUALLY. Problem #6, a cosgarison subtrict'on. is to Riard agalnst
*They’re all division.®
As a follow~up, glve and contrast the two uses with, e.@., 6524
{ 8 Chow many 88 In 5624, and how @any vach gots |f 624 are shared
3, 1088 - 32 CAN TELL YOU HOW MANY EACI, BOX wWILL GET wHt¢N __ _ ARE equally among 8).
SPLIT UP EQUALLY INTO _____ BOXES.

Angrdecn
t. Drawling should Buggaest 4 dois "go” to e ring.
2. 7, 224
4, $12.50 = 5 CAN TELL YOU HOW MUCH MONEY EACH PERSON WILL GET WHEN _____ 3. 1088, 32 (Some many Incorrectiy write the feverse ordar by

Imitating 82.)

4. 6, 812.50
PEOPLE SHARE - FOUALLL. 6. 16 (Note that the divisor. 6, 18 not wcitten In the story.)
6. 42
5. ANN. BETTY., CASS. DiaNA. ELLEN. AND FRAN WANT TO SELL 96 BOXES
EACH ONE SELLS THE SAME NUMBER OF Hotaa
gSX?;RLH(S)SOxANgogS)I(ESHIL'[ EAED: GIRL SELL? Addiilonal activities (with natural osttingo of as extenoions):
g
19
Trouble oPotsi t
6. JORGE AND KEN WANT 1O SELL 48 TI(KEIS IN ALL, THEY HAY' ** RLADY
48 sOoLD 16 TICRETS. HOW MANY DO THEY STILL HAVE 10 SELL? ' others
22
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Teacher Commentary Two Uses for Divieion

THO USES FOR DIVISION

REMEMBER:
Eain Opiective The student can distinguish batween repeated-
subtraction and sharing division situatjons,

1. DIVISION CAN TELL YOU HOW MANY AMOURTS OF A CERTAIN SIZé>—1

ARE IN SOME AMOUNT, Bateriale needad (Optional) Pesponse cards iabelled | and 11
11, DIVISION CAN TELL YOU HOW MUCH EACH GETS IF A ¥hen to uge An
AMOUNT |5 SHARED EQUAL. . CERTAIN been intraseaed  th Pean!nes for divielon have
WRITE | OR |l IN THE BLANK TO SHOW WHICH USE OF DIVISION THE Sucaented upe
PROBLEM WOULD NEED. Since some of these discriminations are difficult, this Page
might be done a whole-class discussion mode, perhaps from an
1. CANDY 15 ON SALE FOR 30.88 A BOX. HOW MANY BOXES COULD YOU ovsrhead transparency. Firat review the two ways of thinklng
BUY WITH $77 (DU Not COUNT TAX.) about division, perhaps acting each out with counters or
chalkboard Xs (say, for 6 + 2.
o 2. A BIG BOX OF FANCY CHOCOLATES HAS 72 PIECES IN IT. HOW MANY As you do each problem, cons!der having the children write both
SHOULD EACH PERSON IN A FAMILY OF SIX EAT, TO BE FAIR? the  and the J  formo 20 they are reminded of thetr
differences. If you write the material ln the box on the board,
__ 3. THE AMOUNTS IN ONE SOUP RECIPE MAKE ENOUGH FOR 8 SERVINGS. you can ask for a whole-class reeponse by having the childcen
TO HAKE ENOUGH FOR 40 SERVINGS., HOW MANY TIMES SHOULD THE hold up the correct responte card.
AMOUNTS IN THE RECIPE BE USED? Advioe the atudents to think how they would act the situations
cut. Problems #4 and 86 are very tricky, since they carry a
4, AT HALLOWEEN. ONE PERSON GAVE 3 SUCKERS TO EVERY shar ing ldes but are tn fact repeated s.otraction situations.
TRICK -OR-TREATER. SHE GAVE AWAY 54 SUCKERS. HOW MANY :?udmlgh;|e?e:n ask the students to suggest gituations for each
nag o vision.

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 8US, TO KEEP THE LOADS EVEN?

6. A RICH MAN DECIDES TO SHARE HIS WEALTH BY GIVING $500 T0
EACH POCR PERSON !N ONE SCHOOL IF HE OR SHE GOES TO COLLEGE.
HOW MANY FcOPLE CAN HE GIVE MONEY TO, IF HE HAS $180,0007?

—

I (want to know, how many B¢ iy 40)

I <(how many 2 t/28 in 30; tell the chllidren that we &
not use the ) notation with fractlors)
11

[ \)0\0\&@\)"5

7. JANE'S FAVORITE SONG TAKES 2 1/2 MINUTES TO PLAY6 HoW MANY
TIMES CAN SHE LISTEN TO THE SONG N HALF AN HOUR?

8. A PALAmuL i HAMBURGER WE1GHS 1,35 POURDS. A MOTHER MAKES 5
EQUAL HAMBURGER PATTIES OUT OF 1T, HOW MUCH WILL EACH ONE Hotas

wE I1GH?
Additional activities (vith natural setiings or as extensions):

Trouble 3pots:

Other:

o 50 5
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DIVISION DIAGRAMS
THERE ARE TWO WAYS OF THINKING ABOUT DIVISION. PUT THE LETTER OF THE
CORRECT DIAGRAM IN THE BLANKS.
1025
— 1. How MANY 55 ARE IN 10?
—— 2 iF 10 ARE PUT INTO 5

EQUAL PARTS. HOW MANY
ARE 'N EACH PART?

3. HOW MANY 3S ARE IN 36?

4, IF 36 ARE PUT INTO 3
EQUAL AMOUNTS, HOW MANY
ARE 1N EACH AMOUNT?

34 22
5, IN THE DRAWING TO THE RIGHT. XXX XX XXX AX
ARE IN 34, X XX XX XX XXX
SHOW HOW MANY 25 AR XXX xxxxxxs
X % X X
.
3: 3

6. IN THE DRAWING TO THE RIGHT,

SHOW HOW MANY % S ARE IN 3.

Y 25

26

Teacher Commentary

Divislon Dlagress

Maip Objective The student has dlagram experience yith two
interpretations for division.

Yhen Lo une

Early in the year, right bsfore or with the first
divislon work

Thle page should probably be done as a teacher-|ed dlscuseion,
slnce students may not have formally encountered both uses for
aglviaslen and since thelr work with dlagrams may have been
minimal .

Problem #6 is Included to show that this meaning also tranafers
to dlvision by a fraction. Polnt out that the anawer (6) la
greater than either 3 or 1/2; this sort of thing can happen
because of the question: how many {/28 are In 37

Anavecs

1. B

2. A

3. C

4. D

5. Dlagram should show 17 groups of 2 ocach.

6. Diagram should show that there are 6 halves In 3.
Hotes

Addltional activities (with natural settings or as extensgions):

Trowble opotsa:

Othar:
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NAME .
ADD. SUBTRACT, MATIPLY. OR DIVIDE? Teacher Comn.entary Add, Subtract, Hultiply, or Dividae?
EAD $
§[)[) ;UETE:Q?PLiuf;I?PE?MﬁRAg?SIDéT THEN FILL IN THE BLANK WITH Bain ODjesitive  The student can chocse the correct opetutlon, o
. . ’ . givan ? atory problem or a descript i of a
sltuat .
1. ExaMpLE: JAN;} HA> 6 TAFES. SUE HAS 8. HOw MARY TAPES DO THEY uation
HAVE TOGETHERY .
¥h A . _ -
*WHEN YOU WANT TO D OUT HOW MANY IN ALL. YOU antouna  AnY tine A
<
Sucgoated une .
2. ExamPLE: L . HéD 2 DOLLA: €. THEN HE SPENT 65 CENTS. HOW MUCH Perhaps with a question 1lke "How do you declide what to do when
D10 HE KAVF LEFT! You have a story problem?® Introduce the lcdea that thinking about
. the kind of sltustion Involved In the story probleam s the best
WH | ONE AMOUNT 1S TAKEN AWAY FROM ANOTHER, YOU __ —a wa to declde.
+ 16 page reviews the kinds of sltuations that the students
have llikely dealt with, 30 Individual work 1lowed by discueslion -
3. bxampit . Bite nau 2 buttars.  CARL HAD 65 CENTS HOW MUCH MORE could serve as a dlagnostic. Note that %4 could be done by .
DIL Bt HAVL THAN CArL? addlitlon (2dding 36 sixes) but that multiplicatlon |s far faster. - -
To encourage the students to think about uses for the i
*WHEN YOU WANT TO (OMPARE T' . AMOUNT , ONE WAY 1S TC operations, ask them for reasons llke the starred statemente
whenever story problems are dlscussed. °Choosing Operations
Review® and *Chart for Uses...” might be useful In thils rsepoct.
Student responsé cards with the signs for the operatlons could be
4, [ xAMPLE: WALTER PAYTON SCORED 36 TOUCHDOWNS. A TOUCHDOWN 1S used In grour settingn to get feedback on all the utudenta.
WORTH € POINTS. HOW MANY POINTS DID PAYTON SCORE? As another oxtension, you could aek, as you encounter them,
whether answors to the ~ad statements would change 1f the
“TO FIND OUT HOW MANY THERE AR. TOGETHER WHEN ALL AMOUNTS ARE THE numbders worce fract' w. iclmals. Chlldren often errone ioly
think the oper>tlon doeo «end on the numbe: ratner than the
SAME, YOU CAN ____ . sltuatlon. *: %3, Subtract, Multlply, or Dlvice? 2° asks the -
otudents to make up & story problem from a glven goneral 2% e
statement |lke the starred statements here, and could be used [
falcly soon after this sheet. 5
L ExampLE: THE PTA HAC 75 OATMEAL COOKIES AT A BAKE SALE. THEY
.
PUT 3 COOKILS +n EACH PLASTIC BAG. HOW MANY BAGS DID THCY GEF? Anml .
. a
*70 FIND OUT HOW MANY AMOUNTS OF THE SAME SIZE THERE ARE WHEN YOU 2. subtract
3. subtract
, YOU A 4. oultiply
KNOr THE TOTAL —— 6. dlvide
6. dlvide )
s
6. EXAMPLE: THE PYA HAD 75 OATMEAL COOKIES AT A BAKE SALE. THLY
PUT THE SAME NUMBER OF COOKIES AT EACH OF 3 TABLES. HOW MANY Notan .
COOKIES WERE /.1 EACH TABLE? Addltlonal activities (with natural settinas or ap extensions}: i
R *LHEN AN AMOUNT IS SHARED OR PASSED EGUALLY TO SEVERAL PLACES. i

Trouble spots:

b YOU o

28 '
27 Other?

" 54 55
jERIC _ o
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CHART FOR USES OF +., ., X, AND =

KIND OF SITUATION C1AGRAM USUALLY YQU
A. AGD
A.

SUBTRACT
B.
A.
8. MULTIPLY
C.
A.

DiviDE
8.

7y

Teachar Commentary

Main QOblectivg The student can eventuslly Iink descr lptlons
of sltuatlions and thelr operations.

then .0 usa Introduce early In the year, even though the
chart will nct be completely fllled In until

tater.
Suggacted uge
The page serves as a model for a poster you might keep on the
wall. Ao the uses and meaning® for the operations are rev!ewed

or Introduced, you could tape up new phrasings and dlagraes for
the operations. So that the studenis do not adopt the chart
tanguage 0o key words, It Is a geod ldea to vary the language
frequently.

You might also provide a cooy for each chlld for use with
homework .

Perlodlically or once you &re conflidont that the chilldren have

the content of the flnal chart mastered, you might .emove It from

the wall.

Hers is one form a final chart mlight take:

Eind of altuation Diaoram Umuallv_veou
A. Put known amounts OO
together to find total or 10 ,-‘ Add

A. One amount 1B
taken from another

OO =~

B. Two amounts ¢&rs —_— Subtract
comparad —
(C. Missing acdends) P S enn
100
A. Several amounite, all @0@

the same, are totalled

e
(repeated acditlion) 4

B. Countling combinationo

of cholces Multiply
C. Findlng a part of

an amount
D. Enlargemants

P4

A. Flnding how many asounte @

are in a total (repeated

subtractlion) w Division
B. Pinding each eshare when -0

a total s shared equally ‘O ),

(oharlng equally)

Chart for Uees...



NAME

PROBLEMS WITH MORE THAN ONE STEP

MAKE A DIAGRAM IF 1T WILL HELP YOU. ONE OF THE
ONLY ONE SR . PROBLEMS TAKES

]ou RAN 2320 FEET FROM JOE'S HOUSE TO BiLL'S HOUSE. THEN HE RAN
't MORE [ JCxS. EACH BLock was 1050 FEET LONG. WHAT 10TAL
OISTANCE D{D HE RUN?

THERE wWERE 224 STUDENTS AT THE SCHOOL PLAY. ONE '{UNDRED

FIFTY-SIX OF THEM SAT ON THE BLEACHERS. THE REST SAT ON BENCHES.

EACH BENCH HAD 6 STUDENTS. HOW MAMY BENCHES WERE USED?

JAN wWAS READING A BOOK THAT HAD 152 PAGES. SHE READ 20 PAGES ON
MONDAY AND 32 PAGES ON TUESDAY. HOW MANY PAGES DID SHE READ
T40SE T®O DAYS?

. A POST 12 METERS LONG 1S POUNDED INTO THE BOTTIOM OF A vagx. 2

METLKRS OF THE POST ARE IN THE GROUND UNDER THE RIVER. ME TER
STICKS OUT OF THE WATER. HOw DEEP 1S THE RIVER AT THAT POINT?

A CAKPENTER HAS A BOARD 200 INCHES LONG AND 12 INCHES qu%. He
MAKES 4 IDENTICAL SHELVES AND STILL HAS A PIECE OF BOARD 36
INCHES LONG LEFT OVER. HOW LONG IS FACH SHELF?

A CASEL OF BOTTLES OF ORANGE DRINK COSTS $11.50. THERE Art 12

N THE CASE. THERE 1S AL50 A 15 CENT DEPOSIT FOR EACH
gg}}tgsnu THE CASE. WHAT WitlL BE THE TOTAL COST FOR 12 BOTTLES?

Teacher Commentary Problems With More Than One Step

Haln Oblectiiye The ntudent can zolve nmulti-step problems.

¥hen Lo uge Fairly early in the vear

The Immature strategles mentioned in the prologue often break
down completely with multt-step problems. On the other hand.
somo students can *shift gears® and uss much more thought on
multi-step problems. Thus, this page can serve as a dlagnostic:
which students GaDp ehlft @ears, and which can’t? There will be
frustration, 80 If you can monitor the work well enough, you may
allow palr or emal: group work after some Individual work. The
word *Urposit® (as in bottle deposit) appears in %6 and 18 not
always familiar to the students.

