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ABSTRACT

Supporting motivational variables such as self-concept or interest is an important goal
of schooling as they relate to learning and achievement. In this study, we investigated
whether specific interest and self-concept related to the domains of statistics and
mathematics can be fostered through a four-lesson intervention focusing on statistics.
Data about these motivational variables and achievement related to statistics were
gathered from 503 eighth graders. Our results indicate that students perceived
mathematics and statistics differently with respect to their self-concept and interest.
Moreover, statistics-related self-concept and interest could be fostered through the
domain-specific intervention, whereby a greater increase was found among students
with higher prior achievement in the domain of statistics.

Keywords: Intervention study; Motivational variables; Confirmatory factor analysis;
Statistics education research

1. INTRODUCTION

Whereas affective and motivational variables were rather neglected for a long time in
overall mathematics education (McLeod, 1992), more and more attention has been paid to
these variables within the last decades. Motivational variables such as self-concept and
interest influence learners’ willingness to engage in and to maintain learning activities
(Nagy, Trautwein, Baumert, Koller, & Garrett, 2006) and they are now considered to be
important determinants of learning and achievement (Pekrun & Zirngibl, 2004).

Concerning the domain of statistics, Gal, Ginsburg, and Schau (1997) emphasized the
importance of motivational variables because of their impact on students’ learning
processes and their willingness to use statistics in their lives, as well as their impact on their
educational choices. However, within statistics education the awareness related to affective
and motivational variables still appears as rather low: Compared to mathematics education
only a few studies have investigated these variables related to this domain (e.g., Bond,
Perkins & Ramirez, 2012; Ramirez, Schau, & Emmioglu, 2012). Although Hood, Creed,
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and Neumann (2012) emphasized the necessity to foster such motivational variables in
particular for learners with rather low achievement in statistics, to our knowledge, there is
hardly any quantitative empirical evidence about the support of secondary students’ self-
concept and interest in the domain of statistics through specific learning environments.

Therefore, this study examines whether self-concept and interest both in mathematics
and in statistics can be supported by a statistics-oriented and learner-centered intervention
among eighth graders. The intervention implemented characteristics that are considered to
have a positive impact on self-concept (such as provision of feedback, see, e.g., O’Mara,
Marsh, Craven, & Debus, 2006) and interest (such as experience of autonomy, achievement
and social relatedness, see, e.g., Krapp, 2005). As students often associate statistics with
mathematics (Gal et al., 1997), we first investigated whether middle school students
perceived these two domains as separate with respect to their interest and self-concept.
Then we analyzed whether self-concept and interest increased during the course of the
domain-specific intervention. In order to explore which characteristics of learners
particularly favor a positive development of these motivational variables, we additionally
assessed if previous statistics-related achievement was related to the development of self-
concept and interest in the corresponding domain. The theoretical background leading to
these research interests is presented next.

2. THEORETICAL BACKGROUND

Motivational variables such as self-concept and interest accompany the learning
process and influence learners’ achievement development at school and beyond (cf. Eccles
& Wigfield, 2002; Helmke & Weinert, 1997; Jacobs, Lanza, Osgood, Eccles, & Wigfield,
2002). For instance, interest or confidence in one’s own competencies determine if learning
activities are performed even beyond external obligations. In this regard, it is not surprising
that there are various reciprocal effects between achievement and motivational variables
and that—besides fostering achievement—the development of students’ motivational
variables is considered to be an essential goal of schooling (e.g., Marsh, Trautwein, Liidtke,
Koller, & Baumert, 2005; Pekrun & Zirngibl, 2004; Schiefele, 1991). Such motivational
variables particularly mediate learning and achievement when they relate to a specific
domain. They were therefore assessed domain-specifically in studies such as PISA? or
TIMSS? (e.g., Artelt, Baumert, Julius-McElvany, & Peschar, 2003; Baumert, Bos, &
Lehman, 2000).

The present paper focuses on fostering statistics-related self-concept and interest.
Therefore, in the following sections, self-concept and interest will be introduced and
described in particular with respect to the specific domains of mathematics and statistics.

2.1. SELF-CONCEPT

According to Bong and Skaalvik (2003, p. 6) “academic self-concept refers to
individuals’ knowledge and perceptions about themselves in achievement situations” and
it typically relates to particular academic domains such as school subjects. Hence, in the
case of mathematics, academic self-concept expresses a person’s confidence in his or her
competencies in this particular domain. Moreover, self-concept is not only a domain-
specific construct but also multidimensional and hierarchical, that is, self-concepts related
to more specific domains are subordinated to and included into more general self-concepts
(Shavelson, Hubner, & Stanton, 1976). In general, self-concept represents relatively stable
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perceptions of the self, based on prior (achievement) experiences (Bong & Skaalvik).
Crucial factors that influence self-concept in a particular domain are social comparisons
with others, comparisons with former achievement, and comparisons between perceived
achievement in different domains (Méller & Koller, 2004).

Another relevant construct within the field of self-competency beliefs is self-efficacy
as the conviction to master given tasks (e.g., Bandura, 1982). As self-efficacy refers to
particular tasks, it depends more on the actual context and hence is less stable than self-
concept (Bong & Skaalvik, 2003). According to Bandura (1982), self-efficacy is mainly
formed by achievement experience, comparisons with others, and verbal encouragement.
Hence, achievement experiences as well as social comparisons are crucial for both self-
efficacy and self-concept. Bong and Skaalvik even consider self-efficacy as a precursor for
self-concept. Thus, in this study, we primarily focus on academic self-concept for
mathematics and statistics.

Self-competency beliefs such as academic self-concepts are considered to be positively
related to motivation and achievement (e.g., Eccles & Wigfield, 2002; Jacobs et al., 2002).
However, the level of specificity is crucial for the magnitude of the correlation between
self-concept and achievement. Hansford and Hattie (1982), for instance, report findings of
a meta-analysis indicating that domain-specific self-concept correlates at an average of r =
0.42 with related achievement compared to r < 0.22 for global self-concept. This is why
Marsh and Craven (1997) advise researchers to focus on self-concept related to the domains
of their particular research.

The relationship between (academic) self-concept and achievement is considered to be
reciprocal, that is, achievement has an impact on self-concept and vice versa. High levels
of achievement apparently lead to high levels of self-concept because of positive
achievement experiences and favorable social comparisons. On the other hand, Valentine,
DuBois, and Cooper (2004) mention several reasons for the influence of self-concept on
achievement. Learners with a more positive academic self-concept are more likely to
engage in and to hold on to success-oriented behaviors. For instance, they spend more time
practicing and, therefore, get more corrective feedback; they choose more challenging tasks
and develop better ways of coping with failure leading to more persistence and hence better
school performance. In contrast, individuals with a lower positive academic self-concept
are likely to develop avoidance strategies. Reciprocal effects models between self-concept
and achievement could also be confirmed empirically (e.g., Marsh et al., 2005; Valentine
etal., 2004).

