Gender and strategy use in
proportional situations:
an Icelandic study
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This study was conducted to investigate the influence of contextual and number
structures on individuals’ use of strategies in solving missing value proportion prob-
lems, and to examine gender differences in strategy use. Fifty-three eighth graders
in one school in Reykjavik, Iceland, participated in this study. Twenty-seven females
and twenty-six males were individually interviewed as they solved sixteen missing
value proportion problems. The problems represented four contextual structures.
No gender differences were identified in the overall success rate. However, girls were
more successful than boys in handling associated sets and symbolic problems, and
boys were more successful than girlsin part-part-whole problems. Moreover, the data
suggest that the contextual structures influence females’ choice of strategy more
than that of males.

Mastery of proportional reasoning is a key requisite for success in learn-
ing higher mathematics (Lesh, Post & Behr, 1988). Attempts to define
the domain of proportional reasoning have led to the delineation of
various rational number constructs. Within these constructs, research-
ers have identified variables that contribute to an individual’s ease or
difficulty in solving problems. Problem context and number structure
are among these variables. In fact, they exist side-by-side in proportional
problems, with both exerting an influence on an individual’s use of a
solution strategy. We have surmised that a problem’s contextual struc-
tures and number value, along with the individual’s understanding of a
given mathematical situation influence their choice of strategy. The first
author designed a study that examined these variables in a population of
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fifty-three eighth graders. The project attempted to determine which
contextual and number structures are critical to an individual’s use of
particular strategies to solve missing value proportion problems. In addi-
tion, this study examined the existence of gender differences in strategy
use and understanding. An individual’s understanding is demonstrated
by the strategies he or she uses (Carpenter et al., 1999). These strategies
can be categorized in order of mathematical sophistication.

Scholarly research related to gender and mathematics is not currently
published as frequently as it was in the 1980’s or the 1990’s (Steinthors-
dottir & Sriraman, 2007a). This decline in frequency raises the question
of whether there is not the need to investigate gender differences at this
time and age. At ICME 10 (International congress of mathematics educa-
tion) held in Copenhagen in 2004, Topics study group 26 dealt with gender
and mathematics education and 15 papers were presented. Two studies
from Scandinavia showed interesting results indicating that gender dif-
ferences remain. In particular, a study of 9" and 1™ grade students in
Sweden showed that they still viewed mathematics as a male domain
(Brandell, Nystrom & Sundqvist, 2004). Another study from Finland
reported that teachers held different beliefs about girls and boys in
their classroom, believing that girls tended towards routine procedures
whereas boys used their power of reasoning (Soro, 2004). These findings,
along with numerous other studies from the U.S (Wiest, 2004), South
Africa (Mahlomaholo & Sematle, 2004), Australia (Forgasz, 2004) and
Iran (Pourkazemi, 2004), suggest that not much has changed in terms of
society’s dominant conceptions of mathematics and gender. In addition
to the aforementioned studies, PISA documented statistically significant
gender differences in achievement favoring boys for both 2000 and 2003.
In 2000, statistically significant gender differences in achievement were
found in 29 of 41 participating countries. In 2003, statistically significant
gender differences in achievement were found in 27 of 41 participat-
ing countires. One country, Iceland, had statistically significant gender
differences in achievement favoring girls.

In PISA, many items in the content strands of ‘change and relationship’
and uncertainty implicitly assume facility with proportional reasoning.
Sriraman and Lesh (2006) claim that proportional reasoning and estima-
tion are two of the most useful types of elementary mathematical think-
ing relevant for modeling situations. Finally, one of the seminal influ-
encesin the field of mathematics education, Zoltan Dienes, hasrepeatedly
emphasized the value of proportional reasoning in cultivating mathe-
matical thinking (see Dienes, 2000, 2004; Sriraman & Lesh, 2007). There-
fore, it is of great interest to both the Nordic countries and mathematics
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education communities to carefully examine students’ understand-
ing of proportion and the nature of gender differences among Icelandic
students in proportional situations (Steinthorsdottir & Sriraman, 2007b).

Influence on students’ strategies

Asmentioned above, an extensive literature has examined the influences
of both number and contextual structures on students’ strategy use. In
outlining his theory of the multiplicative conceptual field, Vergnaud
(1994) discussed the need to critically analyze and classify problem situ-
ations to better understand the cognitive tasks associated with what it
means to do mathematics (Vergnaud, 1994). Based on our assumption
that the contextual structures influence one’s ability to solve missing
value proportion problems, they can be used as one way to analyze and
classify problems. Our belief that contextual structures are defined by
the problem’s inherent meanings of quantity is also influenced by the
classification of addition and subtraction problems associated with the
research based on the Cognitively guided instruction model (Fennema
et al., 1996).

The concept of ratio and proportion as applied by young people has
been widely studied. Piaget and his collaborators identified proportional-
ity within their stage of formal operational reasoning (Inhelder & Piaget,
1958). In particular, children were found to demonstrate an intuitive
understanding of proportionality before they could deal with problems
quantitatively. Some of Piaget’s results have been criticized, however,
for their use of complex physical tasks to assess proportional reasoning,
thereby underestimating the influence of problem contextual structures
(Sriraman & English, 2004). In fact, research has shown that the student’s
degree of familiarity with a problem type affects problem difficulty. For
example, Tourniaire (1986) reported that mixture problems are more
troublesome to students than other contextual structures of proportional
problems. Furthermore, the location of the missing element in relation
to the other three numbers in a proportion has an influence on children’s
thinking (Tourniaire & Pulos, 1985).

In an effort to examine the influence of problem type on solution
strategies, Lamon (1993a) developed a semantic framework for classifying
proportion problems. Lamon grouped problem situations into four cat-
egories: well-chunked measures, part-part-whole, associated sets or stretch-
ers-shrinkers. In individual clinical interviews with students, Lamon
found that various semantic problem types elicited different levels of
sophistication in solution strategies. It is not obvious from her study,
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however, if and how she controlled the number structure used in her
problems or what influence number structure had on her results.

In addition to looking at the contextual structure of the problem,
researchers have asked if the number structure plays an important role
in strategies used by students to solve proportional problems. Students
deal more easily with numbers between one and thirty, than numbersless
than one and greater than thirty (Hart, 1981). Also, working with whole
numbers is easier for students than working with fractional numbers
(Bell, Fischbein & Greer, 1984). Unit ratios, especially 1:2, facilitate solu-
tions more so than do fractional numbers (Noelting, 1980a, 1980b). Tour-
niaire and Pulos (1985) outlined three difficulty factors associated with
number structure: presence or absence of integer ratios, placement of
the unknown number, and numerical complexity - that is, the size of
the numbers used and the size of the ratios.