SING MORE MULTI-STEP PROBLEMS MAY BE THE BEST THING WE CAH DO
TO DISCOURAGE THE 1MMATURE STRATEGIES. Frequently have a
multi-step prcolem as the *problem of the day.® Several are
tncluded tn *Story Probles Bank."®

Angqiecn
1. 5620 feet (more than a mile)
2. 12 (benches)
3. 52 (pages) (This is the one-otep problemi It has extra
information. s
4. ¥ motero (This is difficuit without a diagram.)
6. 41 tachxs (The 12 Inches wide I8 attractive. copeclally
Jf the studants have done area recently.)
6. 813.30
Noteca

Additional actlvities (with natural settings or as oxtensions)t

Trouble epoto;

Othect




GIVING REASONS 1 Name

DIRECTIONS READ THE INFORMATIOH BELOH AKD THEN ANSHER AT LFAST THREE
OF THE QUESTIONS. SHOW YOUR WORK AND GIVE YOUR REASOM FOR DECIDING
TO ADD, SUBTRACT, MULTIPLY. OR DIVIDE. YOU HAVE TO DO TWO STEPS IN

ONE OF THE PROBLFHS,

ERIC

Aruitoxt provided by Eic:

HERE ARE THE SUPPLIES A TEACHER HAD FOR 32 STUDENTS. THERE WERE
25 PACKAGES OF WHITE EAPER AND 20 PACKAGES OF YELLOW PAPER. ONE
PACKAGE OF PAPER HAS 500 SHEETS IN IT, THERE WERE 24 PADS OF ART
PAPER. EACH PAD OF ART PAPER HAD 36 SHEETS. THERE WERE EQUAL
AMOUNTS OF BLACK, RED, GREEN., BLUE, PINX, AND ORANGE PAPER IN EACH
PAD OF ART PAPER.

™E
1. HOW MANY MC  PACKAGES OF WHITE PAPER WERE“THAN OF YELLOW PAPER?
HORK b BECAUSE

2. HOWw MANY PIECES OF BLUE ART PAPER ARE THERE (N ONE PAD?

HORK | BECAUSE __ . ___
3. How MANY PACKAGES OF PAPER DO THE TEACHER HAvE?
HORK | 8E CAUSE ..

4. HOW MANY SHEETS OF YELLOW PAPER DID Tt TEACHER HAVE?
HORK b o BECAUSE

50§ Tie TEACHER PASSED QOUT ALL OF THE ART PAPER, HUW MANY PI1ECES
WOULD LACH OF THE STUDLHIS GET?

ORK b oo e aee e

Teacher Cammentacy

operations with story probiems.

Hateriale needed (Optional) A ream of paper

(Optional) Calculators

¥hen to yoe Any time a.ter language for all the opecrations hao

been discussed.

Review the uses for the operatlons if they have not been
discussed recently (e.9., through the "Chart for Uses. .® 1f you
are using 1t).

Pass out or dieplay the sheet. Illustrate an example ce.g.,
How many sheets of white rapecr did the teacher have?) 0 the
students sec how the blar«s are to be filled (I pylg o124
because ).

Assign palrs of students tc work together on the sheet. You
may choosz to have the studentes work 2 of the first 4 and the
last one, a muitistep problem.

Having all the informacion at the top la more difficult for tha
“tudents to dsal with, but It Is much mo-¢ realistic than the
three-sontence form for a story problem.

As an aaditlonal exercise for fast-finishers, you could ask
tha they make up another problem on this theme for the bulletlin
boari. *Glving Reasons 2° rapeats this sort of lesson.

Anmvarca

1. 26 - 20 = 5. | subtracted because I wanted to compare (wo
known amounts.

2. 356 :+ 6 = 6. | aivided because the 35 pieces were In 6
equal amounts.

3. 26 «+ 20 = 45, 1 added vecause | wanted to find out how
much there was in all.

4. 20 x 500 = 10,000. | multiplied because thar were 20
equal amounts and | wanted to know how many “ere were In
all.

6. 2|4 X 36 » B64, 864 - 32 « 27. | mul.liplic.t cecauss |
noeded to know how many pleces of art pzper there were iIn
all. and then | divided because the paper was shared

egualiy.

Baten

Acditional activities (with natural Bettings or as »(tensione):

Trouble spots:

Othecr!

Siving Reszong t
Malp Objactive The student can give reasone for cholces of




NUMBERLESS PROBLEMS NAME
YOU NEED TO KNOW ONLY SOME OF THE MISSING NUMBERS 10 ANSHER THE
QUESTIONS BELOW. FAKE UP YOUR OwWN NUMBERS AND PUT THEM IN THE Teacher Commentary Nuzberlees Probless
BLANKS JUST FOR THE NUMBERS YOU NEED TO KNOW. THEN ANSWER THE
WESTION. Main Obisctiva The student can identify the (nformation
1. LAST YEAR ARNIE MISSED DAYS OF SCHOOL. CLINT MISSED needed to solve a atory prodlem.
DAYS. #iITHAEL MISSEY DAYS, HOW HANY DAYS DID ARKIE AKD ¥hen to uze Any time
MICHAEL MISS IN ALL?
<
WORK ;

Work #1 togeth.r 60 the students will understand that all the
blankas do not have to be fllled. Emphasize that careful reading
of the question is necessary to know what information you need to

know. Problem 86 allows two Glfferent choices of bianks. Thie
2. ANNIE HAD 3 . Tut ANNIE BOUSHT A RECORD FOR §__ fact could come out In the discuesion. o

AND A PENCIL FOR ____ . How MUCH DiD ANNIE SPEND?
Ancaers
VIOKRK . (Numerlical anewers will vary.)
Bz21 to know:
1. number of day® Arnle missed; number of days Michael misoed;
add these

3. CLARE ROUE HER BIKE FOR ____ HOURS. LACH HOUR SHE WENT ____ 2. how much the record costs how much the pencll coats add
thessy
MILES. SHE RESIED FOR MINUTES. HOW FAR DID SHE RIDE? 3. how many houre Clare rode; how many miles she want each

nour; multiply
. tumber of touchdowns; number of fileld gocisi 8 of TDs x 6,
plus # of FGs x 3.
6. Eithor how much the apple cost and how much the milk coat
(ther acd), gr how many cents at the stert and at the end
. A TOUCHDOWN [N FOOTBALL IS WORTH 6 POINTIS., AND A FIELD GOAL iS5 (then aubtract)

WORK ;

>

WORTH 3 POINTS. IN  __ GAMES, YOU MADE TOUCHDOWNS AND ___
FIELD GOALS IN ALL. HOW MANY POINIS D10 YOU SCORE 1IN THESE Hoten
GAME S? Aodlitional activities ‘with natural settings or as extensz:ons):
WORK .
Trouble Bpots:
5. You HAD CENTS. YOU BOUGHT AN APPLE FOR ____ CENTS Ar) A
(ARTON OF MILK FOR ____ CENIS. THEN YOU HAD CENLS LEFT, Other:

HOW MUCH D10 YOU SPERD?
WOKR :

62

Q 36
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L & ~ &

1,
12.
13,
14,
15.
16.
17.

19,

CHOOS ING OPERATIONS REVIEW

WHAT WOULD YOU DO (ADD, SUBTRACT. MULTIPLY., DIVIDE)...
WHLN ONE AMOUNT IS TAKEN AWAY FROM ANOTHER?

IF A LENGTH OF ROPE IS CUT INTO SMALLER PIECES OF EQUAL _ENGTHS?
WHEN YOU COMBINE 16 AMOUNTS OF EQUAL S1Z€?

WHEN YOU HAVE 5 EQUAL GROUPS OF 38 EACH?

WHEN YOU JOIN $276 TO ANOTHER AMOUNT?

tF AN AMOUNT 15 SPLIT EUWUALLY TO SEVERAL PLACES?

1F YJU CoMBINED 148 oroups oF 8?

WHLN YUUCOMPARE THE HLI1GIHT OF YOUKRSELF AND A FRIEND?

WHEN YOU TAKE AN AMOUNT FROM $20?

WHEN YOU SHARE 425 EQUALLY AMONG 25 PEOPLE?

IF ONE AMOUNT IS COMPARED TO AMOTHER AMOUNT?

WHEN YOU JOIN THREE AMOUNTS OF DIFFFRENT SIZES?

IF YOU WANT TO SEE HOW MANY 16S ARE !N SOME AMOUNI?

It YOU PASS OUT SEVERAL PIECES OF CANDY TO THREE FRIENDS?
WHEN YOU INCREASE AN AMOUNT 8Y 1658?

WHEN YOU REMOVE A CERTAIN AMOUNT FROM A& AMOUNT?

IF YOU HAVE SEVERAL AMOUNTS OF THE SAME S1ZE AND YOU WANT 7O FIND
OUT HOW MANY THERE ARE ALL TOGE THER?

It AN AMOUNT 1S SHARED EQUALLY AMONG SEVERAL CONTAINERS?

WHEN YOU JOIN CERTAIN GRCUPS OF EQUAL $12¢7

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

IF YOU WANT TO (OMPARE THE WEIGHT OF TWO 1 TEMs?

1F YOU PUT 5 BOXES WITH 36 PENCILS IN EACH IN ONE CONTAINLR?

. Wikl YOU SLPFARATE 392 INTO 7 GROUPS OF EQUAL AMOUNTS?

1 2286 1T1EMS AKE PUT INTO GROUPS OF NINE?

1t 2286 1y COMBINED WITH 97? 37

38

6. I+ 2286 15 SEPAKATED EQUALLY INTO 9 CONTAINERS?
2T. 1F 9 1S REMOVED FROM 22867
28. IF 9 1S COMPARLD 710 22867

29. IF 9 GrOUPS OF 2286 ARE JOINED?
30. 1F 2286 GROUPS OF 9 ARE PUT JOGETHER’
31, WHEN YOU WANT TO FIND OUT HOW MaNY IN ALL?

32. WHEN 48 1S REMOVED ~ROM 14677

33. WHEN ONE DISTANCE 1S COMPARED TO ANOTHEK?

34, WHEN TWO DIFFERENT AMOUNTS ARE JOINED 10 3657

35. tF 17 GROUPS OF EWUAL AMOUNTS Ack MADEL FhOM /7697

36. i YOU WAMT TO FIND ALL POSSIBLE COMBINATIONS WHEN YOU ARE GIVEN
CHOICES?

37, WHEN AN AMOUNT IS TAKEN AWAY FROM ANOTHEK?
38. WHEN 67 1S TAKEN FROM 456

39. IF YOU WANT TO FIND OUT HOW MANY THERE AREL ALL TOGLTHER WHEN
SEVERAL KNOWN AMCUNTS ARE THE SAME?

40. IF YOU WANT TO SEE HOW MANY U4S ARt IN 22767

4], WHEN YOU WANT TO FIND OUT THL TOT.L OF IIEMS AND THERE ARE 28
{TEMS EACH IN A CERTAIN NUMBER OF GROUPS?

42. IF YOU COMBINE 6 AND 72
43, IF YOU COMBINE 6 4ROUPS OF SEVEN?

44, IF YOU REMOVE AN AMOUNT FROM ANOTHER?

45, IF YOU WANT TO FIND THE NUMBEK OF CHOITLS YOU HAVE FOR OIFFERENT
OUTF ITS WHEN YOU HAVE & SHIRIS. 2 TIkS, AND 7 PANTS?

46 . WHEN YOU WANT TO SEE HOW MAN( 7S ARE 1N 4977

47, WHEN SEVERAL AMOUNTS Akt THE SAME AND YOU WANT TO fINU OUT THE
JOTAL?

48. WHEE A KNOWN AMOUNI 15 SHARLD ¢ GQUALLY TO SEVERAL PLACES?

49. IF YOU WANT 1O FIND OUT HOW MANY AMUUNTS OF THE SAME S12¢ THERE
ARL IN A GIVLN AMOUNI? (;__
Y]

50. WHEN YOU WANT TO COMPARE 5 AND 67
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. . ' 2
51. wHEN 127.8 S DECREASED By SOME KNOWN AMOUN1? Teacher Commentary Choosing Operatlons Review

52. IF YOU PUT TOGETHER 23 AMOUNTS OF THE SAME KNOWN S1287? Haln Oblactivg The oblective will vary depending
on howWw you uss the material.

Matecialy needed (Optlonal) Studen* response cards with
54, IF YUU TAXE AWAY A KNOWN AMOUNT FROM 615.27 the Operatlonuay;bolaazn them "

55. WHEN YOU WANT TO COMPARE 76.2 WITH SOME OTHER AMOUNT? Yhan to uge  Any time, o review usss of operatlons

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

56. IF YOU COMBINE 53.34 AND SOME OTHER KNOWN AMOUNT?
As with *Story Problom Bank,* thess questlions can be ueed in a

57. IF YOU POUR 14 CA*. OF THE SAME SIZE INTO A BUCKET AND YOU WANT varlety of ways: as a b nk to select certaln types of
TU KNOW HOW MUCH YOU HAVE? sltuations, as a source for a short oral review, as short Qulz
materlal,... Stnce one of the four operations is the reoponse tn
$8. tF YUU WANT TO £ IND THE DIFFLRENCE BETWELN $11.89 AND SOME OTHER each case, you might wish to use mtudent response cards.
AMOUNT? Some of the phrases are pgt corplete In thomoelves, leaving tha
scught quantity Implled. FPor example, *...when you have § equal
H9. 1k vou AVE 10 METLKS OF KUt AND JOU WANT TO KNOW HOW MANY groups of 38 each?® (#4) unly Imflles that you want to know how

PIECES 2.5 MLTERS LONU YuU CAN GET many In all. If this abbreviated version 18 nc% clear to your
students, you might make explicit the quantity wanted.

C0. 1F YOU HAVE SHREDDED wHE Al CEREAL AND OAT CLRLAL., AND YOU CAN

HAVE A BANANA OR PEACHES OK BLRKIES ON YOUR CEREAL, AND YOU WANT Anawers
10 KNOW HOW MANY WAYS YOU CAN CHOOSE BREAKFAST? 1. - 2. 2 3. x 4 x 5. + 6. = 7. x
8. - 9. - 10. F 11, - 12, + 13. 7 14. %

- ’ 16, + 16 - 17. x 18, * 19 x 20, « ¥Sn x, If equal)
21, - 22. x 23. + 24, + 25, + 26, * 27. -
61. If YOU WANT Tu KNOW HOW MUCIH 2/3 OF AN AMOUNT 15? 28. - 29, x 30.x 31. 4+ Cor ¥, 'f equal) 32, -
R 33, - 34. + 33, % 36.x 37. 3|. - 39, x
2. ANT TO KNOW HOW MANY 2/3S ARt IN &4 1/27 40. - 41. x 42. + 43. x 44. - 46. x 46, +
6 oo w 47. x 48. + 49.+ S50. - 59, - 652, x B3. =
10 PAY 0.06 UF AN AMOUNT £OR TAX? 64. - 56. - 66.+ 67.x £8.- B9. T 60.x

63. 1F YOU WANT 61. x 62. T 63.x 64.% 66, -

. IF YOU WANT TO KNOw HOW MANY 0.065 art N 1,027
o Notes

BeTwet N 0.06 anp 1.27?
65. IF YOU WANT TO FIND THE DIFFERENCE AGULt lonal actlvltios:
Troudle spot it

Other:

66 ) g7
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STCRY PROBLEM BANK

. MARY BOUGHT SOME SHORTS FOR $17. A Pr.R OF SHOES FOR $28. AND A

. WILBUR HAD 138 MOUEL AIRPLANES.

. GINNY DELIVERS B4 MORNING PAPERS AND 68 tVENING PAPERS.

gn:z}7F0R $9. HOW MUCH DID SHE SPEND FOP THE SHOES AND THE

HE GAVE ORVILLE 54 .7 THEM. How
MANY DID WILBUR HAVE THEN?

