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Introduction
1. INTRODUCTION
Many Dutch children have problems in arithmetic. Research has, for example, shown that less
than 50% of pupils halfway through mainstream elementary school have sufficiently mastered
subtraction (Noteboom, van der Schoot, Janssen & Veldhuizen, 2000). In schools for children
with specific learning disabilities and mild mental retardation the average child underperforms in comparison to the average child in mainstream education (Kraemer, van der
Schoot & Engelen, 2000).
One major issue in this thesis concerns the effect of two different methods of
mathematics instruction on strategy use and the resulting performance of low achieving boys
and girls. Another important issue is the validity of the regular assessment of strategy use.
The expenments described were linked to several other projects that constituted a
larger research program on the optimization of mathematics learning processes for low
performers (Van Lieshout, 1997a). The main focus ofthat program was on the effects of two
general instructional concepts, namely guided instruction versus direct instruction on the
performance of low achieving students. The concept of guided instruction was based on
constructivist teaching. In accordance with this teaching method, guided instruction provided
many opportunities for students' own contributions and triggers were used to elicit students'
own contributions. Direct instruction, on the contrary, was intended to give little room to
students' own contributions. The instructional methods investigated in this thesis are partly
based on either one of these concepts.

1.1 Differences in mathematics ability
Since this thesis is also concerned with the differential effects of training methods on low
achievers on one hand and boys vs. girls on the other, both the nature and causes of low
achieving in mathematics and of boys' and girls' mathematical behavior will be discussed
here. Mathematical development has its roots in early infancy. Infants can already
discriminate between small quantities of items in the first week after birth. Children of two
years old are able to understand addition and subtraction of small quantities (e.g., 3 - 1 )
without using verbal counting. These early abilities seem to emerge naturally (Wynn, 1992).
More advanced abilities most definitely do not form as such, but have to be learned. In the
7
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years prior to formal schooling, children informally develop some knowledge about numbers
like the number names and counting. They also gain some ability to add or subtract using
their verbal counting skills. In formal education children leam how to solve more complex
arithmetical problems. Children use mampulatives, verbal counting and retrieval based
strategies to solve problems. The use of manipulatives generally starts to decrease first, then
the use of verbal counting decreases and finally children use retrieval based strategies almost
exclusively. This transition by no means evolves in a stage-wise fashion. Children often tum
to lower level ways of solving a problem, when they are already quite able to use a higher
level (Geary, 1994).
Mathematical development does not evolve in the same way for every child.
Differences between boys and girls and differences due to learning difTiculties will be
discussed here.

Sex-related differences

The mathematical development pattern for boys and girls seems to be different. In infancy
there appears to be no difference in boys' and girls' sensitivity for numerical information, for
example, the ability to discriminate between different quantities. However, at later ages (ΙΟ
Ι 2 years) girls outperform boys on computational problems (Fennema & Carpenter, 1981;
Halpem, 1992; Kimball, 1989; Linn & Peterson, 1986; Marshall, 1984). At the same time,
boys outperform girls on word problems in this age group (Linn & Peterson, 1986; Marshall,
1984; Marshall & Smith, 1987; Vermeer, Boekaerts & Seegers, 2000). At high school level,
boys have been shown to outperform girls in mathematics. On more difficult problems
(Penner, 2003) or problems requiring spatial skills, shortcuts or multiple solution paths
(Gallagher, De Lisi, Holst, McGillicudy-De-Lisi, Morely & Cahalan, 2000) this advantage for
boys is even bigger. Boys in high school are more able to adapt their strategies to problem
demands (Gallagher et al., 2000). One study in the Netherlands showed that at the end of
elementary school, boys outperform girls in all areas except column-wise anthmetic where
performance is equal (Janssen, van der Schoot, Hemker & Verhelst, 2000).
As to the cause of these differences, it can be argued that fundamental differences
between boys and girls exist that, at a certain age, make it easier for girls to routinize certain
procedures (Marshall & Smith, 1987). Another explanation is that parents and teachers
instruct girls and boys in a different way (Carr, Jessup & Fuller, 1999). Carr, Jessup and
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Fuller also found that some types of instruction are interpreted differently by boys than girls.
Metacognitive knowledge about strategies influences boys' and girls' strategy use
differentially (Carr & Jessup, 1997). Women's math performance could also be impaired by
stereotype threat (Quinn and Spencer, 2001), meaning that they perceive math as a task unfit
for women. On the other hand, Steele (2003) showed that girls (6 to 10 years) do not apply a
mathematical-under-ability stereotype to girls of their own age, but only to (older) women.
Therefore, it could be the case that the stereotype threat situation emerges at ages of 9 to 12
years. Casey, Nuttall and Pezaris (2001) conducted a path analysis on data from eighth grade
students and found that differences in mathematical ability (favoring boys) were mediated by
spatial-mechanical ability (74% of variance) and mathematics self-confidence (26% of
variance). According to Casey, Nuttall and Pezaris (1999) individual differences in spatial
skills are caused by an interaction of endogenous and exogenous factors.
Learning difficulties
Learning difficulties in mathematics are often related to two deficits: procedural deficits and
fact retrieval deficits (e.g., Geary, 1990; Geary, Brown & Samaranayake 1991). The
procedures used by children with mathematics difficulties are similar to those used by
younger children with a normal mathematical development (Geary & Brown, 1991). Children
with mathematics difficulties often show a persistent deficit in remembering arithmetic facts.
It is very difficult to improve their ability to memorize and recall arithmetic facts by giving
them intense memorization training (Howell, Sidorenko & Jurica, 1987).
At early ages (7 years), mathematical ability is mainly determined by the general
speed of processing, but only after controlling for reading ability (Bull & Johnston, 1997).
This could mean that specific mathematical ability is influenced mainly by speed of
processing. Other variables (e.g., short-term memory, sequencing ability, rapid naming)
obviously also cohere with mathematical ability but with reading ability as well. These
variables seem to affect the general ability level and therefore also the mathematical ability
level. For example, when studying children from 7 to 8 years of age, Geary, Brown and
Samaranayake (1991) found that the mathematically disabled children had a smaller digit
span than normal children. The mathematically disabled in their study were low performers
on reading as well, however.
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1.2 Math Instruction
Constructivist versus traditional cumculum
Traditionally, the mathematics curriculum is centered on the acquisition of specific facts,
rules and procedures. Repetitive practice of mostly bare problems is the key through which
mastery of a strategy for problem solution is achieved. The teacher is supposed to explain
and/or model the strategies that are to be used. Through automaticity, the amount of conscious
effort decreases and resources are freed to perform other tasks. The traditional approach finds
a basis in cognitive psychology and the limited capacity model. Automatic processing is the
execution of a learned sequence of steps that is stored in long tern memory. This kind of
processing scarcely uses attentional resources (Schneider & Shiffhn, 1977). The resources
that are freed by automaticity can be used for other purposes, for example to support
metacognitive processes.
On the other hand, in constructivist theories, the main idea is that children are active
learners who should develop their knowledge themselves. This idea finds its roots in theories
of Piaget and Vygotsky (Geary, 1994). In constructivist mathematics teaching, children are
enabled to form their own mathematical concepts and gain conceptual understanding by
providing them with appropriate materials (i.e., problems and models of the number-world)
Models of the number world (e.g., the number line) are to be used by children to gain
10
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understanding of the number-world. In more recent social-constructivist views the creation of
a social climate that fosters the self-development of knowledge is deemed to be very
important (Cobb, Yackel & Wood, 1992).

Children with mathematics difficulties and constructivist teaching

Geary (1994) states that educational policy in mathematics is unfortunately not a result of
empirical research outcomes but is led by philosophical beliefs. The current belief is that the
emphasis should be on development of conceptual understanding through the use of
constructivist teaching methods. This goes at the expense of attention to the acquisition of
procedural skills. It seems reasonable that both procedural skills and conceptual knowledge
need a reasonable amount of attention in instruction. Conceptual knowledge and procedural
knowledge develop in an iterative fashion. Gains in procedural knowledge predict gains in
conceptual knowledge and vise versa (Rittle-Johnson, Siegler & Alibali, 2001). In young
children counting skills influence the ability to judge counting errors made by others (Briars
& Siegler, 1984) which also indicates that procedural knowledge can generate conceptual
understanding. Normally achieving children might be able to compensate for a lack of
procedural instruction by themselves. In can be seriously questioned whether low performing
children are able to do this as well.
Furthermore, it is unclear whether low achievers will profit from constructivist
instruction that uses methods of self-invention because a prerequisite for self-invention is the
ability to integrate knowledge from different mathematical domains. Low achievers might be
unable to do this (Geary, Brown & Samranayake, 1991). Moreover, it can be questioned
whether these children are motivated enough to start constructing their own knowledge
(Geary, 1994).

Girls and constructivist teaching

Girls show lower levels of confidence and comfort with mathematics (Halpem, 1992;
Kimball, 1989). They also experience more anxiety and consider themselves less competent
(Chouinard, Vezau, Boeffard & Jenkins, 1999). Girls might also have a lower mathematics
self-concept, lower self-perceived math skills and lower math motivation (Skaalvik & Rankin,
1994).
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These attitudes could cause girls to adhere to a small number of proven strategies and
procedures that lead to satisfactory performance on computational problems. Such a proven
strategy approach might eventually give them some more confidence in the early grades. The
use of a limited number of strategies could limit performance in later grades, however,
because different strategies are considered best for different problems (Klein, 1998). Since
girls' potential mathematical performance is also mediated by mathematics confidence
(Casey, Nuttall & Pezans, 2001) a constructivist teaching approach that intends to discourage
the use of single proven strategies and fosters their own development of strategies might
eventually raise girls' performance and enhance their confidence. Hopkins, McGillicuddy-De
Lisi and De Lisi (1997) found no support for this hypothesis in a short training study,
however. It seems quite possible however, that a longer training-time is necessary to change
girls' strategy use, performance and attitudes towards mathematics.

1.3. Strategy use

Relevance of strategies

Some children experiencing mathematics difficulties seem to make use of immature
procedures (Geary, 1994). In multi-digit addition and subtraction many different strategies
can be used (Fuson et al., 1997). Within the domain of addition and subtraction up to one
hundred, Beishuizen (1993) showed that low performing children reported using an inferior
strategy. Strategies can be inferior, for example because they lead to higher working memory
loads that make it more difficult to execute them flawlessly. The strategies discerned by
Fuson et al. (1997) theoretically each lead to their own higher or lower working memory
loads. Especially if working memory span is small, one might argue that strategies leading to
high loads will be ineffective. Van Lieshout (1997b) found similar results to those of
Beishuizen. These studies concern self-reports of spontaneous strategy use. It could be argued
that the strategies found effective should be explicitly taught to improve students'
performance.
On the other hand, the question remains whether a certain strategy that is effective
when used spontaneously, remains effective when it is explicitly taught. According to
constructivism (e.g., Gravemeijer,
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constructed by children themselves Carpenter and Moser (1994) found, in a longitudinal
study, that informal mathematics strategies used by children before receiving formal strategy
instruction were still used by those children after several years of formal instruction This
stresses the importance of self-invented strategies and questions whether a particular strategy
is teachable to every student Other evidence (see Swanson, 1990) shows that strategies that
are proven effective for normal students are not necessarily effective for low performing
students Children with low mathematics performance are also less able to make strategy
transformations (Swanson & Cooney, 1985, Swanson & Rhine, 1985) which might also
indicate complications in the teaching of new strategies
A question related to mathematics teaching that arises is should low performing
students explicitly leam a strategy that has been proven effective for regular students or
should teaching support the strategies that these weaker students develop themselves and
prefer to use 9

Methodological issues

Strategy use is commonly determined by verbal or written reports by the children themselves
According to Kirk and Ashcraft (2001) there are three reasons why verbal reports might not
accurately reflect the actual mental process The first reason is that participants can verbally
report only that process-information that was stored in short-term memory In case of an
automatic mental process for example, participants can only report the result of that process
and not the process as such
The second reason is the fact that interaction between the reporting process and the
mental process could occur The reporting activity might change the mental strategy A realtime (concurrently executed) reporting activity might claim mental resources that are thus no
longer available for the mental process being reported The mental process might therefore be
changed into one that requires fewer resources A post-time reporting process might also alter
the mental process because participants who know they have to report their mental process
might start memorizing some process steps in order to more easily report the process This in
tum could affect the process itself If the participant does not know that he is to report the
mental process, interaction could still play a role During the reporting activity the mental
process has to be reconstructed, and this reconstruction process could also be affected by the
reporting process
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The third reason is 'demand induced bias' (Kirk & Ashcraft, 2001, pp. 159). For
example, children who know they have to report their strategy might start using a strategy that
they know to be considered 'appropriate' by their teachers. Subjects who know that a
mathematical experiment concerns 'strategies' or 'procedures', because the experimenter told
them about the goals of the experiment, might start using multi-step strategies for problems
they would normally solve by retrieval.
The validity of written reports to assess strategy use can be questioned for the same
three reasons. Some studies (Kirk & Ashcraft, 2001; Timmermans & Van Lieshout, 1999)
showed that strategy use might change because of task and or instructional demands. Also,
strategy reporting might change by instructional bias. In some other studies (Siegler, 1987;
Wolters, Beishuizen, Broers & Knoppert, 1990), however, reaction time (RT) measures were
used to show that verbal and/or written reports did correctly reflect the actual mental process.
The latter studies will be described first and the former will be described afterwards.
The main idea in the RT studies was that if the number of steps that a reported strategy
consists of could correctly predict the solution time of an arithmetical problem, then that
strategy was likely to have actually been used when solving that problem. Using this
paradigm, Siegler (1987) demonstrated that solution times on children's simple addition could
be more accurately predicted when taking into account the verbal strategy reports of the
children. This could be considered evidence for the actual use of the reported strategies but it
certainly does not necessarily mean that the actual strategy use would have been the same
when no reporting task had been given to the children.
Similarly, Wolters et al. (1990) in a study on addition and subtraction up to one
hundred, found that children who wrote down a strategy with more steps showed longer
solution times when solving similar problems mentally (writing down merely the answer),
than children who wrote down a strategy consisting of fewer steps. In this study subjects were
divided in three groups based on two written strategy tests taken two months apart. Children
who always (on multiple test moments) wrote down a decompose strategy on the two tests
were considered decomposers, children who always wrote down a jump strategy on the two
tests were considered jumpers and the other children were not included in the analysis. One
could argue that such an approach would only include children that exclusively possess
knowledge of one single strategy. The results, therefore, provide no evidence that taking a
single written test says much about mental strategy use. Furthermore it can be argued that if
strategy test results show a mixed strategy pattern, no conclusions can be drawn about mental
14
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strategy use. However, it seems likely that mental strategy use of children using only one
strategy on more than one test is correctly predicted by the results of those tests.
On the other hand, as mentioned before, there is evidence that the validity of written
reports to assess strategy use can be questioned. Kirk and Ashcraft (2001) concluded from
two experiments that verbal strategy reports might be affected by the instructions given by the
experimenter. In one experiment on simple addition, participants that were told that adults
usually use multi-step strategies reported using more strategies than participants that were told
that adults usually use retrieval. It also seemed that the former subjects really used more
strategies, because their solution latencies were longer. In another expenment on
multiplication, strategy reports were biased by instruction as well. In this case, however,
subjects who were told that adults usually use strategies did thus report using more strategies
but did not show longer solution latencies and therefore did not seem to really use more
strategies (instead of retrieval). It seems plausible that this kind of instructional bias could
also occur in the case of written strategy reports. Because of the instruction effects on the
reporting as well as the strategy use itself, accurate measurement of spontaneous strategy use
seems a cumbersome affair.
In the study by Timmermans and Van Lieshout (1999) doubts were cast about the
validity of written strategy reports. Children who wrote down a complicated strategy
(consisting of many solution steps) on a written test that required writing down all solution
steps (i.e. the strategy) were shown to also perform better (i.e. solve more problems correctly)
on a (written) test that allowed writing down only the answer. Children who used a simple
strategy on the test that required solution steps to be written down performed equally well on
both tests. Because of working memory limitations, solving a problem without writing down
any sub-steps has to be more difficult than solving a problem while writing down sub-steps.
Therefore this achievement can only be explained by assuming that these children used
another, less difficult, strategy on the test in which they wrote down merely the answer.
It seems, therefore, that written tests to assess strategy use must be used and
interpreted with caution. Children have to be instructed explicitly to write down the steps used
when calculating mentally. A reasonable number of problems of different types should be
included.
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Priming techniques
One could argue that a sub-solution that is used during the mental calculation process could
act as an implicit pnme causing negative or positive priming. This implicit pnming (implicit
because the presence of the prime is assumed) could become measurable when subjects
mentally solve an arithmetical problem whereupon they have to name a number. If the
number corresponds to the implicit prime, the naming would be expected to take place faster
than when the number is different from the implicit prime, assuming that a memory trace of
the implicit prime would cause positive priming.
The jump-strategy, for example, starts by adding the tens of the second number to the
first number, whereupon the ones of the second number are added to the result. For example,
67 + 25 =? is solved as follows: 67 + 20 = 87, 87 + 5 = 93. If a participant, after solving the
problem in this fashion is asked to name the number 87 (the sub-solution) he would be
expected to respond faster than when asked to name the number 47 (for example), again
assuming that a memory trace of the implicit prime would cause positive priming.
Explicit repetition pnming of two-digit numbers was shown to occur by Meagher and
Campbell (1995), who showed that the prior presentation of a number equal to the correct
answer of successively presented multiplication problem resulted in RT benefits on the
solution time of that problem. Explicit pnming refers to the actual presentation of the prime
on the screen, so its presence is certain, contrary to the case of implicit priming.
There is thus reason to assume that implicit repetition priming of two-digit numbers is
also possible and usable to identify strategies used by subjects to solve arithmetic problems.
This should be further investigated experimentally.

1.4 The present thesis
Research Questions
In the present thesis, two types of instruction are developed and compared: guided instruction
and direct instruction. Guided instruction is mainly based on constructivist ideas whereas
direct instruction is more traditional. Both include interaction opportunities and both use one
model for the number domain up to one hundred, namely the empty number line (Treffers &
16
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de Moor, 1990) Different effects of the conditions can therefore not be due to differences in
interaction opportunities or differences in the models used
The questions related to these instruction types are·
1 Which instruction type leads to performance advantages for low performing
children9
2

Which instruction type leads to more flexible strategy use by low performing

9

children

3 Is there a gender by instruction type interaction effect on performance and strategy
use9
In the present thesis a pnming technique to measure strategy use will also be tested
The questions related to this issue are
1 Does implicit repetition priming by sub-solutions occur9
2 If so, can it be used to assess strategy use9
Outline
Chapters 2 and 3 describe two training experiments comparing two teaching methods The
guided instruction (GI) method is based on certain constructivist principles and the direct
instruction (DI) method is based on more traditional ideas The experiment in Chapter 2 was
conducted on children attending schools for children with learning difficulties The chosen
domain of instruction is subtraction up to one hundred Performance is measured by several
within-domam tests and also by tests in a near transfer domain Strategy use was assessed as
well Chapter 3 deals with children in mainstream education and the distinction between boys
and girls is made Next to performance and strategy measures, a motivational test was also
administered The research questions related to instruction type are addressed in Chapters 2
and 3 In Chapter 3, the chosen domain of instruction is again subtraction up to one hundred
Chapter 4 discusses two pnming expenments Priming of sub-solutions was tested In
Chapter 5, a similar expenment is described in which additional conditions were added to
further investigate the priming process The pnming process can either be mediated by
automatic processes or by strategic behavior of the subject To tests this in the expenment in
Chapter 5 the number of priming trails (tnals in which pnmmg is expected) relative to the
number of control tnals was vaned
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Chapter 6 provides an overview of results and discusses implications for research and
practice.
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2. INFLUENCE OF INSTRUCTION IN MATHEMATICS FOR LOW PERFORMING

Abstract
Effects of two subtraction instruction-types for low achieving children were compared. The
first was based on constructivist ideas. The second was more or less traditional but did include
interaction opportunities comparable to those in constructivist classrooms. Sixteen students
(eight in each condition) with an average age of 10.5 years were trained during 34 lessons.
Results showed no performance differences between the two groups on the subtraction
problems instructed. There was a performance advantage for the traditional group on transfer
problems, namely addition problems without regrouping. The constructivist group used more
different strategies but was not able to use this bigger repertory in a flexible way, instead they
used their strategies rather randomly. These findings pose questions on the usefulness of
constructivist teaching in mathematics for low performers.