Several studies have aimed at fostering academic self-concept. O’Mara and colleagues
(2006) found in an extensive meta-analysis that self-concept interventions are particularly
effective when they refer to the same domain the measured self-concept relates to.
Moreover, interventions focusing particularly on praise and feedback but also on
developing domain-specific skills have shown to be successful in fostering academic self-
concepts. In line with Marsh et al. (2005), O’Mara et al. (2006) point out that the reciprocal
effects between self-concept and achievement suggest fostering both variables
simultaneously. In this case, the increase remained relatively stable over time.

Hattie and Timperley (2007) explain the impact of feedback on self-competency beliefs
such as self-concept by claiming that “the main purpose of feedback is to reduce
discrepancies between current understandings and performance and a goal” (p. 86). Hence,
effective feedback gives information about the learning goals, the actual performance, and
how to improve the learning process. Furthermore, they point out that feedback can
considerably influence self-competency beliefs when it focuses on how to better perform
on a given task. This means that, on the one hand, the students’ achievement may be
enhanced through their teachers’ feedback, which may lead to positive temporal
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comparisons and hence to a more positive self-concept. On the other hand, feedback may
provide a more realistic perception of their own achievement.

Beyond its relatedness to achievement, self-concept is also considered to be related to
interest (e.g. Pekrun & Zirngibl, 2004). In addition to academic self-concept, this study
investigated the development of interest over the course of the intervention. Hence, the
next section outlines the theoretical background related to interest.

2.2. INTEREST

According to Krapp’s (2007, p. 8) person-object theory of interest (POI), “interest
represents or describes a more or less enduring specific relationship between a person and
an object.” Krapp further points out that interest always refers to particular contents or
objects; hence, interest is a domain-specific variable. In general, interest is accompanied
by a high readiness to acquire new knowledge and skills related to the object of interest as
well as by the desire to apply such knowledge and skills.

In line with Hidi and Renninger (2006), Krapp claims that interest develops over time,
for instance, through favorable learning environments. In this context, both authors
distinguish situational from individual interest: The first step of interest development is
characterized by focused attention, for example, due to surprising information or personal
relevance of an object. Under certain conditions (e.g., subjective meaningfulness), this first
state of triggered situational interest may develop to a more stabilized situational interest.
Again, particular conditions may support the development from a maintained situational
interest to an individual interest for a particular object such as a school subject. Contrary
to the rather fluctuating situational interest that may depend on factors such as the topic,
the context, and the kind of activity (Gardner, 1985), individual interest is relatively stable
over time.

Two aspects are crucial for the development of interest: First, individuals attribute a
personal importance to their objects of interest. Beyond these value-related valences,
interest is typically accompanied by involvement and enjoyment (feeling-related valences).
For this reason, interest can be considered as a trigger for intrinsic motivation. Interest will
develop only if value- and feelings-related valences are experienced in a positive way
(Krapp, 2005). Referring to self-determination theory (SDT; Deci & Ryan, 2002), such
positive emotional experiences require the fulfillment of the basic needs of achievement
experience, autonomy, and social relatedness (Krapp, 2005). In the context of school, this
means that learners firstly desire to perceive themselves as being able to attain a desired
outcome. Secondly, students strive to feel relatively independent from external obligations
while working on a task; this second need is closely intertwined with the need for
achievement experience because only when learners feel competent of mastering a task can
they exert it autonomously; otherwise, when they work with little external support, they
perceive themselves as competent. Finally, experiencing collaborative work in learning
situations may support students’ interest.

Several studies found that interest and achievement are correlated (see, e.g., the meta-
analysis of Helmke & Weinert, 1997, with a mean correlation between interest and school
achievement of r =0.41). According to SDT or POI, (perceived) achievement is considered
to have an impact on interest. On the other hand, Schiefele (1991) gives several reasons for
the influence of interest on achievement: Highly interested students are more likely to
engage in intense and meaning-oriented learning activities, whereby they use more
elaborated learning strategies and invest more time and effort on learning. Empirical
evidence for a reciprocal effects model between interest and achievement can be found, for
instance, by Kéller, Baumert and Schnabel (2001) or by Marsh et al. (2005).
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The relationship between interest and achievement underlines the importance of paying
attention to and fostering students’ interest through specific learning activities. According
to the model of interest development by Hidi and Renninger (2006), interest for a specific
topic may grow within classrooms while dealing with the topic. In line with the fulfillment
of the three basic needs (Deci & Ryan, 2002; Krapp, 2005), Hidi and Renninger suggest
that teachers support their students’ interest, for instance, by providing a task choice and
accounting for own questions to promote a sense of autonomy, by giving helpful feedback
and challenging, personally relevant tasks to build up their achievement as well as by
enabling social learning with a partner or in a group.

In the next section, we will outline the theoretical background related to interest and
self-concept in the specific domains of mathematics and statistics.

2.3. SELF-CONCEPT AND INTEREST: MATHEMATICS AND STATISTICS

Similar to many other countries, statistics in German schools is by and large taught as
part of mathematics education. Therefore, it is often considered to be a pure subdomain of
mathematics. According to Gal et al. (1997), students may transfer their perceptions of
mathematics to the domain of statistics. However, students may not necessarily perceive
statistics to be an exclusive part of mathematics because of the inherent interdisciplinary
nature of statistics and the dominant role of the context therein (Cobb & Moore, 1997).
From this point of view, statistics and mathematics may rather represent two distinct
domains with a particular overlap. In this study, we expect that, in general, students of
secondary school can hold different perceptions of mathematics and statistics from a
motivational point of view (cf. Gundlach, Kuntze, Engel, & Martignon, 2010a, 2010b),
even if this expectation has still to be verified empirically. In order to take into account that
assessing motivational variables related to statistics should first discriminate between
students’ perceptions of this domain and the domain of mathematics (Gal et al., 1997), we
will check whether this assumption is reflected by the empirical data. In a first analysis
step, we will investigate by confirmatory factor analysis whether academic self-concept
and interest related to the domains of mathematics and statistics are separable factors.
Moreover, if students actually perceive mathematics and statistics differently as far as
academic self-concept and interest is concerned, the statistics-related intervention may—
according to the theory—primarily foster motivational variables referring to the domain of
statistics.

Motivational variables concerning mathematics have been investigated by a large
number of studies including PISA and TIMSS. According to Watt (2004), self-concept and
interest referring to mathematics are correlated (r = 0.55). Klieme, Neubrand, and Liidtke
(2001) report a correlation of r = 0.70 within the PISA sample. Baumert and Kéller (2000)
found high correlations between achievement and self-concept (r = 0.73) as well as
between achievement and interest (r = 0.69) in the TIMSS sample. A study by Marsh,
Trautwein, Lldtke, Kdéller and Baumert (2006) replicates this relationship between
mathematics-related self-concept and achievement (0.51 < r < 0.77) whereas correlation
coefficients near zero (—0.03 < r < 0.05) were found between general or non-academic self-
concept and the achievement score. Marsh et al. (2005) empirically confirmed the general
assumption of reciprocal effects between self-concept or interest on the one hand and
achievement on the other hand for the domain of mathematics. In both cases, the impact of
the motivational variable on achievement turned out to be stronger than the reciprocal
impact. Moreover, effects appeared to be stronger for self-concept than for interest. Even
if self-concept and (individual) interest are relatively stable over time (e.g., Bong &
Skaalvik, 2003; Krapp, 2007), several studies (cf. Frenzel, Goetz, Pekrun, & Watt, 2010;
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Jacobs et al., 2002; Watt, 2004) report a significant decline over the course of schooling
for both variables related to mathematics.