LOU BCUGHT 48 CANS OfF DRI*%X, THEY ARE PACKED IN CASES OF 12.

How MANY CASES DID Lou £ ?

LAST
NIGHT SHE CONLECTED $148 FOR HER PAPER ROUTE. HOWw MANY PAPE®S

DOLS SHE GELIVER EACH DAY?

. ON SATURUAY THE KLSTAURANT SERVED 106 FEUPLE FOR LUNCH AND 248

. bruire HAS 25 QUARTERS.

YLOPLL PUR DINNER. HOW MANY MURE fEOPLE WERE SERVED FOR UINNER?

HOW MANY NICKELS CAN FELIPE GET FOR HIS
25 WUARTERS?

. MARTIN HAS TWENTY CUINS Tu PUT INTO HIS 800K. F . COINS GO ON
EACH PAGE. HOW MANY PAGES W.tL HE FILL?
THE RECIPE FOR FRUIT SALAD CALLS FOR 4 APPLES. t ANY APPLES

. MrRS. CGARCIA DROVE 350 KILOMFTERS EACH DAY.

ARE NELDED FOR 3 BATCHLS OF THE SALAD?

SHE TRAVELELD for 15

UAYS. HOW FAR DID SHE YAVE. DURING HER TRtP?

. PLTE SOLD 49 1TEMS ON MOND.(, 56 ITEMS ON 1._.SDAY, AND 14 ON

. F1riY-FOUR STUDENTS ATTENDED THr CLASS PICNIC.

W£DNESUAY6 HOW MANY MORE 1TEMS DID HE S7'L ON MONDAY THAN ON

WEDNESDAY

THERE WERL NINE

PICNIC TABLES. THE SAME NUMBER Or JENTS SAT AT EACH TABLE.

HOW MANY STUDENTS SAT AT EACH TABLE?

. THERE ARE SEVEN PACKAGE Of CUPCAKFS WiTH 4 CuPCINES In A

. RAGUE'. SPENT 336 FOR SOME TICKLTS.

. Tutgt

PACKAGE . HOW MANY CUPCAKES ARE THERE?
Te0 WENT TO DAY CAMP FOR SIX WEEKS, AND Ht ATTENDE) 5 DAYS A
WEEK. HO MANY DAYS DID HE SPLND AT cavp?

EACH TICKET COST 3™, How

MANY TICkETS DID SHE BUY?

4 optiPS L EAVENG IN THE NEXT HOUR, tALH HHIP HADL A

Wt ki
How MANY CRLW MLMBERS WERE LEAVING

tRtw ut 276,

ROSA WALLELE) FOP 26 MINUTES, How MUCH

SHL SWAM FOR 45 MIANUTLES.

LONGE R THAN AN HUUK DIU SHE EXLROISE?

42

i7.

18.

19.

20.

21,

22

24,
25.

26.

27.

28.

29.

3.
31.

3.

33.

34,

IN ONL GAME EACH TIME YOU PASS HOM
L YOU (OLLECT 3400,
DO YOU COLLECT BY PASSING HoME 12 Times? 00 Hon mucw

FOR AN AFTER-SCHOOL SNACK LOKI {OULD HAVE AN APPLE, A TANGERINE,

OR A*  RANGE. SHE COULD HAVE A GLASS CF JUICE OR MILK SOR i
85:326 HOW MANY DIFFERENT CHOICES DID SHE HAVE FCR A SNACK AND

SAM BUYS ORANGES BY THE CRATE. EACH CRATE COSTS $13.98
MUCH ®°'LL 17 CRATES €OS1? 78 How
SCOTT WENT TO SCHOOL FOR 186 DAYS LAST YEAR.
[ NG THE YL AR WAS HE NOT IN SCHOOL?

HOw MANY DAYS

RAMON HAD 28 PIECES UF BUBBLE GUM.
FRILADS.

Ht SPLIT THEM EQUALLY AMOMG 4
HOw MANY TREATS DID EACH FRIEND GET?

CHRIS EARNS 313 A WEEK UN HIS PAPLR RUUTE. HE 1S SAVING TO BUY A
SKATE BOARD FOR $53. HOW MUC “"iLL HE LARR IN 5 WEEKS?

20 BEADS ALL ™ GETHER. 4 ¢ .05

HOW MANY BEADS ON EACH
STRING?

W NTER VACATION LASTEU 3 WEEKS., HOW MANY DAYS WAS THIS?

RENT FOR OuR APARTMENT 1S 3450 A MONTH.
RENT FOR THE YEAR”

WHAT DOES 7 OST TO

MICHELLE HAS THREE SHIRTS, TWO PAIRS OF SLACKS, ‘ND TWO SWEATERS.
How MANY DIFFERENT WAYS CAN SHE URESS?

LOou HAD 375 BASEBALL CARDS. MINDY HAD 148 CARDS. HOW MANY MORE

010 Lou Have?

SENA SLEEPS 8 HGURS EACH NIGHT,
AWAKE?

HOW MANY HOURS EACH DAY 1S SENA

BRENMAN HAD 500 MILOILITERS OF MILK. HE USED 212 MILLILITERS 1IN
A RECIPE. HOW MUCH MILK DOES BRENNAN NOW HAVE?

JUMMER VACATION LASTED 91 DAYS. HOW MANY WEEKS 15 THIS?

MARIA SWIMS 35 MINUTES EACH DAY. HOW MANY MINUTLS DID SHE SWIM
NDURING THE LAST 2 WEEKS?

THE BICYCLE SHOP HAS 21 TIRE PuMPS. ThEY stLL ALL oUT b4 oF THE
FOR A TOTAL OF 3255. Whai 15 THL AVLRAGE PRICE Or A TIRE PUMP!
PIANO 45 MINUTLS EACH DAY HOW MANY MINUTES DOES

TERRY PRACTHCES
© A WEER?

HE PRACTI

Tt WORKBOUK + 1AT GCES WITH THE

A OMATH TEXTBUOK (0.5 $7.90.
( Y OF LACH., WHAT 1S

TEX  (05TS $2.6Y. TuL PRINCIPAL ORDLRED
THE TAL (0sy?
o
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35.

34,

37.

38.

39.

L0,

41,

42,

43,

Ly,

45.

46.

47,

48,

H9

MARILYN soLD 27 RAFFLE TICKETS AT $2.50 A T

. ICKET. HOW MUCH
SHL (OLLECT FOR THE RAFFLE? vio
FRAN COMPLETED THE BICYCLE RACE IN 3 HOURS.

HER TOTAL D{STANCE
HWAS 33.6 KILOMETERS. 5

HOW FAR DID SHE TRAVEL IN ONE HOUR

THE ART SHOW WAS PRESENTED ON MONDAY AND TUESDAY. 78 PEOPLE SAW
THE SHOW ON MONDAY., Zl? PEOPLE SAW THE SHOW IN ALL. How MANY
PLOPLE SAW THE SHOW ON TUESDAY?

THE BASEBALL TEAM'S NAME WILL BE TWO WORDS. THE FiRST WORD WILL
Bt ReED, MIGHTY, OR HARD. THE SECOND WORD WILL BE HITTERS OR
KNOCKERS. How MAN; OIFFERENT NAME COMBINATIONS WILL TIERE BE FOR

THE TEAM TO CHOOSE

MaNutL BUYS FOUR NOTEBOOKS AT 89 CENTS LACH AND 6 PENCILS AT 15
CENTS LACH.  How MUCH DID HE SPEND?

A LIBRAKY HAS [ SHELVES OF BIO<APHIES. EACH SHELF HOLDS 45
BOOURSL .  HOW MAUY BIOGKAPHIES ARL IN THE L IBKARY?

JUNNY (OLLECTLD STICKEYS. EACH STICKER 80CGK CONTAINS 35
CTICKERS., HOW MANY STICKERS AKE NEEDED TC FiLL 27 BOOKLETS?

MLL 155A MADE 9 CAKES FOR THE STUDENT COUNCIL LAKE SALE. SHE SOLD
THiM FOk $2.50 FACH. EACH CAKE cosT $1.08 FOR (NGREDIENTS. HOW
MUCH MONEY DID STUDENT COUNCIL MAKE ON EACH CAKE AFTER THEY PAID
MEL1SSA FOR THE INGREDIENTS?

IN THE FORNING 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?

MILORED RIDES 10 KILOMETE) S EVERY WEEK ;0 DELIVER PAPERS. HOw
MANY KILOMETERS LOFS SHE LIDE IN A YEARY

TYRONE ORDERED & MICROSCNPES FROM THE SCIENCE CATALOG. THE TOTAL
COST OF SH'PPING EACH MICROSCOPE 1S $1.65. HOW MUCH WILL 1T COST
7O SHIP ALL 4 M'CROSCOPES?

[wO TEACHE RS AND TWO PARENTS ARE GOING WITH THE CLASS TC THE
AMUSEMENT PARK. ADMISSION FOR AN ADULT 1S $13.75. How MUCH DOLS
1T COST FOR THE 4 ADULTS?

AN AVERAGE PAGE HAS 385 wORDS ON IT.
PLLES?

TaMMY'S DAD TOUK US TO A BASEBALL GAME .
PARK NG, $15.00 ON TICKETS., AND $17.78 ON FOOD.

SPEND

CLSTIVAL .
Stupt NT COUNCIL CHAKGLD $0.25 ADMISSI0N 10 _THE MOVIE (L5
58 STuutnis ATTENULED. HOw MUCH MUNEY DID STUDENT COLRCIL EARN?

70

HOw MANY WORDS ARE ON 35

He SPENT $4.00 «N
HOW MuUCH DID HE

44

53.

54,

55.

57.

58.

59.

60.

61.

62.

63.

64,

65.

. THE FOOTBALL STADIUM HOI GS A TOTAL OF 896 PEOPLE.

. ROBERTO TRAVELED 95 MLTLRS PER MINUTE ON HIS BICYCLE,

. ToM CotttC1eDd $3.10 £ROM EACH OF ThE 24 CUSTOMERS ON HIS PAPER

ROUTE .

HE ALSO E*RNLU $13.75 IN T1PS.
IN ALL?

HOW MUCH DID HE COLLECT

THERE ARC 864 BOOKS ON THE L IBRARY SHELVES.
REFERENCE BOOKS AND 120 BOOKS ARE F1CTION.
NOT EFERENCE OR FICTION BOOKS?

148 BOOKS ARE
HOW MANY BOOKS ARE

THLRE ARE 8

SECTIONS OF THE SAME S(ZE. HOw MANY PEOPLE ~AN BE SEATED IN EACH

SECTION?

EACH STUFFED ANIMAL COSTS $5.89.

UG D10 HE sPEns WILLY BOUGHT 3 ANIMALS. How

27 BENCHES. 3 PEOPLE TO A BENCH. How MANY propit’

FVAN ENTERED A BICYCLE RACE. Ht TRAVELED 6.9 KILOMETERS AN HOUR.
HOWw FAKR DID HE TRAVEL N 4 HOURS?

HOW FAR
DOES HE T<AVEL IN 15 MINUTES?

TWO LITERS OF DRINK COST $1.78. FOUR LITERS OF DRINK COST $2.40.
FIND EACH UNIT ¢OST. VAIICH 1S A BETTER BUY? WHAT 1S THE
DIFFERENCE BETWEEN THE UNIT PRICES?

THF SCHOOL SUPPLY STORE HAD €0 PAIRS OF SCHQOL SHOELACES NN SALE
FC* $1.50 EACH. AFTER THE SALE THERL WERE 36 PAIRS LEFT. How
MUCH MONEY WAS COGLLECTED FOR THE LACES THAT WERE SOLD?

IN ART ASON MADE A SET OF MATCHING PLACE MATS. HE USED 64 GR7 €%
PLASTIC STRIPS AND 80 YCLLOW PLASTIC STRIPS. EACH PLACE MAT
NEEDED 18 SIRIPS. HOW MANY MATS DII* JASON MAKE?

RAMON HAS $68. SALLY HAS $49. SALLY SP%NDS $13.

MONEY DOES RAMON HAVE THAN SALLY DOLS NOW!

A RECIPE FOR PARTY PUNCH CALLS FOR 6 CUrS UOF CRANBERRY JUICE AND
8 CUPS OF GINGER ALE. HOW MANY CUPS OF LIQUIO wOULD IT TAKE TO
MAKE 9 RLCIPES?

THE PTA «RDERED 18 BOXES OF PUNLH. IN EACH sUX THLKRE WERE 32
PLAS® IC BOTTLES OF PUNCH. UOURING THE FUR FAIR 267 BOITLES WERE

USED. HOW MANY WERE LEFT?

SUPPOSE YOU TAKE 16 BREn.H> PER MINUJL.
PASSED 1F YOU HAVE TAKLN 208 BREATHS

£,
THE WALL PLAGUE FOR THE SPEECH CONTFST (0ST $59.  Tut TROPUY FOR
IHE FIRST PLACE WINNER WAL $79.65. HOW MUCH WAS SPERT OM THE TWO
17EMS?
IN THE SUPLRMARKE™ TH Rt ARt 10 (HECKOUT COUNTERS.
TAKE 19 1TEMS OR LESS. T tE TAKE 20 1TEMS OR LESS.
TAKE 40RE THAN 20 1Te4S? |

HOW MUCH MORE

How MANY MINUTES HAVE

Two COUNTERS
How MANY

71
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66.

67,

68.

69.

0.

/L.

Te.

13,

4,

75.

16.

7.

18.

79.

80.

81,

WILUWOOD “CHOOL RECE IVED 210 BANNERS. EACH OF THE 14 cLASSKOOMS

WILL RECEIVE THE SAM” NUMBER OF BANNERS. HOW MANY BANNERS WILL
Ef .4 CLASS PECEIVE?

A SET OF MODEL CARS €OSTS $10.44%. THERE ARE 12 MODELS IN THE
SET. HOW MUCH DOES EACH MODEL CAR COST?

12 DIvISION PROBLEMS. 18 MULTIPLICATION PROBLEMS. 12 MORE

DEC AL PROBLEMS. 126 MINUTES SPENT SOLVING THE PROBLZMS. ON
THE AVERAGE HOW MAHY MINUTES WERE SPENT ON EACH PROBLEM?

Ms. ROBLRIS PURCHASED 12 PAIN].SEJS. W MUCH
FROM sg6.63 IF THE SETS COST 13.55 EACH?
POSTt K CULOKS COME 1IN KtD. BLUE. OR GREEN. POSTER LETTERING

COMES N WHITE, YELLOW., OR BLACK, FIND ALL THE DIt FERENT
PUSSTBLE CUMBINATIONS.

ANGE DID SHE GET

114 PACKAGES UF PAPLE IN THE STORE RCOM. 78 PACKAGES
How MANY ARE NOT wHITE OR sLUL?

THt Kt ARL
ARL Wi TE AND 27 ARE BLUE.

IN ONe wWEEK 24 STUDENTS COLLECTEL S04 CANS OF CANNED GOOOS FOR
THL SCHOUL DRIVE. PRETEND EACH STUDENT CATHERED THE SAME AMOUNT.
HOW MANY CANS DID EACH STUDENT GATHIR?

THE STUDEHTS HAVE 19 B(XES OF T-SHIRTS WITH 25 SHIRTS IN EACH.
HOW MANY T-SHIRTS DO THE STUDENTS HAVE?