Timmermiins, R E , & Var Lieshout, E C D.M. (2003) Influence of instruction in mathematics for low
perfonning students on strategy use. European Journal of Special Needs Education, 18, 5-16
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2.1 Introduction
Traditional academic learning in mathematics mainly focuses on the acquisition of specific
facts, rules and procedures. Which facts, rules and procedures are taught is determined by the
teacher and not by the student. Often learning is a "teaching as telling" activity and students
receive their knowledge through direct instruction An advantage of such an approach might
be the great speed at which matter can be taught.
The constructivist learning approach provides a contrast to this traditional teaching in
many ways. This way of learning is mainly inquiry based and children are encouraged to
internalize and reshape, or transform, new information (Brooks & Brooks, 1993). Children
construct their own knowledge by testing ideas an approaches based on their prior knowledge
and experience, applying these to new situations, and integrating the new knowledge gained
with pre-existing intellectual constructs (Cobb, 1994). Whole class discussions of problems
and working in small groups are common in constructivist teaching and especially in socalled social constructivism, which stresses the role of the social-cultural context in the
teaching process.
Several sources suggests that children can profit from a constructivist approach in
mathematics teaching (Cobb, 1994). Children, performing at or above average in
mathematics, instructed in this way also develop more flexible solution strategies compared to
children instructed in a traditional way (Klein, 1998). This might be an important advantage
in their further mathematical development.
Children performing at or above average are believed to be able to integrate their
knowledge in different domains of mathematics which is necessary when they are expected to
develop their own strategies. It can be questioned whether low performing students are able to
do this as well (Geary, Brown & Samaranayke, 1991). Low performing students might be less
able to construct their own knowledge in mathematics domains. It is imaginable that these
children profit more from a direct instruction approach in which they are thought to use a
limited number of specific, proven solution procedures. Some experimental research even
shows that students performing at average level do not profit from a constructivist approach in
mathematics teaching. Especially girls were shown to perform better when taught in a more
traditional way (Hopkins, McGilhcuddy-De-Lisi, De-Lisi, 1997).
According to the more recent social-constructivist viewpoint the social setting in the
classroom might be another important factor determining children's learning (Cobb, Wood,
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Yackal & Wheatley, 1993). Next to techniques like enquiry based instruction active
participation in social practices in the classroom like solving problems together and
discussing solutions, are said to provide opportunities and stimulation for students to
construct their own knowledge. This kind of contructivist way of working thus embodies
more interaction then a typical traditional approach.
There is no reason to doubt that students enjoy interaction during classroom activities.
Therefore their motivation in a constructivist classroom might increase due solely to
interaction which might then positively influence their performance. It seems therefore
appropriate when comparing direct instruction and constructivist teaching to include
interaction opportunities in the direct instruction as well or to measure the amount of
interaction during the classroom sessions. In research comparing these instruction types up to
now interaction was not taken into account in any of these two ways.
The domain of subtraction up to 100 is of particular interest because many students
experience difficulties with these problems especially when regrouping is involved. Another
charactenstic of subtraction problems is that many strategies can be used to correctly solve
them (See Table 1 for some possible strategies). Some of these strategies are more adequate
than others for particular types of subtraction problems (Klein, Beishuizen & Treffers, 1998).
This makes it possible not only to look at performance as such but at adequacy of solutionbehavior as well. It seems important to be able to compare the adequacy of solutions used by
students that have been taught in a constructivist way with the adequacy of those used by
students taught in a traditional way, because the former are expected to use strategies
developed by themselves. Besides this a more flexible solution pattern might lead to
advantages in later mathematical development. As mentioned before normally achieving
constructivistically taught students have been shown to develop more flexible solution
strategies than students taught by direct instruction (Klein, 1998).
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Table 1
Strategies often used to solve subtraction
Example probliem

63 - 27

=

7

Strategy Examples

Strategy Name

Strategy Subsolutions

Jump strategy

63 - 20 = 43
43 - 7 = 36
(43 •- 3 = 40,
40 - 4 = 6)
60 - 20 = 40
13 - 7 = 6
(13 ·- 3 = 10,
10 - 4 = 6)
40 - 10 = 30
30 + 6 = 36
63 - 3 = 60
60 - 20 = 40
40 - 4 = 36
63 - 30 = 33
33 + 3 = 36
63 - 30 = 33
33 + 1 = 34
82 - 79 = 3, because
79 + 3 = 82

Decompose strategy

Round off First
Number

63 - 29 = ?
82 - 79 - ?

problems

Round off Second
Number
Round off Second
Number
Arc

Besides effects on normally achieving students, it can be questioned what effects on
low performing students arise from a teaching approach for teaching subtraction up to 100
that focuses on their own construction of knowledge compared to one that encourages the
students to use one specific, proven solution-strategy using direct instruction.
To answer this question two groups of low performing students were trained
accordingly. In both groups an equal amount of social interaction should have taken place to
minimize potential differences in performance and solution behavior caused by differences in
interaction-based motivation.
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2.2. Method

Participants
Sixteen students from two special schools for children with learning difficulties
participated. Both schools delivered eight students each. The students ranged in age from 9.4
to 11.7 years (M = 10.5 years, SD = 0.6 years ). Six were female and ten were male. Their
average WISC-IQ was 80.2 (SD = 5.3).
The students were selected using two speed-tests. The selection was aimed at making
sure the children experienced difficulties in the subtraction-domain while having some basic
knowledge of mental arithmetic.
The first speed-test was a test containing addition problems without regrouping, and
had a time limit of four minutes. The second contained subtraction problems with regrouping
(going trough ten), and had a time limit of seven minutes. On the first test the children had to
answer at least sixteen problems correctly to be selected. The maximum number of problems
correctly answered on the second test was six. The precise values of these selection criteria
were determined after the test was completed in such a way that enough participants could be
selected.

Procedure and materials
All students were trained during a period of 34 lessons in training-classes of 4
students. All these sessions were led by one and the same trainer across all groups In every
school four students were assigned to a constructively trained class (guiding instruction [GI]class) and four children were assigned to a direct instruction (DI) class. The participants of the
GI condition classes and the DI condition classes were matched on speed-test-performance
and age. The average age was 10.4 years (SD = 0.7 years) and 10.6 (SD = 0.5 years) years for
the GI and DI students respectively. The average IQ was 82.3 (SD = 4.4) for the GI students
and 78.1 (SD = 5.5) for the DI students. The average number of problems correctly solved on
the subtraction with regrouping speed-test was 1.1 (SD = 2.1) and 1.3 (SD = 2.2) for the GI
and DI students respectively. The average number of problems correctly solved on the
addition without regrouping speed-test was 26 (SD = 10.9) and 25 (SD = 6.5) for the GI and
DI students respectively.
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The first 10 lessons (comprising the first phase) consisted of a program that was
identical for all children The last 24 lessons (the second phase) the children were either
trained to use one specific strategy or to develop their own strategies
During the first phase the children learned to use the empty number line which is a
model of the number-domain from 0 up to 100 (Figure 1) On the empty number line several
ordinal strategies can be depicted (Beishuizen, 1993, Treffers & de Moor, 1990), which
makes it a suitable model for the children who will be developing their own strategies in the
second phase of the training Ordinal strategies are those strategies that do not require the
decomposition of both numbers in the problem into tens and ones
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Figure 1. Types of number lines. Top: structured, middle:
semi-structured, bottom: empty.

This model is also suitable for the children who will receive a training in the second
phase that strongly encourages them to use one strategy that is suitable to solve all problems,
the jump-strategy (63 - 27 = ' , 63 - 20 = 43, 43 - 7 = 36) Beizhuizen (1993) and Van
Lieshout ( 1997) showed that the jump-strategy is an adequate strategy for solving subtraction
problems The jump-strategy is an ordinal strategy that can be depicted on the empty, semistructured or structured number line
The material used in the first phase consisted of worksheets with mainly structurednumber-line exercises The first exercises however used number line look-alikes In these
exercises students were shown, for example, a rainmeter with an amount of water (Figure 2)
They were then asked what the water level would become after an extra
have fallen
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Figure 2. Rainmeter used in training as number-line-lookalike .
In one of the typical exercises students were asked to make jumps of ten on a number
line. Another exercise demanded to "travel" from one number to another using several jumps.
Also students were simply asked to mark numbers on the number line by use of an arrow.
Later in the first phase addition problems had to be solved on a structured number line.
Students could use any strategy they wanted. If students did not come up with a solution
themselves the teacher would always suggest the use of the jump-strategy.
During the second phase (the last 24 lessons) half the classes received a training in
which the students were allowed to use all solution strategies that could lead to a correct
answer. These two classes were the Guiding Instruction (GI) group. The other half received a
training that strongly encouraged them to use one strategy that was suitable to solve all
problems. The strategy taught was the jump-strategy (Beishuizen, 1993). These two classes
were the Direct Instruction (DI) Group.
In the second phase a number of worksheets was used by both groups. There were
several types of worksheets. In Table 2 all types are schematically described and the number
of worksheets of each type is given. One worksheet consisted of 1 to 3 pages.
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Table 2
Worksheets in second phase
Number of sheets

Description orworìcsheel
Kind

Total

ENL

SNL

MML

Example

TWB

Included in
in lessons

3

5-21

Four diiTerenl context problems solved on
a numberline All
solutions are depicted on the blackboard and
discussed

(

Four context problems solved on a
numberline or using mathematical language
In EI every two problems are the
same and to be solved m diftercnt ways In DI
all problems are difTercnt All
solutions are depicted on the blackboard and
discussed

j

Four context problems solved on an empty
numberline First the bare problem has to be
given All solutions are depicted on the
blackboard by the teacher while one child
gives verbal directions Solutions are discussed

|

Two given solutions on an empty numberline
have to be converted into mathematical language

ι

0

0

2

20-24

Thirteen bare problems solved on a
|
numberline or using mml In El every problem has
to be solved in a way different from its
predecessor All solutions are depicted on the
blackboard by the teacher while one child gives
verbal directions Solutions are discussed

3

0

1

20-23

Several misccllanous group sheets

|

Several miscellanous individual sheets

ι

Worksheets with empty numberline exercises

ι

Games

ι

TWB - number of sheets where teacher wntcs on blackboard while child verbalizes solution
ENL = number of sheets in which the solution is to be given on the empty numberline
SNL = number of sheets in which the solution is to be given on the structured numberline
MML = number of sheets in which the solution is to be given using mathematical language
Example = number of sheets including a teacher example
ι = individual exercise, g= group exercise

Later in the program, more sheets had an empty number line instead of a structured
number line. Finally most solutions had to be given in the form of number sentences
(mathematical language), which meant that children had to write down their solution steps as
sub-problems (For example: 63 - 27, write down: 60 - 20 = 40, 13 - 7 = 6, 40 - 10 = 30, 30 + 6
= 36).
The later sheets also included more tasks directed at verbalization of solutions. In
these sheets the child was required to give the solution while the teacher wrote down, like a
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robot, exactly what the child was saying This could be either on an empty numberline or
using mathematical language, which was predetermined per worksheet This verbalization
exercise was considered an important predecessor to mental computation
In both conditions, off course, were included exactly the same number of problems to
be used as practice-problems by students Extra problems to be used as teacher examples were
only included in the Dl-program, especially at the beginning These problems were added to
ensure the total number of actual practice-problems was the same in both conditions
Several tests were taken at the beginning of the second phase and after the second
phase ended Performance, transfer and strategy measures were included
One power-test containing addition and subtraction problems that were developed for
the Dutch PPON-investigations (Harskamp & Suhre, 1992) were administered at both
moments The test allowed for the students to write down their solution steps, this was,
however, not obligatory
Four speed-tests were administered at both moments (Table 3) The first contained
addition problems without regrouping, the second consisted of addition problems with
regrouping, the third consisted of subtraction problems without regrouping and the last
contained subtraction problems with regrouping
Table 3
Speedtests
Testname

Problem example

Time
(in m m )

Addition without Regrouping
Addition with Regrouping
Subtraction without Regrouping
Subtraction with Regrouping

41
45
78
83

4
4 5
4
7

+
+
-

57
37
26
36

= .
=
= .
= .

The students made one transfer-test after the end of the second phase This test was
divided in three sections The first section included three normal subtraction problems of the
kind that had been used during the instruction phase This section was not scored and was
only included to encourage the transfer The second section consisted of six context
subtraction problems without regrouping above one hundred The last section contained three
context subtraction problems with regrouping above one hundred
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One strategy-test containing twelve context subtraction problems was administered
only after the end of the second phase One of the problems in this test is shown in Figure 3
Students had to write down all solution steps for every problem in this test The problems in
the test could be divided into four categones that are descnbed in Table 4 Of each type three
problems were included

The book has 82 pages Achmed has already read 79 pages
does he s t i l l have to read 7

How many pages

Figure 3. Example problem from s t r a t e g y - t e s t
Table 4
Most adeguate problem solutions
Problemtype Description of problemtype

65 - 22 =
72 - 35 =
52 - 29 =
82 - 79 =

Most Adequate
strategies
(see Table 1)

without regrouping
with regrouping

Decompose or Jump
Jump or Round off
First Number
with regrouping and an 8 or 9 Round off Second
in the second number
Number
with regrouping, outcome 3 or Arc
less

Each type can be most adequately solved by using a particular strategy (Klein 1998)
A strategy is more adequate for a problem when it leads to less solution-steps and/or less subsolutions that have to be memonzed dunng the solution process For example the problem 52
- 29 can be solved most adequately using "52 - 30 = 22, 22 + 1 = 23" which is the Round off
Second Number strategy A Jump strategy would be "52 - 20 = 32, 32 - 9 = 23" At first sight
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both strategies seems to require the same number of steps and the same number of numbers to
memorize. The second step, which is relatively complicated, however, often necessitates
many children to use an extra sub-strategy, namely "32 - 2 = 30, 30 - 7 = 23".

23 Results
Speed-test gams
The results of an analysis of variance involving operation (addition vs subtraction),
regrouping (regrouping vs no regrouping) and group (Gì vs DI) on the increase in speed-testperformance are shown in Table 5. Only the group χ operation χ regrouping interaction effect
appeared to be significant.
Table 5
Analysis of

Variance for

increase

in speed-test

Source

df

Group (G)
S within-group error

between subjects
1
0.02
14
(213.06)

performance

F

within subjects
Operation(O)
G Χ Ο
Ο X S within-group error

1

2.57

1
14

2.02

Regrouping(R)
G X R
R X S within-group error

1

0.38

1

0.82

14

(72.81)

0 X R
G Χ Ο X R
Ο X R X S within-group error

1

3.56

1

7.49*

14
14

(28.05)

(119.04)

Note. Values enclosed in parentheses represent
mean square errors.
*p < .05
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A second analysis was done to further investigate the group χ operation χ regrouping
interaction. The addition and subtraction results were analyzed separately.
Analysis of variance for increase in speed-test-performance within addition results
showed there was a difference in the gain-pattem (gains on addition with versus without
regrouping) for the different groups (F(l, 14) = 6.24, ρ < .05). In contrast the analysis of
variance for increase in speed-test-performance within subtraction results showed no
significant effects of group or regrouping, so all subtraction-gains were equal. The group χ
regrouping interaction effect within the addition results is depicted in Figure 4. The DI group
shows an increase in performance on addition problems without regrouping that is larger than
the increase in performance on addition problems with regrouping. The increase was 0
problems correct (SD = 8.35) for addition problems with regrouping and 9.38 problems
correct (SD - 13.52) for those without regrouping. A paired t-test comparing addition
problems with and without regrouping showed this difference in effect (i(7) = 2.52, ρ = .04).
In the DI-group there was no increase in performance on addition problems with regrouping.
The increase in performance on addition problems without regrouping however was
significant (t(l) = 1.96, ρ = .046, 1-sided). In the GI-group there was neither an increase in
performance on addition problems with regrouping (2.25 problems correct [SD = 5.72]) nor
an increase in performance on addition problems without regrouping (0.5 problems correct
[SD = 7.62]). Across both groups there was an increase in performance on subtraction
problems without regrouping (i(15) = 2.50, ρ = .013, 1-sided) and in performance on
subtraction problems with regrouping (i(15) = 2.74, ρ = .008, 1-sided).
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Figure 4. Score gains on addition problems with and without
regrouping in the DI and GI conditions

Power-test gains
The power-test showed an overall increase in performance (/·"(!, 14 ) = 12.22, ρ =
.004) in a 2 (group) χ 2 (time) ANOVA. However there was no difference in gains between
the two groups (FO, 14) = 0.18, ρ = .68).

Results on the transfer test
The results of an analysis of variance involving regrouping (regrouping vs no
regrouping) and group (Gì vs DI) on transfer performance showed a group χ regrouping
interaction (F(\, 14) = 5 73, ρ = .031). Within the DI group there was a difference between
the regrouping and the no regrouping performance (F(l, 15) = 27.00, ρ = .00) with an average
of 5.25 (SD = 1.17) problems without regrouping correct and 1.50 (SD = 1.20) problems with
regrouping correct. Within the GI group no difference between both results was found (F(l,
14) = 2.87, ρ = .111), with an average of 3.13 (SD = 2.90) problems without regrouping
correct and 1.25 (SD = 1.49) problems with regrouping correct (remember the number of
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problems without regrouping was six and the number of problems with regrouping was three).
Because the average result for the problems with regrouping was higher for the DI group, and
there was no regrouping effect within the GI group, these results indicate that the group χ
regrouping interaction is due to the difference in performance (regrouping vs no regrouping)
within the DI group. The group χ regrouping interaction thus also means that the DI group
outperformed the GI group on transfer subtraction problems without regrouping.

Results on strategy use
The strategies scored were those given in Table 1. Strategies not included in this table
were not scored. Analysis of the strategy-test showed that the GI group solved more problems
with an identifiable strategy different from the instructed strategy (the jump strategy) than the
DI group (F(l, 14) = 6.139, ρ = 027). The GI group also made use of a larger arsenal of
strategies than the DI group (F(l, 14) = 11.667, ρ = .004). On average every DI-child used 1
strategy (SD = 0.00) and every GI-child use 1.63 different strategies (SD = 0.52) for all
problems in the test. Of the eight children in the GI group four children used the jumpstrategy and the round off first number strategy, one child used the decompose strategy next
to the jump-strategy and three children used only the jump strategy. The children in the DI
group solely used the jump-strategy.
The number of problems solved by using a strategy considered adequate (as given in
Table 4) however, did not differ between the groups (F(\, 14) = 0.445, ρ = .52).

2.4 Discussion

Subtraction performance increased in both groups. Only the Dl-training had a positive effect
on addition-without-regrouping performance, which was not specifically trained and thus
could be considered a transfer-effect. The DI training also caused a better performance on
transfer subtraction problems without regrouping above hundred.
The training had a differential effect on strategy use. The number of strategies used by
the GI group was larger than the number used by the DI group. The way in which this bigger
repertory of strategies was used could not be called flexible, however, because the GI group
did not use more adequate strategies. It cannot be fully ruled out that that the use of more
different strategies by the GI children is the start of a development, which supported with
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further instructions and practice, would eventually lead to more adequate deployment of
strategies and a better performance than the DI performance. According to Siegler and
Lemaire (1997) having a strategy choice results in better performance.
Children with poor mathematical performance are believed to posses less
metacogmtive knowledge than children performing at average level (Lucangeli, Coi, &
Bosco, 1997). It could be argued that children using multiple strategies need metacogmtive
knowledge, especially when using these strategies on transfer tasks. This was shown by Kurtz
and Borkowski (1984) who found that metacogmtive insights appear to aid the generalization
of several memorization-strategies to transfer tasks.
Children in the GI-group were not able to generalize their more diverse strategy
knowledge to the addition problems and the transfer subtraction problems because they
possibly lacked metacogmtive insights to do so. When faced with addition problems they
were unable to use all knowledge they gained in the domain of subtraction.
Children in the DI-group might have been able to "directly copy", without necessarily
using any advanced metacognitive insights, the instructed and thoroughly practiced jump
strategy (the one and only strategy they were taught for subtraction) onto the addition
problems without regrouping and the transfer problems without regrouping. This would be
more difficult for the problems with regrouping because the solution procedure is more
complicated in former case.
These results pose questions about the effectiveness of a constructively oriented
training for children experiencing mathematics difficulties. This question arises because the
only "advantage" of this constructively onented training was more diverse strategy usage
which, however, could not be used in transfer-domains and not even be flexibly used in the
domain of instruction.
Further experimental research on instruction should particularly address the transferquestion for example by including experimental conditions in which metacogmtive
development is supported. Further research should also use a larger sample of participants in
order to be able to analyze the effectiveness of separate strategies developed by the
participants in the guided instruction group.
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3. SEX-RELATED EFFECTS OF CONTEMPORARY MATH INSTRUCTION FOR
LOW PERFORMERS ON PROBLEM SOLVING BEHAVIOR1

Abstract

Effects of guided (GI) and direct instruction (DI) in solving subtraction problems for
mathematically low performers in regular schools were compared. In the GI condition, selfdevelopment of solution procedures was encouraged whereas in the DI condition one
prescribed strategy was to be used. Forty children (A/age = 9.3 years) were trained during 34
lessons. Only girls performed better and showed higher comfort in the GI than in the DI
condition. Results are explained in terms of girls' increased motivation m the GI condition,
which could be explained by assuming that a more constructivist setting is more conducive to
girls' learning.

' Timmermans, R E , Van Lieshout, E.C.D M , & Verhoeven, L (2004) Sex-related effects of contemporary
math instruction for low performers on problem solving behavior Manuscript submitted for publication
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3.1 Introduction

