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Chapter 1
Competence Assessment in Education:
An Introduction

Detlev Leutner, Jens Fleischer, Juliane Griinkorn, and Eckhard Klieme

Abstract In this chapter, the structure and the specific research areas of the German
DFG-Priority Program “Competence Models for Assessing Individual Learning
Outcomes and Evaluating Educational Processes” are briefly described, in order to
provide a background for the following chapters, which describe various individual
projects of this Priority Program. The chapters have been organized into six the-
matic parts.

Keywords Competencies * Assessment ® DFG-Priority Program “Competence
Models for Assessing Individual Learning Outcomes and Evaluating Educational
Processes”

1.1 The German DFG-Priority Program “Competence
Models for Assessing Individual Learning Outcomes
and Evaluating Educational Processes”

In the past few decades, educational systems worldwide have been moving towards
evidence-based policy and practice (e.g., Slavin 2002), where “evidence” often
implies empirical assessment of students’ competencies as the main outcome of
education at school. Thus, the assessment of competencies plays a key role in opti-
mizing educational processes and improving the effectiveness of educational sys-
tems. However, the theoretically and empirically adequate assessment of
competencies in educational settings is a challenging endeavor that is often under-
estimated by policy makers and practitioners.
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To cope with these challenges, and to promote and coordinate scientific efforts in
the field of competence assessment across disciplines in Germany, the German
Research Foundation (DFG) funded the Priority Program “Competence Models for
Assessing Individual Learning Outcomes and Evaluating Educational Processes”,
which started in 2007 and ended in 2013. Over the six-year funding period, the
Priority Program coordinated the work of a large number of research projects (see
http://kompetenzmodelle.dipf.de/en/projects) with experts from psychology, educa-
tional science, and subject didactics.

The main point of reference for all projects of the DFG-Priority Program is the
concept of “competencies”, which are defined as “context-specific cognitive dispo-
sitions that are acquired and needed to successfully cope with certain situations or
tasks in specific domains” (Koeppen et al. 2008, p. 62; see also Hartig et al. 2008,
and Shavelson 2010). According to this definition, “competencies” differ from other
constructs such as “intelligence”, as competencies refer to the mastering of sets of
specific challenges in specific situations in specific domains, whereas intelligence
refers to mental abilities that can be used to master challenges in general. In addi-
tion, intelligence is generally not considered to be influenced by school education,
whereas the development of competencies is at the core of school education. The
definition of competencies as “cognitive” dispositions is in line with the way in
which the term “competence” is used in international large-scale assessment studies
such as PISA, TIMSS, or PIRLS (e.g., OECD 2001), as motivational and volitional
aspects of competencies—in order to begin with research in this field—are excluded
from being studied in those studies (Weinert 2001).

1.2 Research Areas of the DFG-Priority Program

The research addressed by the DFG-Priority Program covers different aspects of
competence assessment, and is organized into four consecutive main research areas
(Fig. 1.1): (1) The development and empirical testing of theoretical competence
models is at the core of the research program. These theoretical models are comple-
mented by (2) psychometric models, which in turn inform the construction of mea-
surement procedures for the empirical assessment of competencies (3). The program
is finally rounded off by (4) research on how best to use diagnostic information.

The following chapters of this book present the findings of 24 DFG-Priority
Program projects. All projects have a primary focus on one of these four research
areas; several projects moved consecutively through several areas. In the following
sections, the research areas are described briefly, and an overview is given of
projects within the areas.


http://kompetenzmodelle.dipf.de/en/projects
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Fig. 1.1 Research areas of the DFG-Priority Program “Competence Models for Assessing
Individual Learning Outcomes and Evaluating Educational Processes”

1.2.1 Cognitive Modeling and Assessment of Competencies

Research in the area of cognitive modeling asks how competencies can be modeled
adequately with regard to those situations or tasks where they are needed in specific
domains. As such, models of competencies are necessarily domain-specific, and the
research program covers a broad variety of domains.