THERt WERE 430 PEOPLE AT THE HUSICAL PERFORMAI "E GIVEN BY THE
F1: 1t AND SIXTH GRADE STUDENTS. 295 OF THEM SAT IN (HAIRS. Thi
KEST SAT ON BecNCHES ACH BENLH HOLDS 15 PENPLE. HOow MANY
BENCHES WERE NEEDED?

Bitt HAS 4 SHORTS., 3 SHIRTS, AND 2 SHEATERS.
QUTF 175 CAM HE WEAR?

HOw MANY DifFERENT

RHONDA WANTS TO BUY A NEw BICYCLE. THERE ARE 5 DIFFERENT (OLOKS.
4 DIFFERENT STYLES, AND 3 DIFFERFNT SPLEDS (1-SPEED, 3-SPELED,
10-SPEED). HOW MANY CHOVCES DOLS SHE HAVE?

TONY WANTS TO BUY A CAMERA THAT C0STS $112.50. ~ONY CAN SAVE ,
$2.50 A witK. HOW MANY WEEKS WILL 11 TAKE 10 SAVE £MOUGH MONEY

RS . JOHNSON ORDERED 24 BOXES OF COMPUTER DISKS. THE TOTAL COST
wAS $455. HOW MUCH wWAS EACH BOX?

SoM! COMPUTEK PRINTERS CAN PRINT 15,000 LINES A MINUTE.
LINES A SECCND 1S THIS?

How MANY

A DICVIONARY (05TS $22.14.  Thtrt Art 35 U;LIIONAPILS ON RUER.
Whisn! wilt BE ThE TOTAL (OST uf THESE BOOKS

EALH PAGE UF A PHUTO ALBUM HOLDS 6 PHDTOS. HUW MANY PEOTOS HWItL
«f MEULD TO FItt 48 pacts? o

82.

83.

84.

85.

87.

88.

89.

90.

46

A PHOTOGRAPHER TOOK 972 P1CTUKLS.

THERL ARE 36 PICTURES ON A
ROLL UF FILM.

HOw MANY ROLLS OF FILM DID THE PHCIO RAPHER USE?

THE BASKETBALL TEAM SPENT $108.48 FOK SALLS. $268 FOR WAKM-UP
SUITS. AND $58.79 FOR TWO BACKBOAKUS. How MUCH CHANGE DjD THE
TEAM GET BACK FROM $500.007

PATT'S FAMILY PAID $349 FOR A vIDEO RECORDER.

BRAD'3 FaMILY PAID
$489 FOR A RECORDER.

Huw MUt MORE DID BKADL'S F2 'Ly SPEND?

THERE ARE 41,520 TOOTHBRUSHES TO BE PUT IN BCXES 120
TSOTHBRUSHES ARE PACKED IN EACH 80X. HOW MANY BOXES ARE NEEGED?

. SANDY BUYS A GLOVE fOKR $17.85 AND AN UNIFORM FUR $34.29. How

MUCH CHANGE wWILL SHE RECEIvE FrOM $100?

THE STUDENT COUNCIL HAD $1286 Tu SPEND 04 VIUEO EQUIPMENT. TuLt
SPENT $575.85 ON A vIDEO RECORDER AND $214.27 ON A TELEVISION,
AND THEY BOUGHT 5 VIDEO RECORUSK TAFES AT $4.89 tACH. HOW MUCH
MONEY DOtS THE STUDENT COUNCIL HAVE NUW?

b
SARAH ENTERED THE BIKE-A-THON. SHE RECEIVED A PELEDGE OF 25 CENTS
A MILE FROM HER FATHER AND A PLEOGE OF 10 CENTS A MiLE FROM HER
BROTHER., SARAH RODE 22 MiLES., HOW MUCH MONLY LID SHE COLLECT
FOR THF BiKE~A-THON?

JONATHON HAD A PIECE OF ROPE 48 METEKS LONG. IF HE CUT THE LONG
PIECE INTQ SMALLER PIECES 3 METERS LONG AND SOLD THEM AS JUMP
KOPES AT 59 CENTS EACH, HOW MUCH MONEY WILL ME MAK:?

THE SIXTH GRADE DONATED 446 CANS OF FOOU TO THE FOOD DR}VE. THE
FIFTH GRADE NONATED 259 AND THt FUURTII GKADE DONATLD 379 CANS,
THESE CANNED GOODS WERE SHARED LUUALLY AMUNG THE 4 AREA FOOD
PANTRICS. HOwW MANY CANS DD EACH OME RECEivt?
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Teacher Cox=antary

Story Problem wvank

Hain Qblective The obJective will depend on how the

bank 18 used.

Yhen 10 una Whenever 2 selaction of etory problems

18 needsd

The bank could e usec as a source of problems of parttcular
types--e.g., you night want to pick out muitipiication probiesms
to give the students to tell what kind of switiplication use they
1llustrate. Or you might be looking for some multli-step problems
to use as clace openero on certaln days. fou might be planning a
mixod operations |15t of story problems, and covid draw from the
ones In the bank...

Whenever your 6tudents make up story problems, or you find
adgdit ienal l1sts of problems, add them to the bank!

Angwege ms = pulti-step irr = irrelevant Informatton

1. 837 + Irr 2, 64 - 4 - 4. 152 «+ irr

S. 142 -~ 6. 126 x 7. 4 - 8. 12 x

9, 5250 vm x 16. 35 - irr 11. 6 - 12. 2% X

13. 30 x 14. 9 < 16. 1104 x 16. 11 o + -

17. 094800 x 18. 6 x 19. $237.66 x 20. 179 -

21. 7+ 22, 865 x irr 23. 6 + 24. 23 x

25. 85400 x 26. 12 «x 27. 227 - 28. 16 -

29. 268 al - 30. 13 + 31. 490 mo x x 32, 16 ms -~ =

33. 315 X 34. ©1457.17 ms +x, Oor Xxx+¢ 35. 867.50 x

36. 11.2 + 37. 138 - as. & x 39. 94.46 8 xx¢t

40. 313 x 41. 945 x 42, 812.78 m8 xx- Oor -X

43, 1899 - 44. 520 x 45. 86.60 x 46. 655

47. 13,475 x 48. ©35.78 + 49. 924.50 x 60 ©88 15 ms ¢

61. 696 ms ¢- or -- 52. 112 =~ 63. 817.67 x 54. 81 x

65. 27.6 km X 66. 1426 m X 67. 80.04 m8 - - -

68. 936.00 mo -Xx 59. 8 mo ¢+ T 60. 632 mo - - 61. 126 me +x

Or ~X7*

62, 309 ne x- 63. 13 + 64. 2134.65 ¢+ 65. 5 ma - -
or + -

66. 15 = 67. ©0.87 *+ 63. 3 me +- 69. 5 m x -

70. 9 x 71. 9 mo ¢+ -~ Or - -~ 72, 21 <

73. 475 x 74. 9 mo - T 76. 24 x 76. 60 x

77. 45 - 78. 819 = 79. 260 + 80. ©774 90 x

G1. 288 x 82, 27 + 83. 064.73 m ¢+ - or - - -

84. 9140 85. 346 - 86. 047.86 mo ¢+ - or - -

87. 0471.43 m3 Xx¢- Or --X- 88. ©7.70 mo XxXxt Or +X

89. 89.44 ma +Xx 90. 271 mo ¢+ <

74
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{Page 48 15 blauk to keep the student
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—_—— Teacher Coamentary 240 Boxes
240 BOXES
PUT +. -, X, OR % IK THE BLAHK TC TELL WHAT YOU WGULD DO 10 Haln Ooioctive  The otudent can select 'he appropriate
ANSHER THE QUESTION. U operation for & given sory probiem.
A ti i
1. 240 GOXES. WITH 16 CANS IN EACH BOX. B Lo urg A e e Canlc meaninge for all the
HOW MANY CANS ARE THERE IN ALL? —_—
Sugaanated uze
2. 240 BOXES, WITH 16 BOXES PUT ON EACH Somet Imes students look at the numbers In a story probiem and
TRUCK. HOW MANY TRUCKS ARE NEEDED look at thelr relatlve sizes for cues as to what operatlion to
I ALL? - use. To show that thie 18 ot at all a good method. this page
uses the same numbers, 240 and 16, In each problem. Thinking le
the best pollcy!
3. 240 BOXES. WITH 16 OTHER BOXES HIDDEN. If the students have had quite a bit of experience with the
HOW MANY BOXES ARE THLRE IN ALL? e meanings of the operations, this could serve as an indlvicual

worksheet, with some shaf Ing of the story problems written for
27. (You could acd the story problema to *"Story Problem Bank.®)

4, 240 BOXES. THEN 16 OF THEM ARE HAULED If the students are not so experienced. uting a transparency
AWAY. HOwW MANY BOXES ARE THERE NOW? —_— and basing a dlscussion on the problems, one by one, might ba
moat profitable.
As a follow-up. you might have the students write story
5. 240 BOXES, ALL TO BE PUT ON 16 SHELVES. problems using the dlfferent operatlons but the same numbers.
HOW MANY BOXES WILL BE ON A SHELF, IF You could umse “easy® number like 12 and 4 for some students, and
EACH SHELF GETS THE SAME NUMBER? o larger numbers llke 144 and 18 with G hers.
6. 240 BOXES. THERE ARE PLACES FOR 16 OF Anasmrs
THEM. _HOW MANY BOXES DO HOT HAVE 1 x
PLACES? S 2. ¢
3. +
4. -
5. ¢
9 6. -
7. WRIVE YOUR OLN PROBt <M ABOUT 240 BOXES. > Problems wil1 vary. Collect for 1stec use

Hotoa

Additional activities (with naturai oettings or as extensions):
Trouble Bpota:

Othsr:

Q 76 s0 ,
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GIVING REASONS 2 Name e

DIRECTIONS READ THE (NFORMAT ION BELOW AND THEN ARSWER AT LEAST
THREE OF THE QUESTIONS. SHOW YOUR WORK AND GIVE YOUR REASON FOR
DECIDING TO ADD, SUBYRACT, MULTIPLY. OR DIVIDE.

A CAFETERIA SERVED 18 FOOTBALL PLAYERS LUNCHES ONE WEEK. MONCAY
HROUGH FRIDAY. THE PLAYERS ATE 270 HOT DOGS AND 288 HAMBURGERS.
ACH SANDWICH HAS 240 CALORIES. THEY DRANK 360 DRINKS: 250 WERE

MILK AND THE REST WERE JUICE DwINKS,

a—

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

HORK
] € CAUSE

2. HUW MAN’ FLWLR HOT DUGS D10 THEY LAT THAN HAMBURGERS?
HORK
I BECAUSE e
3. How MANY CALORIES WERE IN J4E HAMBURGERS ALL TOGE THER?
HORK
| .. BECAUSE - - -
4, It THE PLAYERS DRAMK 26 JUICE DRINKS ON MONDAY. HOW MANY JUICE
DRINKS DID THEY DRINK THE REST OF THE WEEKY
| ____BeCAuSE __ __
AND | BECAUSE _____ .. s
5 HOw MANY SANDWICHLS uiD EACH PLAYER EAT, IF THLY ALL ATE THE SAME
NuMBt R?
HORK

.- U

o 78 52
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Bain Objective

Matecials needaeg

then to une

Tercaer Cocnentacy

Glving Reasons 2

The student can glive reason3 for cholces of
operatlons with stor problems.

(Optional) Calculators

Any time after “Giving Roasons 1°.

Dependind on how “Giving Reasons 1° went. you might t.eat this
pPage as an Individual-student actlvity or as a work-In-patrs ons.
Have aomeone read the story., and remark that the playsrs had two
kinds of sandwiches (some students may doubt that °F dog*® and
“hamburger® mean sandwiches).

The tirst three probliems zre one-step ones;i the last two are
two-step ones. The directlions call for the students to work
three; you may choose to have them work 2 of the tirst three anu
#4. o some other salection.

Angwora

1. 270 2 6 = 64. | divided because the total amount was eplit
up evenly among the 5 days.

Z. 288 - 270 = 18. | subtracted becsuse | wanted to compare
the tvo amounts.

3. 208 » 240 = 6°,120. | nultiplied becs.se | wanted Lo know
hewe many In ail and each hamburger had the same amount.

4. 360 - 260 = 110, 110 -26 ~ 84. | subtracted the first time
because pPart of the total was 260, and the 3sscond time
because Monday took away 26 of the 110 julce drinks,

5. 270 + 288 = 558, 558 1 18 = 31. | acded to find the total
aumbor of sandwiches, and then dlvided because each player
ate tne same number. (Another way, (270 & 18) + (288 : 18)
= 31, assumos that each player ate 'he same number of gach
kind 0of sanawlich.)

Netea

Addi.lonal actlvitijes t(with natural settings or o8 extenzions):

Troubie apots:

Otheor

7Y




NAME

SPACE VISITORS

SPACE VISITORS FROM ANOTHER PLANET KEED SOME HELP WITH THE IR
MATHEMATICAL THINKING. PUuT +., -, X, OR 3 IN THE BLANKS TO TELL
THE VISITORS WHAT TO DO,

1. To COMBINE %A z0rKS AND AY¥ ZORKS:

2. TO FIND HOW MANY OXYGEN MASKS ARE IN §3
BOXES. EACH WITH A OXYGEN MASH >: -

3. TO FIND HOW MANY BOXFULS O FILM CARTRIDGES
THERE ARL 1F THERE ARE o1 | ILK CARTRIDGFS
AND A FILM CARIRIDGES 1N EACH BOX: —

4, To F1IND HOW MANY OXYGEN MASKS EACH SPACE
VISITOR GETS 1F THEY HAVE 9F OXYGEN MASKS
FOR Q33 VISITORS:

5. TO FIND HOW MANY SNIPPLES THERE ARE AFTER f}
SNIPPLES ARE EATEN FRCM A BOX OF AP
SNIPPLES:

6. TO FIND HOW MANY SPACE SUITS ARc NEEDED IF
THERE ARE §1 VISITORS BUT ONLY @A 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 wWAYS FROM EARTH TO
MOOK AND o WAYS FROM MOOK 1O ZYOR: .

8. TO FIND OUT HOW MANY SPACE VISITORS THERE
ARE iF THEY ARE SITTING IN @A ROWS WITH A
VISITORS IN A ROW: —_—

9. MAKE UP YOUR OWN PROBLEM ABOUT THE SPACE
ViIS1IORS,

& 9]

0 4
t ] S

l
l )
- Rlc )

.

Teacher Commentary Space Visitoro

Heiu_Upyective Tt e student can choouse the corcect operat jon
tor o story probiem

¥hen to uge Any time atter work with uses and meanings tor
all the operations.

Suggestied uge
This page 1S a review paye, S0 an 1ndividual wolksheet |esson
could e usea There are a few nonsense wol ds 1n the problems
(81 2ork, 85 snipple) You may wai' some sharing of the story
ptoblems mede up 1n BY

Anavecrs
1 +
2. %
3 3
4
5 —
6
7 oox
8 x
9 Proviems will vary
bHotea

Aaditional activit.es (with natural Sellings or 33 extensions).

Trouble spots
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Teacher Commentary Let ‘o Shop

Hain Objective The student can make up story prob.ems
for glven oporations from a fal-ly patural
setting.