Karplus, Pulos and Stage (1983) defined the relationships of those
quantities used in proportion problems by focusing on whether an inte-
gral relationship exists within the ratio or between ratios. "'Within’ refers
to the multiplicative relationship in the ratio , while 'between’ refers to
the multiplicative relationship between the ratios in the problem For
example, the problem % = 1;72 has integer multiples both within the
(2-2=4) ratio and between (2-6=12) ratios. A noninteger ratio, on the
other hand, is when the multiplicative relationship within a ratio or
between ratios is not an integer.

Abramowitz (1975) identified four kinds of number structures.
The first, termed differences (equal/unequal), refers to the presence
or absence of a repeated difference between the measurements used.
For example, equal differences would be 3 = &, where the difference
between 6 and 4 (6 — 4=2) is the same within the ratio and also between
ratios. An example of unequal differences would be § = <2, where the
difference between 6 and 4 (6 - 4=2) is not the same as the difference
between 10 and 4 (10 - 4=6). The second number structure, size (larger/
smaller), refers to whether the unknown number is larger or smaller than
the known number. The third is order, that is the order in which the
quantities are presented in the problem.

The fourth category, type (simple/complex/multiple), indicates
whether there are integer or non-integer relationships in the ratios and
whether the answer is an integer or non-integer. These views from the
literature indicate that among the crucial numerical factors in problem
difficulty is the presence or absence of an integer relationship and of an
unknown integer.
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Gender and mathematics

Research on gender and mathematics conducted in the last thirty years
provides evidence for the existence of gender differences (Lubienski &
Bowen, 2000; Steinthorsdottir & Sriraman, 2007a). Some research also
implies the need to look at gender differences from a different viewpoint
to provide us with a deeper understanding of the situation (Fennema,
1995). Studies conducted on children’s strategy use indicate that the
choice of strategies when solving complex mathematics problems does
differ between girls and boys. Studies have shown that girls tend to use
more conventional strategies that relate to commonly taught algorithms
whereas boys use more non-conventional strategies such as invented algo-
rithms (Carr & Jessup, 1997; Gallagher & De Lisi 1994; Marshall & Smith,
1987; Fennema et al., 1996).

Gender differences in proportional reasoning have also been identi-
fied (Tourniaire & Pulos, 1985). In these cases, boys outperformed girls.
Karplus et al. (1983) found no gender differences except those on nonin-
teger problems, which favored males. Also, they reported that content
type related to gender. Linn and Pulos (1983) focused on the source of
the gender differences. Their conclusion was that intelligence, spatial
visualization, cognitive style, or formal reasoning could not explain the
gender differences. Consequently, motivation or attitudinal factors are
more likely to be the source of gender differences.

Three main sources are available to examine the gender differences
in performance in Iceland. These are the Icelandic standardized test
(National institute for educational research) given to all students at the
end of tenth grade (Olafsson, Halldorsson & Bjornsson, 2006), the Third
international study, TIMSS (Beaton et al., 1996), and PISA 2000 and 2003
(OECD, 2004). The Icelandic standardized test had shown no gender
difference in overall achievement until recently, when the gender dif-
ferences began to favor girls (Olafsson et al., 2006). TIMSS, meanwhile,
reported no gender differences in overall achievement. When looking
at the content areas, very small differences exist, with girls doing better
than boys on algebraic problems and boys doing better than girls on
problems centered on proportion.

In PISA 2003 (OECD, 2004), statistically significant gender differences
in achievement favoring boys were found in 27 of 41 participating coun-
tries. The only country in PISA 2003 which had statistically significant
gender differences in achievement favoring girls was Iceland. Studies such
as the one we are reporting on in this paper and document gender differ-
ences in learning trajectories for particular mathematical concepts offer
one way of explaining such gender differences.
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Proportional reasoning strategies

The test problems in this study were designed to help understand how dif-
ferent contextual and number structures may influence students’ choice
of strategies. The research on proportional problem solving suggests that
there are three categories of strategies used in reasoning proportional
relationships: qualitative, build-up, and multiplicative. These strategies
represent different levels of sophistication in thinking about proportions.
Research with preadolescent students indicates that their representation
of situations involving ratios and proportions occur on an informal, quali-
tative basis long before they are capable of treating the topic quantitatively
(Tourniaire, 1986). The qualitative reasoning strategy, however, is based
on informal or intuitive knowledge of relationships without numerical
quantification (Kieren, 1993). This informal knowledge includes a visual
understanding of ratios and proportions. Thisis seen in young children as
they express comparisons among quantities using words such as 'bigger’
and ’smaller’ or 'more’ and 'less’ to relate to the quantities in question.
This qualitative reasoning is characteristic of young children but does
not disappear when more formal strategies develop. In fact, qualitative
reasoning continues to be used in proportional problem solving even by
people who have the ability to reason proportionally (Behr, Harel, Post &
Lesh, 1992, 1994; Kieren, 1993; Resnick & Singer, 1993).

Build-up strategies (based on repeated addition) require quantifica-
tion of the ratio relationships and are more sophisticated than qualitative
reasoning (Tournaire, 1986). They involve applying one’s knowledge of
addition or subtraction to the proportion in question. To use the strat-
egy, a child notes a pattern within a ratio and then iterates it to additively
build up to the unknown quantity. A build-up strategy is often observed
during childhood and adolescence, when it appears to be the dominant
strategy (Tourniaire & Pulos, 1985). The build-up strategy can be used
successfully to solve problems with integer ratios but can lead to error if
applied to non-integer ratio problems.