Currently approaches to mathematics teaching based on (socio) constructivism are widely
promoted (e.g.. in the U.S.: National Council of Teachers of Mathematics, 1989). It is not
fully clear whether child-vanables such as sex and ability-level influence the successfulness
of such an approach. In the past, mathematics ability research comparing male and female
students was mainly focused on children taught with traditional methods. The question of
whether sex-related differences influence the successfulness of new teaching methods in the
area of mathematical problem solving is yet to be answered. Another question concerning
constructivist teaching methods lies in the differential effect for poor and average achievers.
As for the latter question, it is often supposed that normally achieving children profit
more from a constructivist mathematics teaching approach that stresses a proactive role of the
participants and self-development of strategies (Cobb et al., 1991, Klein, 1998) than from a
traditional approach. However, experimental research casts doubts about this constructivist
advantage for average achievers (Hopkins, McGillicuddy-De-Lisi, De-Lisi, 1997).
With regard to low performing mathematics learners, it might be the case that they are
unable to construct their own knowledge and strategies because they might be less able to
integrate knowledge of different mathematical domains (Geary, Brown & Samaranayake,
1991). Children with low performance in the area of mathematics show a lower metacognitive
awareness (Lucangeli, Coi & Bosco 1997) which might hamper their ability to understand the
applicability of multiple strategies, such as are acquired in a constructivist setting, whereas a
single strategy approach would not be likely to lead to confusion (Timmermans & Van
Lieshout, 2003).
Woodward and Baxter (1997) found the advantage of an innovative (more
constructivist) mathematics approach mainly for children performing at high or average level.
Several experimental studies give evidence that direct instruction (DI) of only one strategy
leads to better results for low performing children attending special schools than guided
instruction (GI) in which children were stimulated to propose and use multiple strategies
(Kroesbergen & Van Luit, 2002, Timmermans & Van Lieshout, 2003, Milo & Ruissenaars,
2002). In these studies the difference between direct instruction (DI) and guided instruction
(GI) was considered to reflect a major and characteristic distinction between traditional and
constructivistic teaching. However, low performers in regular schools, as opposed to special
schools, were shown to benefit especially from a more constructivist teaching style which was
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used to teach multiplication (Kroesbergen & Van Luit, 2002). In the Dutch school system,
low performers in regular schools generally possess fewer general learning difficulties and
have a higher intelligence than children in special schools for pupils with learning difficulties.
No research in the relatively difficult but basic mathematics domain of 'subtraction up to one
hundred' has yet been reported concerning low performing children in regular schools.
Therefore one of the two main research questions in the present study was whether those low
performers profit more from Gì or DI as representatives of the two mentioned teaching
approaches.
With regard to the question concerning differences between boys and girls related to a
constructivist teaching approach, research is generally lacking. Girls at the age of 10-12 years
old (taught in a rather traditional way) normally outperform boys on pure computational
problems (Fennema & Carpenter, 1981; Halpern, 1992; Kimball, 1989; Linn & Peterson,
1986; Marshall, 1984). Nevertheless, boys outperform girls on word problems in this age
group (Linn & Peterson; 1986; Marshall; 1984, Marshall & Smith, 1987; Vermeer, Boekaerts
& Seegers, 2000). Similar effects were found for word problem solving among female and
male psychology students, whereas there was no performance

difference

on pure

computational problems (Quinn & Spencer, 2001). At earlier ages (7 years) boys are able and
tend to use retrieval strategies on simple arithmetic, whereas girls are less able to use retrieval
and maintain a preference for the use of manipulative strategies like finger counting (Carr &
Davis, 2001; Carr & Jessup, 1997). The lower retrieval ability of girls is possibly caused by a
poorer build up of conceptual knowledge, since children using counting-all strategies were
found to be less likely to possess conceptual knowledge (Canobi, Reeve & Pattison, 1998).
The poorer retrieval ability and the possible lack of conceptual knowledge, of course, do not
necessarily mean that girls have some kind of inherent inability (Carr & Davis, 2001). A
possible explanation for such sex-related differences could be, for example, that beliefs about
strategies valued by the teacher differ between girls and boys (Carr, Jessup & Fuller, 1999).
These sex-related differences might also be accounted for by a reliance of girls on
(proven) rules and procedures whereas boys seem to use more intuitive strategies (Kimball,
1989) Gallagher, De Lisi, Holst, McGillicuddy-de-Lisi, Morely and Cahalan (2000) also
argue that sex-differences in performance at high-school level originate from differences in
strategic flexibility.
Girls show lower levels of confidence and comfort with mathematics (Halpern 1992,
Kimball, 1989). They also experience more anxiety and consider themselves less competent
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(Chouinard, Vezau, Boeffard & Jenkins, 1999). Girls might also have a lower mathematics
self-concept, lower self-perceived math skills and lower math motivation (Skaalvik & Rankin,
1994). Brown and Josephs (1999), using a stereotype relevance paradigm, showed that men
and woman have different concerns when taking standardized math tests: women are
concerned that a math test will reveal their weakness whereas men are concerned about
showing their strength. This is in line with the assumption of a general math performance
anxiety in women. In a similar study Quinn and Spencer (2001) showed women's ability to
formulate mathematical problem-solving strategies for difficult word problems declined under
high stereotype threat conditions.
These attitudes could cause girls to adhere to a small number of proven strategies and
procedures that lead to satisfactory performance on computational problems. Such a proven
strategy approach might eventually give them some more confidence. When solving word
problems, however, girls might easily get confused and anxious because of the way m which
these problems have to be translated into a more abstract mathematical representation and
hence performance on these problems might be lower. This translation is less of routine
because the semantic structure and the exact wording of the problem have a major influence
on the solution strategy and the probability of a correct answer (e.g.. De Corte, Verschaffel &
De Win, 1985; Carpenter & Moser, 1984; Van Lieshout, 1997). In line with this reasoning,
one study (Vermeer, Boekaerts & Seegers, 2000) showed that girls' confidence was lower
than boys' on word problems but not on bare formula problems.
The use of a limited number of strategies could limit performance because different
strategies are considered best for different problems (Klein, 1998). Supposing that girls'
potential mathematical skills are not limited by some inherent constellation that makes them
cognitively different from boys, a constructivist teaching approach that attempts to discourage
the use of single proven strategies and fosters the development of one's own strategies might
eventually raise girls' performance and enhance their confidence. Although Hopkins et al.
(1997) found no support for this hypothesis in a short training study, it seems quite possible
that a more extended training period may be necessary to change girls' strategy use,
performance and attitudes towards mathematics.
In conclusion, little attempt has been made so far to investigate sex-related differences
in contemporary instruction situations. Furthermore, the effect of these situations specifically
for low performers needs more research attention. The current study was thus aimed at
answering two main questions related to test-performance gains. The first being whether low
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performing students in a regular school show more performance gains when trained according
to traditionally onented DI or when trained according to GI based on constructivism The
second question was whether there is a difference in performance gains between girls and
boys In addition to these two main performance-related questions, this study also looked at
the strategic behavior and motivation of boys and girls in DI and GI settings
The study was conducted within the mathematics domain of subtraction up to one
hundred This is a domain that is particularly suited to the research question concerning sexrelated differences because of the strategic and performance variability it offers (e g,
Beishuizen, 1997, Van Lieshout, 1997)

Several potential strategies that are often

spontaneously used by Dutch children to solve subtraction problems can be found in Table 1
In Fuson et al (1997) the standard jump strategy, the 'round off first number' jump
strategy and the 'round off second number' jump strategy fall into the global category of
"begin-with-one-number' methods The standard jump strategy was descnbed by Fuson et al
(1997) as 'countdown/subtract tens, then ones' whereas Beishuizen (1993) calls it the 'N10'
strategy because the lens are subtracted from the first whole number The 'round off first
number' jump strategy is also descnbed by Fuson et al (1997) as 'count down/subtract to
make a ten, count down/subtract tens then rest of ones' whereas Beishuizen, Van Putten and
Van Mulken (1997) called it the 'AIO' strategy The third 'begin-with-one-number method',
the 'round off second number' strategy, is descnbed as 'overshoot and come back' (Fuson et
al, 1997) This strategy was also called 'NIOc' by Klein, Beishuizen and Treffers (1997)
because there is a compensation for the overshoot
Fuson et al (1997) described the decompose strategy as a 'decompose-tens-and-ones
method add or subtract everywhere then regroup' and more specifically as 'subtract ones,
subtract tens, combine totals' Beishuizen (1993) referred to it with the label '1010' because
first the tens οι both numbers are processed
The arc strategy was defined by Klein, Beishuizen and Treffers (1997) This is an
insightful strategy in which a subtraction problem with a small difference is solved by adding
this small difference to the smaller number at once
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Table 1
Strategies often used to solve Subtraction Problems
Strategy Examples
Example
Problem

Strategy Name

Strategy Sub-steps

63 - 27 = ?

Decompose

60 - 20 = 40
13-7 = 6
( 1 3 - 3 = 10,
1 0 - 4 = 6)
4 0 - 1 0 = 30
30 + 6 = 36

Jump strategies
Standard'

63 - 20 = 43
43 - 7 = 36
(43 - 3 = 40,
40 - 4 = 36)

Round off
First Number

63 - 3 = 60
6 0 - 2 0 = 40
40 - 4 = 36

63 - 29 = ->

82 - 79 = '

Arc2

Round off

6 3 - 3 0 = 33

Second Number

33 + 1 = 34
82 - 79 = 3, because
79 + 3 = 82

Note Sub-steps enclosed in parentheses could possibly be omitted by skilled subjects
Standard, because this is the most instructed and used strategy in the Dutch schools
(Beishuizen, 1993) The arc strategy could also be seen as a single step jump strategy
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There are more possible strategies than those we describe in Table 1 (Fuson et al,
1997) The strategies found m Table 1, with the exception of the arc however, are cormnonly
instructed and spontaneously used strategies among Dutch children (Beishuizen, Van Putten
& Van Mulken, 1997) The arc was included because it could be considered a sign of
insightful behavior that could discriminate between children taught in constructivist ways and
those taught in more traditional ways
In order to answer the research questions posed above, two groups of children, both
including boys and girls, were trained during several weeks in small mixed training classes
The DI group was trained to use one single ordinal strategy (i e , the standard jump strategy),
which was modeled by the teacher
The GI group was trained to self-choose or possibly self-invent and use several
different ordinal strategies (i e, all different jump strategies) To foster strategy selfinvention, children in the GI group were repeatedly asked to use alternative strategies In both
groups only one model (a number line on which children could depict their mathematical
strategies) was used to foster the use of ordinal strategies (i e , all different jump strategies)
and to rule out model-effects
3.2 Method
Participants
Forty students from five regular schools participated in this study Each school
delivered eight students The students ranged in age from 8 to 11 years (M = 9 3 years, SD =
0 8 years) Twenty-one of the students were female and nineteen students were male Their
average Raven Standard Progressive Matrices raw score was 33 8 (SD = 6 9) This is about
average for 9 year olds (Heller, Kratzmeier & Lengfelder, 1998) All schools used math
instruction methods based on the principles of Realistic Mathematics Education The didactic
principles of Realistic Mathematics Education are similar to the principles of constructivism
Therefore, non-directive instruction and children's own choice and invention of strategies
were highly stressed in all children's previous educational trajectory
These students were selected by first testing 151 students in grades 5 and 6 using two
speed-tests and one power-test Based on these test results, children were selected who
experienced difficulties in the domain of subtraction problems, while having at least some
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basic knowledge of mental arithmetic. We define mental arithmetic as: doing calculations
without speaking, and while writing down nothing but the final answer.
The first speed-test contained addition problems with two-digit numbers, but without
regrouping and had a time limit of four minutes. The second contained subtraction problems
with regrouping (going through ten) and two-digit numbers, and had a time limit of seven
minutes. In this test problems with a nine or eight in the last digit of the second number (e.g.,
64 - 89 = ?) were excluded because these kinds of problems can be solved by some children in
an easier manner. Both speed-tests contained more problems than any child was able to finish
during the time allowed. On the first speed-test the children had to answer more than twelve
problems correctly to be selected. This criterion was set to ascertain a basic level of mental
arithmetic knowledge and skill. In order to obtain participants who experienced difficulty
with subtraction, the additional inclusion criterion of a maximum of five correctly answered
problems on the second speed-test was set.
The power test was made up of 20 test items taken from a test used to measure
mathematical ability levels of students in schools for special education in the Netherlands
(Kraemer, Van der Schoot, & Engelen et al., 2000). Again, to insure that only children who
experienced difficulty with subtraction were included in the study, children could have a
maximum of sixteen correct answers on the power test. The precise values of the selection
criteria mentioned above were determined after the tests were completed and in such a way
that enough participants of both sexes could be selected. It turned out to be impossible to
select an equal number of boys (n = 19) and girls (n = 21).
The average respective scores of the selected children on the addition speed-test, the
subtraction with regrouping speed-test and the power test were 30.4, 0.6 and 12.15. The
average respective scores on these tests of all the children before the selection (n = 151) were
35.53 (SD = 14.30), 16.58 (SD = 15.36) and 15.56 (SD = 4.38). The selected children thus
scored one standard deviation below average on the subtraction with regrouping speed test
and on the power-test. They only scored 0.36 standard deviations below average on the
addition speed-test. Therefore, they are not considered to have a difficulty in the
memorization of basic arithmetic facts (up to 10) and the usage of such facts in more
complicated problems (addition up to hundred). They are considered to have procedural
difficulties with problems that are not easily solved in a procedural sense (subtraction up to
hundred with regrouping).
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Design

All students were trained during a period of 34 lessons in small sex-mixed trainingclasses of four students In every school four students were assigned to a guiding instruction
(Gl)-class and four children were assigned to a direct instruction (DI) class In every school
both groups received instruction from the same trainer to avoid a possible confounding trainer
effect Since there were five schools, there were five trainers as well The participants of the
GI condition classes and the DI condition classes were matched pair wise on power-testperformance Afterwards some children within pairs were exchanged to accomplish equal age
average and distribution of sex within the groups The averages are given in Table 2 The
training consisted of two phases The first phase was the same for both groups and was
administered to both groups from a given school (eight children) at the same time Pretests
were administered after the first phase ended and posttests were conducted after the second
phase
Table 2
Distribution across Groups and Age in Years
Group

M

SD

η

DI

93

07

20

Girls

91

07

10

Boys

94

06

10

93

09

20

Girls

91

09

11

Boys

96

08

9

Gl
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Procedure and Materials
Training
The first 10 lessons (composing the first phase) consisted of a program that was
identical for all children. In the remaining 24 lessons (the second phase) the children were
either trained to use one specific strategy (DI) or to develop their own strategies (GI). The
effective training time was 45 minutes per lesson and 2 lessons were administered per week.
Interaction between students was stimulated throughout the training in both phases and in
both groups. Interaction is deemed to be an important aspect in (socio) constructivist teaching
and therefore cannot be omitted in the GI condition. To keep the training conditions the same
in this respect, interaction was stimulated in the DI condition as well. However, in the DI
condition the teacher who actively fostered the interaction process by asking students to
respond to solutions generated by other students, always tried to direct the interaction process
towards the question whether or not the right strategy was used. Although only the standard
jump strategy was modeled, all other (correct) strategies were approved but a remark like "we
do not prefer to use that way, because we want to become very good at our way" would
always be made.
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Figure 1. Types of number lines. Top: structured, middle: semi-structured, bottom: empty
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The goal of the first phase was to reach an equal average level of conceptual model
understanding for the children in both training conditions before entering the second phase in
which the actual experiment took place. In practice, during the first phase the children learned
to use the empty number line which is a conceptual model of the number-domain from 0 up to
100 (Figure 1). Several ordinal strategies can be depicted on the empty number line
(Beishuizen, 1993, Treffers & de Moor, 1990), which made it a suitable model for the GI
children who were to develop and use their own strategies in the second phase of the training.
Ordinal strategies are those strategies that start from one of the numbers in the problem and
arrive at the solution by adding and/or subtracting in multiple steps to or from that number
(i.e., the jump strategies, see Table 1) or in one step (the Arc strategy, see Table 1.). The
empty-number line is not suitable for mapping the decompose strategies and the use of
decompose strategies in the GI group was therefore not supported and not encouraged.
Because the use of decompose strategies is not very effective when solving subtraction
problems with regrouping (Beishuizen, 1993), this was not considered to be a drawback for
the GI children.
The empty number line was also suitable for the DI children who learned to use the
(ordinal) standard jump strategy (Table 1) in the second phase.
The jump-strategy (e.g. 63 - 27 = ?, 63 - 20 = 43, 43 - 7 = 36) is suitable for solving
any subtraction problem mainly because it does not lead to difficult sub-steps when solving
subtraction problems with regrouping. Furthermore, Beizhuizen (1993) and Van Lieshout
(1997) showed that the jump-strategy is an adequate strategy for solving subtraction
problems. Therefore this strategy was chosen for the DI condition. The jump-strategy is an
example of an ordinal strategy that can be depicted on the empty, semi-structured or
structured number line (Figure 1 ).
The material used in the first phase consisted of worksheets with mainly structured
number line (with numbered marks only for the numbers 0, 10 20 etc.) exercises because the
empty number line was considered too complicated for students experiencing mathematics
difficulties. Therefore, the structured number line functioned as an introductory model for the
empty number line (similar structured number lines were used in a training study by Klein,
Beishuizen and Treffers, 1998). The later exercises in the first phase made use of structured
number lines that included only the numbers 0 and 100 and small unnumbered marks for the
tens.
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The first exercises used structured number line look-alikes. In these exercises students
were shown, for example, a rain meter with an amount of water (Figure 2). They were then
asked what the water level would become after an extra ... mm of rain would have fallen.

."
90
40

»
" 10 '
• 10 •

LJ
Figure 2. Rain meter used in training as number-lme-look-alike.

In one of the typical exercises, students were asked to make jumps often on a number
line. Another exercise required the student to "travel" from one number to another using
several jumps. In another, students were simply asked to indicate the position of numbers on
the number line by use of an arrow.
Later in the first phase, addition problems had to be solved on a structured number
line. Students could use any strategy they wanted. If students did not come up with a solution
themselves the teacher would always suggest the use of the jump-strategy.
During the second phase (the last 24 lessons) half the training-classes received a
training in which the students were allowed to use all solution strategies that could lead to a
correct answer. In exercises that used the empty number line, the strategies to be used were, in
practice, limited to ordinal (JurnP. ^c) strategies. These five training-classes formed the GI
group. The other half (the DI group) received a training that strongly encouraged them to use
one strategy that was suitable to solve all problems. The strategy taught was the standard
jump-strategy (Beishuizen, 1993). This meant a sudden shift in socio-mathematical classroom
norms took place for the DI-children. From relativefreedomof strategy choice, they shifted to
the use of one single strategy (i.e., the standard jump strategy). Children seemed to easily
accept this change because this change was accompanied by a change in the type of problems
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to be solved (addition in the first phase, subtraction in the second phase). The trainer made
use of this fact to explain the change in strategy-norms (e.g., "The problems we have to solve
now are more complicated. We will leam one strategy, so we will become very good at that
strategy and be able to solve these difficult problems.")
In both training conditions interaction was encouraged mainly through asking
students for feedback on solutions given by other students. In the DI group the teacher
directed this feedback at whether or not the one and only required strategy was used. When
students m the DI group gave other feedback the teacher would dismiss this as less relevant.
In the GI group, for approximately one third of the problems that were solved in interactive
group exercises, two different solutions were asked and the focus of interaction was often on
these alternatives. Approximately another third of the problems that were solved in interactive
group exercises asked for a solution different from the solution to the preceding problem. This
also was an important topic of interaction in the GI condition. A solution was considered
different if it fell into another strategy category in Table 1 than the first solution or if it was
different from any strategy in Table 1.
In the second phase, a number of worksheets were used by both groups. There were
several types of worksheets. In Table 3 all types are schematically described and the number
of worksheets of each type is given. One worksheet consisted of 1 to 3 pages. The number of
practice problems solved per student per lesson varied from ten in the beginning of the second
phase to thirty in the end of the second phase.
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Table 3
Description of Worksheets in Second Phase
Number of sheets

Description of worksheet

Four αιΓΤητηι context problems solved on
a number line All
solutions are depicted on the blackboanl and
discussed

Kind

Total

SNL

ENL M M L

Example"

TWB

Included in
in lessons

8

4

4

0

4

0

1-4

4

5-21

0

Four context problems solved on a
number line or using mathemalical language
In Gl every two problems are the
same and lo be solved in different ways In DI
all problems are different AH
solutions are depicted on the blackboanl and
dis«
Four context problems solved on an empty
number line First the bare problem has to be
given All solutions are depicted on the
blackboanl by the teacher while one child
gives verbal directions Solutions are discussed

g

0

2

0

Two given solutions on an empty number line
have to be converted into mathematical language

ι

0

0

4

0

3

1

Eleven to thirteen baie problems solved on a
g
number line or using mml In Gl every problem has
lo be solved m a way different from its
predecessor All solutions are depicted on the
blackboard by the teacher while one child gives
verbal directions Solutions are discussed
Several miscellaneous group sheets

g

Several miscellaneous individual sheets

ι

Worksheets with empty number line exercises

ι

Games

g

TWB = number of sheets where teacher wnles on blackboard while child verbalizes solution
SNL = number of sheets in which the solution is to be given on the structured number line
ENL= number ofsheets in which the solution is to be given on the empty number line
MML = number ofsheets in which the solution is (o be given using mathemalical language
Example = number ofsheets including a teacher example (* only in case of DI)
ι - individual exercise, g= group exercise

Later in the program, the proportion of sheets with an empty number line instead of a
structured number line increased. Finally most solutions had to be given in the form of
number sentences (mathematical language), which meant that children had to write down
their solution steps as sub-problems (For example: 63 - 27, student wrote down: 60 - 20 = 40,
13 - 7 = 6, 40 - 10 = 30, 30 + 6 = 36).
The later sheets also included more tasks directed at verbalization of solutions. In
these sheets the child was required to give the solution while the teacher wrote down, like a
robot, exactly what the child was saying. This could be either on an empty number line or
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using mathematical language, which was predetermined per worksheet. This verbalization
exercise was considered an important predecessor to mental computation.
In both conditions, of course, exactly the same number of practice-problems were included.
Extra problems to be used by the teacher as examples to model the standard jump strategy
were only included in the Dl-program, especially in the worksheets used in the early lessons
of the second phase. These problems were added to ensure that the teacher would not use
practice problems for modeling the solution procedure. This way the total number of actual
practice-problems used by the students remained the same in both conditions. Given the fact
that the time consuming interaction in the GI-program was compensated for by the modeling
time using the extra problems in the Dl-program, the duration of both interventions turned out
to be the same.
Pre- and posttests
Several tests were taken at the beginning of the second phase and after the second
phase ended. Performance, strategy and motivation measures were included.
Two power-tests containing addition and subtraction problems that had been
developed for the Dutch PPON-investigations in the Netherlands (Kraemer, Van der Schoot,
& Engelen, 2000) were administered at both moments. One of these power-tests allowed for
the students to write down their solution steps, this was, however, not obligatory. In the other
power-test writing down anything but the answer was not allowed. Both tests contained 20
problems and for every correct answer one point was scored.
Four speed-tests were administered at both moments The first contained addition
problems without regrouping (e.g., 41 + 57 = .), the second consisted of addition problems
with regrouping (e.g., 45 + 37 = .), the third consisted of subtraction problems without
regrouping (e.g., 78 - 26 = .) and the last contained subtraction problems with regrouping
(e.g., 83 - 36 = .). The time limits on these tests were 4, 4.5,4 and 7 minutes respectively.
Two subtraction strategy-tests were administered at the end of the second phase only.
One strategy-test contained twelve context subtraction problems. One of the problems in this
test is shown in Figure 3. Students had to write down all solution steps for every problem in
this test. The other strategy test consisted of 24 bare subtraction problems. The problems in
the strategy-tests could be divided into four categories: problems without regrouping,
problems with regrouping, problems with regrouping and 8 or 9 in the second number (e.g.,
52 - 29 = .) and small difference problems with regrouping (e.g., 82 - 79 = .). Three problems
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from each of the four categones were included in the contextual strategy-test and six from
each category in the bare strategy test

The book has 82 pages Achmed has already read 79 pages How many pages does he still have to read7

Figure 3 Example problem from strategy-test

Two scores were derived from each strategy test The performance was the number of
problems solved correctly (maximum scores were 12 and 24) The number of strategies used
was the total number of different strategies used on the test One point was given when a
strategy mentioned in Table 1 occurred at least one time (maximum score on both tests was
5)
The motivational questionnaire used was the OMV-k (Boekaerts, 1987) This test
measures, among other things, the amount of positive emotion (comfort) experienced before
taking a math test This is considered relevant when comparing boys and girls (Halpern, 1992,
Kimball, 1989) The amount of positive emotion is measured by four multiple-choice
questions, each with four possible answer categories The questions were "how do you feel
now"-questions about happiness, fear, tiredness and anger The answer categones to the first
question were "not happy", "a little bit happy", "happy" and "very happy" The answer
categones to the last three questions were similar The item scores on the last three questions
were inverted
To monitor differences in training-effects during the training penod a limited number
of video observations of strategy use were made in one session of phase 2, specifically,
session 19 Time-sampling was used to score the videos Two observers scored the number of
strategies used, with an inter-rater reliability of 100%
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3.3 Results

Power-test eains
A multivariate analysis of variance with sex (male, female) and group (GI vs. DI) as
between subject factors was performed on the proportional gain scores on both power-tests.
The proportional gain scores were defined as (posttest score - pretest score) / (maximum score
on posttest - pretest score), as in Treiman & Breaux (1982), and were used to minimize the
ceiling effects by giving smaller increases in the high score domain a relatively higher value.
One child scored the maximum score on one of the pretests and was therefore not taken into
account in this analysis (because calculation of the proportional gain score would have
necessitated division by zero). The Group χ Sex interaction effect was found to be significant,
F(2,34) = 4.84, ρ = .014. Neither the main effect of group nor the main effect of sex were
found to be significant (F(2,34) = .94, ρ = .40 and ^ ( 2 , 3 4 ) = .17, ρ = .85 respectively).