Although several researchers (Bond et al., 2012; Gal et al., 1997; Hood et al., 2012;
Ramirez et al., 2012) consider paying attention to or fostering motivational variables in the
domain of statistics to be important goals of statistics education, only a few studies have
investigated these variables in relation to statistics. Emmioglu and Capa-Aydin (2012)
found a positive relationship between achievement and motivational variables in the
domain of statistics in a meta-analysis among post-secondary students. A study by Schau
and Emmioglu (2012) indicates that students’ statistics-related self-concept and interest
remained stable or became less positive in the course of post-secondary introductory
statistics courses (see also Bond et al., 2012). Concerning secondary students, Carmichael,
Callingham, Hay, and Watson (2010) investigated learners’ statistics-related motivational
variables from grade 7 to grade 9. Within their sample, they observed a decline with
increasing age for statistics-related interest. Furthermore, they found significant
correlations between self-efficacy and interest referring to statistics (r = 0.63). Moreover,
prior achievement in mathematics was positively related to self-efficacy in particular, but
also to interest in the domain of statistics.

Even if the mentioned studies examined students’ motivational variables related to
statistics, they do not provide empirical evidence about ways of supporting domain-specific
self-concept and interest. Furthermore, there is no insight into whether learners’ prior
statistics-related achievement is connected to the development of these motivational
variables over time. As the study presented here focused on fostering students’ domain-
specific self-concept and interest through a statistics-related intervention, we will describe
this intervention in the next section.

2.4. THE STATISTICS-RELATED INTERVENTION

According to the German standards referring to mathematics instruction (KMK, 2003)
which includes the leading idea of data and chance, students ought to learn about data
collection, data representation, data reduction, data interpretation, and probability
(comparable to Holmes, 1980). Concerning these topics, textbooks often provide tasks
requiring rather algorithmic activities related to tables, bar charts, or characteristic values
such as computing an average. However, tasks referring to statistics may encompass more.
One important reason why statistics is widely needed and used is the lack of uniformity
among all observable objects (e.g., Wild & Pfannkuch, 1999). Dealing adequately with
such statistical variation thus constitutes an important goal of statistics education (Watson
& Callingham, 2003). It implies judging within a concrete situation whether observed
differences can be attributed to randomness or to an interpretable effect that is meaningful
for the corresponding context (Wild & Pfannkuch). Complementary to considerations of
variation is the reduction of data to a numerical or graphical summary. Such data reduction
omits parts of the original data that often contain a large magnitude of relevant and
irrelevant information so that reduced data mostly provide better overviews. Abilities in
the domain of data reduction are not restricted to determining characteristic values but they
include an awareness about the associated loss of information, for example, by smoothing
out random variation through forming averages (Kropfl, Peschek & Schneider, 2000).

Corresponding to the learning goals outlined above, the intervention of the study
presented here focused on the one hand on (basic) elements of statistics that students
already know from their mathematics classroom. On the other hand, we included tasks
requiring dealing with variation and/or data reduction, as described above central aspects
of statistics. Students were assigned to one of four treatments in a 2x2 design. Treatment 1
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involved exclusively basic elements of statistics such as dealing with tables, bar charts and
characteristic values. On the basis of these tasks, treatment 2 required the reflection of
statistical variation, whereas treatment 3 requested to reflect about data reduction.
Treatment 4 combined both requirements (see the Appendix for sample tasks). These
treatments were designed to have an impact on students’ achievement in the domain of
statistics (see Sproesser, Engel, & Kuntze, 2015a) and also to support self-concept and
interest (see Sproesser, Engel, & Kuntze, 2015b, 2015c). In particular, it is possible that
the four special foci of the learning environments may cause differences in developing
students’ domain-specific self-concept and interest, for instance, in the sense that students
may perceive tasks dealing with variation as more interesting or more difficult than basic
tasks. Therefore, beyond the influence of the statistics-related intervention as a whole, the
potential impact of the four different treatments on domain-specific self-concept and
interest was explored in this study.

Apart from these differences, as far as reflective tasks are concerned, the treatments
used the same contents and were implemented identically. As suggested by Scheaffer,
Gnanadesikan, Watkins, and Witmer (1996), statistical contents provide opportunities for
implementing student-centered activities in corresponding learning environments. In this
sense, all four treatments provided learner-centered and hands-on activities in contexts
relevant for eighth graders. For instance, students could discover characteristics of the
distribution of chocolate lentils (see Appendix for sample tasks and an overview of the
contexts and statistical concepts of the intervention). During the whole intervention,
students worked with a partner and were relatively autonomous from the teacher on
statistics-related problems. At any time, students had the possibility of getting help from
flash cards and they could verify their answers with sample solutions. Upon finishing a
topic, the students were given additional individual feedback as to whether the actual
learning goal was reached and—if necessary—from which flash card to get help. The
intervention was implemented so as to make students aware of their own achievement
development through feedback (e.g., Hattie & Timperley, 2007) and hence to support their
domain-specific self-concept. Furthermore, the intervention should foster interest by
providing autonomy in cooperative learning situations (see e.g. Krapp, 2005). Therefore,
we expected motivational variables to be supported through working on specific tasks and
not through an explicit motivational training like, for instance, an explicit emphasis on the
general contribution of statistics for life on a meta-level. Of course, during their work
students could experience that statistical contents helped them to solve problems, but the
students were not explicitly told to appreciate statistics for general reasons.

As the learning material was student-centered, the class teacher’s role was mainly
limited to observing students in their working process. The first author assured that students
had access to sample solutions and flash cards, and she gave individual feedback.

2.5. RESEARCH QUESTIONS

The previous Sections 2.1 to 2.3 emphasized the relevance of self-concept and interest
for learning and achievement. However, little is known about these motivational variables
related to the domain of statistics—especially whether they can be fostered through a
learning intervention. Hence, this is the main research interest of the present study.

As Gal et al. (1997) recommend researchers to discriminate between students’
perceptions of the domains of statistics and mathematics before investigating motivational
variables related to statistics, we first aim to explore whether students perceive statistics
and mathematics differently from a motivational point of view. Next we examine the
efficacy of our intervention with respect to supporting mathematics- and statistics-specific
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self-concept and interest. As the design of the study provided four treatment groups, also
the potential impact of these different treatments is analyzed.

We focus on the following research questions:

1) To what extent are mathematics- and statistics-related self-concept and interest
empirically separable?

2) Can students’ domain-specific self-concept and interest be fostered by a statistics-
oriented intervention? If so, are there differences with respect to the effect of the
four treatments?

Moreover, it is possible that the intervention does not have the same effect on learners
that differ in particular characteristics, such as prior domain-specific achievement. As
argued above, mathematics-specific achievement has an influence on self-concept and
interest in this domain (e.g., Marsh et al., 2005). Consequently, students’ prior statistics-
related achievement might influence the extent to which these motivational variables
develop during the intervention. In this sense, the third research question is:

3) Does prior statistics-related achievement impact the development of students’

statistics-related self-concept and interest?

