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The problem-solving performance of primary school students depend on their attitudes
and beliefs. As it is not easy to change attitudes, we aimed to change the relationship
between problem-solving performance and attitudes with a training program. The training
was based on the assumption that self-generated external representations support the
problem-solving process. Furthermore, we assumed that students who are encouraged to
generate representations will be successful, especially when they analyze and reflect on
their products. A paper-pencil test of attitudes and beliefs was used to measure the
constructs of willingness, perseverance, and self-confidence. We predicted that
participation in the training program would attenuate the relationship between attitudes
and problem-solving performance and that non-participation would not affect the
relationship. The results indicate that students’ attitudes had a positive effect on their
problem-solving performance only for students who did not participate in the training.

Keywords: attitudes and beliefs, word problem, training program design, problem-solving, problem-solving
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INTRODUCTION

Mathematical problem solving is considered to be one of the most difficult tasks primary students
have to deal with (Verschaffel et al., 1999) since it requires them to apply multiple skills (De Corte
et al., 2000). It is decisive in this respect that “difficulty should be an intellectual impasse rather than a
computational one” (Schoenfeld, 1985, p. 74). When solving problems, it is not enough to retrieve
procedural knowledge and reproduce a known solution approach. Rather, problem-solving tasks
require students to come up with new ways of thinking (Bransford and Stein, 1993). Problem-solvers
must activate their existing knowledge network and adapt it to the respective problem situation (van
Dijk and Kintsch, 1983). They have to succeed in generating an adequate representation of the
problem situation (e.g., Mayer and Hegarty, 1996). This requires conceptual knowledge, which
novice problem-solvers have to acquire (Bransford et al., 2000). As problem solving is the foundation
for learning mathematics, an important goal of primary school mathematics teaching is to strengthen
students’ problem-solving performance. One central problem is that problem-solving performance is
highly influenced by students’ attitudes towards problem solving (Reiss et al., 2002; Schoenfeld, 1985;
Verschaffel et al., 2000).

Attitudes and beliefs are considered quite stable once they are developed (Hannula, 2002; Goldin,
2003). However, students who are novices in a particular content area are still in the process of
development, as are their attitudes and beliefs. It can therefore be assumed that their attitudes change
over time (Hannula, 2002). However, such a change does not take place quickly (Higgins, 1997;
Mason and Scrivani, 2004). Nevertheless, in a shorter period of time, it might be possible to reduce
the influence of attitudes on problem-solving performance (Hannula et al., 2019). In this paper, we
present a training program for primary school students, which aims to do exactly that.
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Problem-Solving Performance
Successful problem solving can be observed on two levels:
problem-solving success and problem-solving skills. Many
studies measure the problem-solving performance of students
on the basis of correctly or incorrectly solved problem-solving
tasks, that is, the product (e.g., Boonen et al., 2013; de Corte et al.,
1992; Hegarty et al., 1992; Verschaffel et al., 1999). In this case,
only problem-solving success, that is, specifically whether the
numerically obtained result is correct or incorrect, is evaluated.
This is a strict assessment measure, since the problem-solving
process is not taken into account. As a result, the problem-solving
performance is only considered from a single, product-oriented
perspective. For instance students’ performance is assessed as
unsuccessful when they apply an essentially correct procedure or
strategy but achieve the wrong result, or it is considered successful
when students achieve the right result even though they have
misunderstood the problem (Lester and Kroll, 1990). An
advantage of this operationalization, however, is that student
performance tends to be underestimated rather than
overestimated.

A more differentiated view of successful problem solving
includes the solver’s problem-solving process (Lester and
Kroll, 1990; cf. Adibnia and Putt, 1998). In this way, sub-skills
such as understanding the problem, adequately representing the
situation, applying strategies, or achieving partial solutions are
taken into account. These are then incorporated into the
evaluation of performance and, thus, of problem-solving skills
(Charles et al., 1987; cf. Sturm, 2019). The advantage of this
operationalization option is that it also takes into account smaller
advances by the solver, although they may not yet lead to the
correct result. It is therefore less likely to underestimate students’
performance. In order to assess and evaluate the problem-solving
skills of students in the best way and, thus, avoid over- and under-
estimating their skills, direct observation and questioning should
be implemented (e.g., Lester and Kroll, 1990). An analysis of
written work should not be the only means of assessment (Lester
and Kroll, 1990).