Multiplicative strategies acknowledge the covariance of ratio quanti-
ties and can be applied to both integer and non-integer problems. This
is a more complex form of reasoning than that based on addition (i.e.
build-up strategy). Multiplicative strategies are grounded in understand-
ing that the two ratios in a proportion are equal. Two types of multi-
plicative strategies have been identified: within strategies and between
strategies (Karplus et al., 1983; Noelting, 1980b). The between strategy
(also called a scalar strategy) is based on applying the multiplicative rela-
tionship within one ratio’to the second ratio to produce equal ratios. The
within strategy (also called a function strategy) is based on determining
the multiplicative relationship between the corresponding parts of the
two ratios and creating equal ratios.
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Error strategies in proportional reasoning have been documented in the
literature. Two types of error strategies have been frequently observed
by researchers. The first error strategy is when students ignore part of
the information given in the problem. For example, a student might solve
the problem by comparing just two of the numbersin the problem (Hart,
1981; Karplus et al., 1983). A second type of frequently used error strat-
egy is the ratio difference. In this strategy, students use the difference
between the numbers within a ratio or between ratios and then apply
this difference to find the unknown (Hart, 1981; Inhelder & Piaget, 1958;
Tournaire & Pulos, 1985). The ratio difference is often used as a fall-
back strategy when dealing with a non-integer ratio (Karplus et al., 1983;
Tournaire & Pulos, 1985).

Development of strategies

Inhelder and Piaget (1958) proposed a developmental sequence of propor-
tional reasoning. First, they argued, students use only part of the informa-
tion given in the problem to form a qualitative response. Following, the
students are capable of understanding some of the numerical relation-
ships, such as how the differences change with changes in the size of the
numbers. On the other hand, students fail to recognize that the numbers
form an equal ratio. Next, in the so-called pre-proportional stage, stu-
dents understand some of the relationship between the two ratios and
develop an efficient strategy, such as the build-up strategy. Finally, stu-
dents reach the proportional reasoning level, where they understand
both the scalar and functional relationships between the two ratios.
Noelting’s (1980a, 1980b) answer to Piaget’s developmental sequence
was to report on the somewhat different developmental stages in pro-
portional reasoning. Noelting’s developmental sequence was built on a
child’s understanding of integer and non-integer relationships within
and between ratios. Since many researchers believe that true propor-
tional reasoning is defined as multiplicative, the change from using
build-up strategies to multiplicative strategies is considered a benchmark.
Knowledge of the factorial structure of numbers influences this change
(Resnick & Singer, 1993). Experience with factorial number structures
permits use of multiplicative reasoning in proportional situations.

Methodology

This study was conducted to investigate the influence of contextual and
number structures on an individual’s use of strategies in solving missing
value proportion problems and to examine gender differences in strat-
egy use. Fifty-three eighth graders in one school in Reykjavik, Iceland,
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participated in this study. Twenty-seven females and twenty-six males
were individually interviewed in January as they solved sixteen missing
value proportion problems. The problems represented four semantic
structures: well chunked (W-C), part-part-whole (P-P-W), associated sets
(A-S), and symbolic (S-P). For each contextual structure there were four
problems, each representing a distinct number structure: integer-integer
with an integer answer (I-1-1), integer-noninteger with an integer answer
(I-N-TI or N-I-I), noninteger-noninteger with an integer answer (N-N-I),
and noninteger-noninteger with a noninteger answer (N-N-N).

Creation of problems

Lamon’s categories of contextual structures were used (Lamon, 1993a).
The well-chunk category refers to situations in which two extensive
measures (e.g., dollars and items) are compared to the results in an inten-
sive measure or rate (dollars/item). The part-part-whole category refers to
situations in which ratios compare two subsets of one whole set. The two
subsets are easily understood to be parts of one whole (Lamon, 1993a).
Mixture problems (e.g., orange juice-water mixture) would fit this cat-
egory. The associated sets category refers to a problem type in which two
elements are compared and their relationship is defined by the problem
itself. The two elements have little or nothing in common without the
connection being made in the problem setting. The fourth problem cate-
gory is called symbolic problems. In this category, two ratios are presented
in mathematical symbols and compared without context. The ratios are
all in the form of an equation such as 2 = 2.

We consider the views from the literature as summarized in
Abramowitz’ (1975) four categories of number structure: (1) differences
(equal/unequal), (2) size (larger/smaller), (3) order, and (4) type. In this
study we applied these four structures to equal missing value propor-
tional problems. The first variable difference is constant; all problems
have unequal fractions, with the differences between and within ratios
unequal. This prevents the use of ratio difference strategies. The second
variable size is also constant, with the unknown number always larger
than the known. The third variable order is another constant, with the
place of the unknown number always the same. The fourth variable type
identifies as the one variable we allowed to remain.

By allowing the type to remain a variable, we looked specifically at how
the number structures in the ratios used in the problem influence the
use of strategies within each contextual structure. We used four types
of numerical relationships in the problem. The first was a simple whole
multiple, or an integer-integer ratio with the unknown an integer. In the
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first type, the integer multiplier was found both within the ratio as well

as between the ratios (i.e. 22 = 22). The second was an integer-noninte-

ger ratio or a noninteger-integer ratio with the unknown an integer (i.e.
2 =2 and 2 = & respectively). Test problems were created in these
categories in such a manner that the integer relationship exists either
within a ratio or between ratios. By comparing equally difficult prob-
lems, one hopes to see a preference in strategy use. Karplus et al. (1983)
made a clear distinction between problems having a within integer ratio
and those having between integer ratios. The third type is a complex
multiple, or a noninteger-noninteger ratio with the unknown an integer
(% = 23). The fourth type is also a complex multiple, or a noninteger-
noninteger ratio, with the unknown a non-integer (3 = ). We consider
this last type to be the most difficult one and included it to determine
if individuals are consistent with their use of strategies. Within each of
the four contextual structures outlined, we wrote four missing value
proportional problems using the number structures described above (see
table 1 and appendix A).

Table 1. Example of problems

Example Number
structure

Associated sets  Staff members at the Dog Motel I1-1-1
Hvutti estimated that 10 dogs eat
5 kg of dry food each day. There are
30 dog guests at the motel today.
How many kg of dry food are
needed to feed all the dogs?

Well-chunked A group of people is planning to N-I-1
backpack in Iceland this summer. 5
When planning, they estimatethat 7 = 3g
in 5 hours they can walk 7 km. If
they walk at the same rate, how
many hours will it take them if the
hike is 28 km?

Part-part-whole Hal was mixing fruit drink for his I-N-1I
birthday party. According to the
recipe, there are 2 cans of Spriteto  § = 33
every 8 packs (jugs) of orange juice.
For the exact same taste, how many
cans of Sprite would be needed if
Hal used 24 packs of orange juice?