Table 4
Mean scores on the power-test with writing down of solution steps allowed

DI

GI

Girls

Boys

Girls

Boys

Pre

15.7(3.02)

13.3(3.94)

15.09(2.85)

14.22 (3.46)

Post

14.8(3.61)

15.00(3.68)

16.63(2.01)

14.11 (2.98)

Note. Values enclosed in parentheses represent standard deviations.

Subsequent univariate analysis of this interaction effect showed that it was due to
performance increase differences on the power-test in which the children were allowed to
write down their solution steps (F(l,35) = 8.23, ρ = .007). Univariate analysis of the group
effect within the females showed a nearly significant difference (F( 1,37) = 3.92, ρ = .058). On
average, girls in the GI group improved their performance by 1.55 (SD = 2.94) problems
correct whereas the performance of their counterparts in the DI group decreased by .9 (SD =
2.85) problems correct. There was also a nearly significant effect of group within the males
(F(l,n)

= 3.36, ρ = .055) in which, on average, the performance of boys in the GI condition

decreased by .11 (SD = 2 89) whereas DI boys' performance increased by 1.70 (SD = 3.06).
The mean scores of boys and girls in both groups are given in Table 4.
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Performance on the strategy tests
The performance on the strategy tests (i.e., the sum of the scores on both strategy
posttests) was subjected to a 2 (group) χ 2 (sex) χ 2 (competence) ANOVA. Competence was
included in the analysis because no comparable pretest strategy scores were available.
Competence was determined by a split based on the pretest score on the subtraction speed-test
with regrouping which proved to be very predictive of posttest results.
A significant effect of competence was found (F(l,32) = 11.30, ρ = .002). Children
judged as more competent at the time of the pretest scored on average higher on the posttest
(M = 33.36, SD = 2.66) than children judged as less competent (M = 29.52, SD = 5.30). The
three way interaction of sex, group and competence was found to be significant (F(l,32) =
6.26, ρ = .018). No other significant effects were found.
Post hoc analyses of the three way interaction within the females gave effects of group
(F(l,36) = 4.43, ρ = .04) and of competence (F(l,36) = 9.47, ρ = .004). On average, girls in
the GI group scored higher on strategy posttests than girls in the DI group and girls judged as
more competent prior to training also scored higher on the strategy posttests than less
competent girls (see Table 5). Within the males there were no effects.
Table 5
Means and Standard Deviations for Performances on the Strategy-test
Girls
Category

η

Mean

Boys
η

Mean

Low competence

11

29.27(4.96)

10

29.8(5.9)

High competence

10

33.9(2.02)

9

32.56(3.2)

DI-group

10

30.1(5.49)

10

31.7(3.3)

GI-group

11

32.73(2.97)

9

30.44(6.38)

Note. Values enclosed in parentheses represent standard deviations.
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Analysis of speed-test performance
Multivariate analysis of variance for increase in performance on the four speed-tests
with group (Gl vs DI) and sex (male, female) as between subject factors showed no effects
Subsequently, four paired sample t-tests were done All increases are shown in Table 6

Table 6
Means and Standard Deviations for Performance-increases on the Different Speed-tests

Test

Mean

SD

t

Addition without regrouping

17

7 16

150

14

Addition with regrouping

33

5 93

3 49

001

Subtraction without regrouping

41

11 50

2 26

03

Subtraction with regrouping

79

9 23

5 42

< 001

ρ

Motivational effect
The amount of positive emotion before taking a mathematics test (measured by the
OMV-k, Boekaerts, 1987) was subjected to a repeated measures ANOVA with sex (male,
female) and group (Gì, Dl) as between subject factors and with time (pretest vs postlest)as a
within subject factor The sex χ group χ time interaction was marginally significant (F(l,35) =
3 35, ρ = 076) Further analysis of this effect showed that the sex χ time interaction effect
was significant within the Gl-group (F(l,37) = 7 39, ρ = 01), but not within the Dl-group
(F(l,37) = 01, ρ = 94) Within the Gl-group the effect of time was significant for girls
(F(l,38) = 7 96, ρ = 008), but was not significant for boys (^(1,38) = 87, ρ = 36) This
increase of positive emotion for girls in the Gl-group amounted to 0 39 (SD = 0 46) Their
positive emotion score was 3 52 (SD = 0 41) after phase two and 3 13 (SD = 041) before
phase two
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The number of strategies used
A repeated measures ANOVA was done for the number of different strategies used
with sex (male, female) and group (Gì, DI) as between subject factors and with time (pre- vs
posttest) as a within subject factor No effects involving group were found The sex χ time
effect, however, was significant (F(l,36) = 13 28, ρ = 001). The number of subtraction
strategies (M = 1 38, SD = 50) used by the girls in the posttest was higher than their number
of addition strategies (M = 1 14, SD = 36) in the pretest, F(l,39) = 2 94, ρ = 095 In contrast,
the number of subtraction strategies (M = 1 00, SD = 00) used by the boys in the posttest was
lower than their number of addition strategies (M = 1 42, SD = 51) in the pretest, F(l,39) =
29 82, ρ = 000 Which strategies were used by the boys and the girls can be drawn from
Table 7
The lime effect, of course, actually consists of two effects, namely a time effect and an
operation effect, because the pretest was an addition test and the posttest was a subtraction
test Siegler (1989) concludes, however, that individual differences in strategy choice are
consistent across domains and especially across operation (addition vs subtraction) Strategy
choices seem to depend more on individual characteristics of the problem solver than on
problem characteristics (Siegler, 1988) Therefore, we assume the test effect (pre versus post)
is mainly a time effect

Table 7
Strategy Patterns Used by Boys and Girls

Strategy pattern

Only decompose

Girls

Boys

Pre

Post

Pre

Post

17

0

8

0

Onlyjump

1

13

3

19

Jump & decompose

3

2

8

0

Jump & round off second number

0

5

0

0

Jump & ARC

0

1
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Video observations of strategy use
The number of observed verbal jump strategies, non-jump strategies (mentioned in
Table 1) and undefined strategies (not mentioned in Table 1) were analyzed with a MannWhithney U test. The number of verbal strategies in the two training conditions is given in
Table 8. The mean rank-order-score for verbalized standard jump strategies was 24.63 in GI
and 13.81 in DI (U= 77.5, ρ = .001). For verbalized non-standard-jump strategies these scores
were 16.50 and 22.83 respectively (£/= 77.5, ρ = .01). The non-standard-jump strategies were
uttered more in the GI condition, as expected. Furthermore, the mean rank-order-score for
verbalized undefined strategies was 15.75 m the GI condition and 23.67 m the DI condition
(£/= 105.00, ρ = .01). In the GI condition the number of undefined strategies was larger, as
could be expected.

Table 8
Number of verbally uttered strategies in session nineteen
across training conditions

Condition

standard-jump

non-standard-iump

undefined

DI

27

0

2

Gl

7

9

14

3.4 Discussion

In answer to the first research question, a performance and a motivational difference between
boys and girls in both conditions was found, with girls performing better and experiencing
more positive emotion in the constructivistically oriented GI condition and boys performing
somewhat better in the traditional DI condition.
Contrary to earlier research, in which an advantage of DI on transfer performance was
found, currently no effect of group on transfer speed test performance gains was found. The
earlier research concerned the teaching of subtraction to children in special education
(Timmermans & Van Lieshout, 2003), who are considered to be lower achieving pupils than
the children in the current study. In the earlier study it was assumed that the children in the GI
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setting, who were shown to have acquired more strategies, were unable to apply these on
transfer problems and got confused. It can be assumed that the more able children in the
current study (compared to children in special education), were not hampered by a burden of
strategy knowledge in the GI condition and therefore performed equally well as the DI
children on transfer problems.
The absence of a difference between the GI and DI groups in the number of strategies
used on the written posttest is stunning however, because such an effect would clearly be
expected when explicitly teaching one group to use only one specific strategy. Inspection of
the session 19 videotapes, which were used to monitor differences in strategic behavior during
the training, showed that the children in the DI condition more often used the standard jump
strategy aloud than the children in the GI group. In contrast, the latter group used a wider
variety of strategies than the former group. Apparently, the scoring of written solutions was a
less sensitive measure than their audible verbal strategies. This casts doubt on the validity of
written strategies as a measure for mental mathematical strategy use.
Despite the difference of verbally reported strategy use during the training, children in
the DI setting showed just as much strategy use as their counterparts in the GI setting on the
posttest. This is in line, however, with the absence of a difference in performance between the
GI and DI groups. Perhaps the required strategic behavior was more easily accepted and
compiled in 'public' than in the more private written situation.
Whereas we found no effect of condition on strategy use, a clear Sex χ Time effect on
strategy use appeared. Although boys on average used more strategies than girls on the
pretest, this was reversed on the posttest, on which boys used only a single strategy while girls
used a variety of strategies. The higher number of different strategies used by girls and the
lower number used by boys on the posttest is strange in the light of the usual finding that girls
adhere to proven rules and procedures whereas boys use more intuitive strategies (Kimball,
1989). The number of different strategies used before the training on the pretest seems
consistent with this finding. In the testing-situation after the training the speed-tests were
administered before the strategy-tests. The administration of these speed-tests could have
been interpreted as "instruction" that overt strategy use is less appropriate. This could have
reversed the strategy patterns for boys and girls. Carr, Jessup and Fuller (1999) found that
girls might normally rely on proven procedures because, under the usual conditions of overtstrategy instruction, they believe the teacher wants to see 'smart' strategies. Boys, under the
same conditions, believe that the teacher does not want to see 'smart' strategies. Since our
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testing included many speed-tests the taking of these speed-tests itself may have ultimately
encouraged the use of non-overt strategy and could have reversed girls and boys strategy
beliefs and hence their strategy use on the strategy test that was administered later.
The observed larger number of different subtraction strategies used by girls on the
posttest in comparison to the number of addition strategies they used on the pretest,
independently of the experimental group (DI or GI) in which they participated, could also be
an effect of peer collaboration. Girls have a higher preference than boys for cooperative
learning (Johnson & Engelhard, 1992) and a higher tendency to actually cooperate in groups
(Underwood, Jindal & Underwood, 1994). Davenport and Howe (1999) found in a
mathematics training study that girls in peer collaboration groups showed more changes in
strategy use over training time than girls in individual mathematics training. In the current
study peer interaction was promoted in both conditions.
Girls' positive emotion increased after training in the GI group only. The observed
performance differences on two measures, girls in GI classes performing better than girls in
the DI classes, could be explained by increased motivation. It is possible that the GI approach
itself was more suited to the preferred learning style of girls (Kimball, 1989) and hence an
increase of motivation in girls took place. For boys such an increase in motivation in the GI
condition was absent because the GI approach was not suited to their learning style and hence
no performance increase took place in GI boys.
Considering all of the above, the answer to the second research question is obvious: it
cannot be concluded that GI is a satisfactory teaching approach for low performing students in
regular schools in general. For low performing girls, however, the approach seems to result in
improved performance.
Another possible explanation for this result is that the low performing girls were not
actually as weak in mathematics as the boys, but were only less confident before the
intervention. Then the results found can be explained solely in terms of latent mathematics
ability with the less able (i.e., the boys) being unfit for GI and more fit for DI. The more able
(i.e., the girls) would then be fit for GI and unfit for DI. This would also explain earlier results
favoring Dl (Timmermans & Van Lieshout, 2003) because in that study the number of boys
was higher than the number of girls.
In the current study the GI condition was oriented toward constructivism but was not
intended to include every possible conslructivistic idea. One could argue that the same
limitation applies on the traditional DI condition. More training conditions would be
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necessary to investigate exactly which aspects have effects. This seems a troublesome task
because not every combination of aspects seems to create a viable training condition. A
combination of multiple conceptual model usage (e.g., number line and number position
scheme) and single strategy training, for example, seems awkward.
Another limitation of this study is that it is only valid for the domain of subtraction up
to one hundred. Other problem types, like multiplication up to 10 χ 10, might lead to very
different results because answers can be given in an automated way, which is rather unlikely
in subtraction with regrouping up to hundred. When answers are eventually retrieved from
memory, there is probably no effect of instruction on strategy use in the end. Of course the
strategies used before atomatization is reached could be a subject of study in such domains.
Finally, it has to be mentioned that the results of this study are applicable only to
children in regular schools as defined by the selection procedure used. Children experiencing
fundamental difficulty in memorizing arithmetic facts, for example, were not included in the
sample.
Further research should particularly address the question of non-interactive training
versus interactive training. This could also be an interesting test for so-called social
constructivism (Cobb, 1994) versus 'traditional' constructivism. Especially the possible effects
of interaction among children and the fostering of self-invented strategies on the motivation
and performance related behavior in girls should be investigated. Also interesting would be
comparisons between all-girl, all-boy and mixed groups which might for example influence
girls' social interaction opportunities in mathematics classes (Jackson & Smith, 2000). The
actual interactive behavior and strategy use of boys and girls during training sessions should
be closely monitored in such studies.
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4. IMPLICIT PRIMING IN MENTAL ARITHMETIC STRATEGY USE1

Abstract
Background. In priming research up to now the primes used were always explicitly
presented. Mathematical problem solving, however, allows for the use of implicit primes that
can be logically inferred from the mathematical strategies that subjects supposedly use. These
implicit primes are the specific subsolutions used by subjects.
Aim. To establish whether numbers equal or similar to mathematical subsolutions are
(implicitly) primed by the use of these subsolutions in a mathematical problem solving
process.
Samples. Experiment 1: Fifteen psychology students (average age: 21.4 years). Experiment 2:
eighteen children (average age: 8.8 years).
Methods. The participants had to name a number that appeared after they had solved an
addition problem with carrying. The number to be named was either equal to a subsolution
used in a jump strategy (Experiment 1 & 2), or equal to a subsolution used in a decompose
strategy (Experiment 1), or not equal to any of these subsolutions (Experiment 1 & 2).
Results. The results show that implicit priming by mathematical subsolutions does occur.
Jump subsolutions pnmed numbers equal to them. Decompose subsolutions did not prime
numbers equal to them, but did prime certain numbers similar to them.
Conclusions. These results open the possibility to investigate the viability of the use of this
kind of primes to detect strategy use as alternative or supplement to asking a person to write
down solution steps as is common in current research and educational practice.

1
Timmermans, R E., Van Lieshout, E C D M , & Verhoeven, L (2005) Implicit priming in menial arithmetic
strategy use. Manuscript submilted for publication.
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4.1 Introduction
During the mental solution process of addition problems with regrouping up to hundred,
several different strategies can be used. The mental solution process consists of several steps,
dependent on the strategy used. Each step results in a subsolution, which is rather unique to
the strategy used. Different strategies result in different steps and hence different
subsolutions. Two common strategies are the decompose strategy and the jump strategy
(Beishuizen, 1993; Fuson, 1992; Van Lieshout, 1997). In the former, the tens and ones are
added or subtracted separately from each other. For example, 63 + 28 = ?, 60 + 20 = 80, 3 + 8
= 11, 80 + 11 = 91. In the latter the child begins with one number and moves up or down the
number sequence by tens or by ones. For example, 63 + 28 = ?, 63 + 20 = 83, 83 + 8 = 91.
A lot of research has been done concerning the effectiveness of mental arithmetic
strategies in terms of the number of correctly solved problems (e.g., Beishuizen, 1993, Van
Lieshout, 1997). Certain strategies seem more effective on certain problems. Klein,
Beishuizen and Treffers (1998) argue that adaptation of strategies to problem-type is
effective. Strategies are an important element in mathematics research (e.g., Ashcraft, 1992;
Beishuizen, van Putten & van Mulken, 1998; Beishuizen, 1993; Kerkman & Siegler, 1997;
Lemaire & Siegler, 1995; Siegler, 1988).
Common practice in research that addresses the effectiveness of certain strategies is to
use verbal or written self-reports to predict which strategy a child prefers to use when
calculating mentally. Because these written self reports support the working memory of the
child (subsolutions written down do not have to be remembered), the strategy the child reports
might actually be different from the strategy the child would use under full working memory
load conditions (i.e., when there is no support of the working memory by the data written
down). Not only wntten reports, but also verbal reports might give unreliable predictions of
mental strategy use (Kirk & Ashcraft, 2001). Another and more valid way to address the
question of strategy use might be the detection of primed subsolutions, which could give a
direct indication of the mental strategy used by a subject.
At first sight, it seems that numbers representing arithmetic subsolutions could be
primed by one of two priming mechanisms. Neely (1977) described two types of semantic
priming: one that is based on fast automatic inhibitionless spreading activation and another
type that is based on conscious attention. The first one occurs at a very short stimulus onset
asynchrony (SOA· the time between the onset of the presentation of the prime and the onset
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of the presentation of the probe) of 250-msec or less The last one takes place when the SOA
is longer, like 2000-msec or longer Could any of these mechanisms prime numbers
representing subsolutions from arithmetic addition problems up to hundred7
The solution process of the problems at hand takes about 5900-msec (Wolters,
Beishuizen, Broers & Knoppert, 1990) During this process particular subsolutions are
calculated and attention is supposed to be consciously directed toward the numbers
representing these subsolutions Lemaire, Abdi and Fayol (1996) showed, using a dual task
paradigm, that working memory and attentional resources are used in simple arithmetic (i e,
addition problems up to ten) More complicated arithmetic problems supposedly use even
more attentional resources than simple arithmetic problems, which could mean that
subsolutions are under conscious attentional control when they are used This was affirmed by
results of Fürst and Hitch (2000) who showed that complicated (three-digit) mental arithmetic
places demands on the central executive and the phonological loop (Baddeley, 1986)
After a subject mentally solves a problem and has called out the solution, the time that
has elapsed since the use of a particular subsolution is probably in the order of seconds, since
the solution process, on average, takes about 5 9 seconds

Because of the length of this

(theoretical) SOA, this particular number could be primed only by attentional mechanisms at
the time of presentation Furthermore, since the number (subsolution) has been under
attentional control, it could be pnmed by an attentional pnming mechanism at the time of
presentation indeed If this pnming mechanism in fact takes place then it would be possible to
determine exactly, by measuring the reaction time on a numeral-naming task after a subject
has completed the solution of a problem, which subsolution (and hence which strategy) a
subject has used because numerals used by the subject are primed and pronounced faster
However, Neely (1976, 1977) also descnbes the occurrence of primed inhibition
(negative pnming) in case of "attentional" priming Negative priming occurs, for example,
when word stimuli unrelated to a word pnme are presented Stimuli preceded by an unrelated
prime are handled more slowly than word stimuli preceded by a neutral (e g , XXXX) pnme
Neumann, McCloskey and Feho (1999) showed that to-be-ignored words simultaneously
presented on screen next to a (to-be-attended) pnme can cause negative pnming on a lexical
decision task Arbuthnott and Campbell (2000) showed this effect to take place in sequential
presentation of simple cognitive addition problems along with to-be-ignored distractor
problems
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Negative priming is often argued to be caused by selective inhibition of non-relevant
information. Since a subsolution of a mathematical problem is no longer relevant after the
final solution has been reached, one could also assume that this subsolution would be
inhibited and hence may cause negative priming on a numeral-naming task. On the other
hand, it seems quite reasonable to assume that the whole network of interrelated subsolutions
and substeps remains relevant during the entire solution process to support this process.
Summing up, evidence suggests that certain attentional mechanisms could lead to
positive or negative priming of numbers representing subsolutions. The question whether
subsolutions are actually primed, and if so positively or negatively, was to be answered in the
present study. If numbers representing subsolutions are pnmed indeed, either positively or
negatively, that process could be made use of to develop a system to assess mental strategy
use.
Additionally, the direction of the priming effect, positive or negative, could tell us
more about the functioning of working memory during complex arithmetical processes. Rosen
and Engle (1997) propose a working memory model in which the functioning of working
memory relies on several aspects. One of these aspects is the inhibition of no longer relevant
information. According to this model, subsolutions will be inhibited if they are no longer
relevant after reaching the final solution (known as the inhibition-resource hypothesis).
Arbuthnot and Campbell (2000) showed that error-answers to a simple arithmetic problem
were unlikely to involve the correct answer to a preceding problem. The answer to a
preceding problem seemed to be in some way inhibited, which is in line with the working
memory model of Rosen and Engle (1997).
The present study after priming of subsolutions is important because in mathematics
research it is often assumed that written or oral strategy use reflects mental strategy use and,
as mentioned before, it can be questioned whether this is actually true. Kirk and Ashcraft
(2001) give three reasons why verbal strategy use might be different from mental strategy use.
Firstly, they argue that subjects can only report on information stored in short term memory
where some aspects of a procedure might be carried out outside the scope of working
memory. Secondly, interaction between the reporting process and the mental process could
occur. Finally, the reporting process could be influenced by 'demand induced bias', which
means, for example, that children report to have used the strategy that the teacher likes them
to use.
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Wolters et al. (1990) found that children who write down procedures consisting of
more steps take longer time than children writing down procedures of fewer steps when
solving problems of the same kind mentally. This could be taken as evidence for the
hypothesis that children use the same procedure when calculating mentally. However, they
also found that the correlation between the performance on an easier mental test and the
performance on a more difficult mental test was lower for those children who used a
decompose strategy on the wntten test than for the children who used the jump strategy on the
written test. This suggests that the decomposers might have used different strategies when
solving problems mentally in difficult circumstances.
Solving problems mentally seems more difficult and should normally lead to a lower
score than solving problems while writing down solution steps, if the same strategy is used.
Timmermans and van Lieshout (1999) showed that children who use a decompose strategy on
a wntten test unexpectedly solved more problems correctly on a mental test containing the
same problems than on this wntten test. In contrast, children using a jump strategy performed
better on the written test, as expected. The children using the decompose strategy probably
used another strategy (perhaps the jump strategy) when calculating mentally and their strategy
used on the written test thus turned out to be no valid prediction of their mental strategy use.
Van Lieshout and Meijers (2002) found weak and non-significant correlations between
wntten performance and mental performance. They found no significant correlation between
strategy use and mental performance. These results also support the assumption of different
strategy use on mental calculation compared to calculation supported by written self-reports.
Siegler and Lemaire (1997) provided evidence that having a strategy-choice results in better
performance than not having one. This too indicates the possibility of strategy-shifts under
more liberal conditions.
Taken together, the coherence between strategy use assessed in a traditional way and
other variables is weak. Therefore, we will report in the present study on two experiments in
which the validity of the priming paradigm to uncover the strategies preferred by subjects
solving addition problems up to one hundred with regrouping, was investigated. The
experiments were carried out to show whether priming of potential subsolutions on a numeral
naming task occurs, and if so, to find out whether this priming is positive or negative In
Experiment 1 students were trained to use either a decompose or a jump strategy on problems
presented on a computer screen. After this, a number appeared on the screen that could by
either a subsolution unique to a decompose or jump solution of the preceding problem or a
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number not related to either of both procedures The numbers had to be named and naming
times were expected to be influenced by the preceding problem and the assumed strategy use