Attitudes and Beliefs
Attitudes are dispositions to like or dislike objects, persons,
institutions, or events (Ajzen, 2005). They influence behavior
(Ajzen, 1991). Therefore, it is not surprising that attitudes–which
are sometimes also synonymously referred to as beliefs–are a
central construct in psychology (Ajzen, 2005).

Individual attitudes to word problems influence, albeit rather
unconsciously, approaches to such problems and willingness to
learn mathematics and solve problems (Grigutsch et al., 1998;
Awofala, 2014). Research on attitudes of primary students to
word problems is scarce. Most research focuses on students with
well-established attitudes. However, the importance of the
attitudes of younger children is undisputed (Di Martino,
2019). Di Martino (2019) conducted a study on kindergarten
children as well as on first-, third-, and fifth-graders and found
that, with increasing age, students’ perceived competence in
problem solving decreases, and negative emotions towards
mathematical problems increase. Whether a solver can
overcome problem barriers when dealing with word problems

depends not only on his or her previous knowledge, abilities, and
skills, but also on his or her attitudes and beliefs (Schoenfeld,
1985; Verschaffel et al., 2000; Reiss et al., 2002). It has been shown
many times that attitudes towards problem solving are
influencing factors on performance and learning success which
should not be underestimated (Charles et al., 1987; Lester et al.,
1989; Lester & Kroll, 1990; De Corte et al., 2002; Goldin et al.,
2009; Awofala, 2014). Learners associate a specific feeling with an
object, in this case with a word problem, triggering a specific
emotional state (Grigutsch et al., 1998). The feelings and states
generated are subjective and can therefore vary between
individuals (Goldin et al., 2009).

Attitudes towards problem solving can be divided into
willingness, perseverance, and self-confidence (Charles et al.,
1987; Lester et al., 1989). This distinction comes from the
Mathematical Problem-Solving Project, in which Webb,
Moses, and Kerr (1977) found that willingness to solve
problems, perseverance in attempting to find a solution, and
self-confidence in the ability to solve problems are the most
important influences on problem-solving performance. When
students are willing to work on a variety of mathematics tasks and
persevere with tasks until they find a solution, they are more task
oriented and easier to motivate (Reyes, 1984). Perseverance is
defined as the willing pursuit of a goal-oriented behavior even if
this involves overcoming obstacles, difficulties, and
disappointments (Peterson and Seligman, 2004). Confidence is
an individual’s belief in his or her ability to succeed in solving
even challenging problems as well as an individual’s belief in his
or her own competence with respect to his or her peers (Lester
et al., 1989). Students’ lack of confidence in themselves as
problem-solvers or their beliefs about mathematics can
considerably undermine their ability to solve or even approach
problems in a productive way (Shaughnessy, 1985). The division
of attitudes into these three sub-categories can also be found in
current studies (Zakaria and Yusoff, 2009; Zakaria and Ngah,
2011).

Reducing the Influence of Attitudes and
Beliefs
As it seems impossible to change attitudes within a short time
frame, we developed a training program to reduce the influence of
attitudes on problem solving, on the one hand, and to foster the
problem-solving performance of primary-school students, on the
other hand.

The training program was an integral part of regular math
classes and focused on teaching students to generate and use
external representations (Sturm, 2019; Sturm et al., 2016; Sturm
and Rasch, 2015; see also Supplementary Appendix A). Such a
program that concentrates on the strengths and weaknesses of
novices and on their individually generated external
representations can be a benefit for primary-school students in
two ways. The class discusses how the structure described in the
problem can be adequately represented so that the solution can be
found, working out multiple approaches based on different
student representations. The students are thus exposed to
ideas about how a problem can be solved in different ways.
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Such a training program fulfils, albeit rather implicitly, another
essential component. By respectfully considering their individual
thoughts and difficulties, the students are made aware of their
strengths and their creativity and of the fact that there is not a
single correct approach or solution that everyone has to find
(Lester and Cai, 2016; Di Martino, 2019). This can counteract
fears of failure and lack of self-confidence, and generate positive
attitudes (Lester and Cai, 2016; Di Martino, 2019). The teacher
pays attention to the solution process rather than to the
numerical result in order to reduce the influence of attitudes
on performance (Di Martino, 2019). In the same way,
experiencing success and perceiving increasing flexibility and
agility can reduce the influence of attitudes. As a result, we
expected attitudes and beliefs to have a smaller effect on
problem-solving performance.