Symbolic No context N-N-I
problems

10 _ 30
5 =z
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Categorization of strategies

We used six categories of reasoning strategies: no conceptualization, ratio
differences, qualitative, build-up, combined , and multiplicative strate-
gies. This classification forms a hierarchy of reasoning sophistication.
No-conceptualization was used if the subject made no attempt to solve
a problem or used a number randomly and could not provide a reasonable
explanation. See table 2 for the descriptions of the categories.

Sample

The population for this study, which included 27 females and 26 males,
consisted of eighth-grade students in one school in Reykjavik, the capital
of Iceland. At the time of the study, the school was one of the largest
compulsory schools in Reykjavik. Families with a wide range of incomes,
ranging from low-income and single parent families living in govern-
ment-supported housing projects to upper-middle class families, live in
the neigbourhood.

Table 2. Students’ strategies for solving missing value proportional problems

Strategies Description of strategy

No conceptualization This student made no attempt to solve a
problem or used numbers randomly and could
not provide a reasonable explanation of their
thinking.

Ratio difference This student calculated the difference between
the numbers in the known ratio and used this
information to create a second ratio with the
same difference.

Qualitative This student considered the numerical relation-
ships and used estimation to quantify the prob-
lems.

Build-up This student calculated a unit ratio or used a

given ratio to build up additively in an attempt
to reach a target number (the known number of
the second ratio).

Combined This student used multiplication to get near
a target number (the known number of the
second ratio), but resorted to build-up, ratio dif-
ference, or qualitative thinking to adjust for
non-integer multipliers.

Multiplicative This student applied only multiplicative reason-
ing either within or between measure spaces to
achieve a solution.
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The school had four eighth grade classes, each with a different mathemat-
ics teacher. They were all mixed classes, with students ranging from those
with learning disabilities to those with outstanding academic perform-
ance, and had approximately the same number of females and males. Two
of the four classes were randomly selected to participate in the study. All
the students in the two classes, except for one, gave their permission to
be interviewed. The one exception asked his parents for permission not
to participate in the study because of alearning disability. Other students
with learning disabilities or difficulties did participate and their results
were included in the data analysis.

Interview procedure

Each of the 53 students was interviewed individually by the first author
(native of Iceland) and audiotaped. The students were asked to solve 16
missing value proportional problems (see appendix A). In the process of
solving the problems, field notes where taken to capture the student’s
work. Individual students required between forty to eighty minutes to
complete the 16 problems. The sixteen problems were presented in a
random but predetermined order during individual interviews with each
student. In some cases, when it was clear that a student was struggling and
getting frustrated with a particular problem, they were provided assist-
ance but the result was marked as unsolved for further analysis.

Students were provided with paper and pencil to write as they felt
necessary. They were repeatedly encouraged to describe their thinking
as they solved each problem, whether by writing, drawing, communi-
cating orally, or using a combination of these. They were not allowed
to use a calculator. If their solutions and strategies were not clear, they
were asked to explain their thinking further. The students were also
told that if they could not understand the question they could ask for
clarification, or if they could not solve a problem they could ask to proceed
to the next question.

Data analysis

Anindividual’s response to each problem was examined using field notes,
tape recordings, and any written work produced by the students. The
interviews were not transcribed, but used as reference if field notes were
not clear. The reasoning strategy used in each problem was categorized
even if it did not lead to a correct numerical answer. All student responses
fitinto one of six classifications (see table 2), which formed a hierarchy of
reasoning sophistication. The strategy that the student used to give his
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or her final answer was coded. When students explained their solution
using two different strategies, their response was recorded as belonging
to the more sophisticated strategy.

After classifying the strategy used in each student response according
to table 2, the results were organized, first by contextual structure and
then by number structure. Also classified were the number of correct
answers, first by contextual structure and then by number structure. A
similar table was also created by gender.

Results

Students’ strategies and contextual structure

The study implies that there are three contextual structures from which
the students constructed different understandings of missing value pro-
portional problems (see table 3). First, the well-chunked (W-C) and asso-
ciated sets (A-S) problems call for similar interpretation from students
and the pattern of strategy use is very similar. On the other hand, the
part-part-whole (P-P-W) problems and the symbolic problems (S-P)
indicate a somewhat different pattern of strategy use.

In the well-chunk and associated sets problems, students used fewer
multiplicative and ratio differences strategies and more build-up and
combined strategies than in the other two contextual structures. Com-
bined strategies appeared in problems that had an integer-non-integer
ratio relationship (i.e. 75 = ). Close to fifty percent of the well-chunk
and associated sets problems were solved with multiplicative strategy
compared to fifty-five and sixty-five percent of part-part-whole and sym-
bolic problems, respectively (see table 3). This implies that a problem’s
contextual structure does influence the student’s choice of strategies.

Table 3. Total percentage of strategies used by contextual structures

Strategies Well Part-part- Associ- Symbolic
chunked whole ated sets  problem
No conceptualization 10 4 7 7
Ratio difference 6 20 4 10
Qualitative 0 1 0 2
Build-up 8 4 8 0
Combined 31 16 30 13
Multiplicative 46 55 51 67

Note.n=212 (n=number of problem solved in each semantic type). Column does
not add up to 100 due to rounding error.
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Moreover, the overall frequency of using the build-up strategy was small,
which is interesting. A study in the 5% grade in Iceland suggested that
build-up strategies were the most common strategy used by 5% graders
when solving missing value proportion problems (Steinthorsdottir &
Sriraman, 2007b).

For the part-part-whole problems, students tended to rely on a ratio
differences strategy if they could not successfully use a multiplicative
strategy. Fifty-five percent of the problems were solved with multiplica-
tive strategies whereas twenty percent were solved with ratio differences
strategies. Moreover, the students used very few build-up strategies for
solving the P-P-W problems, with just four percent. P-P-W problems
accounted for the fewest cases of misconception.

The symbolic problems had the highest use of multiplicative strategies
with sixty-seven percent. Similar to the part-part-whole problems, the
students used ratio differences strategies when multiplicative strategies
failed, accounting for ten percent of the solutions. No student used build-
up strategies for the symbolic problems, which also elicited the lowest
rate of combined strategies with only thirteen percent of the solutions.

The findings of this study indicate that students used different combi-
nations of strategies between contextual structures. Combined strategies
appeared in problems that had an integer-non-integer ratio relationship
between contextual structures (i.e. & = ). In thirty-five percent of the
cases of combined strategies in both A-S and W-C problems, students
adjusted for the noninteger multiplier using the build-up strategy (see
figure 1).