A first group of domains (Part I: Modeling and assessing student competencies)
concerns competencies of students at school, ranging from conceptual understand-
ing and scientific reasoning in primary school, through geography and literary lit-
eracy, to self-regulated learning at high school (Chaps. 2, 3, 4, 5 and 6).

A second group of domains (Part II: Modeling and assessing teacher competen-
cies) concerns the competencies of teachers, in areas such as professional vision,
pedagogical content knowledge, tracking decisions, counseling, and teaching the
integrative processing of text and pictures (Chaps. 7, 8,9, 10 and 11).


http://dx.doi.org/10.1007/978-3-319-50030-0_2
http://dx.doi.org/10.1007/978-3-319-50030-0_3
http://dx.doi.org/10.1007/978-3-319-50030-0_4
http://dx.doi.org/10.1007/978-3-319-50030-0_5
http://dx.doi.org/10.1007/978-3-319-50030-0_6
http://dx.doi.org/10.1007/978-3-319-50030-0_7
http://dx.doi.org/10.1007/978-3-319-50030-0_8
http://dx.doi.org/10.1007/978-3-319-50030-0_9
http://dx.doi.org/10.1007/978-3-319-50030-0_10
http://dx.doi.org/10.1007/978-3-319-50030-0_11
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A third group of domains (Part III: Modeling and assessing vocational compe-
tencies and adult learning) concerns vocational competencies and adult learning in
fields such as car mechatronics, electronics, building trades, and industrial manage-
ment (Chaps. 12, 13 and 14).

Modeling of change and training of competencies represents a fourth, very chal-
lenging area of research (Part IV: Competency development: Modeling of change
and training of competencies). Projects are concerned with students’ physics com-
petencies, decision making regarding sustainable development, metacognitive com-
petencies, strategies for integrating text and picture information, problem-solving
competencies, language and mathematics competencies (Chaps. 15, 16, 17, 18, 19
and 20).

1.2.2 Innovations in Psychometric Models and Computer-
Based Assessment

Research in the area of psychometric models (Part V: Innovations in psychometric
models and computer-based assessment) asks how theoretical models of competen-
cies can be linked to psychometric models in order to develop assessment instru-
ments. Innovative approaches are presented concerning multidimensional IRT
models for English as a foreign language, multidimensional adaptive measurement
for large-scale assessments, adaptive assessment of competencies regarding multi-
ple representation of mathematical functions, relating product and process data
from computer-based assessments, and dynamic problem solving (Chaps. 21, 22,
23, 24 and 25).

1.2.3 Reception and Usage of Assessment Results

Research in the area of assessment results (Part VI: Feedback from competency
assessment: Concepts, conditions and consequences) asks what kinds of informa-
tion from competence assessments can be used by practitioners in the educational
system, and in which ways. A specific focus of the projects is on feedback, such as
the role of feedback in formative assessment, in arguing validity and standard set-
ting, as well as feedback effects in a dynamic test of reading competence (Chaps.
26, 27 and 28).


http://dx.doi.org/10.1007/978-3-319-50030-0_12
http://dx.doi.org/10.1007/978-3-319-50030-0_13
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http://dx.doi.org/10.1007/978-3-319-50030-0_19
http://dx.doi.org/10.1007/978-3-319-50030-0_20
http://dx.doi.org/10.1007/978-3-319-50030-0_21
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1.3 Conclusion

As outlined in this introduction, the assessment of competencies plays a key role in
optimizing educational processes and improving the effectiveness of educational
systems. However, to adequately assess competencies in educational settings is a
challenging endeavor, and the German DFG-Priority Program “Competence Models
for Assessing Individual Learning Outcomes and Evaluating Educational Processes”
has been an attempt to move the field onto a broad national footing by funding basic
scientific research on modeling competencies.