HYPOTHESIS

Based on previous research, our goal was to reduce the influence
of attitudes on the problem-solving performance of students (see
Figure 1). To this end, the hypothesis was derived that
participation in the training program would minimize the
effect of attitudes and beliefs on problem-solving success, so
that students would succeed at the end of the training despite
initial negative attitudes and beliefs.

METHODS

Participants
In total 335 students from 20 Grade 3 classes from eight different
primary schools in the German state of Rhineland-Palatinate took
part in the intervention study (172 boys and 163 girls). Nineteen
students dropped out because of illness during the intervention.
The age of the participants ranged between seven and ten years
(M � 8.10, SD � 0.47).

Procedure
This investigation was part of a large interdisciplinary project1. A
central focus of the project was to investigate whether
representation training has a demonstrable effect on the

performance of third-graders (cf. Sturm, 2019). For this
reason, we implemented a pretest-posttest control group
design. The intervention took place between Measurement
Points 1 and 2. We measured the problem-solving
performance of the students with a word-problem-solving test
(WPST) at Measurement Points 1 and 2. All other variables were
measured at Measurement Point 1 only (factors to establish
comparable experimental conditions: intelligence, text
comprehension, and mathematical abilities; co-variates for the
mediation model: metacognitive skills, mathematical abilities).

In the intervention, third-grade students worked on
challenging word problems for one regular mathematics lesson
a week. The intervention was based on six task types with
different structures (Sturm and Rasch, 2015): 1) comparison
tasks, 2) motion tasks, 3) tasks involving comparisons and
balancing items or money, 4) tasks involving combinatorics, 5)
tasks in which structure reflects the proportion of spaces and
limitations, and 6) tasks with complex information. Two word
problems were included for each task type and were presented to
all classes in the same random sequence. Each task had to be
completed in a maximum of one lesson.

The training was implemented for half of the classes and was
conducted by the first author; the other half worked on the tasks
with their regular mathematics teacher. They were not informed
on the purpose of the intervention and not given any instructions
on how to process the tasks. In the lessons for students doing the
training, the students were explicitly cognitively stimulated to
generate external representations and to use them to develop
solutions. They were repeatedly encouraged to persevere and not
to give up. The diverse external representations generated by the
students were analyzed, discussed, and compared by the class
during the training. They jointly identified the characteristics of
representations that enabled them to specifically solve the tasks
and identified different approaches (for more details about the
study, see Sturm and Rasch, 2015). With the goal of reducing the
influence of attitudes on performance, the class worked directly
on the students’ own representations instead of on prefabricated
representations. The aim was that students realized that it was
worthwhile investing effort into creating representations and that
they were able to solve problem tasks independently.

Thus, the study was composed of two experimental
conditions: training program (n � 176; 47% boys) (hereinafter
abbreviated to T+) and no training program (n � 159; 58% boys)
(hereinafter abbreviated to T-). In order to control potential
interindividual differences, the 20 classes were assigned to the
experimental conditions by applying parallelization at class level
(Breaugh and Arnold, 2007; Myers and Hansen, 2012). The
classes were grouped into homogeneous blocks using the R
package blockTools Version 0.6-3 and then randomly assigned
to the experimental conditions (Greevy et al., 2004; Moore, 2012;
see also Supplementary Appendix B for more information).

Measures
Word-Problem-Solving Test
Before the intervention and immediately after it, the students
worked on aWPST, which we created. It consisted in each case of
three challenging word problems with an open answer format.

FIGURE 1 | The moderation model with the single moderator variable
training influencing the effect of attitudes and beliefs on problem-solving
success.

