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Abstract

In recent years, the ability to use mathematics flexibly in everyday situations is increasingly accentuated, and
mathematics education gives more and more attention to problems with realistic contexts. However, it is reported very
often that learners have substantial difficulties in connecting mathematics to real situations. In order to solve complex
and authentic problems embedded in real situations it is necessary to find translations from verbal descriptions to
mathematical notations and to interpret mathematical results with respect to the real situation. In the present work, it
was tested experimentally whether translation and interpretation competencies are fostered by presenting multiple
choice options from which the learners have to select the correct one. While benefits of translation answer choices
emerged, interpretation answer choices did not support learning. However, when the learners were asked to rate how
much they liked the problems, opposed results were obtained, indicating that objective learning outcomes and
subjective scores did not correspond. Possible reasons for the inconsistent and to some extent unexpected learning
outcomes and for the divergence between objective results and subjective statements are discussed.
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Introduction

In recent years, the need for using mathematics in everyday life is increasingly accentuated, and
mathematics education gives more and more attention to problems with realistic contexts. While this
is a very appealing approach at first glance, a more detailed look quickly reveals the many problems
learners are confronted with when trying to solve these problems. A first obstacle to overcome refers
to finding a transition from the verbal problem statement to a mathematical notation; and after
performing mathematical operations the mathematical solution has to be interpreted in view of the
described situation, which again is a great challenge. Still, in order to flexibly apply mathematics in
“out-of mathematical” situations, these competencies are of major importance.

Within the conceptual and theoretical outline of the PISA study (e.g.,, OECD, 2003) “mathematical
literacy” highlights the importance of connecting mathematics to real situations. Mathematizing
authentic situations is called “modeling” (e.g., Yerushalmi, 1997); accordingly, modeling problems are
complex and authentic problems embedded in real situations (e.g., Blum and Borromeo Ferri, 2009). It
is a characteristic feature of modeling problems that on the one hand they do not need to give all
relevant information explicitly, and on the other hand, irrelevant information may be presented.
Thus, the learner first has to distinguish between relevant and irrelevant information; and second,
missing information has to be estimated or otherwise obtained. After selecting a matching
mathematical model and conducting intra-mathematical operations, the learner has to choose an
appropriate interpretation of the mathematical results.

However, the distinction between word problems and modeling problems is not always clear and
consistent. For example, Palm (2008) defines the scope of different types of “word problems”;
however, on closer inspection, these “word problems” are very close to the “modeling problems”
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described above. In his classification, “category 1 word problems” require an interpretation of a
remainder, thus, the mathematical result has to be rounded up or down in order to get a result
matching reality. In order to solve “category 2 word problems” in a realistic way, it is necessary to
recognize that given quantities cannot enter the calculation as a whole because parts of these
quantities could not be used in practice. In contrast, in order to successfully solve “category 3 word
problems”, relevant information is missing, so that a realistic result can only be reached via
estimations.

There is general consent that mathematics education should focus on modeling problems (e.g.,
Borromeo Ferri, 2009; see also Yerushalmi, 1997). In order to enhance understanding and transfer, real
contexts are highlighted by several theories; specifically, constructivist approaches (for an overview
see Reinmann and Mandl, 2006) emphasize the importance of situated learning (e.g., Lave and
Wenger, 1991) in concrete contexts., Accordingly, it is recommended to connect learning processes
with authentic situations, in order to acquire knowledge from the perspective of application (see also
Vye et al., 1997).

While being appealing in theoretical papers, this approach leads to several problems in practice. A
large amount of research confirms that when solving mathematics problems, learners frequently do
not consider reality; occasionally, children take a “shortcut” by just choosing a mathematical
operation, inserting numbers from the problem formulation, carrying out the calculation, and writing
down the result without checking for plausibility (e.g.,, Greer, 1997; Reusser and Stebler, 1997;
Verschaffel et al., 1994, 1997, 1999).