Bud Housts 84.98

01620,

Hateriain neaded 1. Cards or oms.l) pieces of paper with one of
"acd,® *subcract,” "multiply,®” or *divide®
written on each.

2. (Best) Enough discount story ads or newo-

; .1 FilM paper ads oo that there 18 one for every
3 bor &13.92 1 & two students. Otherwise, the reverse page
tA&li can sscve ar an advertisement.
oy 3. Calculators
PICTURSS

¥i.a to upe Any time after meanings for all the operations
have been discussed.

Y Suggented une

j‘ - Announce that to 'ay we are golng to plan our shopning. Give
each child a card with an operatlion named on 't, and ¢:.® pairs

MRKERS ol children an advertissmest. It i1s bost If the peir sharing an

— advertisement have cards with differont operations. Each student

$ 140 ls to meke up a story ,'toblem using Information from the

advesrt issment and requliring the operatlion on hia/ne curd. You

may want the student to show a .olution for hia’her problem algo.

(Students may wa=t to trade carde, 80 plan whether you want to

let them or not

After each stucent has mace up a shopping problem, have the
palr make up a story problem that requires pqth operaticns.
Problems can be shared, but cften students know */hat operations
were on their nelghbors’ cards.

The mtory problems can be collected and used later for a
workaheet 0! story probleme (sec *Shopping Probiems*® for an
oxample), or added to *"Story Problem Bank.®

Collect the cards with the operations on them siare this sort
of actlivity Is casy to repeat with different advertisements (or a
traneparency of newspaper &dvarticement). You may chooss to
limlt the cerc- to —~altipiication and division, or have more
multiplication ard diviolo. cards than addit,on and subtraction
ones.

PACH OF 4

Naten
Auditional activities (with natural oettinga or as extensions):

Trouble spots:

Other:
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Name

SHOPPING PRUBLEMS

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

OUR FAMILY WAS REDOING OUR BATHROOM. MY MOM WANTED 2 NEW BATH
I?gzb ($5.18), nEw ~APES ($21.97) AND 3 BOTTLLS OF VANISH
.97). hOW MUCH WOULD EVEXYTHING COST _OMBINED?

égg;gu GET TWO JARS OF PEANUTS FOR $1,97., HOW MUCH WOULD EACH JAR

HOW MUCH MONEY WOULD PEANUTS ($1.97) AND CHu: oL ATE-CUVERED CHERRIES
(3.88) (0517

SARAH HOUGHT Z JARS CF PLANUTS, YOuL can Buy 2 JsPS FNR $1 97,
SARAH HAD $5.00. HUw MUCH CHANGE Will SHE GET BACK?

IfF | HAD FIVE DOLLARS., AND | BOUGAT CHOCOLATE-COVE® D CHERRIES AT
88 CENTS A BOX AND A BOXx OF SANDMICH BAGS AT 58 CENIS A BOX, HOW
MULH WOULD | HAVE _cFT1?

| BOUGHT A PAIR OF SHOES FOR SHIRLEY, JERNY, KRISTA, AND KAREN.
EACH PAIR COST $14.90, HOW MUCH MONEY DID | SPEKD?

| WFNT TO THE K-MART. My FRIENDS AND | HA. $10.00. | BOUGHT 4
CANS OF PEANUTS AND THE COST WAS $1.97 EACH. HCW MUCH CHANGE WOULD
WE GET BACK?

GINA BOUGHT 2 TOWELS FOR $5.14 AND N"W DRAPES FOR $27i.97 AND 3
BOTTLES OF VANISH FOR $2.97. IRLNE BOUGHT 2 JARS OF PtANUTS FOR
$3.94. HON MUCH WILL WE HAVE TO PAY IN ALL? IF EACH ITEM WAS THE
SAME PRICE, WHAT WILL EACH ITEM COST? (THERE ARE & ITEMS.)

Wt BOUGHT 4 BOXES OF CHOCOLATE~COVERED CHERRIES FOR 3.88 A BOX. WE
ALSO BOUGHT 1 JAR OF PEANUTS FOR $1.97 AND 2 BAGS OF PO®CORN FOR
sﬁ. HOw MUCH MONEY DID WE SPEND? HO® MANY ITEMS 01D WE BUY?

84

58

Teacher Comsnentar Shopping Probleme

Hain Qpieciive The student c-n select the corrunt operation
1IN 38 Mix, 3 uperat 18 113l ¢t stury Problems.

Matecri1als needeg Calculators

¥hen o use Any time

Suggesteg use

This lisc ot shopping problems could serve 1n lieu of a
selection Of the probiems written Juring “Let s Shot * These
wre wiitten by Students, and In a case Orf two (#¥9 for exampie)
may not be completely clear (did 2 b.gs cost a total of 8l or ala
each bag cost 81?). These can be used to point out the
desirability, ana even the necessity, of clear writing.

dngwers
$30.08

99 cents (» 785)

$2.85

33.03

33 54

959 60

32 12

¢ 4.02; 34 2525 (meaning”)
$7.49, 7 i1tems

CONT D WN—-

boteg
Acditional activities (with natural Seittings Or as extensions).

Troubie sp

Othec :
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Neme ____
ACD, . , e
SUBTRACT, MALTIPLY, OR DIVIDE 2 Toacher Cammentary  Add, Subtract, Kul.iply, of Dlviger 2
FILL IN THE BLANK WITH ADD, SUBTRACT, MULTIPLY, OR DIVIDE. WRITE
A ‘ TO S4OW STATEMENT.
STURY PROBLEM EACH Hatn Or.ective The student + 2 write story probiems, glven
general desci.ptions of sltuatlions.
T. WHEN YOU WANRT TO FOMPARE TWO AMOUNTS, ONE WAY IS TO ____
. fogn Lo une Soon after the first "Add, Subtract, Kultlply,
STORY PROBLEM: or Divide® '
If your students have not had mucn experlence at mak ing up
atory problems, you may wish to have palrs of students rork '
togather. Some class dlscusalon (*What operatlon woul i be )
2. WHEN YOU WANT TC FINO OUT HOW MANY N ALL., YOU uscd?®) of a few “favorite® story problems Is worthwhl'e.
Coilzcting the problems and readlag them may glve you an ldea of
STORY PROBLEM: which sltuatlens need more artention.
Flrat e«ffortes are often nnt extremely Imaginatlve (you may got .
lots of problems about apple). Typ!celly, Inexperisncecd students
make thene ervors forgetting to write & question; writing a
take-away msubtractlon story when a comparlison subtractlion Is
involved <(81)) mixing up the two kinds of divislon sltuatlions,
repeated subtraction (#3) and sharing equally (#5).
3. 7O t IND OUT HO®W MANY AMOUNTS OF THE SAME >12E THERE ARE 1IN A As a follow-up, you might cut o and post several of the story
problema, {(a) as challenges to ot. =3 or (b) grouped by operatlon
KNCWN TOTAL ., YOU A €0 that the students see a varlety uf situatlons for additlon,
subtractlon, etc. Ae an extension for experlienced students,
STORY PROBLEM. suggest that they Inlude ~xtra (lrrel.vant) Informstlion In tholr
problems.
Angweca
1. subtract (The stories should lnvolve a contrast of two
distinct amcunts. as oppose” to the roemoval of a subzet of
a set In take-away oubtractlon.)
THERE ARE ALL TOGE THER WHEN ALL THEt AMOUNTS 2. acd
4. TO FIND OUT HOW MANY 3. divide (Repoated subtractlon ehould make 8ence for the
* CAN — s story.)
ARE THE SAME. YOU — 4. muitliply
STORY PROBLEM: 6. dlvide (Sharing equally should make sense for tho sotory.)

Hoten

Addlicicnal activities (with naturel settings or as extenslono):

QUALLY TO SEVERAL PLACES
5 pMEN AN AMOUNT 15 SHARED OR PASSED t Y Teoubln spote:

YOu ——

Othert

59 60 . 57

STORY PROBLEM:

ERIC
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NAME

HEADLINES !
MAKE UP A STORY PROBLEM FOR £ACH HEADL IKE!

1. $10.000 + $20.000!
2. $50 - $36.42!

3 58 X $0.49!

4 $100 ; 4!

5, (3 x35 ¢« 45!

8&

EXIRAY  EXTIRAY
Rean AL aAzout

bt

61

bBaiy Qpi=gt Lve

¥hey Lo yye Any time, 4qe

Teacher Commentacy

The stugent Cen transiate trom o given
Mathemat 1cat EXpression to gn eppropriate
story Problem.

PlS o maxe a goog “tilier® or a “do
while the Leacher 3 getting Something feaay*”
aclivity

Suggestey yye

You might have groups of ¢ ,ye ‘T problems tor the tjve
'heaallnes‘. Critique them Within the ot GUOUP, and share with
othe” groups. “tleadlineg 1~ mighl encourage a more imaginative
approach. A3 the childcen gain more experience, the story
PrOD'ems they wrjte Should pecome Somewhat more elatorate ang

creative; they often 10vOive (rrelevant Intormation ang multiple
Steps,

fhe tic3t four Problems contain a money < se.
to use others (60 x 55 mi»

Cotiect the pProvtems tor

You might preter
e3'!') of omit uny cuesy (as (n £S),.
your ptouiem pank.

Ngtes

Aadicional activities (wilh natural Sellings or as extensiona).

Trouble gpoty

Other

&9

Headlineat




Mame . Teacher Cocamentary AckIng the Queotion

ASKING THE QUESTION Hain Objeclive The s’udent can ask a question sppropriate for

a glven calculatlon In a given context.
WRITE A QUEST ON THAT THE PERSON MIGHT HAVE BEEN ANSWERING.
¥hen to uge Any time; calculations are already done.
1. DELORLS SAW SOME EARRINGS Imu C.ST $2.98 FOR A PAIR. SHE SAW

SUME BRACELETS THAT COST $1.29 EACH.
. . . ¥Yriting questions may be a new experience for the students, so
MY 'S WOKRK: WHAT QUESTION DID ANY ANSWER? yOou may choose to ise this pags as a whole-class discussion, with
81498 some time for In” viduals to think Oor oOr write down, thelr
v 1 19 questlons. Since th2 work 1s llkely to be new, money contexts
g are usod. AL an example 4or problem #1, sou might wri*e the
& .21 Anw, caicuiatlons, 2 x 1.29 = 2.58 and 2.58 + 2.98 = 5.56, and ask

what guestlion you might have had In mind (How much would 2
braceslets and a palr of earri~ » cost?). Some students nay neec
assurance that It 1s all righ x» Include another sentence |f

(IUNNL S wORK: Qut S T10N they can’t mee how to write Ju 2 qQuestlon (Delores bought 2
82.498 48.14 bracelets and a palr of earring How much did she espend?).
. 3 ¢ .29 Joke(?>: On thlo page the ans.. r I8 a question.
= 6—-"'—; Polilow-up can be flt Into many 3ltuations, even outsoids of math
s 2.4 10.¢ time, wnere some Informatlon Invites asking a quantitative
Fas. questicn. °What’s the Question?*® 18 a page for which students

are to wrlte the questic.., glven the calculation and the context

2. Dut 104U 11AS BOOKS ABOUT SKuRTS FOx $0.89 tACH. 11 ALSO HAS Anovern
LOLD BALLS FOK $36.°8 EACH. (Pcesible questions)
1. Amy’s work: How much dld she pay for a palr cf earrings

PAT'S wOKK. WHAT QUESTION Uib PAL ANSWER? and a bracelet?

'y o Dionne’s work: How suct did she pay for 3 pairs of

lo.0 earrings and & bracelet?

- ¢ )f 2. Pat’s work: 1t you buy a pall. how @much changs OO ycu Qat
A3 02 Ane. trem 8107

f3 2 e Dave’s work: How much would you pey fcr 2 books and a

bsll?

DAVY 'S WORK: QUL >TION: Greg’s work: How many books can you buy for 8107

# b1 41.18
/2 *4.8
g1.115 b1
Acditlonal activities (.lth natural settings or as extensions)’

UOREw'S KK (ON A CALCULATUK). QULSTION?
10.00 = .89 = 11.235955 Trouble zZpots:
W boocks hny
other -
 ERIC 30 . ) o1
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WHAT'S THE QUESTION? Teacter Commentary what‘s the Ques .on?

Baip Gbiectlve The student can write a questicn for glven

DALE'S FAMILY HAS 5 RABBITS. ONE RABBIT EATS 2 POUNDS OF story problem work .

FOOD £ACH WEEK. T.f FOOD COSTS 49 CENTS A POUND. T TAKES 12
FEET OF CHICKEN WIRE TO MAKE A RABBIT PEM. DALE TAKES CARE OF

THE RABB.TS FOR 3 HOURS EVERY WEEK, ¥hon to yme After eariler work with writing questions for
story groblems (e.(., *Asking the Question®) and
with dealling with *Hiddsn Intormatlon.*

1.5 x 2 =10. THE ANSHWER 15 10 POUNDS.

)
+MAT 1S THE QUESTION" uoaarts - _ung

Hr e ecmeoone resd the Information In the box. vWrite on “he
board, "2 x 49 = 98. The anower Is 98 cents.® Tell the ~tudente
you wiote that because you were thilnking of & questlion at ut the
story. What dc they think It was? (E.g., How much would the

2.5 x 2 =10, auD 52 x 10 = 520, [HE ANSWER 1S 520 POUNDS A YEAR. food for one cost cach week?)
Since thio 18 a more difflcult verslion of writing questions fo.
WHAT 1S THE GUESTION? __ a sto.y, you mey want studenis to work In palrs or small groups.
Some of the problems Involve *hliaden® Informatlon: & many
woekes In a year (8§3), how many hours In a day (8#5), and ir 84 the
student’s queation will have to Introduce the 3 (e.g., how such

| 11l It take f 3 cagon?)
3, 620 x 0.49 = 254.8. THE A*sWER 1S $254.80 A (EAR. vire v the tor

WHAT (S THE QUESTION? __ Anmyacy
Possitiliting;
1. How many pounds of food do the rabblts eat each week?
2. How many pounds of food do they eut each year?
3. How much does the food tor & year cost?
4. 3 x 12 = 36. TuE ANSWER 1S 36 FEE OF WIRE, 4. How much chlicken wire does It taxe for 3 cages?
6
6

. How many hours does Dale work In a year?

WHAT 1S THE QUESTION? . How many 21-nour days does Dals work In a year?

Hotem
5. 52 x 3 = 156. THE ANSWER 1S 156 HOURS A YEAR. Additional actlivitles (with natural sottings or as extenslons):

WHAT 1S THE QUESTIOR? ____ —

Trouble Bpots:

Other:
6. 156 3 24 = 6.5. THE ANSWER 15 6.5 DAYS A YEAR.

WHAT 1S~ QUESTION? 7

o

9o “

Q 65 ' . .
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HIDDEN INFORMAT ION

SOMETIMES IN A STORY PROBLEM YOU HAVE TO USE INFORMATION THAI 1S

NOT WRITTEN DOWN. WRITE DOwWN THE "HIDDEN®" INFORMATION FOR EACH
PROBLE:Y. THEN ANSWER THE QUESTION.