3. METHODS
3.1. DESIGN AND SAMPLE

Data from 450 German eighth graders (212 female, 238 male), who completed pre- and
post-tests and participated in the intervention were the basis of the analysis. These students
were between 12 and 15 years old (M 13.50; SD 0.62) and were recruited from 25 classes
in eight German technical-track public secondary schools (so-called “Realschule™). In
addition to the students participating in the intervention, a baseline group consisting of 53
students (32 male, 21 female) between the ages of 13 and 15 years (M 13.73; SD 0.72)
from four other classes was included in the study. The students of this baseline group
continued with their regular mathematics classes instead of the intervention. They
completed, in identical time intervals (approximately 2 weeks between pre- and posttest),
the same tests as the students in the intervention group. In each class, the particular class
teacher and the first author were present for the testing and during the intervention. We
coordinated with the teachers of the baseline group that the students in this group did not
work on statistical topics during this time. A control by an external observer of the
classroom would have been a very unusual circumstance; we therefore trusted in the
teachers’ cooperation.

Analyzing the pretest scores of the variables included in this study revealed no
significant differences between baseline and intervention group: (Latent) regressions in
Mplus 7.1 specifying each pretest variable as outcome variable and the dummy-coded
group assignment as independent variables resulted in p-values ranging from 0.064 to
0.852. Selection of participating schools was done to have a mix of inner city and rural
schools in the federal state of Baden-Wurttemberg. Inclusion in the study required parental
consent, which resulted in an overall 5.5% dropout rate.

We assert that prior to this study participating students had been instructed with some
elements of descriptive statistics according to the German Standards for mathematics and
the State Standards (KMK, 2003; Land Baden-Wiirttemberg, 2004) such as numerical data
summaries (e.g., average, median), reading and interpreting quantitative information
(given) in tables, charts and diagrams. In other school subjects such as geography, history
or science, students are typically also faced with representations of statistical data such as
tables or diagrams; yet, the German Standards do not explicitly aim at teaching statistics in
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these subjects. Hence, students in our study ought to know the term statistics and associate
it with the above-mentioned contents and activities. Against this background we expect
that students will typically perceive statistics as a part of the mathematics classroom that is
also relevant for other school subjects, in different social contexts or for their private lives
(e.g., statistics in sports or data representations in the media). However, discussing the
value of statistics for particular domains or everyday live is not explicitly prescribed in the
German Standards for any school subject.

Over a period of four 45-minute classroom lessons within one week, the students
participating in the intervention worked on learner-centered material dealing with different
statistics-related topics. Curriculum validity of this intervention for grade 8 was checked
on the basis of corresponding mathematics standards and textbooks (see, e.g., Alits,
Berkemeier, Hecht, Heske, Koullen, & Ostrow, 2006; Griesel, Postel, & vom Hofe, 2005;
Maroska, Olpp, Pongs, Stockle, Wellstein, & Wontroba, 2006). In order to avoid bias
through initial differences between the classes, students in each class were split up into four
subgroups according to a 2x2 design. Assignment to the four different subgroups followed
a randomized block design with pretest statistics-related achievement score as blocking
factor: As mentioned above, students in group 1 (basic training, n = 117) were assigned
basic statistical problems such as dealing with tables, bar charts and characteristic values.
On the basis of these basic problems, students in the other three groups were additionally
asked to respond to specific tasks that required them to reflect about statistical variation
(treatment 2, n = 120) or data reduction (treatment 3, n = 102) or both variation and
reduction (treatment 4, n = 111) (see Section 2.4 for further details).

To gather data about motivational dispositions and statistics-related achievement,
students were asked to complete a paper and pencil test and questionnaire (45 minutes)
before and after working with the learning material. During the testing and intervention
period, the regular teacher as well as the first author monitored the implementation in the
classes.

3.2. MEASURES

Motivational dispositions referring to mathematics and statistics were measured in a
multiple-choice format using a 5-point Likert scale (1 = strongly disagree, ..., 5 = strongly
agree). Mathematics-related self-concept (6 items) as well as a scale including intrinsic
motivation and interest (6 items; in the following, we will refer to this scale under the label
of “interest”) were based on scales established by Pekrun, vom Hofe, Blum, Frenzel, &
Wartha (2007; see also Frenzel, Pekrun, Dicke, & Goetz, 2012). In order to tap students’
statistics-related self-concept (3 items) as well as their interest and intrinsic motivation (3
items; in the following referred to under the label of “interest”), we used the instruments
conceived by Gundlach et al. (2010a, 2010b) as parallel scales referring to statistics. In that
prior study, it was shown by factor analysis that the statistics-related scales were
empirically separable from their mathematics-related counterparts (see Table 2 in Section
4 for sample items or Appendix for all items). However, prior to further analysis steps, we
checked by confirmatory factor analysis whether statistics- and mathematics-related self-
concept and interest were also empirically separable constructs within our sample. These
mathematics- and statistics-related scales have already been used in several studies (see,
e.g., Frenzel et al. 2012; Gundlach et al., 2010a, 2010b; Pekrun et al., 2007; Schukajlow &
Krug, 2014) in German secondary schools with similar age groups as included in this study.
Hence, in the context of our study they appeared to be more appropriate than scales such
as SATS (Survey of Attitudes Towards Statistics; see, e.g., Schau, Stevens, Dauphinee, &
Del Vecchio, 1995) that has not been used with students of grade 8 yet. In order to provide
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the opportunity of comparing our results to studies that used other scales, the scales’ items
are displayed in the Appendix.

Additionally, as an alternative measure for students’ self-concept and interest in the
domain of statistics, we asked participants how confident they felt about solving specific
tasks and their interest connected to these specific tasks. In this format, three tasks referring
to dealing with tables, bar charts and characteristic values (see the Appendix for sample
items) were presented to the learners. These tasks constitute typical activities that students
may encounter in their statistics classroom (see, e.g., the textbooks from Aits et al., 2006;
Griesel et al., 2005; Maroska et al., 2006). Comparisons between students’ self-concept
and interest concerning these tasks (summarized to a scale task-specific self-concept and a
scale task-specific interest) and the non-task-specific statistics-related scales were made to
assess whether students associated—from the point of view of self-concept and interest—
the word statistics with dealing with statistical contents such as the ones presented in the
tasks.

Furthermore, in pre- and posttest we gathered data about students’ achievement in the
domain of statistics by a test instrument that comprises 15 tasks. This achievement test was
conceived and tested in samples from primary to tertiary education by Kuntze, Engel,
Martignon, and Gundlach (2010) and Kuntze, Lindmeier, and Reiss (2008) (for sample
items, see Lindmeier, Kuntze, & Reiss, 2007). In this preceding research, the instrument
has shown to fit to a one-dimensional Rasch-model. In Sproesser, Kuntze, & Engel
(submitted), more information about the achievement test instrument and details about the
parameters can be found.