The Priority Program has had significant influence, not only in terms of scientific
publications (a complete list of publications is provided at http://kompetenzmod-
elle.dipf.de/en/publications/km_literatur_e.html), but also in terms of stimulating
additional, more-applied large-scale research programs funded by the German
Federal Ministry of Education and Research (BMBF). One example of these latter
is the Research Program KoKoHs: “Modeling and Measuring Competencies in
Higher Education” (Zlatkin-Troitschanskaia et al. 2014, 2015, 2016). Another
example is the Research Program ASCOT: “Technology-based Assessment of Skills
and Competencies in Vocational Education and Training” (BMBF 2012).

As a result of both the more basic research (DFG-Priority Program) and the
more-applied research (BMBF Programs), a large number of theoretical models,
psychometric approaches, and assessment instruments are now available. These
allow practitioners in the educational field to assess competencies in a great variety
of domains. Furthermore, these models, approaches, and instruments that were
developed within specific domains, can be used as a blueprint for developing mod-
els, approaches, and instruments in other domains. Thus, there are good grounds for
optimizing educational processes and improving the effectiveness of the educa-
tional system in Germany through adequately assessing student competencies.

Acknowledgments The preparation of this chapter was supported by grants KL 1057/9-1 to 9-3
and LE 645/11-1 to 11-3 from the German Research Foundation (DFG) in the Priority Program
“Competence Models for Assessing Individual Learning Outcomes and Evaluating Educational
Processes” (SPP 1293). The chapter is based on papers by Fleischer et al. (2012, 2013), Klieme
and Leutner (2006), Koeppen et al. (2008), and Leutner et al. (2013).
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Chapter 2
Science-P I: Modeling Conceptual
Understanding in Primary School

Judith Pollmeier, Steffen Trobst, Ilonca Hardy, Kornelia Méller,
Thilo Kleickmann, Astrid Jurecka, and Knut Schwippert

Abstract In the Science-P project (Science Competency in Primary School), we
aimed at modeling scientific literacy in two dimensions—scientific reasoning and
conceptual understanding—to describe science learning in primary school. The
present chapter focuses on conceptual understanding exemplified by two content
areas: floating and sinking (FS) and evaporation and condensation (EC). Drawing
on results from conceptual change research in developmental psychology and sci-
ence education, we devised a model with three hierarchically ordered levels of
understanding—naive, intermediate and scientifically advanced—as the foundation
of item and test construction. The two content areas engendered a two-dimensional
structure in our test instrument. A validation study underscored that responses to our
paper-pencil items were systematically related to responses obtained in interviews.
Our test instrument was used to capture the development of primary school stu-
dents’ conceptual understanding from second to fourth grade, in both a cross-
sectional and a longitudinal study. For cross-sectional data, students’ proficiency in
scientific reasoning was found to predict their conceptual understanding. In future
analyses, we will test this finding with our longitudinal data.

Keywords Conceptual understanding ¢ Science competency ® Primary school ¢
Development
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2.1 The Assessment of Science Competency in Primary
School

In recent years, science learning has been described within the construct of scien-
tific literacy, which has been conceptualized with various facets, distinguishing a
component of conceptual understanding from a component of procedural under-
standing (Bybee 1997). While there are theoretical and empirically validated mod-
els of science competency for secondary schools, corresponding efforts are rare
within the growing body of research on competency development for primary
schools (e.g., Walpuski et al. 2011). Hence, in our project we aimed to model the
development of science competency in primary school in the two dimensions of
scientific reasoning (e.g., Koerber et al. 2017, in this volume) and conceptual under-
standing. The latter is the focus of this chapter.

To derive a theoretically plausible and empirically testable competency model of
conceptual understanding in primary school science, it appears suitable to resort to
the findings of conceptual change research in developmental psychology and sci-
ence education. This research has revealed that students bring a wide range of indi-
vidual content-specific ideas and conceptions to the science class; these have
potential to hinder or foster formal science learning. Aside from the nature of stu-
dents’ naive conceptions, conceptual change research has also explored the path-
ways along which these evolve (e.g., Schneider and Hardy 2013). In this context, we
pursued three main goals: (a) modeling primary school students’ conceptual under-
standings in the content areas of FS and EC with paper-pencil tests to empirically
validate a competency model using large groups of students, (b) investigating the
development of conceptual understanding over the course of primary school and (c)
examining the relation between students’ conceptual understanding and scientific
reasoning.