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

HIDUEN INFORMATION:
WOKK

2. Tt (utLt ol BASKETBALL PLAYER WAS 84 INCHES TALL. HOw MANY FEET
TALL wWAS THE PLAYER?

HIODEN | NFURMAT i ON
WOKK :

3. UANA BUUGHT 2 POUNDS OF GuM DROPS. AND SHONDRA BOUGHT 10 QUNCEs
OF GUM DROPS, HOWw MANY OUNCLS OF GUM DROPS DiD DANA AND SHONDRA
BUY TOGEL THER?

HIODEN I NFORMATION:
WORK .

4. A MiILE 1S 5280 FEFy. HOW MANY YARDS 1S THAT?

HIDDLN INFORMATION: ____
WORK .

5. Tut PIA COLORED 25 DOZEN £LOS FOR TH' EGG HUNE.  1lOW MANY £0GS5
0ih 1HtY LOLOR?

HIOODEN INFORMATION,
WORK

ERIC 94
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Teacher Commentary

Hain Doiective The stucent can call on hiaden i1ptormat 1on
for use 1 SLOly probiems

Yhen 1o v9e  Any ULime, especidlly usetul petore first
encounters wilr gtory prub'ems needing hiaden
intormation

Juggesledg uge

Since the point Ot thiS page 18 10 dlertl the studenls lo Lhe
fact thal inftormati10a0 not appearing 1pn a stoly problem may be
essenlial tor 1ts solution, you mignl choose LO hdve this as a
Class discussion, and skip the solucions Lo the probiems.

An excellent tollow-up 18 L0 *wrainstorm™ for agaitiondl hiaden
Intotmation that might pe usctul 1u problems. Kejationships
among urits uf nedsurement (as yn Wi, 82, #3, #4) give one
source -2000 pounas 1n a ton, 100 centimeters 1n a meter and
other meltric (e'3tiunshiIpPs, 365 A3yS 1n a yedr, Some ¢veryday
terms ‘a8 “gozen' 1n BS) may not be tamiliar to all the students:
How many in a cuet. tri10, pair. quartel, guintet, sexter, oclel
gross (a aozen aozen., of 144), score (a8 1n “Fout score*)’., ream
(a8 a (eam ot paper, S00 sheets) Some general -1ntormat1on
tactls could als0 be useful Temper sture ot pO.ling Or freezing
watel in Fahrenheit and Celsius, tederal sSpeed | imit 1n miles per
hour Or ki1lomelers per hour. normal LOAy temperatulfe, important

aates,.
Angwers
1 24 hours 1n a ady 24 x 60 = 1440, 1440 minutes 1n a3 day.
2. 12 inches 1n a toot 84 - 12 = 7. 7 tert taii.
3 16 ounces i1n 3 pound «2x16) ¢+ 10 = 42. 42 ounces
4 3 teel 1n 3 yata 5280 : 3 - 1760, 1700 yards 1p 3 mile.

Z 105 a gozen 25 x 12 = 300, 300 engs

tiotes
Agditional acltivilies (with naturdi sellings or as extensi10n8)

Iroubie spouts

uthet

0
1

Hiaden Intormation
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M Teacher Commentary Reasonable Numbersg
NAME

<

3589 GLASSES IN A DAY?! Main Obieclive The student can supply reasonable nuibers
REASONABLE NUMBERS into famiisar story problem contexts
PUT THE NAMES OF THINGS OR NUMBERS IN THE BLANKS. USE REASOMABLE ¥henioyse  Any time after “Hiaden Intormation
NUMBERS. THEN ANSWER THE QUESTION.
Smalspm_uas
roblem ¥2 uses background information not given explicitly in
1. ng HA?L ZONEY 5o YouU WEEDT ONE OF THEM COSTS ___ . the problem but needed for the S0.ution (“hidden” infurmation).

NORK&U U H there are 365 days iIn a year.

Some sharing might be fun, e.g., in %1 hearing what other
Jtudents wanted to buy could be interesting.

One thing to ook for i1n the sStudents’ responses 18 the
reasonableness of their numbers No one (probably) arinks 20
glasses of liguid 1n a day., for example (#2).

2. YO URINK GLASSES OF MILK OR OR EVERY
DAY, HOw MANY GLASSES DO YOU DRINK IN A YEAR? Ansvers
RX : (Numerical answers dgepend on the students’ choices.)
1. Uperation: multiplication.
2. Operation: multiplication, 365 x _
3 Operation: daivision, < 1e
4. Operation: aivision, _K&) * _82
5 Upeiation. multiplication, x .
3. TISHA AND JAMES' FATHER DRIVES A ___ AT HIS WORK, HE P " P Rl x Ma
DRVES ____ MILES N A YEAR, HOW MANY MILES WOULD THAT BE
EACH MONTH?
WORK : Notes
Additiona! activities (with naturai sSeitings or as extensionsS):
Troubie spots.
4. You HAVE _.. FOR RIDES AT . EACH RIDE
COSTS . HOW MANY RIDES CAN YOU TAKE?
WORK :
Other
STUDENTS IN ONE CLASSROOM. PRETEND THAT EACH
> l?aﬁ:N?RaE|GHS- POUNDS. HOW MANY POUNDS WOULD THE STUDENITS
WE IGH ALL TOGE THER!
WORK :

96
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NAME
USING EASY NUHBERS

Rtap THIS:

HOW MUCH TIME WitL IT TAKE A PERSON TO BIKE 11.25 MILES, IF
THE PERSON CAN BIKE 7.5 MILES IN ONE HOUR? (ASSUME THAT THt
PtRJou DOES KOT GET TIRED ANO CAN KEEP UP THE SAME SPELD )

SOMETIMES A STORY PROBLEM SEEMS HARD BECAUSE IT HAS UNFAMILIAR
NUMBERS IN IT, ONE wWAY TO SOLVE A PROBLEM LIKE THAY 15 TO

1. USE FAMILIAR NUMBERS THAT ARE EASY TO RELATE.

2. SEE WHAT YOU WOULD DO WITH THESE "EASY" NUMBERS. AND

3. 00 THE SAMS THING WITH THE NUMBERS IN THE STARTING
PROBLEM.

LxaMpit  TRY EASY NUMBERS IN THIS COPY OF THE PkonLtM ABOVL :
HOW MUCH TIME Wit IT JAKE A PERSON TO BIKE j)rzﬁ\nlLEs. T;
THE PLRSCH CAN BIKE ]X{\MILES IN ONE HOUR?

11 wouL) TAKE THE PERSON ____ HOUKS. YOU CAN __ (+.-.X.:) TO GET

THL ANSHEX.
DO THE SAME THING WITH THE NUMSERS THAT WERE MARKED OUT- .

Tt ANSWER TO THE QUESTION iS s

. GASUL INE €OSTS 30.989 A GALLON AT ONE STATION.

. ONE KIND OF GERM 1S 0.02 CENTIMETERS ACROSS.

. ONEf PERSUN CAN JOG 5.5 MILES EACH HOUR.

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

How MUuCH DO 15.6

GALLONS COST AT THAT PRiCE?

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

HOW MUCH WOULD ONE POUND OF THE MEAT ns1?
How MANY OF THE

GERMS WOULD BE IN A LINE 2.54 CENTIMETERS LONG?
If THE PERSON DOLS NOT

LT TIRED. HOW MANY MILES (AN Tt PERSON GO IN 2.5 HOURS?

S;E; 71

Hatecials peeded
¥hen to ugy

Teacher Commentary Ucing Zasy Humbere

Main Obiective The student can substitute ecasier numbers

In story problems.
Calculators

Any timo story problems with very largs numbers,
dacimais, or fractions vili be coming up.

Story problems with lsss faml]'ar numbers--large numbers,
decimals, fractions, mixed numbers--somet imes cause studento
preblems. Often this trouble 18 caused by the students’ reltance
on the immature otrategles cited in the prologue. Byt such
numbers can cause 2ven adults to stop and thinbk.. Subsetituting
*easy® numbers 18 a good &pproach to such problws.

The top half of the page should be used as an example. The
exercises might be done by palrs, since thinking of *easy*®
numbers 18 a new task for students.

Recall "easy numbers® whenever a student I8 stuck on a story
problem In the future, and the difficulty may be the numbers
involved.

Example: 2, divide, 1.5, 1.5 hours
1. Possible easy numbers: 81 or 92, 1S or 16 (galion®)
#16.43 (Students may nsea help Interpreting the 165.4284
that a calculator will give.)
2. Posslble easy numbers: 2 (pounds), 3 (dollars)
¢1.69 (Again, the calculator’s 1.6815642 may puzzle
students.)
3. Ponsible easy numbers: 1 or 2 (cm), 3 (ca
127 (Students may doubt this answer, olnce they expsecl
division to glve a omaller number. #3 wants to know
how many 0.02s &re In 2.64, 80 127 I3 correct.)
4. Possible easy numbers: S (mlles each hour). 2 or 3 (houra)

13.76 mllec

Holon

Additional activities (with naturai settings or as extenslons)t

Trouble Bpats:

Other ¢




Naue

KEY WORDS CAN MISLEAD YOU

FINDING A KEY WORD IS NOT ENOCUGH. YOU HAVE TO READ THE WHOLE

PROBLEM AND THINK ABOUT 1T. TELL HOW THE UNDERL IHED KEY %ORDS
LOULD MISLEAD YOU.

1. DaLe SPENT $1.25. THEN DALE HAD 55 CENTS. HOw MuCH DID DALE
HAVE AT THE START?

2. LAGH (LASSROOM AT ONE SCHOOU HAS 32 CHILDREN. THE scuooL HAS_12
CLASSROOMS . HOw MANY (HILDREN ARE AT THE SCHOOL ALL _JOGE THER?

3. BUN QIYIDED UP H1S PIECES OF CANDY EVENLY WiTH JOSE AND
(LI VELAND. EACH BOY GOT 15 PIECES OF CANDY. HOW MANY PIECES DID
Bth START WITH?

4. FLo "AS 3 1IMES AS MUCH MONeY AS LACY potS. FLO HAS 84 CENTS.
How MUCH DOES LACY HAVE?

5. LACH PERSON AT THE PARTY GOT 2 BALLOONS. A HA;, AND 2 BOXES OF
RAISING. HOW MANY THINGS DID EACH PLRSON GET?

6. MANNY'S MOTHER BOUGHT SOME_THINGS AT THt GHOCERY STORY. Siic GAVE
THE CLERK $10 AND GOT $1.27 IN CHANGE. IN_All. HOW MUCH DIG SME

SPEND AT THE STORE?

100

ERIC "
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Teacher Commentary Key ¥orde Can Mislead You

Maip Oblactive The student can reject an sutomatiCc reeponce

to key worda

Yhen to use Any tiae, but esprclally 1f your students psem

to ro'v 20 Liugle key words In story gfroblems

Somet imes tecachers point out the Importance of key words In
understanding what Is involved In a story problem. But then
students pbyp» this adv.ce by nkimming only for key words without
any sort of thoughtful reacing. Although such a practice can
give success on some one-step otory problems, It I8 much more
dlffizult to apply to multi-step problems or problemss with
Irrelevant information.

1f your studente need & varning about relliance on sole kay
words, thio page might be useful. In each case the underlined
word I8 often a key word for an operation which I8 not
approprlate for the problem’s solutlon. The page mlght beat be
handled In a whole-class discusoion.

Anexacy

1. *Spent* might tcuggest subtractlion. but addition i8 the
correct operatlion.

. *All together® mlight suggest addlition of 32 and 12. but

multipllication I8 correct.

*Diviged® naturally suggests division, but ouitiplicatlion

(3 x 15) I8 ccrrect.

4. *Timews as much® naturally suggests muitiplication. but
dlvision Is correct.

5. *Each® might suggest multiplicatlion or division, but here
additlion Is al' that ls necced.

6. *In all® might suggest aadition, but subtraction lo the
correct cholce.

w N

koten

Aaditional activities (with naturat settings or as oxtensions):

Trousle rpotsoi < l

Other:
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7.

UxAWING, GR D

Name

SIMPLIFIED DRAWINGS, OR DIAGRAMS
SOMETIMES IT HELPS TO THIKK OF A STORY PROBLEM WiTH A SIMPLIF IED

1 AGRAM.

Ik THE BLANK,

A L% 263 148 148 8 c 24¢
o000 | —ar— S
T
b. 14 \”;_‘ E. 4o ~5 F. 2¢s -3
((_,)0) O" 7 (=
\“‘ b.(:)

PUT THE LETTLR OF THE BEST DRAWING FOR THt PROBLEM.

1. 248 + 4

2. 248 - 4 (TAKEL AWAY)

__ 3. 248 - 4 (COMPARISON)

__ 4, 4 x 248

__ 5. 248+ 4  (HOW MANY 4S IN £48?)
6. 248 - 4  (SHARING)

MAKE A SIMPLIFIFD ORAWING, OR DIAGRAM, FOR EACH OF THESE.

3 x 188 8.

62.3 - 49.8 (COMPARISON)

102

5. 600 = 4 (SHARING)

79

76

Main _URsective

Yhen 10 _yue

Teacher Commentary Simpiitiec Drawings, or Diagrams

The studznts geins more experience at linking
adlagrems and mathemat jcal express)ons.

After you have modelled some story problems
with giagrams.

Suggeated yae

Before showing the student page, ask the students how you could
make a simple drawing tor a problem like *There were 4 -ats, 3
were caught. How many were stiil tree?* Use dots tor the rats
to meke the point that a simplltied Arawing does not have to ook
like a rat. 7Then ask about & sinple arawing iike *There were
1000 rats. S68 were caught. How manv were g9t free?” 1%
would clearly take to0 much time t¢ draw even 1000 dots, 30 you
can introguce the furiher simplitication Of usSing a labelled
“blob” 43 in the student page. It 18 probabiy a @r0aQ 10ea to
tntrogduce the word “adilagram* for the 4ot sket:-hes and for the
blob drawings. ("Urawing” seems to suygest something closer to a
PhoOtog: .pPh. )

This type of work 18 likely quite ner toO the 3studentz, so you
choose tO dO the tirst six prowlems ;. ividually as a3 vhceie-class
discussion. HMake the sketches on the hAaikDoOard and then adk,
one at a time. obout ¥}, 82, etC . r1ecotding the malhematical
expression by the eventusl choice

The 'ast th-ee problems :nvolve (aking the diagram instead ot
JusSt choo03sing one

Anawecs

E. where the arrow sSuggests something happening later
B, since cumperison involves two gepasrate anounts.

A

C

F

~Q D W -

-9 Drawings will vary. the bDest answers can be presumed to
De s milar to thcse an tn> earlier part of che iesson The
Importan: teature 13, der the drawing communica’s the
astion Or the felationship?

Hotea

Additional activities (with natural dettings or as extension)

Trouble sSpots.

Othet

103




IN EACH BLANK., PUT

Name

CHOOS ING DIAGRAMS

~HE LETTER OF THE BEST DRAW!NG FOR THE

PROBLEM,
1. 120 + 15
— 2. 120 - 15 (TAKE-AWAY)
3. 120 - 15 (COMPARISON)
— b, 120 x 15
5. 120 + 15 (How MANY 155 iN 1207)
6. 120 ~ 15 (SHARING)
A. 8. C.
15 120 MILES 120 MILES .
: UL IZIZZ ] THEN o mes THEN ecs
_ i&'"""”’?”! "A,‘” and 1o on o
0. £. F.
120 m 5 120 MILES 120 miLes
S ———N— l— Then 4310 Ayces
§h|\—”“\,—5__./
? ; (_'9___._7 R
e

ERIC

Aruitoxt provided by Eic:

11

Teacher Commentacy

Choosling Dlagrama

Bain Obiective The studesnt has more experience in |lnking
dlagrams and mathematica) expressicas.