4.2 Experiment 1

Method
Participants
Fifteen Dutch psychology students of the university of Nijmegen were randomly
selected to participate Each student was paid an award of 10 Dutch guilders to participate in
the experiment The students ranged in age from 19 to 24 years The average age was 21 4
years (SD = 1 5)
Procedure
The students were either trained in a short session to use either the previously
described decompose strategy (8 students) or the previously described jump strategy (7
students) The instruction consisted of a short explanation of the strategy and fourteen practice
problems The first eight problems were to be solved by writing down the solution steps The
next four by speaking out the solution steps The last 2 were to be solved mentally
After the short training a numeral naming task was presented to the students on a
computer screen The computer used was a Power Macintosh 4400/200 with a button box and
a voice key connected to its serial port The software used was PsyScope (Cohen,
MacWhinney, Flat and Provost, 1993) The students wore a headphone with microphone
(Monacor MD-4100) connected to the voice key The resolution was 1-msec All responses
were also tape-recorded to be able to discriminate between false and correct responses and to
be able to eliminate voice key recording errors from the data set
In the numeral naming task, each number (probe) to be named was preceded by an
addition problem The probes and addition problems used can be found in Appendix A
Addition problems easily solved by use of'clever' strategies were not included to facilitate the
use of the instructed jump and decompose strategies (e g , 68 + 19 = •> 'clever1 strategy 68 +
20 = 88, 88 - 1 = 87) The subjects had to solve the addition problem and name the solution
out loud 1200-msec after the onset of the solution, the number to be named appeared on the
screen Thousand-msec after the onset of the named number the next addition problem
appeared A total number of 200 trials was administered per student After the first 100 trials,
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a short break was held during which the student was reminded to use the strategy that had
been instructed The problems administered were randomly selected for each student from the
list in Appendix A
The probe (number to be named) was either a target or a control There were two types
of target probes, decompose targets which were identical to a subsolution used in a
decompose strategy (e g , 36 + 37, target is 60) and jump targets (e g , 36 + 37, target is 66),
which can be seen from Table 1 Similarly, there were two types of controls a decompose
control and a jump control To ensure that differences m pronunciation of numbers would not
influence the results, all controls and targets were fully balanced as can be derived from
Appendix A The total number of 200 trials administered consisted of 50 trials per probe
condition) In case the students used the jump strategy (the trained group), the subsolution
would prime the jump target When the decompose strategy was used the decompose target
was expected to be primed A difference in naming time between the decompose target and
the decompose control was expected for the instructed decomposers but not for the instructed
jumpers A difference in naming time between the jump target and the jump control was
expected for the instructed jumpers but not for the instructed decomposers

Table 1
Examples of Problems with their Controls and Targets in the Numeral Naming Task of
Experiment 1

Problem

Probes
Decompose

Jump

Target

Control

Target

Control

27 + 34

50

80

57

87

27 + 64

80

50

87

57

Results
All trials in which the problem preceding the number to be named had not been
answered correctly were removed from the dataset as well as the trials in which the answer to
the problem or the naming of the number had not been correctly recorded by the voice key
After these removals outliers, assumed to be unnoticed recording errors, were arbitrarily
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defined as numeral naming times more than 1 standard deviation from the grand mean
(calculated over all items and children) or problem answer times more than 3 standard
deviations from the grand mean. Because the numeral naming times were considered to be the
most important they were treated as outliers already when deviating one SD from the mean.
Two separate means and standard deviations were calculated for the decompose numbers and
for the jump numbers because the naming times of these two types of numbers could be
expected to be different. All trials identified as outliers were discarded in further analysis.
After the removal of these trials a total number of 2327 trials was left for analysis,
which amounts to an average number of 155 trials (77,5% of the number administered) per
student.
In order to test the hypothesis that targets are named faster than their control
counterparts when the strategy used fits to the target, two difference scores were subjected to
a Multivariate analysis of variance involving group (type of strategy instructed). The
calculated difference scores were: the difference in naming time between jump controls and
jump targets and the difference in naming time between decompose controls and decompose
targets. These differences in naming times are shown in Figure 1. The Multivariate analysis of
the effect of group (decompose instructed vs. jump instructed) on the two difference scores
unexpectedly revealed no effect of group (F(2,12) = 0.45, ρ = .76). This was not in line with
the expectation that jumpers would show a difference in naming time between jump targets
and jump controls and the expectation that decomposers would show a difference in naming
time between decompose targets and controls. To check whether overall differences between
control and target naming times existed, a separate analysis was done on both difference
scores which showed a clear difference in naming time between jump controls and jump
targets (M = 16.92-msec, SD = 20.33) over the whole sample (i(14) = 3.22, ρ = .006). There
was no such effect for the decompose numbers (M = 3.7-msec ,SD= 12.31, /(14)= 1.16, ρ =
.264).
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Figure 1. Differences in naming times (msec) between the controls and the targets of the jump
and decompose strategy in each group of Experiment 1. Con - tar: Naming time of control
minus naming time of target.

Conclusions
The overall effect of a difference in naming time between the jump probes (targets vs.
controls) was not expected. According to the hypothesis, this difference should have occurred
only in the jump instructed group. The occurrence of this overall difference shows, however,
that positive priming of certain numbers related to the preceding problem does occur. It is
difficult to explain this difference without assuming that it has something to do with the
process of solving the preceding problem.
The overall effect could mean that the group that was instructed to decompose ignored
this instruction and used the jump strategy anyway. Another, more plausible, explanation lies
in the assumption that the jump targets were also primed by some decompose subsolution.
(Strictly results found could also be explained by assuming everyone used the decompose
strategy and decompose subsolutions priming the jump targets). The first digit position of the
jump targets (the tens-digit, e.g., 57) was the same as the first digit position of a decompose
subsolution (e.g., 50). Numeral naming is assumed to be preceded by a memory comparison
for each digit position (Swanson, Kinsboume, Noel & File, 1981), so in two digit numbers.
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both digits have been compared with their representation in memory before the subject calls
out the whole number This means that naming time is influenced by both digits
In Dutch language, the ones-digit precedes the tens-digit when calling out such a two
digit number, e g, fifty-seven is "zevenenvijftig" [seven-and-fifty] Following Swanson et al
(1981), when a subject names the number 57 the calling out of the "zeven" does not start until
after the "5" (representing "vijftig") has been scanned Therefore, also in our Dutch case, the
jump targets were possibly also pruned in case of decomposing, because even though in
Dutch the spoken version of 57 starts with "zeven" [seven], the naming of 57 could be
influenced by the first digit since all digits are compared (with their representation with the
same place value in memory) before naming starts
In line with this reasoning one would also expect an overall difference in naming time
between the decompose targets and controls since the decompose targets like the jump targets
also share the tens with both the decompose subsolution and the jump subsolution However,
this was not found The absence of such a difference might be due to more simple nature of
the numbers that constitute these probes (whole tens, e g , 80) compared to the more
complicated jump probes (e g , 84) The pronunciation of whole tens is faster than that of
other 2-digit numbers like the jump probes and a pruning effect might not be able to increase
the speed of pronunciation of whole tens to an observable extent This might make it difficult
to observe any effects on the naming time of the decompose probes that were constituted by
this kind of numbers
We assume that a number with tens that are equal to the ones of a second number or
vice versa does not prime that second number (e g , 57 is assumed not to prime 78) Memory
comparison of digits is assumed to be limited to comparison of representations with the same
place value
To confirm the effect on the jump probes as used in Experiment 1, Expenment 2 was
conducted There was a small chance that the effect found in Expenment 1 had been merely
caused by proximity of the target to the final answer to the preceding problem (e g , in case of
the problem 23 + 38 = 61, the jump target was 53 and the jump control was 83 The distance
between the answer and the target was 8 and the distance between the answer and the control
was 22) Even though such an effect couldn't have been strong m Expenment 1 because target
and answer were in different tens (Reynvoet & Brysbaert, 1999), in Expenment 2 other jump
controls were added to fully rule out a proximity effect Furthermore the possibly failing
decompose probes from Expenment 1 were omitted The strategy use by the subjects was
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checked in Expenment 2 In this expenment, children participated because their schooling
situation allowed training them for a longer time and in a more intensive way

4.3 Experiment 2
Method
Participants
Eighteen children from one regular pnmary school were randomly selected to
participate These children ranged in age from 97 to 116 months The average age was 105
months {SD = 5 5) The children had an average raw Raven score of 35 (SD = 7 0) which falls
on average within the 59th percentile for eight year olds (Heller, Kratzmeier & Lengfelder,
1998)
Procedure and materials
Half of the children was trained during five lessons of 45 minutes each to use the jump
strategy on addition problems with regrouping During the training structured andempty
number lines (Treffers & de Moor, 1990) were used to depict the strategies (Figure 2) In the
last two lessons the children had to verbalize their solutions The other children were not
trained and were assumed to use the decompose strategy because the teachers of the school
reported most children did so on addition problems
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After the training a numeral-naming task was presented to the participants on a
computer screen The computer and software used were identical to those used in Expenment
one
In the numeral-naming task each number to be named was preceded by an addition
problem The stimuli used can be found in Appendix Β The subjects had to solve the addition
problem and name the solution out loud Eight hundred-msec after the onset of the solution a
'+'-sign appeared for 200-msec in the center of the computer screen Then the number to be
named appeared on the screen Thousand-msec after the onset of the named number the next
addition problem appeared A maximum number of 108 trials (36 problems χ 3 probe
conditions) was administered When the child became tired or lost concentration the session
was terminated
The probe (the number to be named) could either be a target or a control The target is
a number that would have been used as a subsolution when the subject used a jump strategy
on the preceding addition problem (the target was the sum of first addend and the tens of
second addend, e g, problem is 35 + 37 = ' , target is 65) There were two types of control
probes, as is illustrated in Table 2 Control 1 had ones identical to those of the jump
subsolution Control 1 was build the same way as the jump control in Expenment 1 Since the
jump control m Expenment 1 was named slower than the jump target, control 1 was expected
to be named slower than the target There could, however, be a slight pnming effect on
control 1 when a subject uses a jump strategy, since control 1 shares the ones with the jump
subsolution, but this would not neccesanly show up because no probes to explicitly check for
such an effect were included Fifty percent of the controls of type 1 was equal to target + 20
(e g , problem is 35 + 37 = ">, control 1 is 85), the other fifty percent of the controls of type 1
was equal to target - 20 (e g, problem is 35 + 37 = ' , control 1 is 45) Control 2 had tens
identical to those of both the jump and the decompose subsolution Since the target shared the
tens with the decompose subsolution, control 2 was

expected to be pnmed in case of

decomposing in the same amount as the target, as was explained in the contusions of
Expenment 1 (in that sense this control could be considered a target because it is expected to
be named faster than control 1 and named as fast as the target) There could possibly also be
some pnming effect on control 2, although less than pnming of the target, when a subject uses
a jump strategy, since control 2 shares the tens with the jump subsolution Such an effect
would not necessanly show up, however, because probes to explicitly control for such an
effect were not included Control 2 was the result of the following calculation second addend
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+ tens of first addend (e.g., problem is 35 + 37 = ?; control 1 is 67). On average, the controls
of type 2 had an equal distance to the final solution of the problem as the target, which ruled
out proximity priming effects by the problem answer. Controls and targets are fully balanced
as can be derived from Appendix B.
Since numeral naming is assumed to be preceded by a memory comparison for each
digit position (Swanson, Kinsboume, Noel & File, 1981), priming might also occur if only
one of the digits in the probe is the same as one of the digits with the same place value, of the
subsolution. Results from Experiment 1 indicate such priming could exist when two numbers
share the tens-digit. Subjects using a decompose strategy (the not-trained group) are expected
to use a subsolution identical to the tens of control 2 and target. Both control 2 and target
might therefore be primed if a semantic, place value bound, memory comparison mechanism
is in effect. The subsolution used by decomposers is also phonologically identical to part of
the target and control 2 (e.g., "fifty" (subsolution) -"fifty-four" (target)-'yî/fy-seven"(control
2)). This means that a phonological memory companson mechanism would predict the same
results. Therefore, irrespective of the exact nature of the memory comparison mechanism, in
case of usage of a decompose strategy a priming pattern with a difference between the naming
times of control 1 (not primed) and target (primed by one digit) and no difference between
the naming times of control 2 and target (both primed by one digit), was expected.
In case the children used the jump strategy (the trained group) the subsolution was
expected to prime the target, and as mentioned before possibly to a lesser extent control 1 and
control 2. When subjects use the jump strategy, control 1 might be primed by the ones
identical to those of of the subsolution, control 2 might be primed by the tens identical to
those of the subsolution and target might be the most strongly primed by both digits. If a
phonological comparison mechanism underlies the digit comparison mechanism found by
Swanson et al. (1981), it is also possible that in case of subjects using the jump strategy only
the target is primed because control 1 and control 2 both have a phonologically identical and a
phonologically different part as compared to the subsolution (e.g.,

"fifty-seven"

(subsolution), "seventy-seven" (control 1), "fifty-four" (control 2)). The different part might
undo the priming that is caused by the equal part. This does, however, lead to exactly the
same predictions as a semantic mechanism, namely that control 1 and control 2 will be named
slower than the target in case of usage of a jump strategy.
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Table 2
Examples of Problems with their Subsolutions, Controls and Targets in the Numeral-Naming
Task
Problem

Assumed Subsolutions

Probes

Decompose

Jump

Control 1 Control 2

Target

35 + 27

5CÜ2

55

75

57

55

35 + 47

70,12

75

55

77

75

37 + 25

50,12

57

77

55

57

37 + 45

70,12

77

57

75

77

Note. Digits in italics are expected to be primed in case of use of a jump strategy. Underlined
digits are expected to be primed in case of use of a decompose strategy.

Because in Expenment 1 there was some uncertainty whether subjects actually used
the strategy instructed, in Experiment 2 immediately after the administration of the last trial of
the numeral naming task the children were asked which strategy they had used to solve the
problem. This was done by use of the problem from the last trial that they were asked to solve
again in the same way they did on the last trial, but now while saying out loud every step.
They were specifically asked to use the same method as they used before on the numeral
naming task. Of course the validity of this check of strategy use can be questioned.
Nonetheless, it could result in converging evidence about the actual strategy use.

Results
All trials in which a problem had not been answered correctly were removed from the
dataset as well as the tnals in which the answer to the problem or the naming of the number
had not been correctly recorded by the voicekey. As in Experiment 1, outliers were defined as
numeral naming times more than 1 standard deviation from the grand mean or problem
answer times more than 3 standard deviations from the mean. All trials identified as outliers
were discarded in further analysis. After the removal of these trials all subjects with less than
30 trials left were removed from the data set. After the subject removals, 16 subjects were left
for analysis.
Multivariate analysis of vanance of the effect group (trained vs. not trained) on the
difference in naming time between control 1 and target and the difference in naming time
between control 2 and target revealed an expected effect of group (F{2,\y) = 5.67, ρ = .017).
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This effect was due to the effect of group on the difference in naming time between control 2
and target (F(I,I4) = 8.42,p = .012).
As expected, there was a difference between control 2 and target (M = 43.49-msec)
within the trained group (F(I,15) = 17.8,/; = .001) whereas there was no difference ( M = .28-msec) in the not trained group (/"(1,15) <\,p

= .99), where both target and control 2 were

supposedly primed by tens sharing with the subsolution.
There was no effect of group on the difference in naming time between control 1 and
target (F(l,14) = .65, ρ = .43). In both groups, control 1 seemed not to be primed, compared
to the target, since an overall difference in naming time between control 1 and target (M =
23.46-msec) (for both groups) (i(15) = 2.16, ρ = .047) was found, the target being the fastest
named number. This is in line with the results from Experiment 1.
The pattern of the naming times can be seen in Figure 3.
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Figure 3. Differences in naming times between the controls and the targets in each group of
experiment 2.

All the children from the not trained group (8 children) said afterwards to have used
the decompose strategy on the problems in the computer test. Seven of the eight trained
children said afterwards to have used the jump strategy and one child said to have used the
decompose strategy.
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4.4 General discussion
The current study shows that assessing strategy use by measurement of primed subsolutions is
possible Positive priming effects of subsolutions did occur
Results from Expenment 1 showed that pnming of certain numbers related to the
preceding problem does occur There was, however, no final evidence that this pnming of a
presented target was mediated by subsolutions used in a preceding problem because the
pnming of the target could have been caused by proximity of the target to the final answer to
the preceding problem, although such an effect couldn't have been strong because both
numbers were in different tens (Swanson et al, 1981) Also no difference between strategy
groups was detected
In Expenment 2, different pnming patterns for jumpers and assumed decomposers
were found The pnming pattern of the decomposers was as expected The whole-tens
subsolution (an implicit pnme) seems to pnme numbers with the same tens The pnming
pattern of the jumpers was also identical to the pattern that was expected The jump
subsolution seemed to pnme most strongly the target and less or maybe not at all the other
numbers
These results lead to suggestions for further research in many respects The implicit
pnming effects found were not shown before Future research could address two related
issues First of all, the nature of the memory companson mechanism could be investigated
All numbers that shared the tens with the decompose subsolution (control 2 and target) were
pnmed when subjects were assumed to use the decompose strategy This finding supports the
memory companson mechanism found by Swanson et al (1981), especially because even
though in Dutch naming of two digit numbers starts with the ones, the naming time was
influenced by sharing the tens with the decompose subsolution This memory companson
mechanism could be semantic or phonological in its nature Future research could shed light
on this issue
Secondly, the issue of suppression of information in short term memory during
mathematics tasks could be addressed The results of both expenments also show that
inhibition of subsolutions after being used in the solution process does not occur That is to
say, the inhibitory effect, if it occurs at all, is smaller than the positive pnming effect, so
numbers they remain positively pnmed The subsolutions remain within the attention span
until after the final solution has been named This questions whether working-memory
84

Implicit Priming

functioning actually is enhanced by inhibitory mechanisms (as proposed by Conway & Engle,
1994; Rosen & Engle, 1997). At least, we can see that normal subjects do not suppress
numbers used (and thus recalled) after they are no longer relevant. Or should these
subsolutions be considered relevant together with a whole network of used numbers and
subsolution steps and do our findings suggest nothing at all about existence of inhibitory
mechanisms to suppress irrelevant information?
In answer to our question about assessment of strategy use we believe that our
findings open the possibility to construct and develop computer tests for mathematical
strategy research based on the priming of subsolutions. Such tests are not only important for
further research but may also be relevant for clinical practice.
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Appendix Β