In all these cases, the remainder was half of the known number in the
first ratio (i.e.). It appeared to be easy for students to see the half relation-
ship and add that number to their target number. In twenty percent of
the cases, the students unitized the remainder and added that number
to reach the target number. In about twenty-three percent of the cases,
students used the relationship of the numbers in the ratios to estimate

Problem Strategy

Gudrun and Thor are planning to [ know that12-3 = 36 and
backpack in Iceland this summer. g.3 =74
They estimate that in 8 hours they 36+6 = 42; 6is half of 12

can cover 12 km. If they walk at the _ !
same rate, how many hours will it 24 +4 = 28 because 4 is half of 8

take them if the trek is 42 km long? ~ $0Ineedto add tharto 24 so the
(8 =2) answer is 28
12 = 42

Figure 1. Student’s strategy (combination of multiplication and build-up)
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Problem Strategy

Itislunchtime at the Humane Society. 8-16-24-32
The staff members have found that 6 32+4=36

cats can eat 8 large cans of cat food. 6-12—18—24
How many large cans of cat food

would the staff members need tofeed =~ 24+4 =28
36 cats? Explain how you found your . Why did you add 4?

answer. (3 = &) S: Because I needed 4 to get to 36 so [
had to add 4 to 24 to get the answer.

Figure 2. Student’s strategy (combination of build-up and ratio difference)

the remainder. But only in about eleven percent of the cases did students
use ratio differences to deal with the remainder (see figure 2).

Twenty-four students turned to combined strategies to solve the part-
part-whole problems, or sixteen percent of the problems. The patterns
of the combined strategies also varied. Only four percent of the students
used build-up strategies to work with the remainder, which had the mul-
tiplicative relationship of half compared with thirty-five percent in the
well-chunk and associated sets problems. In twenty-eight percent of the
cases, students unitized the remainder and added that number to their
target number (see figure 3). On the other hand, in about forty percent
of the cases, students used estimation by considering the relationship
between the numbers in the ratios. Twenty-four percent used ratio
differences to adjust for the noninteger multiplier.

The combination of strategies for symbolic problems was also dif-
ferent from those used for other contextual structures. In twenty-one
percent of the items, build-up strategies were used to work with the half
relationship. No one unitized the remainder. Twenty-one percent of the
cases used estimation, but fifty percent of the cases accounted for ratio
differences to work with the remainder.

Student’s strategies and numbers structure

A clear pattern occurred in the decreased usage of multiplicative strat-
egies and the increased usage of ratio differences as the number struc-
ture became more difficult (see table 4). For the integer-integer-integer
(ie. 2 = ) and integer-non integer-integer tasks (i.e. 3 = 25), nearly
all strategies were multiplicative (eighty-two percent of the I-I-I solu-
tion and seventy-two percent of the I-N-I / N-I-I solutions). The more
complex number structures (N-N-I and N-N-N) generated less sophis-

ticated strategies with only twenty-five percent of problems solved with
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Problem Strategy

In a designing program at the Hill ~boys:2—4- 8-16-1-17

Green School there were 2 boys for  girls: 4—8-16-20-2-22
every 4 girls. How many boys par-
ticipated in the game if there were
22 girls? Explain how you found your

answer. (2 = &)

S:Ifigured out that there are 2 girls for
every 1 boy so I had to add 2 girls to
get to 22 and then I had to add 1 boy
and got 17 boys.

Figure 3. Student’s strategy (combination of build-up and unitizing)

multiplicative strategies. Students partly relied on combined strategies to
reach an answer for the more complex structures even though they had
used multiplicative strategies on nearly all other problems. In these tasks,
most students used multiplication to attempt to reach a target number.

The use of combined strategies increased as the numbers got more
complex. In solving the I-N-I or N-I-I problems, only ten percent were
combined strategies, but fifty percent of all the N-N-N problems were
solved with combined strategies. There was also a decreased use of build-
up strategies for more complex number structures, with the most used
in the I-I-I problems (nine percent of solutions), while only one student
used a build-up strategy on the N-N-N problems, one percent of the

Table 4. Total percentage of strategies used by number structure

Number structure

Strategies e T NN NeN-N
No conceptualization 4 7 11 8
Ratio difference 5 7 10 16
Qualitative 0 0 3 1
Build-up 9 4 6 1
Combined 0 10 34 50
Multiplicative 82 72 36 25

Note. n=212 (n=number of problem solved in each semantic type).

I-I-1 = Integer-Integer ratio relationship with an Integer unknown

I-N-I or N-I-I = Integer-Noninteger ratio relationship with an Integer
unknown

N-N-I = Noninteger-Noninteger ratio relationship with an Integer unknown
N-N-N = Noninteger-Noninteger ratio relationship with a Non-integer
unknown

Columns don't add up to 100 due to rounding error.
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Problem Strategy
S:It’s 13.

Olaf has invited his friends for pizza.
He estimated that he would need 2 ) ,
large pizzas for 4 people. How many L: How did you know

pizzas does he need to buy if 26 of his ~ S: There is half more friends then
friends are coming? Explain how you people soit has to be 13.

found your answer. (2 = %) I: Why does it have to be 13?
S: Because 13 is half of 26.

Figure 4. Student’s multiplicative strategy

time. There was also an increased use of ratio differences. Combined
strategies also differed among the number structures.

The reason why combined strategies accounted for no more than ten
percent of the solutions to I-N-I or N-I-I problems most likely had
to do with half relationships, as the remainders were half of the whole
numbers in the known ratio (i.e. 3 = &; 4-64 = 26). The students’ con-
tinual reliance on multiplicative strategies suggests that the fraction is so
common to them that it might present less difficulty. Perhaps students
operate with this fraction nearly as easily as they do with natural numbers
(see figure 4). Ten percent of the students used ratio differences for the
remainder (see figure 2) and fourteen percent dealt with the remainder
by unitizing it and then adding it to the target number (see figure 3).

In the N-N-I problems, sixty-five percent of the problems solved with
a combined strategy had the half relationship, which students added to
their target number. Eleven percent of the students used estimation,
working with the relationship of the numbers in the ratios (see figure 5,
strategy a). Thirteen percent of the students used ratio differences and
nine percent chose to ignore the fact that there was a remainder. In the
N-N-N problems, forty-three percent of the problems that were solved
with combined strategies used a multiplicative strategy and estimation.
Twenty-seven percent of the students chose to fall back to ratio differ-
ences to find the remainder (see figure 2). Twenty-seven percent of the
students also chose to unitize the remainder and come up with anumber
to add to their target number. (see figure 5, strategy b).