3.3. ANALYSIS

To investigate research question 1, confirmatory factor analysis of each motivational
scale was conducted with the software AMOS 22.0 using maximum likelihood solutions.
Checking the distributions of the corresponding items for normality revealed that skewness
of six items in pre- and post-test exceeded the critical value 3. Logarithmic transformations
were applied to these items to get their distribution closer to normal. After transformation,
skewness and kurtosis for all items were in an acceptable range (skewness < 3; kurtosis <
8, see Kline, 2005). Furthermore, the items did not correlate above 0.85; hence, there was
no severe collinearity that could cause estimation problems (Biihner, 2011). For the 503
cases, missing values for the items were below 5%. Before conducting confirmatory factor
analysis, these missing data was imputed with the Expectation Maximization algorithm of
SPSS 22.0. For each factor, the regression weight of one item was fixed to 1.0. As measures
of global model fit, the comparative fit index (CFI) and the root-mean-square error of
approximation (RMSEA) were assessed (Hu & Bentler, 1999, suggest CFI > 0.95 and
RMSEA <0.06 for a sufficient fit). As the y? statistic depends on the sample size and hence
for large sample sizes often significant differences between model and data are indicated,
the y2/df ratio was additionally calculated (according to Bollen & Long, 1993, the model
fits the data reasonably sufficiently when this ratio does not exceed 5). In order to compare
the fit of nested models, chi-square difference tests were calculated (see Kline, 2005, p.
182, for further information).

Research questions 2 and 3 were examined using the software Mplus 7.1. We used the
original dataset without imputations and transformations because the implemented Full
Information Maximum Likelihood (FIML) procedure estimates missing values and the
robust maximum likelihood estimator corrects for non-normality in the measures.

As the participants in our sample were clustered in school classes, cases could not be
assumed to be independent. Disregarding this dependency structure might lead to
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inaccurate parameter estimates because of deflated standard errors (Snijders & Bosker,
1999). For the motivational scales, intraclass correlations were rather low (< 0.0050),
indicating no need for multilevel analysis (Snijders & Bosker). However, in order to respect
the clustering of the data, we conducted a design-based correction of standard errors via
the type-is-complex procedure in Mplus.

To investigate whether domain-specific self-concept and interest significantly
increased due to the intervention (research question 2), we specified latent regression
models predicting self-concept and interest, respectively (indicated by the actual items) in
the posttest by the corresponding pretest values as well as by the group assignment (see
Figure 1 for the structure of a regression model predicting self-concept). Such latent
regressions also model the measurement error and hence provide more accurate estimates
(Kline, 2005).

Statistics-related

self-concept (pre)

Statistics-related
self-concept (post)

Group assighment

Figure 1. Example of a latent regression model (research question 2)

This procedure allowed us to examine differences in the development of self-concept
and interest, respectively, between the different groups. Including the pretest score in the
regression model controls for original differences in this variable. Here, the baseline group
was used as a safeguard against effects that were not due to the intervention.

Statistics-related

self-concept (pre) \
Statistics-related

self-concept (post)

Achievement in the /
domain of statistics

Figure 2. Example of a latent regression model (research question 3)

In order to evaluate whether students’ pretest achievement in the domain of statistics
influenced the development of their statistics-related self-concept and interest in the course
of the intervention (research question 3), we specified similar latent regression models for
self-concept and interest, respectively, within the intervention group. Figure 2 displays the
structure of a regression model predicting statistics-related self-concept in the posttest by
its pretest as well as pretest achievement in the domain of statistics.
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Again, taking the pretest value of self-concept or interest into account as covariate
controls for possible original differences in this variable, and allows the authors to
determine how strong prior achievement in the domain of statistics affects the development
of self-concept and interest, respectively.

4. RESULTS
4.1. SELF-CONCEPT AND INTEREST

As recommended by Gal et al. (1997), we first investigated whether the mathematics- and
statistics-related scales used in this study represent empirically separable factors within our
sample. Therefore, we included all 18 items of the questionnaire as indicators for the four
scales mathematics-related self-concept and mathematics-related interest as well as
statistics-related self-concept and statistics-related interest into distinct confirmatory
factor analysis of pre- and posttest. We compared global model fit (see Table 1) of the full
model (Model D) with the fit of two reduced models: Model B includes one factor
combining mathematics-related self-concept and interest and another factor combining
statistics-related self-concept and interest; Model C includes one factor combining
mathematics- and statistics-related self-concept and another factor combining
mathematics- and statistics-related interest. We also compared the full model with a single
factor model: Model A integrates the items of all four scales to one factor. Global fit indices
displayed in Table 1 indicate that the full model (Model D) best fits the empirical data.
Model comparisons by means of chi-square difference tests confirm that the full model is
significantly better than the other ones. Model fit indices for the posttest were very similar
to or even better than those reported for the pretest.

Table 1. Global fit indices for the tested models (pretest)

Model 2 (df) p y2/df CFl  RMSEA

Model A (1 factor): 2279.37

sc & int for math & stat (135) <0001 1688 069 0.18
Model B (2 factors): 1320,87

sc & int math vs. sc & int stat (134) <0.001 986 083 0.13
Model C (2 factors): 1537,54

sc math & stat vs. int math & stat (134) <0001 1147 0380 0.14
Model D (4 factors): 330.56

sc math vs. int math vs. sc stat vs. int stat (129) <0.001 2.56 097 0.06

Note. sc ... self-concept; int ... interest; math ... mathematics; stat ... statistics.
See Section 3.3 for recommendations of the displayed model fit indices.

Concerning the full model, local fit indices showed that the latent variables were
reliably measured by the corresponding items and that they were each distinguishable from
the other variables (indicator reliabilities > 0.4; statistically significant factor loadings;
factor reliabilities > 0.8, see Table 2; average variance extracted > 0.7; Fornell-Larcker
criterion met). Retest reliability of the baseline group was satisfactory (see also Table 2)
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for the four scales, further indicating that the same constructs were measured in pre- and
posttests.

Table 2. Reliabilities and sample-items of
mathematics- and statistics-related self-concept and interest

# of . Reliability Retest reliability
Construct Sample item .
Items Pre Post (baseline)
Self-concept _ 6 Und_erstandmg mathematics 090 0.93 0.93
(Mathematics) is easy for me.
Interest Doing mathematics
(Mathematics) 6 is one of my favorite activities. 0.93 094 0.92
Self-concept Understanding tasks with diagrams
(Statistics) 3 and statistical data is easy for me. 0.84 0.73 0.79
Interest Doing statistics
(Statistics) 3 is one of my favorite activities. 0.85 087 0.78

Note. Scales adapted from Pekrun et al. (2007) as used by Gundlach et al. (2010a, 2010b). Factor
reliabilities estimated by AMOS 22.0, retest reliability estimated by SPSS 22.0.

Precise factor loadings and intercorrelations as well as the structure of the confirmatory
factor analysis for the full model (pretest) can be found in Figure 3. Similar factor
parameters were found for the posttest. Hence, the four scales mathematics- and statistics-
related self-concept and interest turned out to be separable factors despite latent
intercorrelations between 0.34 and 0.78.