Problem

Target

Control 1

Control 2

33 + 28

53

73

58

34 + 27

54

74

57

34 + 28

54

74

35 + 26
35 + 27

55
55

75
75

58
56
57

35 + 28

55

75

58

36 + 25

56

76

55

36 + 27

56

76

57

36 + 28

56

76

58

37 + 24

57

77

54

37 + 25

57

77

55

37 + 26

57

77

56

37 + 28

57

77

38 + 23

58

78

58
53

38 + 24

58
58

78

54

38 + 25

55

38 + 26

58

78
78

38 + 27

58

78

56
57

33 + 48
34 + 47

73
74

53
54

78
77

34 + 48

74

54

78

35 + 46

75

55

76

35 + 47

75

55

77

35 + 48

75

55

78

36 + 45

76

56

36 + 47

76

56

75
77

36 + 48

76
77

56

37 + 44

57

78
74

37 + 45

77

57

75

37 + 46

77

57

76

37 + 48

77

57

38 + 43

78

58

78
73

38 + 44

78
78

58
58

74

38 + 45
38 + 46

78
78

58

76
77

38 + 47

90

58

75

Negative priming
5. NEGATIVE PRIMING BY IMPLICIT PRIMES

5.1. Introduction
Addition problems with regrouping are rarely solved by the immediate retrieval of the answer
from memory. Instead, individuals use several solution-strategies. These solution-strategies
consist of a number of steps, each resulting in a particular sub-solution. The jump-strategy,
for example, starts by adding the tens of the second number to the first number, whereupon
the ones of the second number are added to the result (e.g., 61 + 25 = ?: 67 + 20 = 87; 87 + 5
= 93). In Chapter 4, it was argued that the sub-solution (87 in the former example) could act
as an implicit prime causing negative or positive pnming. Only positive repetition priming
was found in two expenments with explicit strategy instruction. This implicit priming
(implicit because the presence of the prime is assumed) occurred when subjects mentally
solved an addition problem with regrouping whereupon they named a number. If the number
corresponded to the implicit prime (a target), the naming took place faster than when the
number was different from the implicit prime (a control). In the mentioned experiments no
evidence of negative priming was found.
The aim of the current study is to investigate whether a priming effect on a similar
numeral naming task also occurs when no specific strategy instruction is given and when
other numbers are used as controls. If it does, then the assumption that the priming effect is
actually caused by sub-solutions gains force and the development of a computer-based testing
platform to determine a persons strategy use becomes feasible. It has to be noted here that the
pnming effect could tum from positive to negative when no specific strategy instruction is
given because memory traces of sub-solutions could be weaker when the subject is not
explicitly and tenaciously using a certain strategy. Weak memory traces can cause negative
pnming (Kahan, 2000) because of a kind of confusion when the target is named. The direction
(positive or negative) of priming and the mechanism of priming could give indications about
the circumstances under which the priming effects are stable.
A possible positive priming process found could either be autonomous and based on
(spreading) activation (Anderson, 1983; Collins & Loftus, 1975) or be mediated by certain
expectancy-based strategies (Neely, 1976, 1977; Posner & Snyder, 1985) or by postlexical
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relatedness checking strategies (de Groot, Thomassen & Hudson, 1982; Balota & Lorch,
1986; Neely, Keefe & Ross, 1989).
Postlexical relatedness checking is not assumed to play a role in positive priming
effects in pronunciation tasks (Balota & Lorch, 1986; Seidenberg, Waters, Sanders & Langer,
1984) and therefore probably will not have played a role in the implicit priming effects found
in the experiments described in Chapter 4 because they were based on a numeral naming task.
Similarly Postlexical relatedness checking will not play a role in the current study.
Pécher, Zeelenberg and Raaijmakers (2002), found a proportion relatedness effect (proportion
of related trials) on positive priming when SOA's and prime presentation times were long
(SOA: 1000-msec). This indicated strategic processing. When SOA's were short no
proportion relatedness effect was found. Since in the expenments described in Chapter 4
SOA's (> 1000-msec) and prime presentation times were long too, expectancy-based strategic
processing could play a role in the priming effects found. On the other hand, it is difficult to
imagine subjects were aware that the implicit prime had something to do with the target, and
none of the subjects reported to have discovered such a relationship.
A possible negative priming effect found can be explained by a confusion effect when
the a memory trace is weak. Several studies revealed such a mechanism in negative pnming.
Lefevre, Bisanz and Mrkonjic (1988) asked subjects to decide whether a presented
number was part of a previously presented simple arithmetical problem (e.g., 1 + 3). When
the number was not part of the problem but equal to the solution of the problem (4 in the
example) it was rejected more slowly than when it was an unrelated number (e.g., 8 in the
example. Lefevre, Kulak and Bisanz (1991) and Lemaire, Barret, Fayol and Abdi (1994)
found similar results.
Milhken, Joordens, Menkle and Seiffert (1998) found in their fourth expenment that
positive repetition pnming from clearly visible (200-msec) and named primes can tum to
negative priming when primes are just as visible (200-msec) but ignored (by instruction)
instead of named. This is explained by assuming that subjects try to characterize probes as
either 'old' or 'new'. Unrelated probes are quickly identified as 'new'. Related probes in the
naming condition are quickly identified as 'old'. Related probes in the ignore condition are
similar to the ignored prime, and impeded to be categorized as 'new'. Still the similarity is
insufficient to quickly charactanzed as 'old'. This ambiguity causes a delay. Older
expenments not related to mathematics, (NeiU, 1977; Tipper, 1985) showed inhibitory effects
mainly when selective attention was required by the prime or probe task.
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Kahan (2000) describes the process defined by Milliken et al. (1998) as a lengthy
backward search process before target naming onset because the prime has left only a weak
memory trace. When the prime was named however, an activation-based process would lead
to a reduction of naming time for the target.
The effects found by Lefevre et al. (1988, 1991) and Lemaire et al. (1994) can be
explained likewise. In their experiments the answer to the problems was weakly activated.
This weak memory trace, lead to a lengthy backward search process.
Kahan (2000), using a masked priming paradigm with a prime identification task,
found that on trials where subjects were able to correctly identify the (masked) prime, positive
repetition priming took place. On such a trial a strong enough memory trace or activation
level was assumed to be responsible for positive repetition priming. On trials however, where
the subject was not able to correctly identify the prime negative repetition priming was found
when the number of repetition target trials was high. This was attributed to a partial activation
of the prime (as it was not identified) which lead to the engagement of (lengthy) prime
identification strategies (PISE) at the time the target probe was presented, resulting in slower
naming of the target probe. When the number of repetition trials was low, however, no
repetition priming effect was found.
It is important to note that according to Kahan (2000) negative priming does depend
on the number of related target trials. Negative priming, therefore, is always strategic.
In the development of a computer-based testing platform to determine individuals
strategy use it is important to know which processes underlie the priming effects used. If these
processes are automatic, the proportion of related trials in such a test should preferably be .5
because that way the mean RT of related probes and unrelated probes would be based on the
same number of trials, which would minimize the total number of required trials. The total
number of required trials should be high enough to ascertain that enough trials of the type
(related vs. unrelated) with the lowest proportion are administered. If, however, the priming
effects found are mediated by strategies, it would be necessary to use a higher proportion of
related trials in a test, to ensure the (strategic) priming will take place in most individuals who
are subjected to the test. The goal current study was to determine whether the implicit priming
effect diminishes when the proportion of related trials is experimentally reduced.
In the experiments described in Chapter 4 the naming of the numbers corresponding to
the jump-sub-solution (the target) was facilitated both when the subject reported to have used
a jump-strategy as well as when a decompose-strategy was reported. This was attributed to the
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fact that the digit representing the tens of the jump- and the decompose-sub-solutions were the
same (e.g., 65 + 27 = ?, decompose sub-solution : 80, jump sub-solution: 85). So these
numbers will be primed in many subjects because the jump and decompose-strategy are
frequently used (Beishuizen, 1993; Van Lieshout, 1997). One type of control used in one of
the experiments, namely the control that shared the tens with the target (e.g., 57 in the former
example), was also primed when subjects were decomposing. Another type of control used in
both expenments, namely the control that shared the ones with the target (e.g., 45 in the
former example), was neither primed in decomposing subjects nor in jumping subjects.
In the current study, proportion relatedness was manipulated to determine the priming
mechanism and no strategy instruction was given. Subjects were expected to spontaneously
use either a decompose-strategy, a jump-strategy or another strategy. To properly manipulate
the proportion relatedness we at least had to ensure that all the targets were related to the subsolution in case of decomposing and in case of jumping, because there was no certainty about
which of those subjects used. The targets corresponding to the jump-sub-solution empirically
met this requirement. Furthermore the controls used should never be related to the subsolution. This demand was empirically met by controls sharing the digit representing the ones
with the jump-sub-solution (control-type A). Another type of control, never before used,
sharing digits neither with the jump-sub-solution nor with the decompose-sub-solution,
probably (logically) also met this demand and was used in the current study as well (controltype B). This control of type Β was added to gain support for the assumption that the priming
effect is truly sub-solution based by testing whether the size of the priming effect is
unaffected by control-type.

5.2 Method
Participants
30 students from Nijmegen University participated in the study. They were randomly
assigned to a high or a low proportion-of-target-trials condition (high or low condition). One
of the students in the high condition only completed part of the experiment. The students
received fifteen Dutch guilders for their participation. None of them were visually impaired.
The mean age of the students was 21 years.

94

Negative pnmine
Design
Four independent variables were included in an orthogonal design: probe (target vs.
control), proportion-of-target-trials (high vs. low), control-type (A vs. B) and order (AB vs.
BA). In the target condition the probe was always identical to the implicit prime that was the
assumed jump-sub-solution. Each participant completed a block of 144 successive trials in
which the controls were of type A, which shared the digit representing the ones with the
implicit prime (e.g., implicit prime: 75, control: 55). A block of 72 successive trials with
controls of type Β was also completed by every participant, except one participant in the high
condition who only completed the Α-block. In the B-block the controls were much more
different from the implicit prime (eg., implicit prime: 75, control: 58). The proportion-oftarget-trials was .25 (low) for one group of 15 participants and .75 (high) for another group of
15 participants.

Apparatus and stimuli
Stimuli were presented on a computer screen (Macintosh 17" CRT). The computer
used was a Power Macintosh 4400/200 with a button box and a voice key connected to its
serial port. The software used was Psyscope (Cohen, MacWhinney, Flat and Provost, 1993).
The participant wore a headphone with microphone (Monacor MD-4100) for recording voice
responses. A stable distance between mouth and microphone was hereby ensured. All
responses were tape-recorded. Participants were seated approximately 57 cmfromthe screen.
All trials started with a blank (white) screen. Next the problem appeared on the screen.
Immediately after answer onset a blank screen appeared after which a fixation marker
appeared. On the last screen the number to be named was presented.
Examples of the problems presented in block A and Β are given in Table 1
respectively 2. The problems were presented in black on a white background, just as the
fixation marker. Examples of the numbers to be named can also be found in Table 1
respectively 2. The numbers were presented in the same way as they other stimuli.
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Table 1
Examples of Problems with their Sub-solutions, Controls and Targets in the A-Block
Problem

Assumed Sub-solutions

Probes

Type
Decompose

Jump

Control

Target

(type A)
1 35 + 27

50^3

55

75

55

2 35 + 47

70,13

75

55

75

3 25 + 47

60,13

65

85

65

4 35 + 57

80,13

85

65

55

Note Digits in italics are expected to be primed in case of use of a jump strategy Underlined
digits are expected to be primed in case of use of a decompose strategy

Table 2
Examples of Problems with their Sub-solutions, Controls and Targets in the B-Block
Problem

Assumed Sub-solutions

Probes

Type
Decompose

Jump

Control

Target

(typeB)
1 35 + 27

50,13

55

78

55

2 35 + 47

70,13

75

58

75

Note Digits in italics are expected to be primed in case of use of a jump strategy Underlined
digits are expected to be primed in case of use of a decompose strategy

On each trial the problem was randomly selected from a list of problems Then the
number to be named was randomly determined to be the target or the control for the problem
selected The random choice generator for the number was set to choose the target in 25% of
the cases in the low condition and in 75% of the cases in the high condition

Procedure
In each mal the pnme display was followed by the probe display The SOA was
undetermined because the pnme consisted of a mathematical problem that remained on screen
until the participant gave the answer After this the blank screen appeared for 800-msec
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followed by the fixation marker for 200-msec. Then the number to be named appeared and
remained on screen until naming onset.
In Figure 1 an example of a screen sequence in a trial is given. Every trial was
immediately followed by the next one, which started with a blank screen for 1000-msec.

Figure I. Trial Screen Sequence of a target trial.

All subjects except one completed a practice block of 30 trials, the Α-block of 144
trials and the B-block session of 72 trials. The order of the blocks was AB in 15 cases, BA in
14 cases and A in one case. Between the sessions a break of approximately 2 minutes was
given.
After the last session participants were asked to explain what method(s) or strategy(s)
they had been using to solve the problems on the computer screen.

5.3 Results

Before conducting the actual statistical analysis all trials during which the subject gave the
wrong answer to a problem or during which there was an obvious error in the recording of the
reaction time of either the answer to the problem or the naming of the number, were removed.
Afterwards outliers, considered to be unnoticed recording errors, were removed. Outliers were
defined as trials where the solution latency deviated more than three standarddeviations {SD =
1300.95-msec) from the grand mean {M = 2725.83-msec) or where the number naming time
deviated more than two standarddeviations {SD = 180.02-msec) from the grand mean (M =
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605.73-msec). Because solution latency was not included in the main analysis, the removal of
trials with high or low solution latencies was considered less important.

Table 3
Trials left after removal of errors and outliers
Session

Original number of

Trials left after error

Trials left after

trials administered

removals

removal of outliers

Alow

2Ï6Ö

1896

1769

A high

2160

1862

1763

Blow

1080

981

940

Β high

1080

872

816

After the removals, numerically described in Table 3, 5308 trials (83%) were left for
analysis.
Mean numeral naming times (per subject) of targets vs. controls in block A vs. Β were
submitted to a repeated measures analysis of vanance as a function of proportion-of-targettrials (PTT) and order. This ( 2 x 2 x 2 x 2 ) ANOVA indicated several significant first order
interactions (Table 4).
The interaction between proportion-of-target-trials (PTT) and order was not based on
any significant effects of order within each condition or vise versa. The effect was not
hypothesized and was not further explained.
The PTT χ probe effect was opposite in direction to the expectation and was further
unraveled per condition. In the high condition targets were named more slowly (M^emm = 9.75-msec, S£> = 11.47-msec, F(l,28) = 8.14, ρ = .008, η 2 = .225) than controls. In the low
condition targets and controls were named just as fast (Mj,ffere„ce

= 2.05-msec, SD = 13.88-

msec, F(l,28) = 0.84,/) = .368, η 2 = .029).
The interaction between block (A vs. B) and PTT can be decomposed likewise. Within
the low condition there was an effect of block, with block A probes (i.e. both targets and
controls) being named more slowly than block Β probes (Mj,ffe,ence = 30.55-msec, SD= 47.07 ,
F(\,2%) = 7,34,ρ = .011, η 2 = .208). Such an effect was absent in the high condition.
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Table 4
Analysis of variance for proportion relaledness

Between subjects
Proportion-of-target -trials (PTT)

0.00

Order (0)

0,14
4,39·

PTT X 0
S within-group error

25

(15692,52)

Within subjects
Probe (P)

1 62

PTT Χ Ρ

7 91··

0 Χ Ρ

0 56
1 15

PTT Χ 0 Χ Ρ
Ρ Χ S within- group error

25

(172 81)

Block (BI

6 63·

016

PTT Χ Β

4 29*

049

0 Χ Β

24 00··

000

PTT Χ 0 Χ Β

0.08

774

Β Χ S within- group error

25

(1092.49)

Ρ Χ Β

0 39

544

PTT Χ Ρ Χ Β

0 54

467

0 Χ Ρ Χ Β

0.00

996

PTT Χ 0 Χ Ρ Χ Β

0 05

.933

Ρ Χ Β Χ 5 within- group error

25

(397,53)

Note Values enclosed in parenthesis represent mean square errors. S = subjects.
*p<.05. **p<.01.

The effect in the low condition could simply be due to the absence of the trials
involving problems of type 3 and 4 (see Table 1 vs. 2) in block B, that were accompanied by
different numbers to be named (e.g., 65, 85) than those in trials involving problems of type 1
and 2 (e.g., 75, 55). To investigate this mean naming times of numbers to be named after
problems of type 1 and 2 in block A and mean naming times of numbers to be named after
problems of type 3 and 4 in block A were subjected to repeated measures analysis of variance.
No difference was found (F (1,29) = .03, ρ = .89, η 2 = .001), so the nature of the numbers
can't explain the block effect in the low condition. The source of the effect thus has to be
sought in an overall reduction of number naming time (affecting all probes) in the low
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condition during block Β because the controls in block A were more similar to the targets
(e.g., target 75, control 55) than in block Β (e.g., target 75, control 58).
The interaction between order and block was due to a difference in mean naming time
(A/difrereircc= 46.7-msec, SD = 38.27-msec) between block A and Β when the order was AB
(F(l,28) = 26.41 ,p = .00, η 2 = .485). This difference was absent when the order was BA.
There was neither an interaction between block, PTT and probe nor was there an
interaction between block and probe. Block χ probe effects within each condition should
therefore be considered absent also. Since the block χ probe effect in the high condition is of
great importance, because the absence of that effect would greatly support the sub-solution
explanation of the priming effect, it will be mentioned separately here anyway. The block χ
probe effect is completely absent in the high condition indeed (F(l,28) = 0.01, ρ = .930, η 2 =
.000).

Correlations with error rate
In the low condition (n = 15), there was a marginal negative correlation between
(positive) priming and error rate (r = -.49, ρ = .061). This correlation implied that subjects
with few errors named targets faster than controls and subjects with more errors named targets
slower than controls. That could be an indication that subjects holding stronger memory traces
of used sub-solutions perform better.
In the high condition such a correlation was not found {p > .9).
There was no difference in error rate between the low and the high condition (F(l,28)
= .04,/? = .84,η 2 =.00).

Self reports on strategies used
Most subjects (21 ) reported to have used a decompose-like strategy (67 + 28 = ?, 60 +
20 = 80, 7 + 8 =15, 80 + 15 = 95, or 6 + 2 = 8, 7 + 8 = 15, 8 + 1 = 9, "9" + "5" = "95", or
table-wise). Five subjects reported to have used an adapted jump strategy (67 + 8 = 75, 75 +
20 = 95). Two subjects reported to have used the jump strategy. One subject reported to have
used a round-off highest number strategy (67 + 30 = 97, 97 - 2 = 95). No relation between
priming and reported strategy use could be established. The non-orthogonality of the designs
used might have hampered the analysis.
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5.4 Discussion

A clear probe effect in the high PTT condition was found over both blocks of trials. In each
block another type of control was used. This effect supports the idea that targets and controls
are handled differently because the naming of targets is influenced by an implicit repetitive
prime that is a sub-solution of the problem preceding the naming task. The result that the
probe effect occurred in the high condition only points to the mediation of the pnming effect
by strategies, because the effect thus depends on proportion-relatedness.
The priming direction (negative) currently found can be explained by the fact that
subjects were not instructed to use a specific strategy and therefore weaker memory traces of
sub-solutions were left.
In similar experiments only positive (repetition) priming by implicit sub-solutions
was found. There were some major differences however, between those experiments and the
current experiment. In Experiment 1 described in Chapter 4 was conducted after explicit
strategy instruction whereas the current experiment assumed the spontaneous use of a
standard jump or decompose strategy. The subjects of Experiment 2 of the same study were
children whereas the current experiment used adults.
The current experiment possibly lead to a weaker memory trace of the implicit prime
than the former expenments because subjects were not explicitly and tenaciously using an
instructed strategy now. Half of the children in Expenment 2, described in Chapter 4, where
not instructed either, however, and still positive pnming was found. It seems plausible that
those children (Mage = 105 months) were still at a mathematical education level at which they
had to use very conscious and slow strategies {Μη.ρΓΟΐι^„ = 7997-msec, SD = 2442-msec), also
when they were not specifically instructed to do so. Current subjects (A/M.proWem = 2671-msec,
SD = 762-msec) and Experiment 1 subjects (Mn.probiem = 2933-msec, SD = 973-msec)
produced much shorter solution-latencies than the children.
Note that the positive priming effects in Experiment 1 and 2 of Chapter 4 were found
under low- proportion of relatedness - instructed conditions (Experiment 1: 25%, Experiment
2, jump-instructed group: 33%) and high-proportion of relatedness - spontaneous conditions
(Experiment 2, spontaneous group: 66%).
Another, rather speculative, explanation could be that subjects who were explicitly
instructed to use a certain mathematical strategy were somewhat overloaded by this and
therefore unable to execute a prime identification strategy at the moment of target
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presentation. Posner & Snyder (1985) argue that strategies underlying pnming-effects make
use of attentional resources.
It is important to take into account that no interaction between block (block with
controls of type A vs. block with controls of type B) and probe (targets vs. controls) in the
high-relatedness condition was found in the current study. This means that alternative controls
(block B) did not reduce or increase the probe effect. The controls in block A were more
related to the implicit primes (because they shared the ones) than those in block B. This
supports the assumption that the implicit priming effect is actually caused by sub-solutions
and that a prime clarification strategy (PCS) looking for a full match (on both digits) has
emerged in the high condition.
The block effect in the low condition could be explained by a general (over all trials)
semantically orientated PCS, toward a partial match (on the digits representing the ones), in
case of block A. All probes in block A (targets and controls) are semantically related to the
implicit prime and the first addend because the ones are shared with these numbers (e.g., 54 +
28 = ?, first addend: 54, prime :74, target: 74, control: 54). Such a PCS could also emerge,
based on the first addend, when subjects are using a decompose strategy. No strong PCS
toward complete match (target) would emerge because only 25% of the trials include targets.
In block Β the controls shared no digits with the prime or any of the addends.
Similarly the block effect m the AB order can be explained by the activation of a PCS
toward a partial match in block A, being stopped when block Β is administered, because it is
no longer effective. Here it is assumed that the PCS toward a partial match is also effective in
the high condition, although it might be less strong there and overruled by the complete match
PCS when statistically comparing block A and Β in the high condition. When block Β is
administered first this PCS toward a partial match would not emerge anymore in block A,
because subjects are not prone to quickly engage in new strategies.
The correlation effects found in the low condition, where no PCS is assumed to be
active and only positive priming effects based on activation are effective, could mean two
things. First it is possible that subjects holding stronger memory traces of sub-solutions are
less prone to errors in the solution process and are more able to go "one step back" during this
process. Another possibility is that the positive priming effect is strongest for the subjects
actually using a jump strategy more often, which is an effective strategy for solving the
problems at hand (Beishuizen, 1993). The PCS that are active in the high condition probably
overrule any activation process, and therefore no correlation is found. There was no difference
102

Negative priming

in error rate between the low and the high condition. This could be interpreted as evidence
that negative priming is caused by PCS and not by inhibition of sub-solutions in the sense of a
"negative" activation level.
The current study used self-reports of the subjects to have an assessment of the
strategies they used. This kind of assessment could be invalid in itself. Different arithmetic
strategies also seem lead to different ERPs (Yagoubi, Lemaire & Beson, 2003). In future
research ERP measurement (during problem solving) and measurement of priming should be
combined to see if there is a coherence between those. Such coherence would give even more
support for a relation between priming effects and strategy use.
Since the priming effects found can tum from positive to negative it seems difficult to
develop a test to determine strategy-use. However, if we can find a certain determinant of
priming direction (e.g., age, errors or solution latency) and we use a chi-square test to test for
an equal distribution of fast responses (RT < average RT) and slow responses over the type of
probe (control vs. target) using all trials (>200) of a subject it still seems a feasible goal.
Another aid might be the deactivation of PCS, so only positive priming effects remain. This
option should be investigated trough conducting experiments where working memory load is
artificially manipulated (Wolters, Beishuizen, Broers & Knoppert, 1990) by shortening the
presentation time of the problem. It is possible that this would deactivate PCS, because the
execution of those strategies requires attentional resources. It should be considered, however,
that increasing working memory load, also increases solution latency (Wolters et al., 1990;
Lemaire, Abdi & Fayol, 1996), which might then influence (the direction of) pruning.
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6. GENERAL DISCUSSION
In Chapter one, five research questions were raised. Three questions dealt with the effects of
two different variants of mathematics training, namely traditional and constructivist training.
Two questions concerned the measurement of mathematics strategy use by use of priming
processes. To answer the research questions five experiments, described in the previous
chapters, were done.
Two training experiments to investigate which training method leads to better results
for low performing children were carried out. Both experiments included two training
conditions. In the GI (guided instruction) condition, children were taught in a constructivist
way whereas the DI (direct instruction) condition was more traditional. The participants in the
first training experiment were children from special education with low performance in
mathematics. In the second experiment the training was administered to children from
mainstream education with low performance in mathematics.
Three priming experiments were performed to establish whether implicit repetition
priming from mathematical sub-solutions does occur. If such priming takes place, it could be
used to establish strategy use. The first expenment was done on adults who were shortly
instructed to use one of two strategies (standard jump or decompose). The second tried to
establish whether a priming process took place in children and was consequently done on
children who were either not instructed or intensively instructed to use a standard jump
strategy. The third was done to investigate the nature of the priming process and was
performed on adults who were not instructed to use a particular strategy.
In the next paragraphs the answers to the research questions will be descnbed, the
limitations of the studies will be discussed, suggestions for future research will be given and
implications for practice will be listed.
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6.1 Research Questions
Which instruction type leads to performance advantages for low performine children?
In order to answer this question two training expenments were conducted. Two types of low
performing children were subjected to the experiments: children attending special education
and children in mainstream education. The major difference between these children was that
the former children were less intelligent than the latter.
We found no clear general advantages of one of the instruction types. For children in
special education, however, there seems to be an advantage for direct instruction. The
advantage was specifically found on transfer problems. Such an advantage does not occur for
low performing children in mainstream education, who possess higher intelligence.
The low mathematics performers in special education might possess less
metacognitive knowledge than their counterparts in regular education. The use of a single
strategy as taught in direct instruction might become an advantage for them on transfer
problems because then they need less of their scarce metacognitive insights to apply strategies
on transfer tasks (Kurtz and Borkowski, 1984). Instead they might 'directly copy' the single
strategy that was taught. High performing children, in contrast, are probably able to select and
adapt a strategy from a broader strategy repertoire (as in the GI condition) even in transfer
situations.
According to a study by Kroesbergen, Van Luit and Maas (2004), explicit instruction
in multiplication is more effective for low performing students than constructivist instruction.
They found this result both for children attending special education and children in
mainstream education. The former were older and less intelligent than the latter. Since
effective multiplication skills up to 10 χ 10 are ultimately achieved through automatization of
the multiplication facts, the use of explicit instruction could be very effective for low
performing students in that domain of instruction, especially for children expenencing
difficulties in the memorization of anthmetic facts. Such children were presumably included
in the both groups (mainstream education and special education) of the sample (Kroesbergen,
Van Luit & Nagheri, 2003). Kroesbergen et al. (2004) found a higher strategy adequacy for
children in the explicit training condition, relative to the control condition. They calculated
strategy adequacy by attaching values to vanous strategies and summing these up. Hereby
they attached the highest adequacy value to retrieval strategies (Kroesbergen, 2002). Given
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the higher strategy adequacy of the children in the explicit training condition, relative to the
control condition, seen the way strategy adequacy was calculated, it seems reasonable to
assume that the children in the explicit instruction condition shifted from other strategies to
retneval. Such a shift could have generated the advantages found for explicit instruction in
special and mainstream education (Kroesbergen et al., 2004) because explicit instruction
seems to support the memorization of arithmetic facts more than constructivist instruction.
The absence of an advantage of DI for children in mainstream education in our studies
on subtraction might be due to the exclusion of children expenencing difficulties m the
mastery of arithmetic facts. Subtraction up to one hundred is supposedly mastered by the
correct implementation of strategies. The children in mainstream education in our second
training experiment might have been equally able to master either multiple strategies (in GI)
or one strategy (in DI) adequately and hence perform well on (transfer) problems in both
conditions, for two reasons. Firstly, they had no difficulties memorizing arithmetic facts,
which could have lead to a "dnll and practice" advantage for the DI condition. Secondly, they
were more intelligent than children in special education and were thus probably not hampered
by a lack of metacognitive abilities in the GI condition. The less intelligent children in special
education in our first training study were advantaged by the DI condition. This could have
occurred, not because of difficulties in memorizing arithmetic facts, as was possibly the case
in Kroesbergen et al. (2004) for a portion of the participants, but presumably because of lack
of metacognitive abilities, as mentioned before.