Correct and incorrect answers

Number structure most clearly determines the difficulty level of missing
value proportion problems (Abramowitz, 1975; Tourniaire & Pulos, 1985).
The resultsin thisstudy support this finding. The number structure of the
problems in this study clearly affected the students’ abilities to respond
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Problem Strategy a

There is a feeding time at the fox S:Iknow5-4=20and4-4=16
farm. The farmer has found that 4 kg and I need 2 more to get to 22 and
of meat can feed 5 foxes. How many I know that I can not also add 2 to
kg does the farmer need if he has 22 16 so it will be something like bigger

foxes? Explain how you found your [. It_?;z éZigﬁgﬁZﬁ;r than I8.

answer. (1 = %) S: Because 4 is less then 5 but almost 5
so it has to be a little bit less than 2.

Strategy b

5-4=20and 4-4=16
1 fox gets % kg and 2 foxes get 1 %
22 foxes need 17%kg

Figure 5. Student’s strategy when solving N-N—-N problem

with correct answers more so than did semantic type (see table 5). Stu-
dents did better on the associated sets problems than any of the other
types, answering correctly seventy-three percent of the time.

The other contextual structures were all quite similar. On the other
hand, if we look at the correct answers by number structure, integer-
integer-integer problems were clearly the easiest, with ninety-two
percent answered correctly. Noninteger-noninteger-noninteger prob-
lems were the most difficult ones, with only thirty-two percent solved
correctly (see table 6).

Gender differences in strategy use

Correct and incorrect answers

No overall differences were identified in the rate of correct answers
between boys and girls (X’=0.19, df = 1, p>0.05). Females solved sixty-six
percent of the problems correctly and males solved sixty-eight percent
of the problems correctly. Contextual structure had a bigger impact on
the girls’ success rate (table 5) than on the boys’ success rate; that is, the
success rate for females was not as similar across contextual structures as
it was for males. It is also interesting to note that girls did better in the
symbolic problems than did boys, while the boys did better on part-part-
whole problems. The number structure did not indicate any differences
by gender. Both boys and girls showed a similar pattern of a decreasing
number of correct answers as the complexity of the number structure
increased (see table 6).
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Table 5. Percentage of correct responses by semantic type

Gender
Contextual structures Female Male Total
Weel chunked 66 70 68
Part-part-whole 57 71 64
Associated sets 74 71 73
Symbolic problem 68 63 65

Note. Total n=212, Female n=108. Male n=104. (n= number of problem
solved in each category).

Strategies

Boys tended to use more multiplicative strategies, while girls tended to
use more build-up strategies. Boys had higher rates of no conception
and qualitative strategies. Gender differences were not identified in the
pattern of strategy use based on number structure (see table 7). Among
those of both gender, the more complex the number structure became,
the less sophisticated the strategy became.

Boys tended to use more multiplicative strategies than did girls in
all contextual structures except for the symbolic problems (see table 8).
The higher rate of use of multiplicative strategies on symbolic problems
by girls reflects that the girls succeeded in solving these problems more
often than did the boys. well-chunk and associated sets problems show
similar patterns in strategy use by boy and girls and part-part-whole and

Table 6. Percentage of correct responses by number structure

Gender
Number structur Female Male Total
I-1-I 92 91 92
I-N-I or N-I-I 82 88 85
N-N-I 60 59 60
N-N-N 31 34 32

Note. Total n=212, Female #=108. Male n=104. (n= number of problem
solved in each category)

I-I-I = Integer-Integer ratio relationship with an Integer unknown
I-N-I or N-I-I = Integer-Noninteger ratio relationship with an
Integer unknown

N-N-I = Noninteger-Noninteger ratio relationship with an Integer
unknown

N-N-N = Noninteger-Noninteger ratio relationship with a Non-inte-
ger unknown

42 Nordic Studies in Mathematics Education, 12(3),25-55.



Gender and strategy use in proportional situations

Table 7. Percentile of strategies used by gender—number structure

Strategies Number Structure

I-I-T  I-N-I N-N-I N-N-N

N-I-I

F M F M F M F M
No Conceptualization 2 6 5 9 9 14 7 9
Ratio Difference 6 3 11 3 15 5 20 11
Qualitative O 0 0O O O 5 1 2
Build-Up 13 6 6 2 7 4 1 1
Combined 0O 0 10 11 35 33 51 48
Multiplicative 79 8 68 76 35 38 20 30

Note. Total n=212 (n=number of problems solved in each category)

F = Females, M = Males

I-I-1 = Integer-Integer ratio relationship with an Integer unknown

I-N-I or N-I-I = Integer-Noninteger ratio relationship with an Integer
unknown

N-N-I = Noninteger-Noninteger ratio relationship with an Integer unknown
N-N-N = Noninteger-Noninteger ratio relationship with a Non-integer
unknown

Columns don't add up to 100 due to rounding error

symbolic problems have different patterns. In W-C and A-S problems,
girls tended to use more build-up strategies than did boys, and in P-P-W
and symbolic problems they tended to use ratio differences more often
than did boys. Differences in solution patterns between contextual struc-
tures are more extreme with girls than with boys, indicating that the
contextual structure influences girls more than it does boys. Finally,
looking at the combined strategy, there seem to be no differences between
girls and boys as both genders have similar patterns.

Discussion and conclusions

The purpose of this study was to identify whether the contextual or
number structures of missing-value proportional problems have a greater
influence on a student’s choice of solution strategy. A second purpose
was to investigate gender differences in strategy use within both con-
textual and number structures. The major results of this study are the
following:

— The number structure influenced students’ use of strategies for
solving missing value proportional problems more than did
contextual structures.
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— The number structure most clearly determined the level of
difficulty of the problem.

- There were no overall gender differences in the number of correct
solutions.

— There are indications that the contextual structures more strongly
influenced the girls’ use of strategies for solving missing-value
proportional problems than it did the boys’ use of a strategies.

The influence of contextual structures

The results indicate that number structure, more than contextual struc-
ture, influenced the students’ use of strategies for solving missing value
proportional problems. In addition, number structure most clearly deter-
mined the level of difficulty of the problem. Consequently, the number
structure of the problem appeared to affect students’ ability to respond
correctly. The influence of the contextual structures should not be
overlooked.