A small number of studies explicitly addresses the acquisition of mathematical modeling
competencies; accordingly, it is actually possible to foster modeling competencies (e.g., Galbraith and
Clatworthy, 1990). In the study of Zottl et al. (2010), the effectivity of several measures was analyzed,
among them heuristic worked examples, prompts for self-explanations, self-tests, and the possibility
to write a learning journal. Overall, their learning environment supported learning outcomes
considerably; however, it is not possible to conclude which specific measure(s) in fact triggered the
improvement. According to Schukajlow and Blum (2011; see also Blum and Borromeo Ferri, 2009)
cognitively activating education which concentrates on individual work fosters modeling
competencies. Schukajlow et al. (2015) examined effects of asking students to find multiple solutions
to modeling problems; while they did not find direct effects on modeling performance, they found
indirect effects of multiple solutions via the number of solutions the learners developed and their
experience of competence.

In contrast, improving skills in less complex word problem solving is addressed by many studies; for
example, with respect to the effectivity of trainings which concentrate on metacognitive strategies
(e.g., de Kock and Harskamp, 2014; Mevarech et al., 2010), and with regard to effects of schema-based
instruction (for an overview see Powell, 2011). More specifically, Mwangi and Sweller (1998)
examined the effectivity of worked examples for the acquisition of word problem solving
competencies; they found positive effects of worked examples, specifically in an integrated format, on
word problem solving.

In domains such as mathematics, worked examples — consisting of a problem statement, solution
steps, and the final result — are frequently used, and their effectivity is documented convincingly.
Many effective example characteristics and learners’ activities have been identified (for an overview
see Atkinson et al., 2000; Renkl, 2014 provides a theory of example-based learning which integrates
theoretical considerations and results from observational learning and analogical reasoning). The
effectiveness of learning with worked examples is often explained by the cognitive load theory (e.g.,
Paas et al., 2003); it is claimed that worked examples reduce element interactivity and thereby reduce
extraneous cognitive load (Sweller, 2010), which, in turn, provides cognitive resources for
constructing and automating a cognitive schema (cf. van Gog et al., 2004, 2006, 2008). Yet, Renkl
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(1997) showed that a large number of learners processes worked examples only in a passive way, with
substantially reduced learning outcomes.

Research has shown that connecting examples and problems fosters learning (e.g., Stark et al., 2000;
Trafton and Reiser, 1993); specifically, a “fading procedure” is recommended (e.g., Renkl et al., 2004)
which means that a sequence of worked examples is used, but progressively more and more steps of
the solutions are skipped until only the problem statement is presented to the learners. It is an
important benefit of this approach that the requirements for the students increase only gradually;
however, even if one knows that a similar step as presented now has to be solved by oneself
afterwards, it might still be difficult to concentrate one’s attention on the important details of the
solution step. A feature which forces the learners to concentrate on relevant details in a worked-out
solution is using incorrect steps.

An increasing number of studies examines the effectivity of learning with incorrect examples (e.g.,
Adams et al., 2014; Booth et al., 2013; Durkin and Rittle-Johnson, 2012; Grofse and Renkl, 2007;
Heemsoth and Heinze, 2014; McLaren et al., 2012); accordingly, learning with incorrect worked
examples can be very effective. However, taking into account the length and intricacy of solutions to
complex word problems, finding errors in an incorrectly solved problem would be a very challenging
task. If the learners are not given any hint where exactly the errors could be located, this could
demand too much of the learners. In addition, for example with respect to estimations, it might be
very difficult for learners to decide whether they are “a little bit unlikely” (which might still be rated
as correct) or “definitely unrealistic” (which then would have to be marked as an error). Thus, in
consequence, the effectivity of implementing learning with incorrect examples in order to foster
transition competencies seems at least to be debatable.

In a nutshell, empirical results suggest that it is indeed possible to foster transition competencies.
However, it seems to be a very challenging task, and the question remains still open whether the very
demanding translation and interpretation processes can be supported by presenting learners worked
solutions without the risk of being processed only superficially.