Which instruction type leads to more flexible strategy use by low performing children?
To answer this question, written strategy tests were taken in both training studies and
classroom strategy use was observed in the second training study. The children in special
education who attended the GI program clearly had broader strategy repertoires on the post
test than their counterparts in the DI program. For the low performing children in mainstream
education no such effect on the post test was found. In that case, however, there was an effect
on verbal classroom strategy use with GI children using more strategies, as expected. The way
in which the children from special education who attended the GI program used their broader
strategy repertoire was not very adequate. They seemed to make rather random choices in
strategy use instead of adapting the strategy to the problem type. It is possible that low
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performing pupils, like those in special education are able to master the same strategies as
higher performing pupils, but are unable to use them in a flexible way. In line with this
explanation, Torbeyns, Verschaffel and Ghesquière (2002) in a study on mathematics
problems up to twenty found that low performing pupils use the same strategies as their
stronger counterparts, but they differ in the adaptivity and frequency of the use of those
strategies. Klein (1998) found that average children in mainstream education were able to
develop flexible patterns of strategy use after taking part in a 'realistic' (constructivist) training
program. This finding thus seems not applicable to low performing children in special
education.
The absence of an effect for children in regular education on the post test could be
attributed to failure of this written test to accurately measure strategy use. The results of this
written test suggested patterns of strategy use that differed from the strategy use actually
observed in the training classes. Furthermore the written test did not even reveal that the
children from the DI group, who were trained to exclusively use the (standard) jump strategy,
preferred to use that strategy, and that is very hard to believe. Most of the criticism by Kirk
and Ashcraft (2001) on verbal reports, therefore, seems to apply to written reports as well.
The absence of an effect of training condition (GI vs. DI) on performance might be
due to the limited duration of the intervention. Since there were general effects on post test
strategy use for low performers in special education and general effects on classroom strategy
use for low performers in mainstream education, a more prolonged program might give
children in the GI condition a chance to improve the way they apply their multiple strategies.
This could then possibly improve in the performance of children in the GI condition as well.

Is there a gender by instruction type interaction effect on performance and strategy use?

To answer this question in the second training study an almost equal number of boys and girls
were selected to participate. For these low performing children in mainstream education a
clear gender by instruction type interaction effect on performance was found. Girls'
performance increased over training time when they were taught in GI fashion. In the DI
condition performance of girls remained stable. There was a less evident performance
increase for boys in the DI condition, whereas their performance remained stable in the GI
condition.
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The increase in girls' performance in the Gl condition was accompanied by an increase
in positive emotion. Therefore it was assumed that the GI condition suits girls' learning style
better than a DI type of instruction (Kimball, 1989). Although Hopkins, McGillicudy-De Lisi
and De Lisi (1997) found no evidence that constructivist training suited girls better than
traditional training in a short training study, it now seems that longer constructivist training
reveals an advantage for girls.
On post test strategy use of low performing children in mainstream education, only a
gender effect was found. We attributed this effect to a differential reaction of girls and boys
on the order of the post tests with speed tests directly preceding the strategy test. This
interpretation of the results was based on evidence that girls respond to certain instruction
attributes differently than boys (Carr, Jessup and Fuller, 1999). Because of this test order
effect we question whether what we measured on the post test was a valid indication of
mental strategy use. The finding that classroom strategy use during the training (as opposed to
post test written strategy use) was influenced by instruction type, as was expected, also forces
us to raise that question.
Gender effects were not analyzed for low performing children in special education and
no conclusions can be drawn in that respect.

Does implicit repetition priming by sub-solutions occur?
To explore other ways to establish mental solution strategies than the observation of written
or verbal solutions an implicit repetition priming methodology was devised Three
experiments revealed the existence of implicit repetition priming by sub-solutions. Certain
numbers equal to sub-solutions or, as was concluded from the first experiment, similar to
them were named faster than other numbers. However, in the first two experiments this effect
was positive and in the third it was negative. It is therefore important to discuss these
experiments separately. Experiment 1 and 2 were described in Chapter 4 and Experiment 3
was described in Chapter 5.
In Expenment 1, surprisingly, the results of both instruction conditions (jump strategy
instruction and decompose strategy instruction) revealed an RT benefit for numbers
representing a jump strategy sub-solution, while an effect of priming was expected only in
case of the jump strategy instruction condition. To explain this, we therefore assumed that the
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decompose sub-solution also functions as a prime for the number representing the jump subsolution because of the shared tens. This can be elucidated as follows: a participant using the
decompose strategy on the problem 66 + 28 will calculate as follows: 60 + 20 = 80; 6 + 8 =
14; 80 + 14 = 94. The number representing the jump sub-solution for this problem is 86 (66 +
20 = 86; 86 + 8 = 94). The participant using the decompose sub-solution has used the number
SO, which will still be available in working memory after the calculation. This results in a
priming effect benefit for the number 86 as well. Of course, participants using the jump
strategy will have complete priming of the number 86. One might expect that priming (by
both digits) would be stronger in participants using the jump strategy than priming in
participants using the decompose strategy (one digit). Such an effect was not found in
Experiment 1, however.
In Experiment 2, an RT benefit was revealed for numbers representing jump subsolutions when participants (children) were instructed to use the jump strategy and also when
they were not instructed to use a particular strategy and actually reported using the decompose
strategy. This was in line with results from Experiment 1. Numbers neither representing
decompose sub-solutions nor jump sub-solutions, but sharing the tens with both those subsolutions (e.g., 84 when solving 66 + 28) showed an RT benefit when participants were not
instructed and used the decompose strategy, but not when they were instructed and used the
jump strategy. Numbers such as these therefore make it possible to discriminate between
decompose and jump strategies using a priming paradigm. Numbers not representing jump
sub-solutions but sharing the ones with the jump sub-solutions (e.g., 76 when solving 66 + 28)
did not show an RT benefit in any case.
Experiment 3 revealed that when adult participants were not instructed to use a
strategy but used spontaneous strategies instead, the effect of priming can tum negative.
When a number represented a previously used sub-solutions it was named slower than when
this number did not represent a previously used sub-solution. This was explained by assuming
that when adult strategy use is spontaneous, sub-solutions used leave only a weak memory
trace. Where strong memory traces lead to positive pruning, weak memory traces lead to
negative priming because of a lengthy backward search process (Kahan, 2000).
Altogether, the expenments showed that implicit repetition priming of sub-solutions
seems to take place. Naming of numbers is influenced by similarity / equality to subsolutions. This holds only for certain numbers because we have seen that decompose subsolutions do not prime numbers equal to them, but only numbers similar to them. The
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direction of the priming effect has been shown to be sometimes negative and sometimes
positive. Since the parameters that influence priming direction are not fully clear this should
be a subject of future research.
Can the implicit priming process of sub-solutions be used to establish participants' strategy
use?
The priming effects found certainly open possibilities to develop a methodology that will
make it possible to discriminate between some strategies. Because priming direction is not a
stable factor, however, this goal is not yet within direct reach. We should gain more insight in
the determinants of priming direction in the first place. One could imagine several factors
influencing the strength of a sub-solution memory trace. These include: the level of
automatization of strategies, the level of automatization of arithmetic facts and the length of
the answer-probe interval. We think automatization might play a role because the children in
the non-trained condition in Experiment 2 showed positive priming. The adults in Expenment
3, who presumably possessed more automaticity in the execution of strategies, showed
negative priming.
Maybe an effective test would have its answer-probe interval (Α-P interval) adjusted
to participant dependent factors like the level of automatization of strategies and the level of
automatization of arithmetic facts. The priming direction is influenced by the strength of the
memory trace at the time of probe presentation (Kahan, 2000). This strength, in turn, is
influenced by the initial strength of the memory trace and the time that elapses between the
initiation of the trace (the moment of use of the sub-solution) and the time of probe
presentation (the S-P interval). In some participants a certain Α-P interval might lead to
exactly that memory-trace strength that neither leads to significant positive priming nor to
significant negative priming. This illustrates that it might be useful to adapt the Α-P interval
to participant-dependent factors.
Another question that has to be answered first is whether sub-solutions that are used
when participants use strategies different from the standard jump or decompose strategy also
give priming effects. Also further investigation into priming of numbers not equal to jump
and decompose sub-solutions but similar to them is necessary, because such numbers can give
exclusive evidence about the usage of a strategy. In our second experiment, for example,
certain numbers (e.g., 59) where primed by decomposing (35 + 27 =? 30 + 20 = 50; 5 + 7 =
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12; 50 + 12 = 62), but not by jumping (35 + 27 =?; 35 + 20 = 55; 55 + 7 = 62; note that 59 is
neither equal to decompose sub-solution 50, nor to jump sub-solution 55). A suggested
explanation for the pnming effect of the number 59 in the example is that 50 "fifty" primes 59
"fifty-nine" because of partial phonological resemblance, but 57 "fifty-seven" does not prime
"59", because though there is partial phonological resemblance ("fifty"), there is also partial
phonological difference ("seven" vs "nine"). The use of numbers that are, for some reason,
pruned by sub-solutions can thus be useful.

6.2. Limitations of the present study
The studies reported in the present thesis have yielded important insights that are valuable for
the research domain of mathematics strategy use. However, with respect to the two training
experiments on constructivist teaching as well as to the studies on priming some limitations
have to be mentioned. The limitations of the training studies will be discussed first, followed
by a discussion of the limitations of the pnming studies.
Firstly, the participants in the training studies were selected in a specific way, using
two speed tests and a power test. Because performance on the addition speed test up to 100
was not below average, children with difficulties in memorization of arithmetic facts or
difficulties in the usage of such facts in more complicated problem solving, were not included
in the sample. This means that results are cannot be generalized to all children with
mathematics difficulties. Geary (1994) distinguishes several types of mathematics problems.
The "procedural type" seems to resemble the participants in our training studies the most.
Other types of children experiencing difficulties in mathematics are the "semantic memory
type", with difficulty in arithmetic fact retrieval. Such children might respond differently to
the training situations like those used in our training studies.
Furthermore, the constructivist training condition did not include all elements that are
part of constructivism according to some authors (e.g., Cobb, 1994). There was no multiple
model usage, for example, and the opportunity to use decompose strategies was limited.
According to Milo (2003), however, this is not a disadvantage for low performing children, as
he promotes the use of the number line with the jump strategy and its variants for this type of
children because the number line provides insight into the solution procedure and diminishes
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working memory load. Milo showed that children trained with only the number line as a
model outperformed children who were trained with the number line and a second model
The third limitation follows from the fact that in the training studies the lessons were
administered to small groups of students. Therefore all results are only valid for small group
training, and possibly not for classroom training. Class size has a negative effect on
mathematics and reading achievement in the early grades of elementary school (Nye, Hedges
& Konstantopoulos, 2000). It cannot be ruled out that training effects are different when
bigger groups of children are trained.
Furthermore, the results apply only on the domain of subtraction. Other domains like
multiplication require different skills. Addition and multiplication up to 10 χ 10 seem to rely
more, though certainly not fully, on the memorization of arithmetic facts, whereas subtraction
highly draws on mental manipulation of such facts. Dehaene and Cohen (1997) showed, in a
lesion study, that these two skill types (addition and multiplication vs. subtraction) could be
selectively impaired.
Another limitation of the two training studies lies in the fact that conclusions about the
causes of different effects of the training conditions are subject to limitations, since conditions
differed (for example) not only in the way strategies were taught, but also in the number of
strategies that were taught. In the DI conditions only one strategy was taught whereas in the
GI condition multiple strategies could be learned. At the same time the way of learning of the
strategies was different. Effects can therefore be due to either one of these differences or to
both differences together.
A final remark on the training experiments concerns the strategy measurement. The
low reliability of the measurement of strategies limits the validity of conclusions about
strategy use. An effect of instruction on strategy use as measured by a written post test
appeared for the low performing students in special education. However, since the
determination of mental strategies by use of a written test has proven to be troublesome in
Experiment 2, this result should be handled with caution. Reasons for the limited validity of
verbal strategy reports (Kirk & Ashcraft, 2001) could hold for written reports as well
The priming experiments also had some limitations with respect to generalization.
Firstly, the priming studies used a limited number of addition problems and strategies. It
remains to be seen whether pnming studies with participants using other strategies or priming
studies on subtraction problems would yield similar results.
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A second concern with respect to the priming studies is that results cannot be just
generalized to all age groups, all skill-levels and all languages. There seems to have been
some influence of age (adults vs. children) on results. When adults' strategy use was
spontaneous, as in Experiment 3, the priming effect was negative. However, when children's
strategy use was spontaneous, as in the non-instructed condition of Experiment 2, the priming
effect was positive. Since this age dependence could have been mediated by other variables,
the conclusions drawn might be not be generally applicable. One could also imagine effects of
arithmetic skill level or language. Such factors might, for example, affect the interval between
the implicit (mental) appearance of the prime and the presentation of the probe. Priming
effects can depend on the length of such an interval (e.g., Meagher & Campbell, 1995).

6.3 Future research
The present study brings forward some interesting clues to direct future investigations. Also,
from the limitations described in paragraph 6.2 some suggestions for further research can be
drawn. Firstly, suggestions are given concerning the training studies on constructivist
mathematics education, whereupon suggestions related to the priming studies will be
discussed.
In future training studies, attention should be paid to the difference in effects between
girls and boys in special education. Now these effects have only been studied in mainstream
education. When metacogmtive abilities are lower, as can be expected in special education,
performance effects for girls as found in mainstream education might be different. Lower
metacognitive abilities can lead to lower mathematical performance (Despete, Roeyers &
Buysse, 2001, Lucangeli, Coi & Bosco, 1997).
In constructivist learning processes, children develop their own solutions and
interacting with other children can have a big influence on that. Interactive vs. non-interactive
training conditions should be included to shed more light on the influence of interaction on
constructivist learning processes. The difference between the 'traditional' constructivist and
social-constructivist viewpoint (Cobb, 1994) can be investigated in such a way. The group
composition (mixed or homogenous sex) might play a role in gender effects that are possibly
mediated by interaction patterns. Therefore, group composition should be subjected to further
investigation. Homogeneous and sex-mixed groups should be included in future research
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because gender specific social interaction opportunities in mathematics classes can be
influenced by this factor (Jackson & Smith, 2000).
The training conditions used here are difficult to compare because they are different in
more than one aspect. They differ, for example, in the number of strategies learned and in the
way strategies are learned. This shortcoming of the training studies described in this
dissertation is difficult to completely overcome, however. In future research separate explicit
strategy training conditions should be included (cf. Milo, 2003). Only then can effects due
solely to the use of specific strategies be isolated. In the same line of reasoning, it would also
be interesting to explicitly teach children several strategies in two training conditions, and to
additionally teach when to apply a strategy (with metacognitive training, e.g., Kurtz &
Borkowski, 1984) in one condition and not to teach that in the other condition. This way the
strategy knowledge would be equal in both conditions.
Results from the priming studies to determine strategy use also lead to some
suggestions for further research. One concerns a methodological improvement and the other is
a suggestion to bring development of a clinical tool to measure strategy more within reach.
Since differences m priming emerged between trained and not trained participants,
such conditions should be included in one experiment. These differences might be due to the
awareness of strategy execution. Trained participants are possibly more aware of the strategy
and are very consciously executing the trained strategy. Memory traces of sub-solutions might
therefore be stronger, whereas in some participants using spontaneous strategies might result
in weaker memory traces upon probe presentation. Weak memory traces can lead to negative
priming and strong memory traces can lead to positive pnmmg (Kahan, 2000).
As mentioned in paragraph 6.1, it is necessary to study priming of numbers similar but
not equal to sub-solutions and pruning by sub-solutions from other strategies than the
standard jump or decompose strategy. With that knowledge a system that takes into account
the existence of the multitude of known strategies (Fuson et al., 1997) can be developed. This
does not mean that such a system will ever be able to discriminate between all possible or
even known strategies. The priming of numbers not equal to sub-solutions is of major
concern. The assumption of the indirect priming effect of a whole-tens number pruning a
number sharing the tens (decompose sub-solutions priming numbers representing jump subsolutions, e.g., 80 priming 84) and the absence of indirect priming when two non-whole-tens
numbers share the tens (e.g., 82 and 84) should be checked. Explicit pnming studies only
using number naming tasks can be set up to check if 80 really primes 84 and whether 82 does
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not (or at least not as strongly) prime 84. This could give support to an explanation in which
not mathematical but phonological resemblance or inequality of numbers are the agents that
determine the priming effect.
Yagoubi, Lemaire and Beson (2003) found that estimation strategies and calculation
lead to different ERPs. Different strategies in arithmetic problem solving could similarly lead
to different ERPs. In future research ERP measurement and measurement of priming should
be used in combination to see if there is coherence between those. Such coherence would give
more insight into the relation between priming effects and strategy use.