In examining the contextual structures, the well-chunked and asso-
ciated sets problems show similar patterns in strategy use. Some aspects
of these problems call for a very similar interpretation from students.
The context of these problem types is familiar to the students; stu-
dents deal with speed, price, and amount of food in their daily lives.
The familiarity of the context is what well-chunked and associated sets
have in common. These types also show the fewest number of 'pure’
multiplicative strategies (table 3). We call it pure’ because the combined

Table 8. Percentile of strategies used by gender—semantic type

Strategies Contextual structures
Well Part-part- Associated Symbolic
chunked whole sets problems

F M F M F M F M

No Conceptualization 9 11 1 6 5 10 6 9
Qualitative 0 0 1 0 0 1 0 5
Ratio Difference 7 5 30 10 6 1 13 7
Additive 12 3 5 4 10 5 0 1
Combined 33 28 12 19 33 26 11 15
Multiplicative 38 54 51 60 45 58 71 63

Note. Total n=159 (n=number of problems solved in each category)
F = Females, M = Males
Columns don't add up to 100 due to rounding error
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strategies were usually a combination of multiplicative and other strate-
gies. If combined strategies are taken into account, then these two con-
textual structures doin fact elicit the most frequent use of multiplicative
strategies. This is consistent with the number of correct solutions (table
5), since well-chunked and associated sets have the highest number of
correct solutions. It can therefore be argued that students use their most
sophisticated strategies in problems set in contexts with which they are
familiar and understand.

For students, the part-part-whole problems called for a different inter-
pretation. In the part-part-whole problems, the two elements in a given
ratio are subsets of one whole. By looking at the number of multipli-
cative strategies and combined strategies it can be said that part-part-
whole items elicited the fewest solutions with multiplicative strategies.
It is interesting that build-up strategies were not a practicable way for
students to solve these problems, but ratio difference strategies were.

For symbolic problems, students relied on multiplicative strategies.
Failing that, they used ratio differences. It is interesting to note that no
attempts were made to use build-up strategies as most students treated
these problems as fractions, not ratios. The students were familiar with
how to find equivalent fractions and most knew that they were supposed
to multiply. Use of build-up strategies was not considered, since they
had nothing to build up and no elements made sense to them. Also, stu-
dents probably remembered from their textbooks that adding on was not
something you did when making equivalent fractions.

It is difficult to talk about symbolic problems without taking into
account the number structure. Since the students treated the proportion
as two fractions, it was difficult for them to see the answer as a mixed
number; moreover, they were not familiar with complex fractions. A very
common answer when dealing with an N-N-N problem was, "This is
not possible. The answer is not a whole number.” When faced with this
difficulty, many students tried something else to attain a whole number
answer. Also interesting is that the students who combined strategies
used multiplicative strategies to reach the target number and then used
ratio differences for the remainder. We believe that this is connected
with students’ understanding of fractions, which is limited when dealing
with complex fractions.

The influence of number structure

The number structure was carefully manipulated within planned param-
eters of complexity. The number complexity formed a parallel hierarchy
among the contextual structures. Consequently, the more complex the
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number structure, the less sophisticated the strategies used by students.
The frequent use of multiplicative strategy in the I-N-I problems might
support the idea that students chose the ‘easier’ multiplicative relation-
ship to work with such problems. Two of the problems had an integer
multiplier between ratios and two had one within ratios. But when
looking at the problems, it can be seen that there was an integer relation
within the ratio and, a relationship between ratios. That is, the multiplier
between ratios was an integer plus a half. Students’ reliance on multiplica-
tive strategies might also suggest that the fraction is so common to them
that it might have presented fewer difficulties. It is well documented that
students operate with this fraction nearly as easily as they do with natural
numbers (Noelting, 1980a, 1980b). On the other hand, with the N-N-I
problems, which all had a 3 relationship between ratios (within the meas-
urement space), there was a considerable drop in use of ‘pure’ multipli-
cative strategies. The difference between these two number structures
is that in three of the N-N-I problems, the denominator in the known
ratio was larger than ten, with the known quantity in the second ratio
larger than 30. Some research has suggested that problems with numbers
larger than 30 influence students’ proportional reasoning. The results
corroborate the literature.

The last number structure, N-N-N, showed the fewest cases of correct
solutions as well as the least usage of multiplicative strategies. Students
had torely partly on other strategies to reach an answer even though they
used multiplicative strategies on nearly all the other problems. Such use
of fallback strategies has been found in previous research on proportional
reasoning (Tourniaire & Pulos, 198s; Karplus et al., 1983; Lamon, 1993b;
Kaput & West, 1994).

In these tasks, many students used multiplication to attempt to reach
atarget number. When this number could not be reached with an integer
multiplier, they used the nearest multiple and applied a less sophisticated
strategy to the remainder. It was this remainder or the adjustment for
the noninteger multiplier that caused difficulty on the N-N-N tasks for
many of the students as they had to give fractional answers of thirds,
fourths, fifths and sixths. This would suggest that these fraction families
were less understood by the students interviewed. It also suggests stu-
dents’ unfamiliarity with complex fractions and mixed number answers
within the contextual structures of the problems.

An alternative way to look at the N-N-N problems is to combine the
number of multiplicative and combined strategies. By doing this, one can
see that approximately seventy-five percent of the problems were solved
by a strategy that was multiplicative in nature, since the combined strat-
egies were a combination of multiplicative and one other strategy. In the
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method the students used toreach the target number, as described above,
it was not their lack of proportional reasoning that hindered them in
determining the correct answer but their lack of computational skills.
On the basis of our results, it is not possible to determine whether stu-
dents had difficulties with proportional reasoning in N-N-N problems.
One could argue that a student who had a preference for using a multipli-
cative strategy understood some aspects of proportion, while also under-
standing that the same relationship applies in more complex number
structures. He or she might not have used computational knowledge to
solve a complex calculation, or might not have seen the need to come up
with an exact number in some cases. Thus, it might not make any sense
for the student to go through a complex manual calculation when a close
estimation can be obtained

Gender differences in strategy use

The dataindicated no overall gender differences in the number of correct
solutions. Girls did better than boys in solving the symbolic problems and
associated sets problems and girls tended to use less complex strategies,
except in the symbolic problems.