In addition to effects of specific learning methods on learning outcomes, effects on subjective
variables should be taken into account as well, as a rich body of research documents the influence of
interest and enjoyment on comprehension, learning, and performance (e.g., Giannakos, 2013;
Schukajlow and Rakoczy, 2016; for an overview see Pekrun, 2006). In the context of the present work,
especially self-efficacy is of particular importance, as motivation and achievement are significantly
influenced by self-efficacy (for an overview, see Bandura and Locke, 2003). Self-efficacy can be
influenced by the experimental variation of the design of learning materials; for example, it can be
fostered by lowering the requirements for the learners: if learners can meet the expectations, their
confidence that they will henceforth be able to keep up will increase (Bandura, 1977). It is assumed
that expectations of personal efficacy determine how much effort is taken and how long it is held up
in the face of challenges and difficulties (Bandura, 1977). Overall, a positive attitude toward a learning
method forms a prerequisite for effective learning and a solid foundation for application in practice.

In the present experiment, the idea of using incorrect examples in order to foster transitions between
reality and mathematics was taken up; however, in order to avoid demanding too much of the
learners, and in order to design the decision process unambiguously for the learners, they were given
three multiple choice options from which they could select the right solution step. In this way, it was
ensured that the learners knew exactly what they were intended to do, and they knew exactly where
to look for possible errors. They were told that from three multiple choice options, only one was right,
and after selecting one multiple choice option they could then proceed with the learning materials.
Grofse (2014) showed that, compared to detailed word problems, focused word problems were
substantially more acknowledged by the learners; hence, it can be supposed that reducing the
demands of word problems in the beginning, and supporting the students to meet those demands,
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can reduce the individually perceived difficulty of the tasks, which in turn can foster the confidence
of the learners that they can succeed, leading to positive effects on motivation and achievement
(Bandura, 1977; Bandura and Locke, 2003). With respect to mathematics education, it is not only
important that a learning method is effective with respect to the acquisition of skills, but it is also
important that the learners express a positive attitude toward this method. Only then can be assumed
that learners will succeed motivated and confident; thus, in the present study, subjective ratings were
examined as well.

The following research questions were raised:

1. Is it effective to present learners multiple choice options for the translation part of word
problems?
Hypothesis 1: Learning results — especially with respect to translation competencies — are
enhanced if learners have the opportunity to select a translation from a select list.

2. Is it effective to present learners multiple choice options for the interpretation part of word
problems?
Hypothesis 2: Learning results — especially with respect to interpretation competencies — are
enhanced if learners have the opportunity to select an interpretation from a select list.

3. Does the presentation of multiple choice options foster a positive attitude toward the problems?
Hypothesis 3: Reducing the requirements for the learners by presenting multiple choice options
fosters a positive attitude toward the problems.

Methods

Sample and design.

In this study, n = 147 8t grade students (mean age: 13.98 years, SD = .55 (4 missing values); 79 female)
of a German “Gymnasium” (secondary school) participated. The experiment took place within
regular mathematics courses; the learners within each class were randomly assigned to the
experimental groups. A two-factorial design with four experimental conditions was implemented,
with the factors “translation choice” (with versus without) and “interpretation choice” (with versus
without). In the groups with translation choice, the learners were given three multiple choice options
for the translation step from the verbal description to a mathematical notation; in the groups with
interpretation choice, the learners were given three multiple choice options for the interpretation step
from the mathematical result to an interpretation with respect to the real situation. All other steps had
to be performed without support. Thus, in the group “with translation and interpretation choice” (1 =
37), the learners first had to select the right transition to a mathematical notation, then they had to
perform the calculation on their own, and finally they had to select the right interpretation of the
mathematical result. In the group “translation choice only” (n = 37), the participants were only given
multiple choice options for the translation part and had to perform the rest on their own; in the
“interpretation choice only” group (n = 37), the participants started solving the problem on their own
but were given multiple choice options for the interpretation part. In the group “without choice” (n =
36), the participants had to solve the problems without support.

Materials.

As learning domain, word problems which can be solved with linear equation systems were chosen.
In order to vary the difficulty of the translation and interpretation steps, some problems used in the
present study included estimations in the translation step (“category 3” word problems according to
the classification of Palm, 2008), and some required the learners to interpret a remainder realistically
(“category 1” word problems according to the classification of Palm, 2008).