6.4. Practical implications
The present study has important practical implications. First of all, the study on students in
special education does, along with converging evidence from another experimental study
(Milo, 2003), give reason to be cautious when applying methods requiring personal
contributions by the students in special education in the domain of addition and subtraction up
to one hundred. The use of such methods in special education for teaching subtraction
problems up to one hundred is not necessarily effective when no attention is paid to the
special needs of students in that setting. Whenever methods like that are used, it seems that
teachers should consider giving explicit strategy instruction whenever this seems necessary,
for example when new, more difficult problems are to be handled or when the student's
achievements don't show sufficient progress. Based on the training studies, it cannot be
concluded that one of the methods studied is clearly better for low performing students in
special education.
Secondly, attention should be paid to girls' motivation in education practice. In
mainstream education, the use of GI methods in the domain of subtraction up to one hundred
seems just as effective as DI and even favorable for low performing girls. Since we attribute
this positive effect for girls mainly to motivational effects, it seems important to pay more
attention to girl's motivation in mathematics in mainstream education.
Another implication is that teachers should use all means at hand to get a good picture
of the strategy use of a child. The validity of written strategy tests has to be questioned. When
a child writes down a decompose strategy, it could be that he is actually using a jump
strategy. In constructivist education, where teachers mostly try to follow the child's strategy
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use, this could lead to detrimental results Simply questioning children about strategy use does
not seem a more valid measurement Multiple time samples (strategy measurement at
different moments in time) to asses strategy use could have higher validity and teachers
should take into current and former strategic statements from children Wolters, Beishuizen,
Broers and Knoppert (1990) found indications that such measurement might be effective
Finally, a pnming system to be used to get an image of a child's strategy use can be
developed in the long run The studies into the assessment of strategy use by use of priming
processes should be extended because findings suggest that the direction of the priming
effects found was not stable Much more research on this subject is necessary before any
instrument can be applied in educational practice The effect that the whole tens sub-solution
used in the decompose strategy seems to prime all numbers starting with that ten ( e g , 50
pnmes 51, 52, 53), whereas other (non whole-tens) sub-solutions from other strategies do not
seem to prime all numbers with the same ten, might be very useful in the development of a
system that discriminates between ordinal (j u m P-l , ' < e )

an

d

cardinal

(decompose-like)

strategies
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SUMMARY
Strategy use is an important aspect of problem solving skill in mathematics. Addition and
subtraction problems up to hundred can be solved correctly in many ways, by using a number
of different strategies. Research has shown that some of these strategies are more effective
than others if they are used spontaneously. Therefore, it might be useful to explicitly train
children to use such a proven strategy. It is unclear, however, if the use of such a strategy is
trainable, and if training is successful, whether the use of the strategy will indeed lead to more
effective problem solving since trained strategy use differs from spontaneous strategy use.
Some children, after years of formal mathematics schooling, still, effectively or ineffectively,
use strategies that were not explicitly taught, underlining the importance of spontaneous
strategy use.
Related to this issue is the question of the desirability of children's enrollment in a
mathematics curriculum that fosters spontaneous strategy use by eliciting self development of
strategies, as opposed to a directive curriculum wherein one proven strategy is taught. A
curriculum that fosters the self development of strategies would be mainly based on
constructivist principles. In a contemporary constructivist classroom, children develop their
own knowledge through interaction with peers and by using models of the number world
(e.g., the number line). Math problems used to practice skills are chosen in such a way that
children's own contributions to problem solving strategies are supposedly strongly elicited
Children expenencing mathematics difficulties, however, might be unable to combine
previously acquired mathematics knowledge to form new strategies when solving new
problems. A more traditional approach, wherein only one (proven) strategy is taught, might be
more suitable for such children than a constructivist approach. If the execution of this one
strategy is automatized through repetitive drill and practice, attentional resources are freed
and become available for the execution of other important processes like metacogmtive
monitoring. This seems important for low mathematics achievers because many studies
indicate that attentional resources are limited in these children.
A comparison of constructivist and more traditional mathematics teaching is not only
important with respect to the effectiveness of these approaches on low achievers but is also
interesting from a gender-differences viewpoint. High-school boys outperform girls in most
areas of mathematics. At earlier ages, girls are more anxious about mathematics than boys.
They consider themselves less competent and they are less motivated in mathematics than
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boys. A constructivist teaching style might suit girls' learning styles better and enhance their
confidence and performance.
Since strategy use is important for problem solving effectiveness, it is even more
important to be able to make a valid determination of the strategies used by a child. The
validity of written and verbal reports to assess strategy use can be questioned. Another
technique to assess strategy use might be found in the measurement of the level of priming of
assumed sub-solutions. When a subject solves a problem like 67 + 28 = ?, he might do this by
first adding 67 to 20, resulting in the sub-solution 87, and then calculating 87 + 8 = 95. This
strategy, the so-called jump strategy, would result in priming of the number 87. By presenting
the number 87 after a subject has solved the mentioned problem and measuring the naming
speed of the number, it could be determined whether 87 is primed and thus whether the
subject has (probably) used the jump strategy.
The present study consisted of two main parts; a training study part, to investigate the
effect of training approaches on strategy use and performance, and a part devoted to the issue
of strategy use determination by priming measurement. The training study part was firstly
conducted to test whether a strategy that has proven effective in spontaneous usage situations
would also be effective when explicitly trained. Secondly, it was aimed at establishing
whether a constructivist instruction approach would be effective for children experiencing
mathematics difficulties. Finally, the training part addressed the issue of a possible advantage
for (low performing) girls when they would be taught in a constructivist way. In the second
part, priming experiments were set up to investigate whether (implicit) priming of subsolutions took place and if so, whether priming could be used to determine strategy use.
In the training part of the present study instruction types were compared in two
training expenments. Subjects were children experiencing difficulties in the math domain of
subtraction up to hundred. One instruction type was more or less traditional and focused on
the acquisition of one proven strategy: direct instruction (DI). The other instruction type was
based on some constructivist principles: guided instruction (GI). The second training
experiment was also designed to compare differences between boys and girls.
The first training experiment was conducted on children with mathematics difficulties
in special schools. Results showed no performance differences at the end of training between
GI and DI groups on the subtraction problems that had been taught. The DI group performed
better on transfer problems. The GI group used a wider variety of strategies than the DI group,
but was not able to use this larger strategy repertory in a flexible way. The usage pattern of
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strategies in the GI group seemed rather random and showed no smart adaptation of strategies
to problem type. The DI group used only the strategy that was taught, the jump strategy.
The second training experiment was conducted on children with mathematics
difficulties in regular schools. The experiment was designed in such a way that differences
between boys and girls could be analyzed. Girls profited more from GI, as was shown by
better performance on two tests Boys profited slightly more from DI, as shown by better
performance on one test only. Unexpectedly, there were no differences between GI and DI
concerning posttest strategy use. Also unexpectedly, the number of strategies used by the
boys on the pretest was higher than the number of strategies they used on the posttest
irrespective of the training (GI vs. DI), whereas the number of strategies used by the girls on
the pretest was lower than the number they used on the posttest, also irrespective of training.
Although there were no effects of group on posttest strategy use, in one of the training
sessions that was chosen as a sample, the number of strategies used during that session,
depended on training group: the GI group used more strategies than the DI group.
Motivational effects were also analyzed. An increase in motivation was detected for the girls
in the GI group.
The training experiments indicate that the strategy proven effective in spontaneous
use, the jump strategy, is also effective when it is explicitly taught. The DI group in
experiment one used the jump strategy and performed as well as the GI group. The boys in the
second experiment used the jump strategy after the training in the GI group (spontaneously)
as well as in the DI group (explicitly taught to do so). There was no performance difference
between GI and Dl boys on the test in which they used the jump strategy in writing. The
training of one proven strategy to girls seems to have led to less stable results.
Although there was an advantage for GI for girls in the second experiment, one cannot
conclude that GI is a suitable teaching style for students with mathematics difficulties. The
first experiment showed quite unexpected advantages for DI on transfer problems and in the
second experiment an advantage for boys in the DI group showed up in one test only. Use of
Gl-like teaching styles should be given thorough consideration especially in special schools.
On the other hand, because low performing girls seem to profit from a GI approach on
performance and especially motivational measures, it seems important to incorporate
elements of the GI approach in a mathematics curriculum for low-performing students.
Explicit teaching of proven strategies could be combined with Gl-like teaching styles.
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In the last main part of the study three experiments were conducted to establish
whether priming of sub-solutions occurred and could be used to assess strategy use. Two
strategies were investigated: the decompose strategy (e.g., 65 + 27 = ?, 60 + 20 = 80, 5 + 7 =
12, 80 + 12 = 92) and the jump strategy (65 + 27 = ?, 65 + 20 = 85, 85 + 7 = 92). In the
experiments math problems were projected, one at a time, on a computer screen. After the
presentation of a problem the subject had to solve the problem and name (only) the answer.
Then a number (the probe) was presented on the computer screen. The task of the subject was
to name this probe. It was expected that the number naming speed would be influenced by
whether or not the probe was a number that the subject could have used as a sub-solution to
solve the preceding problem
In the first experiment, before the naming task started, adults attended a short training
session where they were instructed to use either a jump or a decompose strategy. The probes
represented decompose sub-solutions (decompose targets) or jump sub-solutions (JumP
targets) or their respective control probes. An RT benefit was expected for jump targets when
subjects were trained to use the jump strategy and for decompose targets when subjects were
trained to use the decompose strategy. Instead, an overall RT benefit for jump targets was
observed. Jump targets were always named faster then their control counterparts. Decompose
targets were always named just as fast as their controls. Thus, surprisingly, there was an RT
benefit for jump targets in the decompose group too. This was explained by the fact that the
jump targets shared the tens with the decompose sub-solution (e.g., 80 and 85 in the former
example), whereas the jump controls did not.
In the second experiment children were either trained to use a jump strategy or not
trained. For the training, elements from the DI approach were used. The group of children that
wasn't trained was expected to use the decompose strategy. There were three types of probes.
The first probe represented jump sub-solutions. The second probe resembled both subsolutions because it shared the tens with both sub-solutions (e.g., 84 for the problem
mentioned before). Finally, the third probe resembled the jump sub-solution, by sharing the
ones with that sub-solution. For the subjects trained to use the jump strategy an RT benefit
was observed for the probe representing the jump sub-solution as compared to the RT on the
other two probes. For the (untrained) subjects thought to use the decompose strategy an RT
benefit was observed for the probe representing the jump sub-solution and also for the probe
resembling both sub-solutions as compared to the probe that shared the ones with the jump
sub-solution.
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In the third experiment subjects were not trained. Three types of probes were used:
probes representing the jump sub-solution (target), probes sharing the ones with the jump subsolution and probes not sharing any digit with the jump sub-solution. The proportion of trials
with a target was varied. This was either .25 (low-proportion-of-target-trials· LPTT) or .75
(high-proportion of-target-trials: HPTT). The targets were named more slowly than the other
probes in the HPTT condition. In the LPTT condition there were no differences in probe
naming times. Thus, contrary to the other experiments, the priming effect found in this
experiment was negative in nature. This was explained by assuming that the absence of a
training component resulted in a less conscious execution of the strategies. Memory traces of
sub-solutions were therefore less strong and led to a lengthy backward search process instead
of facilitation of the naming.
Taken together, the experiments show that implicit priming of sub-solutions does
occur. Number naming speed is influenced by the amount of similarity to sub-solutions. This
influence can be positive or negative. The direction of priming should be a matter for further
investigation before a priming paradigm can be used to establish the nature of the strategies
used by subjects.
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Strategiegebruik is een belangrijk aspect van de probleemoplossingvaardigheden die bij het
rekenen een rol spelen. Optel- en aftrekopgaven tot honderd kunnen op veel verschillende
manieren worden opgelost, door gebruik te maken van een verscheidenheid aan strategieën.
Onderzoek heeft aangetoond dat sommige van deze strategieën meer effectief zijn dan andere,
wanneer ze spontaan worden gebruikt. Het is echter onbekend of een dergelijke strategie
trainbaar is en of een dergelijke strategie, wanneer succesvol getraind, ook inderdaad tot meer
effectieve probleemoplossingen leidt, aangezien spontaan strategiegebruik verschilt van
getraind strategiegebruik. Sommige kinderen gebruiken, najaren van formeel rekenonderwijs,
nog steeds effectief of ineffectief strategieën die niet expliciet zijn onderwezen, hetgeen het
belang van spontaan strategiegebruik onderstreept.
Gerelateerd hieraan is de vraag of het wenselijk is kinderen te laten deelnemen in een
rekencumculum waann spontaan strategiegebruik wordt gestimuleerd door de eigen
ontwikkeling van strategieën uit te lokken, of in een directief curriculum waarin één
"bewezen" strategie wordt onderwezen. Een curriculum dat de eigen ontwikkeling van
strategieën stimuleert zou hoofdzakelijke gebaseerd zijn op constructivistische principes. In
een hedendaagse constructivistische schoolklas ontwikkelen kinderen hun eigen kennis in
interactie met klasgenoten en worden modellen van de getallenwereld gebruikt.
Rekenopgaven die gebruikt worden om vaardigheden te oefenen zijn op zodanige wijze
gekozen dat eigen oplossingswijzen van kinderen sterk worden uitgelokt.
Kinderen met rekenproblemen zouden echter wel eens slecht in staat kunnen zijn om
reeds verworven rekenkennis te combineren en zo nieuwe strategieën te ontwikkelen wanneer
nieuwe rekenopgaven opgelost moeten worden. Een meer traditionele aanpak, waarin slechts
een enkele "bewezen" strategie wordt onderwezen, zou wel eens geschikter kunnen zijn voor
deze kinderen dan een constructivistische aanpak. Wanneer de uitvoering van die ene strategie
wordt geautomatiseerd door herhaalde oefening, komen aandachtsbronnen vrij voor de
executie van andere belangrijke processen zoals metacognitieve monitoring. Dit lijkt
belangrijk voor kinderen met rekenproblemen aangezien veel studies aangeven dat deze
kinderen beschikken over beperkte aandachtsbronnen.
Een vergelijking van een constructivistische en een meer traditionele rekenaanpak is
niet alleen belangrijk vanwege de vraag of deze aanpakken effectief zijn voor kinderen met
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rekenproblemen Een dergelijke vergelijking kan ook meer zicht geven op verschillen in
rekenvaardigheid tussen meisjes en jongens Op de middelbare school presteren jongens beter
dan meisjes op de meeste wiskundeonderdelen Op basisschoolleeftijd zijn meisjes meer
gespannen met betrekking tot rekenen dan jongens

Meisjes zien zichzelf als minder

competent en zij zijn minder gemotiveerd dan jongens met betrekking tot rekenen Een
constructivistische rekenaanpak zou beter kunnen passen bij de leerstijl van meisjes en hun
prestaties mogelijk kunnen verhogen
Aangezien

strategiegebruik

zo

belangrijk

is

voor

de

effectiviteit

van

de

probleemoplossingprocessen tijdens het rekenen, is het minstens evenzo belangrijk het
strategiegebruik van een kind juist te kunnen vaststellen De validiteit van geschreven en
gesproken weergaven van strategiegebruik kan in twijfel getrokken worden Een alternatieve
techniek om strategiegebruik vast te stellen schuilt in het meten van het priming niveau van
veronderstelde tussenoplossingen Wanneer een kind een som als 67 + 28 = 7 oplost, dan kan
hij dat bijvoorbeeld doen door eerst 67 en 20 bij elkaar op te tellen, resulterend in de
tussenoplossing 87 en vervolgens 87 + 8 = 95 uit te rekenen Deze strategie, de zogenaamde
jump strategie, zou resulteren in pnming van het nummer 87 Door het nummer 87 te
presenteren nadat een kind het genoemde probleem heeft opgelost, en de benoemingstijd van
het nummer te meten, kan worden vastgesteld of het nummer 87 gepnmed is en dus of het
kind (waarschijnlijk) de jump strategie heeft gebruikt
Het onderhavige onderzoek bestond uit 2 hoofdonderdelen een Iraimngsdeel om het
effect van training op strategiegebruik en prestaties te onderzoeken en een deel geweid aan de
bepaling van strategiegebruik door middel van het meten van pnming Het trainingsdeel was
er in de eerste plaats op gencht om te bepalen of een strategie die goed werkt wanneer deze
spontaan gebruikt wordt, effectief getraind kan worden Ten tweede werd getracht vast te
stellen of een constructivistische aanpak geschikt is voor kinderen met rekenproblemen Ten
slotte diende het trainingsdeel om vast te stellen of meisjes speciaal voordeel hadden van een
constructivistische aanpak In het tweede hoofdonderdeel werden pnming expenmenten
opgezet om te onderzoeken of pnming van tussenoplossingen plaatsvond, en zo ja, of meting
van deze pnming gebruikt zou kunnen worden om strategiegebruik vast te stellen
In het trainingsdeel werden instructietypen vergeleken in twee traimngsexpenmenten
De participanten waren kinderen met rekenproblemen op het rekenonderdeel aftrekken tot
honderd Een instructietype was mm of meer traditioneel en was gencht op het verwerven van
een "bewezen" strategie direct instruction (DI) Het andere instructietype was gebaseerd op
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een

aantal

constructivistische

principes:

guided

instruction

(Gl).

Het

tweede

trainingsexperiment was tevens gericht op de vergelijking tussen meisjes en jongens.
In eerste trainingsexperiment participeerden kinderen met rekenproblemen afkomstig
uit het speciaal onderwijs. Er werden geen verschillen in prestaties op de onderwezen
aftrekopgaven tussen GI en Dl gevonden. De Dl groep presteerde beter op transferopgaven.
De GI groep gebruikte een groter arsenaal aan strategieën dan de Dl groep, maar deed dit niet
op een flexibele manier. Het gebruikspatroon van strategieën in de GI groep leek nogal
willekeurig en vertoond geen slimme aanpassingen aan het probleemtype. De Dl groep
gebruikte alleen de strategie die was onderwezen, de jump strategie.
In het tweede traimngsexperiment participeerden kinderen met rekenproblemen
afkomstig uit het regulier onderwijs. Het experiment was zodanig opgezet dat verschillen
tussen jongens en meisjes geanalyseerd konden worden. Meisjes profiteerden meer van GI,
hetgeen bleek uit de prestaties op twee testen. Jongens profiteerden enigszins meer van Dl,
hetgeen bleek uit de prestaties op een enkele test. Tegen de verwachting in waren er geen
verschillen tussen Dl en GI ten aanzien van strategiegebruik op de nameting. Eveneens tegen
de verwachting in was het aantal strategieën gebruikt door jongens op de voormeting hoger
dan het aantal strategieën gebruikt door jongens op de nameting, ongeacht de trainingsgroep
(GI vs. Dl). Dit terwijl het aantal strategieën gebruikt door meisjes op de voormeting lager
was dan het aantal strategieën gebruikt door meisjes op de nameting, eveneens ongeacht de
genoten training. Het strategiegebruik

werd ook gemeten

gedurende een van de

trainingssessies. Hoewel er dus geen effecten van trainingsgroep op het strategiegebruik op de
nameting waren, waren er wel verschillen in strategiegebruik tijdens die trainingssessie: de GI
groep gebruikte meer strategieën dan de Dl groep. Effecten op de motivatie werden ook
geanalyseerd. Een toename van de motivatie werd vastgesteld bij de meisjes in de GI groep.
De trainingsexperimenten geven aan dat een strategie die effectief is in spontaan
gebruik, de jump strategie, ook effectief is wanneer deze expliciet wordt onderwezen. De Dl
groep in het eerste experiment gebruikte de jump strategie en presteerde even goed als de GI
groep. De jongens in het tweede experiment gebruikten de jump strategie na de training in de
GI groep (spontaan) en ook na de training in de Dl groep (expliciet getraind). Er was geen
verschil in prestaties tussen de jongens uit de Dl groep en de GI groep op de test waarin de
jongens de jump strategie uitschreven. Het specifiek trainen van een strategie aan meisjes lijkt
tot minder stabiele resultaten te hebben geleid.
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Hoewel er een voordeel was van GI voor meisjes in het tweede experiment, kan toch
met zonder meer geconcludeerd worden dat GI een passende methode is voor kinderen met
rekenproblemen. Het eerste experiment toonde enkele tamelijk onverwachte voordelen van Dl
bij transferopgaven en het in tweede experiment was er een (klein) voordeel van Dl voor
jongens. Het gebruik van Gl-achtige methoden zou vooral binnen het speciaal onderwijs op
doordachte wijze dienen te geschieden. Anderzijds lijkt het toch belangrijk, aangezien meisjes
met rekenproblemen profiteerden van een GI-aanpak, elementen van een GI-aanpak op te
nemen in een rekencumculum voor kinderen met rekenproblemen. Expliciet aanleren van
"bewezen" strategieën zou gecombineerd moeten worden met Gl-achtige methoden.
In het tweede deel van de onderhavige studie werden 3 experimenten uitgevoerd om
vast te stellen of priming van tussenoplossingen plaatsvond en of deze gebruikt zou kunnen
worden om strategiegebruik vast te stellen. Twee strategieën werden onderzocht: de
decompose strategie (bijvoorbeeld, 65 + 27 = ?, 60 + 20 = 80, 5 + 7 = 12, 80 + 12 = 92) en de
jump strategie (bijvoorbeeld, 65 + 27 = ?, 65 + 20 = 85, 85 + 7 = 92). Tijdens de
experimenten werden rekenopgaven, een voor een, op een computerscherm geprojecteerd. Na
de verschijning van een opgave diende de proefpersoon deze op te lossen en (enkel) het
antwoord uit te spreken. Vervolgens werd een getal (de probe) weergegeven op het
computerscherm. De proefpersoon had de taak dit getal te noemen. De verwachting was dat
de benoemingstijd van de getallen afhankelijk zou zijn van de gelijkenis van dit getal met de
tussenoplossing die de proefpersoon zou kunnen hebben gebruikt om de voorafgaande opgave
op te lossen.
In het eerste experiment werd aan volwassen proefpersonen een korte training gegeven
om of de decompose strategie of de jump strategie te gebruiken. Daama startte de
computertaak. De probes waren decompose tussenoplossingen (decompose targets) of jump
tussenoplossingen (jumP targets) of hun respectievelijke controle probes Er werd verwacht
dat jump targets sneller dan jump controls benoemd zouden worden wanneer de proefpersoon
geïnstrueerd was om de jump strategie te gebruiken en dat decompose targets sneller dan
decompose controls benoemd zouden worden wanneer de proefpersoon geïnstrueerd was om
de decompose strategie te gebruiken. In plaats daarvan werd echter voor alle proefpersonen
een snellere benoeming van jump targets ten opzichte van jump controls geconstateerd.
Decompose targets werden door alle proefpersonen even snel benoemd als decompose
controls. Er vond aldus onverwacht ook in de decompose groep een snellere benoeming van
de jump targets plaats. Dit werd verklaard doordat de jump targets de tientallen deelden met
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de decompose tussenoplossing (bijvoorbeeld, 80 en 85 in het eerdere voorbeeld), terwijl de
jump controls geen cijfers deelden met de decompose tussenoplossing.
In het tweede experiment werd een aantal kinderen getraind om de jump strategie te
gebruiken en werd een aantal kinderen niet getraind. Voor de training werden elementen uit
de DI-aanpak gebruikt. Er werd aangenomen dat de groep kinderen die niet getraind werd de
decompose strategie zou gebruiken. Er waren drie probe typen. De eerste probe was gelijk aan
de jump tussenoplossing. De tweede probe leek op beide tussenoplossingen omdat deze de
tientallen deelde met beide tussenoplossingen (bijvoorbeeld, 84 voor de eerder genoemde
opgave). De derde probe tenslotte, leek op de jump tussenoplossing doordat deze de eenheden
daarmee deelde. De proefpersonen die getraind waren om de jump strategie te gebruiken
benoemden de probe die gelijk was aan de jump tussenoplossing sneller dan de andere twee
probes. De proefpersonen die niet getraind waren en naar verwachting de decompose strategie
gebruikten benoemden de probe die gelijk was aan de jump tussen oplossing en de probe die
leek op beide tussenoplossingen sneller dan de probe die leek op de jump tussenoplossing.
In het derde experiment werden geen proefpersonen getraind. Er werden 3 probe typen
gehanteerd: probes gelijk aan de jump tussenoplossing (target), probes die de eenheden
deelden met de jump tussenoplossing en probes die geen enkel cijfer deelde met de jump
tussenoplossing. De proportie van trials met een target werd gevarieerd. Deze proportie was
of .25 (low-proportion-of-target-tnals: LPTT), of 75 (high-proportion-of-target-trials:
HPTT) De targets werden langzamer benoemd dan de andere probes in de HPTT conditie. In
de LPTT conditie waren er geen verschillen in benoemingstijden. In tegenstelling tot wat in
de andere experimenten gevonden was, was het priming effect nu dus negatief van aard. Dit
werd verklaard door aan te nemen dat de afwezigheid van een trainingcomponent leidde tot
minder bewuste uitvoering van de strategieën. De geheugensporen van de tussenoplossingen
waren daardoor minder sterk aanwezig (doch wel aanwezig) en dat leidde tot een langdurig
zoekproces in plaats van vergemakkelijking van de benoeming.
De drie experimenten tonen aan dat impliciete pnming van tussenoplossingen
plaatsvindt. Benoemingstijden van getallen worden beïnvloed door de mate waarin zij
gelijken op tussenoplossingen Deze invloed kan positief of negatief zijn. De richting van de
priming dient een onderwerp van verder onderzoek te zijn voordat een pnming paradigma
gebruikt kan worden om de aard van de door subjecten gebruikte strategieën vast te stellen
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