An important factor tolook at is that the symbolic problems were very
familiar to the students. These problems were common in the textbooks
and the students most likely had already solved this kind of problem, even
though their recognition was related to fractions and not proportion.
For girls, it seems important to consider what they had learned before. It
might be that girls had paid attention to what was taught and were good
learners. There are studies that support the idea that girls do better than
boys on content that has been covered in the classroom (Kimball, 1989).
Another study implies that contextual structures create a greater effect
on females than on males (Pulos, Karplus & Stage, 1981). A noticeable dif-
ference exists in this data in the variation of strategy used by males and
females, as well as the difference in the success rate (see table s5and 7). The
associated sets included problems such as how much food was needed for
acertain number of animals or people. Such a situation is most likely very
common for children in their daily life. Meanwhile, well-chunked prob-
lems involve problems related to speed and price. These are also common
circumstances in daily life. Moreover, the symbolic problems might not
have been connected to students’ daily life but it is quite likely that the
students had already learned a procedure that helped them to solve this
type of problem. On the other hand, the part-part-whole problems are
not as much a part of the students’ daily life activities. For students to
wonder about the number of people in a group and how much linear
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expansion there would be if some particular part of the group grew would
certainly be less likely to be a part of the students’ daily practice.

In conclusion girls were more successful than boys in handling asso-
ciated sets and symbolic problems, and boys were more successful than
girls in part-part-whole problems. Moreover, the data suggest that the
contextual structures influence females’ choice of strategy more than
that of males. Follow up studies that call for the use of proportional rea-
soning on real world problems can help further illuminate factors related
to gender and strategy use. It would be of interest to the Nordic com-
munity to conduct similarly designed studies to examine whether such
differences are present elsewhere.
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Notes

1 Here we define ratio as the relationship between two quantities that have
two different measure units.
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Appendix A
Well Chunked Problems

Integer - integer with an integer answer (I-1-1)
In 3 hours, the students solve 9 math problems. How long will it take the students
to solve 18 math problems? Let’s assume that it takes the same amount to solve
each problem. Explain how you found your answer. (g = 18)

Noninteger — integer with an integer answer (N—I—I) or

integer — noninteger with an integer answer (I-N-I)
My friends and | are planning to backpack in Iceland this summer. We estimate
thatin 5 hours we cab cover 7 km. If we walk at the same rate, how many hours
V\!i“ it take them if the trek is 21 km long? Explain how you found your answer.
(7 =21)

Noninteger — noninteger with an integer answer (N-N-I)
Gudrun and Thor are planning to backpack in Iceland this summer. They esti-
mate that in 8 hours they can cover 12 km. If they walk at the same rate, how
many hours wiII it take them if the trek is 42 km long? Explain how you found
your answer. (15 = 13)

Noninteger — noninteger with a noninteger answer (N-N-N)
Johanna lived in the USA for one year. She went to the candy store and bought
some candy for her party. The price of the candy was 2 pounds for 3 dollars. How
many pounds of candy could she buy for 17 dollars? Explain how you found your
answer. (3 = i)

Part-part-whole problems

Integer — integer with an integer answer (I-1-1)
In the after school program there are 5 girls for every 15 boys. How many girls
are in the after school program if the boys are 45? Explain how you found your
answer. (3 = %)

Noninteger — integer with an integer answer (N-1-1) or

integer — noninteger with an integer answer (I-N-I)
In a designing program at the Hill Green School there were 2 boys for every 4
girls. How many boys participated in the game if there were 22 girls? Explain
how you found your answer. (% = 55)

Noninteger — noninteger with an integer answer (N-N-I)
A constructor is building apartments building in a new neighborhood. These
buildings have two and three bedroom apartments. It has been decided that
for every 6 three bedroom apartments there should be 14 two bedroom apart-
ments.How many three bedroom apartments are neededifthere are gomg tobe
35 two bedroom apartments? Explain how you found your answer. (14 = 35)
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Noninteger — noninteger with a noninteger Answer (N-N-N)
Karl was mixing fruit drink for his birthday party. According to the recipe, there
are 5 cans of Sprite to every 6 packs (jugs) of orange juice. For the exact same
taste, how many packs of orange juice would be needed if Karl used 19 cans of
Sprite? Explain how you found your answer. (% =15

Associated Sets Problems

Integer - integer with an integer answer (I-1-1)
Thorisfeeding his fish. The directions on the box tell Thor that 4 scoops of food is
enough for 12 fish. How many scoops of food should 24 fish in Thor's aquarium?

x

Explain how you found your answer. (5 = 1)

Noninteger - integer with an integer answer (N-I-I) or

integer — noninteger with an integer answer (I-N-I)
Olaf has invited his friends for Pizza. He estimated that he would need 2 large
pizzas for 4 people. How many pizzas does he need to buy if 26 of his friends are
coming? Explain how you found your answer. (% = 3)

Noninteger — noninteger with an integer answer (N-N-I)
Itis lunchtime at the Humane Society. The staff members have found that 6 cats
can eat8large cans of cat food. How many large cans of cat food would the staff
members need to feed 36 cats? Explain how you found your answer. (% = 35)

Noninteger — noninteger with a noninteger answer (N-N-N)
There is a feeding time at the fox farm. The farmer has found that 4 kg of meet
can feed 5 foxes. How many kg does the farmer need if he has 22 foxes? Explain
how you found your answer. (+ = 35)

Symbolic Problems
Integer - integer with an integer answer (I-1-1)

x

What number does the x stand for? (% = 13)

Noninteger - integer with an integer answer (N-I-I) or
integer — noninteger with an integer answer (I-N-I)

x

What number does the x stand for? (% = 30)

Noninteger — noninteger with an integer answer (N-N-I)

What number does the x stand for? (}—8 = 31)

Noninteger — noninteger with a noninteger answer (N-N-N)
What number does the x stand for? (% =)
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Sammendrag

Denne artikel handler om strategier ved lgsning af proportionalitets-
problemer og det underseges hvordan opgavernes kontekstuelle og
talmaessige strukturer influerer pd henholdsvis drenges og pigers valg af
lgsningsstrategier.

Der kunne ikke pavises kgnsforskelle i elevernes generelle succes-
rater. Pigerne var dog mere succesfulde end drengene ved A-S og S-P
opgaver mens drengene klarede P-P-W opgaver bedre end pigerne. End-
videre indikerer data, at den kontekstuelle struktur i hgjere grad pavirker
pigernes valg af strategi end drengenes.
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