In the learning phase, four problems were introduced, two included estimations and two the
interpretation of a remainder. Depending on the experimental condition, the learners were presented
multiple choice options for the translation step from the real situation to a mathematical notation and
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/ or for the interpretation step from a mathematical solution to a real result. The learners did not
receive general information on the role of translation or interpretation in modeling, and they did not
receive general instruction on how to translate or interpret results. In order to avoid copying, learners
sitting next to each other were assigned to different experimental conditions, and the multiple choice
options were designed in a manner so that copying mindlessly would lead to wrong answers. Table 1
depicts one of the problems provided in the learning phase.

Instruments.

Pretest: Assessment of prior knowledge. A pretest following the “rapid testing” rationale (Kalyuga and
Sweller, 2004; see also Kalyuga, 2008) examined the prior knowledge; in this type of test, learners are
required to find a first move toward the solution of a problem in a very short period of time. Kalyuga
and Sweller (2004) report a very high correlation with a traditional test and conclude that the rapid
test has a very high concurrent validity. The present pretest contained 10 problems and the
participants were given 20 seconds to find a first step toward the solution of each problem. Each
problem was presented on a separate sheet, and after 20 seconds the learners were told to turn the
page and begin the next problem. For four problems, the learners needed to come up with a first
translation step from a verbally presented situation to a mathematical notation; three problems were
intra-mathematical (indicate a first step toward solving an equation or an equation system); for three
problems, the learners needed to interpret a mathematical solution with respect to an authentic
situation. For each correct first step, the learners were given 1 point (partial credit for partially correct
solutions); thus, the maximum score for the pretest was 10 points. Writing down more than the first
solution step did not lead to a higher score.

Subjective evaluation. After the learning phase, the learners answered the item “I like problems such as
those on the last four pages” on a 4-stage rating-scale (1 indicating “yes” and 4 indicating “no”).

Post-test: Assessment of learning outcomes. The post-test addressed the following aspects:

Translation. In this part of the post-test, two problems were presented to the learners where they had
to find a translation from a verbal description of a real situation to a mathematical notation; e.g.,
Sabine wants to sew 3 pillowcases. She buys cloth with blue stars for € 8.50. In addition, she buys 2 packages of
decorative ribbon for € 2.50 each and 3 zippers which cost € 3.00 each. How much does she have to pay in total?
Please write down an equation for solving this problem (you do not need to perform the calculation). For each
problem, a maximum of 1 point was given (partial credit for partially correct answers); thus, the
maximum score for the post-test category “translation” was 2 points.

Interpretation. This category comprised two problems where the learners had to interpret given
mathematical results with respect to a real situation; e.g., Max wants to buy roses for his mother. He
figures out that his money suffices for 7.72 roses. How many roses can he buy? Each realistic answer was
awarded with 1 point; hence, the maximum score for the post-test category “interpretation” was 2
points.

Complete problems. The learners were asked to solve two complete word problems. The first one
included the interpretation of a remainder: Lars is passionate about taking pictures and wants to buy
exactly 20 photo albums for his next photo projects (they should suffice for the next 6 months). There are very
nice albums for € 6.00 each and very simple ones for € 1.50 each. Lars likes the expensive albums much more so
that he wants to buy as many of them as possible. However, he can only spend € 70.00. Thus, how many
expensive and how many low-priced albums should he buy? The second problem included estimation: A
chemistry teacher caused an explosion in his preparation for the next lesson, and materials were damaged which
should have been distributed in two classes. The school secretary then ordered new materials. For the class 10a
she paid € 115.00 for a preparation CD, 20 workbooks and an answer booklet; for the class 10b she paid € 140.00
for two preparation CDs and 24 workbooks. In addition to the exact amount of damage, the insurance wants an
approximate breakdown of the loss occurred. The school secretary knows that answer booklets in chemistry cost
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Table 1. Example problem from the learning phase (translated from German).

Problem formulation (same for all conditions):

Yasmin wants to invite 12 friends to a pool party. Therefore, she wants to buy 15 lampions. In the store she finds very nice
lampions which cost € 4.00 each and simple lampions for € 1.00 each. Yasmin likes the expensive lampions so much that she
wants to buy as many as possible. She has only € 44.00 with her; thus, she also has to buy some cheap lampions. Hence, how
many expensive and how many cheap lampions should she buy?