1

This project was part of the first author’s PhD thesis

Frontiers in Education | www.frontiersin.org February 2021 | Volume 6 | Article 5259233

Sturm and Bohndick The Influence of Attitudes

https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


Each of the three tasks represented a different type of problem.
The word problems from the WPST at Measurement Point 1 and
the word problems from the WPST at Measurement Point 2 had
the same structure. We implemented two parallel versions; only
the context was changed by exchanging single words (see
Supplementary Appendix C). An example of an item from
the test is a task with complex information (Sturm, 2018):
Classes 3a and 3b go to the computer room. Some students
have to work at a computer in pairs. In total there are 25
computers, but 40 students. How many students work alone at
a computer? How many students work at a computer in pairs?
Direct observation and questioning could not be conducted due
to the large number of participants in the project; only the
students’ written work was available for analysis. The
problem-solving process of the students could therefore only
be assessed indirectly. For this reason, the performance of
students in the two tests was evaluated based on problem-
solving success, ruling out overestimation of performance.

Problem-Solving Success
The success of the solution was measured dichotomously in two
forms: 1) correct solution and (0) incorrect solution. Only the
correctness of the result achieved was evaluated. This dependent
variable acted as a strict criterion that could be quantified with high
observer agreement (κ � 0.97; κmin � 0.93, κmax � 1.00). A
confirmatory factor analysis using the R package lavaan version
0.6-7 confirmed that the WPST measured the one-dimensional
construct problem-solving success. The one-dimensional model
exhibited a good model fit (Nussbeck et al., 2006; Hair et al., 2009):
χ2 (27) � 36.613, p � 0.103; χ2/df � 1.356, CFI � 0.985, TLI � 0.981,
SRMR � 0.032, RMSEA � 0.033 (p � 0.854). The reliability
coefficients at Measurement Point 1 were classified as low
(Cronbach’s α � 0.39) because the test consisted of only three
items (Eid et al., 2011) and a homogeneous sample was required at
this measurement point (Lienert and Raatz, 1998). The Cronbach’s
alpha for the second measurement point (α � 0.60) was considered
to be sufficient (Hair et al., 2009). The test score represented the
mean value of all three task scores.

Attitudes and Beliefs About Problem Solving
The attitudes and beliefs of the learners were recorded with the
Attitudes Inventory Items (Webb et al., 1977; Charles et al., 1987).
The original questionnaire comprises 20 items, which are
measured dichotomously (“I agree” and “I disagree”). The
Attitudes Inventory measures the three categories of attitudes
and beliefs related to problem solving: a) willingness (six items),
b) perseverance (six items), and c) self-confidence (eight items).
An example of an item for willingness is: “I will try to solve almost
any problem.” An example of an item for perseverance is: “When
I do not get the right answer right away, I give up.”An example of
an item for self-confidence is: “I am sure I can solve most
problems.”

Because the reported reliabilities were only satisfactory to
some extent (α � 0.79, mean � 0.64) (Webb et al., 1977), the
Attitudes Inventory was initially tested on a smaller sample (n �
74; M � 8.6 years old; 59% girls). A satisfactory Cronbach’s α �
0.86 was achieved (mean α � 0.73). The number of items was

reduced to 13 (four items for willingness, four items for
perseverance, five items for self-confidence), which had only a
minor influence on reliability (α � 0.83). For economic reasons,
the shortened questionnaire was used in the study. The three-
factor structure of the questionnaire was confirmed with a
confirmatory factor analysis using the R package lavaan
version 0.6–7. As the fit indices show, the three-factor model
had a good model fit: χ2 (62) � 134.856, p < 0.001; χ2/df � 2.175,
CFI � 0.948, TLI � 0.935, RMSEA � 0.062 (p � 0.086) (Hair et al.,
2009; Brown, 2015). The three-factor model had a better fit than
the single-factor model (p � 0.0014): χ2 (65) � 152.121, p < 0.001;
χ2/df � 2.340, CFI � 0.938, TLI � 0.926, SRMR � 0.061, RMSEA �
0.066 (p � 0.028). The students were grouped into three groups
(M–1 SD; M; M +1SD). The responses were coded in such a way
that high scores (M +1SD) indicated positive attitudes and beliefs,
and low scores (M–1 SD) indicated negative attitudes and beliefs.