2.2 Modeling Conceptual Understanding in Primary School
Science

2.2.1 Model Specification and Item Construction

In the first place, we hypothesized a competency model with three hierarchical lev-
els of increasing understanding: At the naive level students hold scientifically inad-
equate conceptions which, through processes of restructuring or enrichment may
possibly result in intermediate conceptions. These contain partly correct conceptu-
alizations and are applicable in a broader range of situations than are naive concep-
tions. At the scientifically advanced level, eventually, students hold conceptions in
accordance with scientifically accepted views (Hardy et al. 2010). Within this
framework, we designed a construct map as the foundation for item development
(Wilson 2005). For each content area, this contained detailed descriptions of
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possible student conceptions at each level of understanding. These conceptions
were extracted from conceptual change research (e.g., Hsin and Wu 2011; Tytler
2000).

The translation of the conceptions identified in conceptual change research into
a paper-pencil instrument suitable for testing groups of primary school students,
posed a considerable challenge for item development. Specifically, the test instru-
ment had to incorporate and represent different levels of conceptual understanding
without inducing artificial response tendencies and preferences. Using the construct
map, we designed items with mainly closed response formats; response alternatives
represented varying levels of conceptual understanding. Response formats were
either forced-choice (select the better of two alternatives), multiple-choice (select
the best of three to six alternatives) or multiple-select (judge three to six alternatives
consecutively as true or false). In addition, a few items with open and graphical
response formats were constructed (Kleickmann et al. 2010).

For all items, the stems consisted of descriptions of physical phenomena relevant
to the two content areas. Of these phenomena, those which could be presented in a
classroom, were demonstrated during administration of the test (see Fig. 2.1). After
presentation of a specific phenomenon, students had to select or, in the rare case of
open response formats, produce an explanation for that phenomenon. For multiple-
select items, students could select several explanations simultaneously (see Fig. 2.1).
To minimize the impact of reading ability on students’ performance, descriptions of
phenomena and response alternatives were read out aloud. Students in participating
classes proceeded simultaneously through the test within 90 min. The majority of
items represented explanations on the naive level, due to the wealth of naive concep-
tions identified by previous research. In general, primary school students were con-
sidered to demonstrate proficient conceptual understanding by the dismissal of
naive explanations and the endorsement of intermediate or scientifically advanced
explanations.

2.2.2 Conceptual Understanding: Dimensions and Levels

To examine the dimensionality of our test instrument, we fitted one-parametric
logistic item response models with varying dimensionality to the data of a cross-
sectional study with 1820 s, third and fourth graders, using ACER Conquest 2.0
(Wu et al. 2005). A likelihood ratio test of relative model fit demonstrated that a
model featuring the two content areas as separate dimensions, fitted the data better
than did a uni-dimensional model (Ay*(2) = 246.83, p < .001, AAIC = 242.88,
ABIC = 231.71; Pollmeier 2015; Pollmeier et al. in prep.). This finding supported
the notion that competency in certain content areas might develop separately from
that in other content domains. Thus, further analyses for the cross-sectional data
were performed separately for each content area. The two-dimensionality estab-
lished for the cross-sectional data set was consistent with the results of preliminary
studies (Pollmeier et al. 2011).
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The Cold Glass

Instruction:

You fill a glass with cold water and ice cubes. At first the glass is dry on
the outside. But after a couple of minutes you can see little droplets on
the outside.

Let’s try this by ourselves.

(Demonstration of phenomenon with corresponding material.)

Why do the droplets appear on the outside of the glass?

Select either “true” or “false” after each explanation!

true false

The water droplets came from inside the glass through

naive
small pores.