Translation and interpretation choice
For the first solution step, you are given three alternatives. Please find out how the solution should begin:

Let x be the number of expensive lampions and y the number of cheap lampions. Then it must hold:
A x +y=15
4-x+y=44

Let x be the number of expensive lampions and y the number of cheap lampions. Then it must hold:
B x+ y=15
X +4-y=44

Let x be the price for an expensive lampion (in €) and y the price for a cheap lampion (in €). Then it must hold:
C x +y=15
4-x+y=44

Which solution begin is correct? [free space for writing down]
Please find the following solution steps on your own. [free space for writing down]
For the answer, you are given three alternatives. Please find out what the answer should be:

Let us assume that it results: x=9.67 and y = 5.33.

A Thus, Yasmin should buy 10 expensive lampions and 5 cheap lampions.
B Let us assume that it results: x =9.67 and y = 5.33.

Thus, Yasmin should buy 9 expensive lampions and 6 cheap lampions.
c Let us assume that it results: x =9.67 and y =5.33.

Thus, an expensive lampion costs € 9.67 and a cheap lampion costs € 5.33.

Which answer is correct? [free space for writing down]

Translation choice only
For the first solution step, you are given three alternatives. Please find out how the solution should begin:

Let x be the price for an expensive lampion (in €) and y the price for a cheap lampion (in €). Then it must hold:
A x +y=15
4-x +y=44

Let x be the number of expensive lampions and y the number of cheap lampions. Then it must hold:
B x+y=15
4-x +y=44

Let x be the number of expensive lampions and y the number of cheap lampions. Then it must hold:
C x+ y=15
X +4-y=44

Which solution begin is correct? [free space for writing down]
Please find the following solution steps on your own. [free space for writing down]

Interpretation choice only
Please find the solution on your own. [free space for writing down]
For the answer, you are given three alternatives. Please find out what the answer should be:

Let us assume that it results: x =9.67 and y = 5.33.

A

Thus, Yasmin should buy 9 expensive lampions and 6 cheap lampions.
B Let us assume that it results: x =9.67 and y = 5.33.

Thus, Yasmin should buy 10 expensive lampions and 5 cheap lampions.
C Let us assume that it results: x =9.67 and y = 5.33.

Thus, an expensive lampion costs € 9.67 and a cheap lampion costs € 5.33.

Which answer is correct? [free space for writing down]

No choice
Please find the solution on your own. [free space for writing down]
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about the same as in physics and biology — last week, she ordered one for € 4.90 and one for € 5.10. Thus, she
can estimate the costs for the answer booklets, but she does not know the prices for the workbooks and the CDs.
As she cannot reach anyone in the mail order by phone, she estimates the price for an answer booklet and then
calculates the prices for the CDs and the workbooks. Show that you can do that as well!

For each problem, the learners could get a maximum of one point for the translation part, and a
maximum of one point for the interpretation part, respectively (partial credit for partially correct
answers).

Procedure.

First, the participants worked on the pretest (experimenter-paced; 20 seconds per problem).
Subsequently, in the learning phase, the experimental variation took place. In order to avoid learners
getting stuck in the first problem and having no time left for the following three problems, the
learners first got 9 minutes for problems 1 and 2 (and were allowed to move back and forth between
them); afterwards, they got again 9 minutes for problems 3 and 4 (and were allowed to move back
and forth between them). Thus, it was ensured that each learner at least tried one problem of the
“estimation” type and one problem of the “interpret a remainder” type. Afterwards, the learners were
asked to give a subjective evaluation. Subsequently, they worked on the post-test (20 minutes). Lastly,
the participants indicated their age and gender. The individual learning time and the time for
working on the tests was kept constant. In total, the experiment took about 45 minutes.

Results

With respect to the pretest, no significant differences between the experimental groups were found,
main effect “translation choice”: F(1, 143) = .62, p = .433, main effect “interpretation choice”: F(1, 143) =
.62, p = 433, interaction effect: F(1, 143) = .19, p = .667. Hence, the learners in all experimental groups
had approximately the same level of prior knowledge.