Additional Influencing Factors
In order to ensure the internal validity of the investigation, we
collected student-related factors that influence the solution of
word problems from a theoretical and empirical point of view. It
has been shown that the mathematical abilities and metacognitive
skills of students significantly influence their performance (Sturm
et al., 2015).

Mathematical Abilities
The basic mathematical abilities were determined using a
standardized German-language test as a group test
(Heidelberger Rechentest HRT 1–4, Haffner et al., 2005). The
test consists of eleven subtests, from which three scale values were
determined: calculation operations, numerical-logical and spatial-
visual skills as well as the overall performance for all eleven
subtests. The reliability was only satisfactory (Cronbach’s α �
0.74). Total performance was included in the study.

Metacognitive Skills
The metacognitive skills of the students were measured using a
paper-pencil version of EPA2000, a test to measure metacognitive
skills before and/or after the solving of tasks (Clercq et al., 2000).
The prediction skills and evaluation skills of the students were
collected for all three word problems of theWPST using a 4-point
rating scale: 1) “absolutely sure, it’s wrong,” 2) “sure, it’s wrong,”
3) “sure, it’s right,” and 4) “absolutely sure, it’s right” (Clercq
et al., 2000). If the students’ assessments of “absolutely sure”
matched their solution, they were awarded 2 points. If they agreed
with “sure,” they received 1 point. No match was scored with 0
points (Desoete et al., 2003). The reliabilities were only
satisfactory (Cronbach’s αtotal�0.74, αprediction�0.56, αevaluation �
0.73). A confirmatory factor analysis revealed that prediction
skills and evaluation skills represent a single factor (χ2 (9) �
16.652, p < 0.001; χ2/df � 1.850, CFI � 0.952, TLI � 0.919, RMSEA
� 0.053 (p � 0.396)). The aggregated factor was used as a control
variable in the moderator analysis.

In addition to the variables considered in this paper, text
comprehension and intelligence were also surveyed in the project.
However, they are not the focus of this paper; additional
information can be found in Sturm et al. (2015).
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RESULTS

Descriptive Statistics and Correlations
Between the Measures
The descriptive statistics and correlations of all scales are
presented in Table 1 (see Supplementary Appendix D for a
separate overview for each of the experimental conditions). The
signs for all correlations were as expected. The variable training
program is not listed because it is the dichotomous moderator
variable (T+ and T−).

Moderated Regression Analyses
The hypothesis was tested with a moderated regression analysis
using product terms from mean-centered predictor variables
(Hayes, 2018). This model imposed the constraint that any
effect of attitudes and beliefs was independent of all other
variables in the model. This was achieved by controlling for
mathematical abilities, metacognitive skills, and problem-solving
performance at Measurement Point 1. The estimated main effects
and interaction terms are presented in Table 2.

When testing the hypothesis, we found a significant main
effect of attitudes and beliefs, a significant main effect of the
training program, and a significant moderator effect of the
training on attitudes and beliefs as a predictor of problem-
solving success. The main effect of the training program
indicated that students who participated in the training
performed better in the second WPST. The main effect of
attitudes and beliefs showed that students with more positive
attitudes and beliefs were more successful than students with
negative attitudes and beliefs.

To further explore the interaction between attitudes and
beliefs and the training program, we analyzed simple slopes at
values of 1 SD above and 1SD below the means of attitudes and
beliefs (Hayes, 2018). As can be seen from the conditional
expectations in Figure 2, attitudes and beliefs did not affect
the problem-solving success of students who participated in
the training program. Attitudes and beliefs only had a positive
effect on the problem-solving success of students who did not
participate in the training.

DISCUSSION

Our results confirm previous findings that the attitudes and
beliefs of students correlate with their problem-solving
performance. They indicate that this correlation can be
moderated by student participation in a training program.
Negative attitudes and beliefs did not affect the performance
of students who participated in a problem-solving training
program over several weeks. Whether the training program
also causes a change in the attitudes and beliefs of the
students over time has to be investigated in a follow-up study,
which is planned with a longer intervention period with at least
two measurements of attitudes and beliefs. A longer intervention
period would have the advantage that attitudes develop
depending on the individual experiences of a person
(Hannula, 2002; Lim and Chapman, 2015), for instance, when

TABLE 1 | Descriptive statistics and correlations of all variables for both
experimental conditions.