¥han (o uyse

Suagn

Afte:
Draw!ngs, or Diagrams®..

some work with dlagrams (say,

“Simpliflea

Before the students see the student pags, do some Prel:minary
work to help them distingulsh between B and C and betwsen E and

F. Draw a cegnent

labelled "120° on the chalkboard and ask tha

chlidren what you hive done as you mark off 4 equal pleces on the
segnent, putting a question mark on each plece (*dlvided 120 Into
4 equal parts,” getting a clagram for 120 - 4).

t10

[ { i i

Leave that drawlng on the board, and agaln draw a sogment for

120.

then write *and so on."
many 48 are In 120, or 120 + 4 also.

“hig time mark off several

little pleces labzlled *4° and
¥hat does this dlagram suggest?--how
Contrast the two dlagrams,

and how the two uses for division @ive different diagrams.
Simllariy, use two crawinga ltlke E and F (with, say, 108 and

24) to show that take-away ana comparison subtractlons give

different dlagrams.

The dizgrams hers are bassd on !ine segments.

Such disgrams

are more coasnon “han “blobs,” even with quantlties that are not

really

longths | ike money).

frequently basel on lirne segments.

Anavaca

botcn

axmaw.n—

OO

In later gracey, dlagrams are most

Additional activities (with natural ssttings or 4o extensions):

Trouble spots:

Other:

78
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NaME
HOW'S MY DRAWING?

-

A DIAGRAM 1S A SIMPLIE JED DRAWING,

A DIAGRAM FOR A PRGBLEN SHOULD GIVE THE INFORMATION MEEDED,
BUT NOT TAKE TOO MUCH TIME TO DRAW.

WHAT ARF SOME GOOD AND BAD POINTS OF PAT'S, KIM'S, .
D1ACRAMS? AND LEE'S

THERE WERE & ROWS OF SIXTH~GRADERS StiTING IN LVEN ROWS ON THE
SLEACHERS.  EACH ROW D 24 STUDENTS. HOW MAKRY SIXTH-GRAUERS
WERL THERE?
PAT'S DIAGRAM KiM'S LEE'S 24
- - >7—- cco0000 00 @y wauuOn Y. CUO
4 - 5 - - - - )
B\ R
y N i ﬁ - S ore " ° B - :
&, . e

JC'S CAT WEIGHS 9 POUNDS. LES' UOG WELGHS 52 POUNDS. HOW MUCH
MORE DOES THE DOG WEIGH THAN THE CAT?

PAT'S DIACRAM KIM's LEE'S

N - . 2 K

Teacher Commentary How’ s My Urawing?

Mai1n QDigctive  The swudent can give sone criteria

tor evaluating drawings tor story probiems
Yhen _to uge fn the 2arly stages of work with diagrams

Suggedted vie
A whole-class discussion of a transparency of the page might be
a guod way to bfing oul the points. Have Someone resd the
material i1n the LOX, then the t1(St Story. and then ask tor
opInioi. 8 aboul Pat’'s diagram Contilnue with the other diagrams,
and with the secona Problem Use the term “dragram” often.

Angwers

i Pat 8 diagfam ,s lou detailed and does not even 1aclude the
aumer 1cal .ntormation. 1¢ would take Loo icng tO Oraw.
Kim 9 olagcam Just shows 4 rows and 24 Students. pQl that
there are 24 Students in every (Ow.
Lee 8 drawing 1< Probably the best Ot the three. 1t ashows
4 rows and Suggests that there ace 24 1n each rov. Lee
provaply did not draw 24 I1n every row Lo Save time

2 Pal s di1agram 18 again Loo delalled and omits the numer'ca)l
information.
Kim & diajiam 138 al) clght but trere 13 noth: ;g 1n the
aragram to suggest what 8 going On (th.t the (wO amounts

are being compared)
Lee 8 draw.ng !S again probably the best, showing the

amounts and how they might be felated,

Additional actavilties (Wil natural Seltlings or 43 extensions).

L0

'f:.".\ O Nk
g Kb oG o U
Hotles
ioe
Q 79 80
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PROBLEMS --> D:AGRAMS )

MAKE A DIAGRAM FOR EACH PROBLEM.

FRANCEY WAS SASTER THAN GiL. HENRY WAS 3
{ . SLOWER THAH GiL, F
WAS SLOwcR THAN [AN, WHO CAME IN NEXT-TO-LAST? - RANCEY

. A P AMILY HAD 400 MiLeS TO GO ON A TRIP. THEN THEY DROVE 5 HOURS

C$°A SPEED OF 55 MILES EACH HOUR. HOW FAR DID THEY STIL' HAVE TO

THERE WERE 77 CA.G PARKED IN A PARKING LOT. THEY WERE IN_3 ROWS.
THO RUWS HAD THE SAME NUMBER OF CARS. THE OTHER ROW HAD 2 MOURE
CARS THAN E1THER OF THEM. HOW MANY CARS WERE 1IN EACH ROW?

RALPH HAD TwO ROLLS OF KOPE. ONE WAS 50 FEET LONG ANS THE OTHLR

WAS 25 Fit] LONG, He NEEDED (WO PIECES OF Re = EACH 4 FEET LONG
TO MAKE A ROPE LADDER. HL NEEDED A PI1ECE 28  ET LONG TO MAKE A

TIRL SWiNG N A TREE. D1D HE HAVE ENOUGH RCPE.

1ng

81

Teacher Commentary Problems --> Dlagramse 1

Hain Oblective The student has experience at making a
dlagram for a story problem.

Yhen to une After the studentas have seen ooveral dlagrams
and evaluated some ¢ 3 in “How’'s My Drawing?®).

Review that d‘agrams are stmpltfled drawings, that they should
show the lmportant Information and how It 18 related, and that
they should not take too long to draw.

Theme problems are difflcult since studznts are reluctant to
make diagrams for problers they can easlly see how to solve.
Accordingly, you might show an example before they atart working.

Exampie: (Some Student) rode his/her Like 4 hours At a speed
of 8 miles an hour, rested, and then rode another 3 hours at a
speed of 6 mlles an hour How fer did (the student) rlde In all?
(Remarks You may have to review what "8 miles an hour*® m2ans.)

One pogssible dlagram:

8 m. $ me | T Sm Crv Cau bame
' + o e e =41

-

?
A whole-group losson might be your best choice here, since the
students probably have not had much dlagram-drawing ex;erlence.

Roaninle anmieco
1. -
W \(‘!/ —_
- ((rv.- £orel senlencs)
2 H80 M.
et Po— e
Y] S 5y sy~
53 sy Yy .' -~
3. e THiaa
—o L5, 3, £7)
) ( s
.y £
113 o
: T - —— b P
24 —_—— -

? (0\.{ 1!'&41‘\\

jona) activities (with natur al settings or as extensions)t

i0g

Aadit

Trouble spots:

82 Other:
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NAME

PROBLEMS --> DIAGRAMS 2
MAKL A DIAGRAM “OR EACH PROBLEM.
T. A1 8:00 IN THE MCRNING. 1T WAS 37 DEGREES. DURING THE DAY, IT

WARMED UP BY 18 OEGREES. THAT NIGHT THE TEMPERATURE FELL 43
DLGREES. WHAT WAS THE TEMPERATURE THEN?

2. THERE wiRL 5% STUDENTS SITTING ON THE BLEACHERS N 3 ROWS, THE
&ONutsl ROW HAD 5 MORt STUDENTS IN IT THAN THE SHORTEST ROW DID.

HE OTHER ROW MAD | MORE STUDENT (N T THAN THE SHORTEST ROW DIU.

HUW MANY STUDENTS WERE SITTING IN LACH ROW?

3, DAVE THREW THE BALL 8 FEET FARTHER THAN EDUARDO. FLIP THREW IT
10 FEET LESS THAN EOUARDO, FLIP'S LITTLE SISTER THREW 1T 20
f£67. DAVE THREwW 1T 106 FELT FARTHER THAN FLIP'S LITTHE gISTER,
HOW MULH FARTHER G1D FLIP THROW 1T THAN HIS LITTLE SISTER

110

83

84

Teacher Commentary Problems --> Diagrams 2

Main_Upaeg¢live The student haS experience at making a
diagram tor a story problem
When Lo use Atter experience like “Problems --> Diagrams 1°*

Jugaested use

Review that dilagrams are simplified drawings, that they shoula
show the important jntormation and how it ;s related, and that
they shoulda not take too long to draw.

An example may be needed, it i1t has peen some time Since the
sStudents have haa d1a9ram wor k Here 18 an »xample (Someone)
needed 319.%5 to Luy Some (ecords Oh .uie. (li18/her) parents
Satd 1t was all right It (someone) haa the money. (Someone) haa
3b BY saved up. (Someone) Baby sat for 4 hours. andg the people
Pa1a (himherc) 31 25 an hour Di1a ¢someone) have enough? |t
not., how much more did ¢(she-he) neea?

One possible diagram, developed 1nh steps, 1s this:

X2 ‘i___gJL4 ey

R
P

349y ?
-

You may cecide to have Small groups ot

Patrs ot students work
on these probiems.

.4
Possuple angwers w b
1
-— .
2 (2%
2 —_— L §4 1nall
P N e, 21, 07)
o
3 B T $0
0 - i b D lo.uos‘ll‘.’
o T 5" ’
€ g 11e-¥ 2 112
—_ € ng -0 tog’
S e . - == o e’
10 106" £-5 tog 20
Notew

Additi10nal activities (wilh natural Settings or 48 extensions).
Trouble spoly.

Other :

111
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NAaME
FROM DIAGRAMS TO NUMBERS

WRITE DOWN WHAT THE DIAGRAM TELLS YOU.

() e ()R
156 THEN

156 ~48
| 2.
?
$1.98 A
WaYs FroM A TO D?
$1.29
3. 4,
11.2 THEN

7
SNt
N

) L)
132

O 85
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Teacher Commentarv From Diagrams to Numbers

Main Objective  The student can write a mathematical
eXpression tor a gi.~n Jiageam.

Yhen to use After some work with diragrams ang With mean 1ngs
tor all the operations

Sugaeeled yse
This page m:ight Dest e done 1N P3ItS ot SMall groups. ‘t you
have a chart of uses of the operationg., sugygest that the 2t dente
might want to refer to 1t

Angwers
1. 1 98 - 1 29 (comparison Subtraction)
2 3 x 2x 4 (cartesian product multiplication)
3. 11 2 1 t 4 (repeatea subtraction division)
4 4 x 1 65 (repeated aadition mult.plication)
5 765 * 3 (shar 1ng €qually division)
6. 15 3.4 + 4 /8

Noteo

Add tjonel activities (with natural sSettings or as extensiond):

Trouble sSpols

Other .

113
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STORY PROBLEMS FROM DIAGRAMS

WRITE A STORY PROBLEM THAT THE DIAGRAM MAKES YOU THINK OF .

1. . 426 MILES
142 _MILES

3. L5 1 5 1 % 1 5 1 5 | 9% |

1 114
EMC 87 88
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Teacher Commentacy btory Prcoblems trom Diagrama

Baag _Onyective The student can Mmake up a Story problem that
fi1ts a given diagram

¥hen to_uge Any time after Some Wwork on diagrams and after meanings
for uvperations have been covered

fuggeateqg uge

Writing a Story probiem for & diagram 13 fairly open-ended.
Units (miles or dollars) are given 1n the tiret two problems to
suggest something of a context for the students. 1t you are
maintaining a chart of uses with diagrams. you might review that
betore the page.

1f sSome Students really seem Stuck, you might quietly 3uggest a
context to them. 8:.--a hiking trip or distances between towWwns or
a story about giants. ¥2--sharing money or buying 4 ot something
or “~1ding money. #3--buying 7 ot something or going un & irip or
taking 56 cm sSteps.

Set a tone for friendly critiquing and she”e some of the
probiems, to see whether there 1S a “ti11° between diagram and
story This sort of tollow-up gives further practice at
transiations Delween diagrams and 3tory problems

Cullect the problems to add o your problem bank.

lotended intececetalionsd

The diagram 18 i1ntended to suggest:

1 a compari1son subtraction (3ome students may think of a
multiplicatiQn coapar 1son {how many times as tar as} even though
that type of comparison 13 not uscda 1n thi1s supplemenl)

2. a sharing equally aivision

3 a repeated-aadition muitipiication

Hoyea
Adgdgitional activitlies (with natural settingd or as extensions):

TrouDle sSpols.

Other
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64
December 1986

To: {Grade 8 Teach=rs invclved)
From: Larry Sowder y
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 15 enable students to function in natural settings which
(many) word problerns 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. Thev'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 | coliected 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 imnagine, the nine classes were quite different. Six of them
seemed to be about the same caliber; they are iumped together as "Subset
1"7 the report. The other three classes performed noticeably better: they
make up "Subset 2."
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Word Problem Thinkirg Test
Item-by-Item Report

(Problems 1 enabie a contrast of performance of decimais vs fructicns,
although the metric system might cloud any ciaims. Problems 13 involva
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 Subset 1 Subset 2 Your class

Percent correct (div) 25.0 8.9 51.0
Percent reversals 22.7 24 .1 20.4
Percent choosing x 23.4 29.1 14.3
Percent choosing - 9.4 13.9 2.0

1B. One kind of germ is 3/20J 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 tottom 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  Subset1 Subset2  Yourclass

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
118
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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?

Allclasses  Subset 1 Subset 2 Yourclass

Percent correct + - 22.0 13.2 353
Percent correct - - 13.4 6.6 23.5
Percent chocsing

only one of + - 22.8 28.5 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" frastions vs "hard" fractions was built into #3.)

3A. Atone school 3/4 of ail 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?

Allclasses  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. Atone 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 - 449 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 fractionis at this time of eighth grade? Perhaps the interviews will

give some more information. The "hard" fractions in B had only a little
effect.

LA AL A S AL SRR 2 LR R R T TR Y
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(Problems 4 were for two things: does length times width overwhelm
and do decimals < 1 present more difficulty than decimals > 1? Other
work says yes to bath.)
4A. A small computer piece is shaped like a rectangle which is 0.25
centimeters long. Its area is 0.15 square centimeters. How wide is the
piece?
All classes  Subset1  Subset2 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 smail 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  Subset1  Subset2 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 2.9

Comment: Problems 21 are set up similarly, with the width rather than
the length given (fishing exp wuition).

{Problems 5 were to see how well, if covered, the minimal work in earlier
graacs on Cartesian-product mulfiplication 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. Hew many different kinds of single-scoop cones
with a topping could you order?
Allclasses  Subset1  Subset?2 Yourclass

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

+h dimm Firmem s
treasurer. In how many ways could the slection turn out?

All classes Subset 1 Subset 2 Yourclass

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.

LA AR RS A R A A T R R R LR R R LR R T

(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 aie changed. These problems involve division:
Problems 14-16 invoive muiltiplication.)