Table 2 shows the means (and standard deviations) of the prior knowledge and post-test scores in the
experimental groups. No heterogeneous slopes from the post-test measures to the pretest score were
found, hence, the pretest score entered GLM models as a continuous covariate. The analyses were
computed as two-factorial analyses of variance, with “translation choice” and “interpretation choice”
as independent variables and the pretest score as covariate.

Table 2. Means and standard deviations (in parentheses) of the pretest and post-test scores.

With translation choice Without translation choice
With Without With Without
interpretation  interpretation  interpretation  interpretation
choice choice choice choice
Pretest (max: 10) 6.20 (1.95) 6.54 (1.52) 6.54 (1.77) 6.64 (1.44)
Translation
Separate items (max: 2) .80 (.73) 1.00 (.79) 1.05 (.74) 1.03 (.84)
Complete problem “interpretation of a remainder” (max: 1) .23 (.37) .25 (.35) 11 (.27) 11 (.24)
Complete problem “estimation” (max: 1) .26 (.39) .20 (.36) .21 (.36) .39 (42)
Interpretation
Separate items (max: 2) 1.57 (.60) 1.76 (.55) 1.65 (.63) 1.83 (.45)
Complete problem “interpretation of a remainder” (max: 1) .08 (.28) .08 (.25) .19 (.40) .25 (.42)
Complete problem “estimation” (max: 1) .07 (.21) .05 (.20) .03 (.11) .08 (.19)
Translation.

With respect to the separate post-test “translation” items, neither the main effect “translation choice”
nor the main effect “interpretation choice” reached the level of significance, F(1, 142) = .72, p = .398,
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and F(1, 142) = .16, p = .694, respectively. The interaction effect was not significant, F(1, 142) = .58, p =
.449. As expected, the influence of prior knowledge was significant, F(1, 142) = 23.45, p <.001, partial n?
= .142, large effect. Concerning the complete problems, it should be noted that the scores in both
complete problems were low in general, indicating that they were indeed very challenging for the
learners. Both problems were analyzed separately as they addressed different aspects (interpreting a
remainder realistically versus estimate missing information realistically). Concerning the translation
part of the “interpretation of a remainder” problem, the main effect “translation choice” was
significant, F(1, 142) = 8.99, p = .003, partial n? = .060, medium effect; indicating that learning with
translation answer choices was more effective than learning without translation answer choices.
However, neither the main effect “interpretation choice” nor the interaction effect reached the level of
significance, F(1, 142) = .00, p = .986, and F(1, 142) = .01, p = .930, respectively. The influence of prior
knowledge was again significant, F(1, 142) =20.07, p <.001, partial n? = .124, medium effect.

With respect to the translation part of the “estimation” problem, the influence of prior knowledge was
significant, F(1, 142) = 38.82, p <.001, partial n? = 215, large effect. Neither the main effect “translation
choice” nor the main effect “interpretation choice” reached the level of significance, F(1, 142) = .74, p =
392, and F(1, 142) = .38, p = .537, respectively. However, the interaction effect was significant, F(1, 142)
= 5.75, p =018, partial n*> = .039, small effect. As displayed in Figure 1, if translation answer choices
were presented, it made only little difference whether interpretation answer choices were presented
as well. In contrast, in the case of no translation options, it was much more beneficial to also omit the
interpretation options; considerably lower results were obtained in the group with interpretation
options only compared to the “no choice” group. According to a simple effects test, the difference
between these two groups was actually significant, p = .035. In the case of “without interpretation
choice”, the difference between the groups with and without translation choice was also significant, p

=.023.
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Figure 1. Post-test complete problem “estimation”:
translation performance in the experimental groups.
Interpretation.

With respect to the separate post-test “interpretation” items, the main effect “translation choice” was
not significant, F(1, 142) = .30, p = .584. However, the main effect “interpretation choice” just barely
missed the level of significance, F(1, 142) = 3.42, p = .067, partial n? = .023, small effect; learning without
interpretation choice led to descriptively better interpretation results than learning with interpretation
answer choices. The interaction effect was not significant, F(1, 142) = .04, p = .848. Again, the influence
of prior knowledge was large, F(1, 142) = 36.81, p <.001, partial n? = 206, large effect.