(1) (2) (3) (4) (5)

Independent variables
(1) Mathematical abilities
(2) Metacognitive skills 0.39**
(3) Success (t1) 0.38** 0.39**
(4) Attitudes and beliefs 0.36** 0.12** 0.22**

Dependent variable
(5) Success (t2) 0.48** 0.68** 0.45** 0.25**
# 11 6 3 13 3
M 46.36 0 0.11 7.92 0.40
SD 10.18 0.87 0.20 3.48 0.35
Min 28 −1.4 0 0 0
Max 80 2.1 1 13 1

Note. # � number of items; t1 � Measurement Point 1; t2 � Measurement Point 2. *p <
0.05, **p < 0.01.

TABLE 2 | Results from the regression analysis examining the moderation of the
effect of attitudes and beliefs on problem-solving success (t2) by participation
in the training program, controlling for mathematical abilities, metacognitive skills,
and problem-solving success from the pretest.

b SE t p

Constant 0.22 0.03 8.27 <0.001
Attitudes and beliefs (X) 0.02 0.01 4.07 <0.001
Training program (W) 0.12 0.03 4.41 <0.001
Attitudes and beliefs x Training program (XW) −0.02 0.01 -2.94 � 0.004
Mathematical abilities <0.01 <0.01 4.47 <0.001
Metacognitive skills 0.23 0.07 3.06 �0.002
Problem-solving success (t1) 0.21 0.02 12.27 <0.001

Note.R2 � 58.75%,MSE � 0.05; F (6, 310) � 73.59, p < 0.001;R2 (change) � 1.15%, F (6,
310) � 8.62, p � 0.004.

FIGURE 2 |Moderator effect of the training program on problem-solving
success at Measurement Point 2.
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new experience is gathered or new knowledge is acquired (e.g.,
Ajzen, 2005).

Some limitations need to be considered when interpreting the
results of the study. For example, the mitigating processes need to
be investigated further. It is also unclear as to which components
of the training are ultimately responsible for counteracting the
effect of attitudes and beliefs. Although the study did not provide
results in this regard, we assume that the following factors might
have an effect: generating external representations, reflecting on
the representations together as a group, and fostering an
appreciative and constructive approach to mistakes. Further
studies are needed to show whether and to what extent these
factors actually attenuate the effect of attitudes and beliefs.

Furthermore, the measurement instruments for the control
variables mathematical abilities and metacognitive skills were
rather limited. If researchers are interested in understanding
further effects of metacognitive skills, more aspects should be
included. Furthermore, according to Lester et al. (1987),
investigating attitudes and beliefs using a questionnaire is
associated with disadvantages. How accurately students answer
the questions depends on how objectively and accurately they can
reflect on and assess their own attitudes. Misinterpretations and
errors cannot be ruled out. The most serious disadvantage,
however, is that data collection using an inventory can easily
be assumed to have unjustified validity and reliability. For a
deeper insight into the attitudes and beliefs of primary school
students, qualitative interviews have to be implemented.

However, for the purpose of this study, it seems sufficient to
consider the two control variables mathematical abilities and
metacognitive abilities. We were able to ensure that the
correlation between attitudes and beliefs and the mathematical
performance of students was not influenced by these factors.

Regardless of the limitations, our study has some practical
implications. Participation in the training program,
independently of the mathematical abilities and text
comprehension of students, reduced the influence of attitudes
and beliefs on their performance. Thus, for teaching practice, it
can be concluded that it is important not only to implement
regular problem-solving activities in mathematics lessons, but
also to encourage students to externalize and find their own
solutions. The aim is to establish a teaching culture that promotes
a variety of approaches and procedures, allows mistakes to be
made, and makes mistakes a subject for learning. Reflecting on
different possible solutions and also on mistakes helps students to

progress. Thus, students develop a repertoire of external
representations from which they can profit in the long term
when solving problems.
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