4.2. EFFECTS OF THE INTERVENTION

In a first step, we investigated potential differences in the development of mathematics-
and statistics-related (general and task-specific) self-concept and interest between the four
treatment groups. For this purpose, we specified regression models such as displayed in
Figure 1 within the intervention group to test the treatments 2 (variation), 3 (reduction) and
4 (variation and reduction) against the basic training. All of the regression weights for the
group assignment were non-significant with p-values ranging from 0.102 to 0.996. This
means that there were no significant differences at the o = 0.05 level concerning
mathematics- and statistics-related self-concept and interest, respectively between the basic
training and the other treatment groups.

In a second step, we examined whether there were differences between the four
treatment groups and the baseline group with respect to domain-specific self-concept and
interest. Hence, we combined the four treatment groups into one intervention group. We
again used regression models such as illustrated in Figure 1 to investigate whether the
development in this intervention group was significantly different from the baseline group
(see p-value in Table 3).
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Figure 3. Factorial structure and parameters of the pretest items

Table 3 displays means and standard deviations of the motivational scales to indicate
how students” self-concept and interest related to mathematics and statistics developed
from pre- to posttest. Within the intervention group, the means of the scales referring to
mathematics barely differed between the two time points of testing. Although the
difference concerning mathematics-related interest was significant for the intervention
group compared to the baseline, the effect sizes for both mathematics-related scales were
negligible. Concerning the domain of statistics (general, non-task-specific scales), both
students’ self-concept and interest significantly increased from pre- to post-test in the
intervention group. The effect sizes as measured by Cohen’s* d reached a small to medium
magnitude (Cohen, 1988) indicating that the increase in the intervention group was
relevant.

As explained above, statistics-related interest and self-concept were additionally
measured by task-specific scales. Reliabilities (Cronbach’s alpha) for these scales ranged
from 0.67 to 0.89 in pre- and posttest. Taking into account that these scales were based on
only three tasks, their reliabilities appear to range from acceptable to good. The absolute
means of these scales were higher than for the more general statistics-related self-concept
and interest scales (see Table 3). Similar to the statistics-related scales not referring to
concrete tasks, the means of the task-specific self-concept and interest scales both increased
significantly from pre- to posttest in the intervention group. The growth of these variables
also ranged between small and medium effect sizes.

4 Cut-off values for Cohen’s d: small effect: d = 0.2; medium effect: d = 0.5; large effect: d = 0.8.



42

Latent correlations between the statistics-related task-specific and non-task-specific
self-concept amounted to 0.62 (p < 0.001) for the pretest and 0.63 (p < 0.001) for the
posttest. Latent correlations between the statistics-related task-specific and non-task-
specific interest were even higher (pretest: 0.68, p < 0.001; posttest: 0.74, p < 0.001).

Table 3. Students’ self-concept and interest related to
mathematics and statistics in pre- and post-test

Pretest Posttest
Construct p-value Cohen’s d
M (SD) M (SD)

Self-concept (Mathematics)

Intervention 3.28 (0.93) 3.29 (0.94)

Baseline 286 (0.96) 279 (1.00) 0064 0.01
Interest (Mathematics)

Intervention 2.62 (1.05) 2.67 (1.06)

Baseline 224 (101) 219 (102) 003 0.05
Self-concept (Statistics)

Intervention 3.23  (0.96) 3.45 (0.90)

Baseline 313 (092) 313 (0.95) 0006 0.24
Interest (Statistics)

Intervention 2.40 (1.03) 2.63 (1.07)

Baseline 242 (093) 244 (0.99) 0028 0.22
Self-concept (Task-specific)

Intervention 3.73 (0.89) 412 (0.83)

Baseline 355 (0.85) 3.67 (0.96) 0001 0.45
Interest (Task-specific)

Intervention 3.14 (1.03) 3.28 (1.11)

Baseline 297 (090) 278 (1o7) 0001 0.13

Note. M = mean; SD = standard deviation.

We did not observe a uniform increase in statistics-related self-concept and interest for
all of the learners. Computing the differences from pre- to posttest within the intervention
group revealed the changes of non-task-specific self-concept and interest as displayed in
Figure 4.
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Figure 4. Differences in the development of statistics-related self-concept and interest

Note. Development measured in absolute point differences of the Likert scales.
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As expected from the positive average increase, most of the learners developed their
self-concept and interest in a positive way. However, some of them stayed at the same level
and a number of students even showed lower self-concept and interest scores after the
intervention. The design of this study does not afford full insight into the reasons for this
variation. However, in the next section, we will examine the role of prior statistics-related
achievement for the development of statistics-related self-concept and interest during the
intervention.

4.3. PRIOR ACHIEVEMENT AND POST SELF-CONCEPT AND INTEREST

As achievement may influence self-concept and interest (e.g. Marsh et al., 2005), we
also investigated whether the growth in statistics-related self-concept and interest in the
course of the intervention depends on students’ prior statistics-related achievement.
Therefore, we first specified a multiple regression model for self-concept within the
intervention group (see Figure 2).

Table 4 shows the precise parameter estimates of the latent regression analysis.
Including the pretest score for self-concept controls for initial differences in this variable.
Even after including pretest self-concept, the achievement score turned out as a significant
predictor for the development of statistics-related self-concept. As achievement in the
domain of statistics is positively correlated with pretest self-concept (latent correlation of
0.27 (SE 0.05), p < 0.001), the magnitude of the resulting regression weight for
achievement is lowered through the inclusion of pretest self-concept into the model. The
positive regression weight indicates that learners with higher initial achievement scores
benefitted more from the intervention than did their lower-achieving peers, hence an
aptitude-treatment interaction.

Table 4. Multiple regression model predicting statistics-related self-concept (posttest)

Standardized Standard

Predictor - . p-value

regression weight error
Statistical self-concept (pretest) 0.64 0.04 <0.001
Statistical achievement (pretest) 0.11 0.04 0.004

The same procedure was used to evaluate whether students’ achievement score
influenced the development of their statistics-related interest. The regression weight for
achievement indicates a relationship in the same direction as seen for self-concept but its
regression weight was non-significant (see Table 5).

Table 5. Multiple regression model predicting statistics-related interest (posttest)

. Standardized Standard
Predictor - . p-value
regression weight error

Statistical interest (pretest) 0.72 0.03 <0.001
Statistical achievement (pretest) 0.06 0.04 0.176
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5. DISCUSSION AND CONCLUSIONS

In this final section, we summarize and discuss the results in the order of the research
questions. We will end up by stating limitations of this study and offering recommendations
for further research.

5.1. IMPLICATIONS OF THE PRESENT STUDY

Following the recommendation of Gal et al. (1997), we first evaluated whether
mathematics- and statistics-related self-concept and interest were empirically distinct
variables within our sample. Model fit indices indicated that the four scales were
empirically separable and measured the underlying variables reliably. Our finding confirms
that students perceived mathematics and statistics differently from a motivational point of
view. Hence, although in Germany statistics is taught as a part of mathematics education,
students appear to recognize the specificity of statistics. This might be due to its
interdisciplinary nature or the relevance of the context (Cobb & Moore, 1997), but it is also
possible that students distinguished statistics from other content domains in the
mathematics classroom according to specific contents such as, for instance, working with
diagrams or calculating mean values. Therefore, in both cases it is reasonable to evaluate
such motivational variables for statistics separately from those related to mathematics.