Concerning the interpretation part of the “interpretation of a remainder” problem, a significant main
effect “translation choice” emerged, F(1, 142) = 5.78, p = .018, partial n? = .039, small effect; indicating
that learning without translation choice options was more beneficial than learning with translation
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choice options. In contrast, neither the main effect “interpretation choice” nor the interaction effect
reached the level of significance, F(1, 142) = .26, p = .611, and F(1, 142) = .30, p = .586, respectively. The
influence of prior knowledge was not significant, F(1, 142) = .13, p = .721.

Concerning the interpretation part of the “estimation” problem, apart from a significant influence of
prior knowledge, F(1, 142) = 4.27, p = .041, partial n? = .029, small effect, no significant effects were
obtained, F(1, 142) = .11, p = .744 for “translation choice”, F(1, 142) = .12, p = .725 for “interpretation
choice”, and F(1, 142) =1.55, p = .216 for the interaction effect, respectively.

Complementing the results concerning objective learning outcomes, subjective statements were
analyzed. On a four-stage rating scale, the learners rated the statement “I like problems such as those
on the last four pages” (1 indicating “yes” and 4 indicating “no”). The group “interpretation choice
only” reached the most positive scores (M =2.96, SD = .77), followed by the “no choice” (M =3.01, SD
= .67; one missing value), “translation and interpretation choice” (M = 3.22, SD = .92), and “translation
choice only” (M = 3.38, SD = .72) groups. The main effect “translation choice” reached the level of
significance, F(1, 141) = 5.37, p = .022, partial n? = .037, small effect. Neither the main effect
“interpretation choice” nor the interaction effect were significant, F(1, 141) = 1.01, p = .316, and F(1,
141) = .30, p = .585, respectively. The influence of prior knowledge was significant, F(1, 141) =6.82, p =
.010, partial n?=.046, small effect.

Discussion

Translation and interpretation competencies of the participants were measured on the one hand with
separate items addressing only one specific aspect; on the other hand, the learners had to solve two
complete word problems addressing translation and interpretation competencies. These two complete
problems were analyzed separately, as they implemented “translation” and “interpretation”
differently. Whereas the “interpretation of a remainder problem” was quite straightforward with
respect to the translation requirements, the interpretation part was quite demanding. In contrast, the
“estimation” problem began with a challenging translation part, whereas the interpretation part was
less complicated.

With respect to translation competencies as measured separately by specific “translation” problems in
the post-test, no significant group differences emerged. Thus, contrary to expectation, providing
multiple answer choices for the translation steps did not enhance learning. However, with respect to
the translation part of the “interpretation of a remainder” problem, a significant main effect
“translation choice” emerged, indicating that in case of rather straightforward translation
requirements, learning with translation answer choices was indeed more effective than learning
without translation answer choices. With respect to the translation performance in the “estimation”
problem - addressing a much more complicated translation — , a significant interaction effect
emerged, indicating that if translation answer choices were presented, it made only little difference
whether interpretation answer choices were presented as well, whereas in the case of no translation
options, it was much more beneficial to also omit the interpretation options; “translation choice only”
and “interpretation choice only” were both significantly less effective than “no choice”. This means
that a demanding translation in form of estimation seems to be supported best when the students are
trained to solve problems completely on their own; in contrast, a mix of multiple choice support in
one problem part with no support in the other problem part is not beneficial. However, it has to be
acknowledged that the errors in the choice options were difficult to detect, so it is possible that several
learners had difficulties in identifying the correct response option — which, in addition to the fact that
no feedback was provided, might have led to the effect that unguided problem solving was more
effective than an extensive search for an error.
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In the context of the translation options it should be noted that the learners could use them in
different ways. To begin with, learners could try to find their own translation from the situation to a
mathematical model, and identify and tick the closest related translation in the answer choices. They
also could use the answer choices in order to get an idea what a translation could look like and to
narrow down the search space. However, the answer options provided yet another opportunity: The
learners could take them and try to validate whether they fulfill the requirements given in the
problem description. It is a limitation of the present study that it cannot be traced back how the
learners proceeded and which strategy — or combination of strategies — they chose.