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 ¢ 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?
Aliclasses  Subset1  Subset2 Yourclass

Percent correct ‘div) (a) 89.1 82.2 100.0
(Figures include (b) 64.1 64.6 63.2
reversals.) (c) 53.5 51.3 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 galion of gas. How many miles
would the moped go on one gallon of gas?
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Al classes  Subset 1 Subset 2 Your class

Percent correct (div) (a) 77.9 68.4 92.1
(Figures include (b) 58.3 52.6 64.7
reversals.) (c)37.3 28.0 51.0

Percent of all students
doit.,, all three probs
and showi~1 non-con 34.8 33.23 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
“weake:" 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, e nd an intet 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 17.9 44.9
Percent reversals 3.1 3.8 2.0
Percent choosing x 18.9 17.9 20.4
Percent choosing + 1.8 19.2 0

Percent or:tting 16.5 19.2 12.2

9B. An explorer travelled through 1.2 miles of ferestin 0.75 hour. What
was the expwrer's average speec (in miles per hour) through the forest?

All classes  Subset 1 Subset 2 Your class

Percent correct (div) 19.8 13.3 23.4
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 10K differ on two counts--context [allowance vs baseball cards]
and numeral form [symbols vs words]. 10A is a modification of
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?

Aliclasses  Subset1  Subset2 Your class

Percent correct 15.0 2.6 34.7
Percent only + 20.5 0.5 20.4
Percent only - 44 1 48.7 36.7

10B. Two-thirds of Pete's baseball cards are about Padres' players and
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  Subset1  Subset2 Yourclass

Percent correct 14.3 6.7 25.5
Percent only + 26.2 21.3 353
Percent only - 26.2 26.7 25.5

Comment: "Left" scems 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.)
11A. Les had 20 books to read. Les has read 2 1/4 of them. How many
books does Les still have to read?
Aliclasses  Subset1  Subset2 Yourclass

Percent correct (-) 77.8 71.4 87.8
Percent reversals 4.0 52 2.0
Percent choosing div 5.0 6.5 4.1

11B. 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 resuits
thought that the B version would be easier. | hope to interview at least
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 used in other studies with younger students.)

-

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?

Aliclasses  Subset 1 Subset?2 Yourclass

Percent correct 30.2 11.7 59.2
Percent cheosing 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 Subset2 Your class

Percent correct 36.6 18.1 62.7
Percent choosing an
incorrect x only 19.5 25.0 1..8

Comment: Students using a proportion were not tabulated separately.
(22222202222 2R LT TR T TR R T IR R R B U GGy S G G e e

(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?
All classes Subset 1 Subset2 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

138. How many 0.2 gram doses of medicine are in 0.75 grams 0" the
medicine?
Allclasses  Subset 1 Sub =t2 Yourclass

Percent correct (div) 61.0 43.1 85.3
Percent reversals 6.5 9.7 2.0
Percent choosing x 8.9 1.1 5.9
Percent choosing - 8.9 2.5 3.9

Comment: Comparisons with Problems 1 are interesting.

1222 222222222222 2222224222822 2222222322222 2 iditnadll
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(Problems 14, 15, & 16 bring up non-conservation again. Problem

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 rmuch did he pay?
(c) Mrs. Davis bought 2/3 gallon for a lawnmower. How much did she pay?

All classes Subset 1 Subset 2 Your class

Percent correct (x) (a) 64.5 48.7 89.6
(b) 56.6 39.2 83.3
(c)51.6 31.1 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?

All classes  Subset 1 Subset 2 Yc irclass

Percent correct (x) (@) 75.4 63.4 92.2
(b) 65.7 42.3 74.5 =
(c) 56.6 40.8 78.4

Percent oi all students
doing all three and 23.5 29.8 16.7
showing non-con

Comment: Good news--better than students in the rest of the worid on
conservatiori! Bad news--Subset 1 performance on the (a) problems. Will
they oe intelligent consumers?
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(Prcb!ems 17 anri 1Q Aen ..nfaif for most -
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ney probably have had
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 Sui'set2 Yourclass

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
cata.

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 Yourclass

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 drawiny is 24 centimeters tall, how tall is the
building in a reduced copy of the drawing?

All classes  Subset 1 Subset 2 Yourclass

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
Aii ciasses  Subset 1 Subset 2 Your ciass

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: Asfor 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?
Allclasses  Subset1  Subset2 Yourclass

Percent correct (- div) 16.5 6.0 31.2
Percent omitting 20.9 23.9 16.7
% using irrel info 41.7 46.3 354

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  Subseti1  Subset2 Your class

Percent correct (- div) 4.2 1.4 £.2
Percent doing 100

divided by 22 1/2 29.2 12, 49.0
Percent omitting 17.5 26.8 4.1
% 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 | recall, ng gne made a drawing for either
problem, even amor- these with nonroutine problem solving experience.
19B wasn't as informative as | 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 snowing 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 problems invelve numbers of different magnitudes
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 1ax add to the bill?

Allclasses  Subset 1 Subset 2 Your class

Percent correct (x) 51.7 41.2 66.7
Percent choosing + 14,7 20.6 6.2
Percent choosingdiv  15.5 13.2 18.2
Percent amitting 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?
Aliclasses  Subset 1 Subset 2 Your class

Percent correct (x) 57.8 43.3 77.6
Percent choosing + 7.8 11.9 2.0
Percent choosingdiv = 12.9 11.9 14.3
Percent omitting 12.9 20.9 2.0

Comment: Why division? Poscibly the sense that the sales tax will be an
amount smaller than the bill, and division makes amounts smaller.
tttttttttt*tttttttttttttttttttttttittttttt*tttttttttttttt

(Problems 21 are companions to Problems 4. They enable a contrast of
pe: formance with decimals > 1 and decimals < 1, and an examination of a
possible over-influence of A = Iw.)

21A. A rectangular strip of cloth is 4.5 meters wide. Its area is 1.8
square meters. How long is the strip?
Allclasses  Subseti1  Cubset2 Yourclass

Percent correct (div) 6.1 0.0 14.9
Percent reversals 11.4 1.5 25.5
Percent choosing 32.5 34.3 29.8
Parcent choosing + 17.5 28.4 2.1

Percent choosing - 9.6 11.9 6.4
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21B. A rectangular strip of cloth is 0.45 meter wide. Its areais 0.18
quare meter. How long is the strip?

All classes Subset 1 Subset 2 Yourclass

wn

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 decimai 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?
Allclasses  3Subseti1  Subset2 Yourclass

Percent correct (div) 10.6 1.51 23.4
Percent choosing x 24.9 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?
Allclasses  Subset1  SubsetZ Yourclass

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 wher it is “attractive." ltis
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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Reports to the Grade 6 Teachers

Cover letter
Summary
Strategies Students Use in Solving Story Problems

Report by Item
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DEPARTMENT OF MATHEMAT

COLLEGE OF SCIENCES
SAN DIEGO STATE UNIVERSITY
SAN DIEGO CA 92182

Yol .S ER oY el of WVl ol o)
UAL OUICINUED

(619) 265-6191

August, 1987

Dear (class code )--

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 ar.d 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 studen's 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 ~thers 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

Students who used the supplementary materials performed better statistically than

ihose who did not. ("Truth-in-research-reporting” cautiozs: 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 argue; perbaps just the additional
attention--in quantity or in quali., -to problem solving was the rcason.) 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 bocks will find that they have some
of the things used in the materials--for example, guidance on choosing the operation in a story
problem.

. The strategies students usz 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 probletns, 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 f 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 serves 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. (8esides 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. [ justtry
to divide.

Strategy 4. Try all the operations, +, -, X, +, and choose the answer that is most rcasonable.

Example:

I: How did you figure it out...?

S: Well, 1 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 (subtract'an)?

S: Well, nothing else would work. Adding wouldn't work. Multiplying wouldn't work. So,
and dividing wouldn't work, so right away that orly left one thing....(It is not clear that S actally
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 kriow, 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: ...s0 you plus 'em up. {12 + 36]
I: How do you know?
S: Inall’
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Strategv 6. Decide whether th

X he answer should bc larger or smailer 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.

waay ¥ (3 ¥ 1w

Example:
S: Well, I would think that you have to subtract, because, er, it'd either be a subtract or, um,
divicion, 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: ..s0 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, um, 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 .
L All Classes, Pretest and Posttest -
P (299 Students Taking Both) s
(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.)

ONE-STEP MULTIPLICATION ITEMS (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 + 254 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 giams. 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” 54 5.0
Used irrelevant information 21.7 154 .
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?
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10. A store has notebooks in these colors' red, blue green, yellow, brown, or black. A notcbook

=y e ves Viaw i,

can have paper with holes or without holes. H » many different kinds of notebooks could
you buy at this store?

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" 254 17.1
Out of ime 0.7 0.7
Other ("don't know," omit,...) 29.1 214

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 *he .orm st tree diagrams), so you can judge whether this was fair
for your si.dents. 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 figy -.. Sixth graders can handle this typ= of muldplicatior (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 the
probler: statement?

2. A parking lot has 54 carsin all. The cars are in 3 equal rows. How many cars are in each

row?
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” 54 2.0
Other ("don't know," omis,...) 3.0 0.7

Comment: Good performaace. Students curing 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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gh. A worKer is puiting tiles in rows across the wall. Each dleis 6
96 cents. How many rows of tles will it take to cover the wall?

Pretest percents Posttect percents
Correct 395 47.5
Incorrect + 2.7 1.3
Incoriect x 22.4 15.7
Incorrectl ~hecked "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 rumber of
tiles to cover the whole wall was sought, and they realized that the length of the wall was
needed to do that. So perhaps the performance here is somewhat better than the figures might
suggest. Re!“tively 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? INote that #6 involves the measurement use of division (how many 6s in 907)
rather than the partitive use, as in #2 (how many in each, if 54 are split equally among 3?)

One piece of paper is 12 inches wide. It has a totel ¢ 96 smiley faces in equal iines on 1t.
There are 6 lines of faces. How marny smiley faces arc in each line?

Pretest percents Posttest percents
Correct 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

Comu.ent: Again, a disappointing nurnber of students used the irrelevant number, 12.

A package of 12 s+*zkers costs 36 cents. How many packages can you buy for $6.00?

Pretest percents Posttest percents
Correct 105 51.8
Incorrect + 3.3 0.7
Incerrect - 2.3 T
Incorrect x 8.7 4.7
Incorrect + 0.2 J.7
Incorrectly checked "missing information” 4.0 2.3
Used irrelevant information 31.8 29.8
Out of ime 1.0 1.7
Other ("don't know," « .t,...) 8.0 6.7
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Comment: The extraordinary nercent using the irrelevant information, 12 stickers, 15 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 (46 and
#15) and on the partitive pair (#2 and #12) are compared. except that irrelevant information
may be q;xite seauctive and that context is influential (as in contexts where area rught be
pertinent).

WQ-STEP ITEMS

4. Anempty 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 1.7
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. Sor  of these were interviewed and almost always gave a corrected
solution when the "§ cars’ was pointed out.

8. A carpenter has a board 200 inct s long. He makes 4 identical shelves and still has a piece of
board 36 inches long left over. 1 ow long is each shelf?

Pretest percents Posttest percents
Both steps (-, then +) correct 94 214
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 (rel=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 trze 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 wicth of the board; students who were
asked io make a drawing for the problem recognized that 200 + 4 was incorrect and then
succeeded in solving the problem, although occasionally r.. eding prompting.
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To make 6 popcor baiis, you need & cups of popcorn. How much popcorn would you need
to make 24 popcorn balls?

£retest percents Posttest percents
Both steps (+ x) correct 16.1 274
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” 54 4.3
<or second step, other (usually omitted) 719 59.9

(Percents represent che 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 curriculim only when ratios and proportions are treated, even though it is
do-able without proportions. (The supplementary nratetials do not give extru work ou
proportions.) The common first siep of 8 x 24 was curwvus, and defended during interviews
by "you would need more popcorn.” A drawing for the problem usually helped an
interviewee (there is software under developrent which provides drawings for sumilar
problems).

A roll of film costs $1.80. You can take 12 picwres with 2 roll. Then it costs 35 cents to get
each picture developed. Whut wili be the cost for fi'm 1nd development for 12 pictures?

Pr.test percents Posttest percents
Both steps (x, the +) correct 20.7 31.1
Incorrect + -~ first s.ep 50.1 23.7
First step “orToL 26.1 30.1
For 2nd e. ‘usually omitted) 742 63.5

Commer:. cringinterviews, students who had chosen anly (2 x 35 as a solution most
often gave a corrected solution when the question was emphasized.

MULTIPLICATTON INVOLVING DECIMALS (One Step)

16. One kind of cheese costs $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 33
Incorrect - 1.7 0.3
Incorrect + 8.4 6.7
Incorrecdy cnecked "missing information” 13.0 9.7
Out of time 1.7 1.3
Other ("don" knc'v,' omit,...) 37 6.U
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Comment: This problem was included because of #17; this pair represent an exploration of a
phenomncnon 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 oaly for whole numbers (ignoring O
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
"multiplicazion makes bigger, etc.” approacii and (2) when multiplication with factors less than
1 is introduced and practiced, to emphasize that such muitiplications 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
thar 66.9% of the students were successful on #16 at the time of the pretest.

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 - 50 33
Incorrect x 0.7 0.3
Incorrect + 184 17.1
Incorrectly checked "missing information” 15.1 13.4
Out of ime 2.0 1.3
Other ("don't know," omut,...) 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+% increasz in choices of division. Stdents during interviews
rightly rejected subtraction because "subtracting pounds from money doesn't make sense.”
Since many of the studerts may not have encountered multiplication with a decimal less than 1,
the increase in "I don't kncw" choices is understandable. Again, the interviews gave no
insight into the cne-in-eight choices of "needed information is missing."
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FILLER ITEMS (tv avoid a multiplication/division 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 20 1.3
Incorrect + 23 1.7
Incorrectly checked "missing information” 6.7 7.7
Used irrelevant information 5.4 33
Other ("don't know," omit,...) 33 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.

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 mucii
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 pounds the store bought (-vhich is the question of the problem) was
missing.
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14. There were 270 students at the first game. That was 15 more students than there were at the
second game, and 18 more than at the third game. Hov, many students were at the secon
game?

Pretest percents Pos. .est percents
Correct 29.1 47.8
Incorrect + 35.5 28.4
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" car signal additicn to students who rely solely on key-words, so this
filler item was included.

tn

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) 76.6 839
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 perforr.ed well, with the 9.7% choosing addition perhaps answering the question that
would be expeced: 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 94 ‘
Choice E (segment marked & with 4 arrow to left) 8.0 7.4
None or no answer 11.7 33
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Comment: Diagrams and drawings are so helpful in problera solving and in later
mathematics that the supplemeniary maierial contains work with them.  Typically text
treatments give no student exercises in which the student is requured to make a diagram or
drawing. Choice B may have been relatively popular since it 1s the closest to the algorithm
form; similarly, choice A is closest to the horizontal form 8 x 4.

STUDENT-WRITTEN PROBLEMS

19. Make up a story problem that would need 3 x 6 to figure 1t out.

Pretest percents Posttest perce. «
Correct 44.] 59.5
Other (incorrect, omit,...) 55.6 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 70
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
multplication 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 liitle more creativity rather than a reliance on the "safe" textbook kind.
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