Latent correlations between self-concept and interest within both domains were within
the expected range (e.g., Carmichael et al., 2010; Klieme et al., 2001) and underline the
proximity among these motivational variables. Latent correlations of self-concept and
interest of approximately 0.50 between the variables related to the two domains confirmed,
despite their separability, the relatedness between mathematics and statistics. Our findings
extend prior research on the scales of Gundlach et al. (2010) by providing information
about an adequate model fit obtained through confirmatory factor analysis. Thus, all in all,
our analysis confirms that the measures can be used in future studies.

The second and main research interest was to investigate whether students’ domain-
specific self-concept and interest could be fostered through a statistics-oriented
intervention. The importance of motivational variables referring to mathematics and
statistics for learners’ current and future learning (cf. Gal et al., 1997; Nagy et al., 2006),
as well as a reported decline of these motivational variables in the course of schooling (e.g.,
Carmichael et al., 2010; Frenzel et al., 2010), emphasize the relevance of this focus.
Concerning the domain of mathematics, self-concept and interest remained relatively stable
from pre- to post-tests. As the intervention focused particularly on statistics, this finding
meets the expectation and further underlines that mathematics-related motivational
variables have shown to be separable from their statistics-specific counterparts. Moreover,
in the sense of considering retest reliability, it can be seen as an indicator for the good
quality of the measurement of the variables. However, there was a significant increase in
statistics-related self-concept and interest with relevant effect sizes in the course of the
intervention. This effect was observed consistently both for general and task-specific
scales, respectively. Hence, in accordance with the literature (e.g., Hidi & Renninger, 2006;
O’Mara et al., 2006), this finding implies that self-concept and interest for statistics could
be fostered through the intervention in the corresponding domain.

Concerning the four variants of this intervention, we did not observe any significant
differences in the increase of students’ statistics-related self-concept and interest. As the
variants of the treatments were, above all, designed to have a different impact on students’
statistics-related achievement, we did not have any specific expectations referring to
potential differences related to motivational variables. It can be assumed that the
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implementation of the intervention as a whole—regardless of some difference in foci—
was suitable to foster students’ self-concept and interest. In accordance with the literature
(Hattie & Timperley, 2007; O’Mara et al., 2006), the increase of statistics-related self-
concept may be caused by experiencing an increase in achievement due to the intervention.
Feedback might have played a key role here: As the students got feedback in regular
intervals, they might have become aware of their improved achievement, which might have
led to an increase in their self-concept. As autonomy, experience of achievement and social
relatedness constitute crucial supporting factors for interest (Hidi & Renninger, 2006;
Krapp, 2005), we conclude that working with a partner rather independently from the
teacher on the statistics-related tasks was helpful for fostering interest in statistics.

As there was exclusively an increase in the statistics-related scales, it has to be noted
that the implementation characteristics have to be seen in close connection with the topic
domain in which the intervention was located. Hence, the combination of the properties of
the learning environment and the focus on statistics may have led to this increase.
Moreover, this finding confirms Marsh et al. (2005) and O’Mara et al. (2006) with respect
to synergies in supporting achievement and motivation simultaneously. For educational
practice, this suggests that students’ self-concept and interest related to statistics can be
fostered by working on statistical problems in a classroom setting that provides autonomy,
the experience of achievement, and social learning.

There might also be alternative explanations for our findings. It might be argued, for
instance, that prior to the intervention, students did not know much what statistics is all
about, which would then imply that the difference between pre- and post-test may indicate
that their idea about the nature of statistics had changed. However, according to the German
standards, students in 8" grade are not unfamiliar with statistics. Another argument against
this alternative explanation can be seen in our results referring to task-specific self-concept
and interest. Although the tasks given represent a very limited part of the nature of statistics,
they constitute typical activities in the domain of statistics as described by the German
standards and are more easily seized and comprehended by students than purely word-
based items such as the general statistics-related ones. The parallel increase in the general
statistics-related scales and their task-specific equivalents as well as the magnitude of the
correlations between them even before the intervention suggest that students associated the
notion of statistics with tasks such as the presented ones referring to tables, bar charts and
characteristic values. Hence, their understanding of statistics may not have changed
substantially in the course of the intervention. Altogether, it can be concluded that students
had an adequate concept of the term statistics when responding to the statistics-related
items.

Nevertheless, there were differences in the development of general statistics-related
and task-specific self-concept and interest. For instance, the means of task-specific scales
were higher than the statistics-related ones. Hence, students may imagine that statistics can
also involve more complicated and less interesting problems than those presented in the
corresponding questionnaire. Moreover, the increase of self-concept tended to be larger in
the task-specific scales than in the general statistics-related scales; however, for interest the
opposite was true, the increase in general statistics-related scales exceeded the increase in
task-specific scales. This may indicate that students on the one hand had the perception that
they had become more competent in these tasks compared to other statistics tasks but on
the other hand that these tasks were perceived in the course of the intervention as less
interesting than statistics in general. Such different perceptions of the two scale formats
could have been expected as the task-specific scales were limited to particular contexts and
activities and hence rather referred to self-efficacy or situational interest that can easily be
influenced by specific task characteristics (Bong & Skaalvik, 2003; Gardner, 1985).
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As in mathematics, achievement may also impact self-concept and interest in the
domain of statistics (e.g. Marsh et al., 2005). The third research question addressed whether
previous achievement in the domain of statistics influenced the development of statistics-
related self-concept and interest. We found a significant aptitude-treatment interaction for
self-concept, that is, students’ self-concept developed more positively if they had already
shown relatively high achievement referring to statistics in the pretest. Concerning
statistics-related interest, prior achievement did not significantly impact its development.
These findings are in line with Carmichael et al. (2010) or Marsh et al. (2005) who found
domain-specific achievement to be more relevant for the development of self-concept than
for interest. Referring to our intervention, this could be explained by the fact that in
particular higher-achieving learners got positive feedback and hence improved their
statistics-related self-concept in the course of the intervention. It further appears that
although the experience of achievement during the intervention may have been important
to develop interest (Krapp, 2007), the actual achievement before the intervention was not
predictive for interest development. The finding that higher-achieving students increased
their self-concept to a larger degree than lower-achieving students has implications for
instructional practice related to our learning material. This implies, in accordance with
Hood et al. (2012), that students with lower achievement in the domain of statistics do not
only have to be particularly supported concerning their cognitive development but also
concerning their self-concept.

Altogether, we conclude that it is possible to support statistics-related self-concept and
interest through learning environments such as the presented one. For the above mentioned
reasons, it appears to be crucial that such learning environments refer to the specific domain
of statistics and that they provide opportunities for students to experience autonomy,
achievement, and social relations. If these implementation characteristics are met, it
appears to be possible to foster such motivational variables through interventions that also
focus on students’ cognitive development (see Sproesser et al., 2015a). As achievement
turned out to influence the development of self-concept and in line with Marsh et al. (2005)
or O’Mara et al., 2006), such combined interventions may be an appropriate means to
support students’ learning.