With respect to the acquisition of interpretation competencies as measured separately by specific
“interpretation” problems in the post-test, against expectation, presenting multiple choice options for
the interpretation part in the learning phase was not effective; in fact, the effect just barely missed the
level of significance, but displayed a small effect in “unexpected” direction: learning without
interpretation choice led to better interpretation results than learning with interpretation answer
choices. However, the scores in the separate interpretation items were very high across all groups, so
a ceiling effect cannot be excluded with certainty.

With respect to the interpretation part of the “interpretation of a remainder” problem, the same effect
appeared and actually reached the level of significance. What at first sight seems implausible may,
however, be explained by the consideration that possibly multiple choice options make the learners
lazy and “wait and see”, lowering commitment and dedication. In addition, it should be noted that
the errors in the multiple choice options were anything but obvious, and just upon close inspection
was it possible to determine the right option. This might have irritated the learners, leading to lower
learning outcomes. Concerning the interpretation part of the “estimation” problem, no significant
effects were found; indicating that with respect to generating a quite straightforward interpretation,
translation and interpretation answer choices do not support learning.

The impression arises that having the possibility to just select a solution part might elicit some sort of
expectations or even lethargy with respect to the rest of the solution process, possibly leading to a
lower extent of personal engagement and initiative when it comes to “traditional” problem solving
without support. This, in turn, might explain the surprisingly low or inconsistent effectivity of the
presented multiple choice options.

Another explanation can be seen in interesting evidence from a different field of research. According
to McDaniel et al. (2007), for subsequent memory performance, recall tests are more advantageous
compared to recognition tests; this indicates that working on multiple choice tests enhances learning
less than working on free recall tests. For the present context this means that even if translation and
interpretation answer choices were intended to simplify and facilitate solving complex word
problems, the skill acquisition might as well be fostered effectively by just working on problems like
in a “free recall” condition.

In sum, it can be concluded that effects of translation and interpretation answer choices depend on
the concrete requirements of the presented problems; results cannot be generalized across different
levels of difficulty. With respect to the acquisition of translation skills, the results are inconsistent,
translation answer choices being helpful when it comes to rather straightforward translation
requirements in complete problems. With respect to the acquisition of interpretation competencies it
can be concluded that they are fostered especially effectively — at least in most cases — when no
interpretation answer choices are presented.

However, even if objective learning outcomes are without any doubt very important, subjective
statements of the learners are critical as well. A learning method may be very effective in a laboratory
situation; however, that does not mean a lot when it comes to mathematics learning in “real” settings:
When learners do not like what they are intended to do, then the resulting lack of motivation could



European Journal of Science and Mathematics Education Vol. 5, No. 2, 2017 | 175

easily even out the advantages of the learning method. Thus, subjective attitudes of the learners
toward the problems presented in the learning phase were assessed as well. The presentation of
“interpretation choice only” scored best; however, the factor “interpretation choice” was not
significant. In contrast, translation answer choices actually reduced the acceptance. Apparently,
learners prefer to start problems on their own, compared to being required to work on multiple
choice options. The response options concerning the translation from the verbal description to a
mathematical notation differed only with respect to details, so that the differences between them
might have been difficult to detect, which in turn might have been confusing and unnerving for the
learners. In contrast, the response options concerning the interpretation of the mathematical solution
with regard to the real situation differed in a more eye-catching way. Thus, if the differences between
the multiple choice options for the translation step had been more eye-catching, more positive
reactions might have been provoked.

With respect to “real” mathematics education, it can be concluded that presenting translation answer
choices may enhance translation competencies; however, at least if they are designed as in the present
experiment, learners do not appreciate them very much. In contrast, interpretation choice options are
appreciated by the learners — at least when presented exclusively — but they do not support learning.
Opverall, the effectivity of translation and interpretation options is falling short of expectations, and
subjective results are not consistent with objective scores. The present experiment shows that with
respect to fostering transitions between reality and mathematics, objective learning outcomes and
subjective scores do not necessarily correspond. This aspect is of major importance and demonstrates
the importance of putting the discussion on fostering transition competencies in mathematics
education on a firmer footing.
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