5.2. LIMITATIONS AND FURTHER RESEARCH

Although the statistical prerequisites necessary to apply the mentioned quantitative
methods are met, our findings should be interpreted carefully, given that the sample refers
to a specific type of school and cannot be considered as representative for all German
students. Moreover, it should be noted that similar findings for other subject areas (e.g.
Marsh et al., 2005) suggest that increasing self-concept and interest through experiencing
autonomy, achievement and social relatedness is not limited to the particular domain of
statistics. However, this study implies that it is possible to foster in students particular self-
concept and interest related to statistics through learning environments with these
characteristics.

One particular limitation of this study is that we do not exactly know which specific
characteristic of the treatment and its implementation contributed most to the observed
effects. This question beyond the research questions of this study should be explored in
further research: Experimental designs should be used for gaining insight into the influence
of the provision of feedback, the experience of autonomy, social relatedness, and further
factors. Additionally, more detailed instruments could be used to investigate the reasons of
the increase in self-concept and interest. Beyond questionnaires, structured interviews may
reveal more detailed insight into the observed effects.



47

For the implementation of the regular mathematics classroom in the baseline group, we
relied on the teachers’ reports: For reasons of ecological validity, the researchers did not
observe the classrooms of the baseline group. Hence, we trusted the participating teachers
that they did not expose their students to statistical contents during this time.

Moreover, this study was limited to investigate the effects of a short-term intervention.
As motivational variables usually develop over a longer time period, it would be interesting
to study long-term effects of such interventions. Such follow-up research should use a
repeated measurement of motivational variables and achievement and also take into
account potential motivational effects of the regular classroom after the intervention, which
could shape the further development of academic self-concept and interest.

Finally, the present study was not designed to provide reasons for the aptitude-
treatment interaction effect between self-concept and achievement in the domain of
statistics. Further—possibly qualitative—research should examine this interaction and
explore why especially higher-achieving students profited from this specific learning
environment.
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APPENDIX
1. SAMPLE TASKS OF THE INTERVENTION

Tasks from the basic training:

Mary says: “Obviously, there are 24 chocolate lentils in each package. Assuming that the

factory produces the same number of every chocolate lentil color, | expect 4 chocolate

lentils of every color in my package.”

1. Predict the number of chocolate lentils of every color in your package (column my
prediction).

2. Open your package and write down the actual numbers of each color.

3. Take 9° package-cards and compare the displayed numbers with the numbers of your
own package.

4. Sum up the numbers of the red / orange / yellow / ... chocolate lentils from the nine
cards and from your own package and write them down in the table.

5. Calculate the average number of every color in the ten packages and write it in the
table.

Color Ma_ryis My_ Actual numbersin  Sum within the Average of the
prediction  prediction my package 10 packages 10 packages
Brown 4
Green 4
Red 4
Blue 4
Yellow 4
Orange 4
Sum 24 24 24 240 —

Additional reflective tasks in the treatment “variation”

1. Are the prediction of Mary, your prediction and the actual numbers identical?

2. Ifthey were not identical: What could be the reason for the differences? Have you made
a mistake with your prediction?

3. How could the color distribution in another package be?
Brown: __ , Green: , Red: ,Blue: _ Yellow: _ ,Orange:

4. The averages that you have calculated are not all identical. Do you think that Mary’s
assumption is wrong (“The factory produces the same number of chocolate lentils of
every color”)?

Additional reflective tasks in the treatment “reduction”

Mary has based her prediction on the fact that the factory produces the same number of
every chocolate lentil color. Explain in more detail how she deduced her prediction from
this fact.

When you look at all the numbers of chocolate lentils from the different packages, you can
quickly lose the overview. For this reason, calculating the total sum and the average of each
color is often helpful because this procedure provides one value for every color and you
can compare the numbers of the colors more easily. Particularly the average is an important

5 Students of the basic training were requested to work with 19 additional package-cards in order to
keep the learning times parallel despite the reflective tasks for the other treatments.
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parameter to get an overview. However, much information can get lost when you calculate
the average.

1. Which information gets lost when you calculate the average?

2. Which advantage do you see in calculating the average?

2. CONTEXTS AND CONTENTS ADDRESSED IN THE INTERVENTION

Within the four lessons of the intervention the students worked individually on a number
of learning environments. The order of these learning environments was identical for all of
the students. However, as each student could proceed at his or her own speed, most of them
did not work on all environments.

No Context of the learning  Statistical content emphasized in learning environment beyond

environment exploring data and distributions
1 Chocolate lentils Average, range
2 Body height Average, mode
3 Geyser Ranked list, minimum, maximum, median
4 Paper planes Ranked list, median
5 Salaries 2x2 table, comparing median, and average
6 Marbles —

3. ITEMS OF THE MOTIVATIONAL SCALES USED IN THIS STUDY

Mathematics-related items:

Self-concept (Pekrun et al., 2007):
Understanding mathematics is easy for me.
Concerning mathematics, | am a talented student.
I usually know the answer when the mathematics teacher asks a question.
I am good at solving mathematical problems.
Mathematics tests are easy for me.
Learning for mathematics is easy for me.
Interest / intrinsic motivation (Pekrun et al., 2007; see also Frenzel et al., 2012):
I do my mathematics homework because I like this subject.
Doing mathematics is one of my favorite activities.
| contribute to the mathematics class because | am interested in mathematics.
In mathematics class | make an effort because | am interested in this subject.
| am interested in mathematics.
I like to read books and solve brain teasers related to mathematics.

General statistics-related items:

Self-concept (Gundlach et al., 2010a, 2010b):

Understanding tasks with diagrams and statistical data are easy for me.

I am good at solving statistical problems.

I think that | would perform well on the statistics tasks of a test.
Interest (Gundlach et al., 2010a, 2010b):

| am interested in statistics.

I like working with statistical data and diagrams.

Doing statistics is one of my favorite activities.
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Task-specific statistics-related items:

What do you think about this problem?
A survey on the web usage per week revealed the
following data (in hours):
10.5;6.5;9; 23; 7; 0; 6.5; 26; 3; 15; 12; 13.5; 1.5;
0.5;12; 7,35
Identify the minimum, the maximum and the
range of this data!

I am certain that | can solve this problem correctly.
I am interested in working on this problem.

ERREE Completely true.
WS | argely true.
mENsl Rather not true.

RSN Rather true.
sl Not true at all.

Other tasks used to measure self-concept and interest were, e.g.:

The table displays the grades in mathematics for class 8d from the last school year.
Compute the mean of these grades!

grade 11 2 3|1 4|5| 6
frequency 171|125 2|0

The Goethe school’s caretaker records how many bottles of ice tea he has sold in his snack
bar.

1400 ~
1200 -
1000 -
800 -
600 -
400 -

200 -

0 -
Sep 11 Oct 11 Nov 11 Dec 11 Jan 11 Feb 11 Mar 11 Apr11 May 11 Jun 11 Jul1l Augll

How many bottles of ice tea have approximately been sold in September and October 2011?
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