The water droplets condensed in the air, as the air

scientific
cooled. if

Water from the air became visible because of the cold. intermediate

The water from the glass is now on the outside. naive

Fig. 2.1 Sample item: condensation

To clarify the influence of the hypothesized levels of understanding and sub-
facets of content areas defined in the construct map on students’ performance, we
devised explanatory item response models, using the R-package Ime4 (De Boeck
and Wilson 2004; De Boeck et al. 2011). These models explored the impact of spe-
cific person and item characteristics on students’ responses (Pollmeier et al. 2013).
In particular, the analyses revealed differential proficiency in subgroups of students
with regard to levels of understanding in the two content areas. We found an overall
gender effect for the content area of FS, with boys outperforming girls. Furthermore,
girls exhibited specific weaknesses for items on density and displacement, compared
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to items on buoyancy. They also, relative to boys, had a preference for explanations
on the intermediate level, whereas they neglected explanations based on scientifi-
cally advanced conceptions. In contrast, for the content area of EC, overall perfor-
mance did not differ between girls and boys. Yet girls also displayed a relative
preference for items featuring intermediate conceptions in the content area of EC,
although they did not neglect scientifically advanced conceptions (Pollmeier et al.
2013).

To explain additional variance in item difficulties, we explored the relevance of
characteristics derived from the classification of item stems. Again, we employed
explanatory item response models, both for the cross-sectional data and for one
further experimental study, in which certain contextual features were varied system-
atically across item stems (Pollmeier 2015). For the content area of FS we identified
congruence as an important explanatory characteristic for items associated with the
concepts of density and displacement: With these items, students had to compare
two objects and decide which was made of the denser material or displaced more
water. Items featuring congruent objects—that is, the denser object was also the
heavier object, or the heavier object displaced more water—were easier to solve
than incongruent items—that is, where the denser object was the lighter object or
the lighter object displaced more water.

For the content area of EC we obtained no single explanatory characteristic of
central importance. However, we found that the specific content used in items
accounted for a large portion of the variance in item difficulties. The most difficult
content for the facet of evaporation was a naive conception: the anthropomorphic
interpretation of the physical phenomena to be explained. Items with scientifically
advanced content—that is, with the correct explanation for phenomena of evapora-
tion in age-appropriate language—were not as difficult to solve as these items, or
items proposing a mere change of matter as the explanation for evaporation phe-
nomena. Items conveying a false description of the change of matter, a description
of change of location, and non-conservation of matter as explanations for evapora-
tion phenomena, were comparatively easy to solve. For the facet of condensation,
items featuring a faulty description of a cause, a change of location, a change of
matter and a scientifically advanced explanation for condensation phenomena, con-
stituted an order of decreasing difficulty of content (Pollmeier 2015).

2.2.3 Validity

To assess the convergent and discriminant validity of our instrument, we conducted
a validation study with four third grade classes (FS: N =41, EC: N = 32). For each
content area we presented two classes with 13 item stems, both as paper-pencil
items with closed response format and as interview items with open response format
(Pollmeier et al. 2011). Students were randomly assigned to an order of presentation
of the two forms of item. Additionally, reading ability (Lenhard and Schneider
2006) and cognitive ability (Weil 2006) were measured. We found substantial
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correlations between the two modes of assessment for each content area, but also
systematic differences in the responses: Students produced a wider range of answers
on the naive and intermediate levels, and fewer answers on the scientifically
advanced level for interview items than for paper-pencil items. As expected, the
production of explanations was more demanding than merely endorsing correct
response alternatives. Apart from that, knowledge in the content area of FS, as
assessed with the interviews, appeared to be more fragmented and context depen-
dent than corresponding knowledge in the content area of EC; a discrepancy not
evident in the paper-pencil items.

Moreover, for the content area of EC, performance on paper-pencil items was
independent of reading ability and cognitive ability. This finding supports the claim
that our instrument measured a form of science competency that was more specific
than those general abilities. The substantial relation found between the test of cogni-
tive ability and performance on the paper-pencil items for the content area of FS
probably was induced by the similarity between items covering the facet of density
and items assessing cognitive ability. The impact of socio-economic status on profi-
ciency in the content of FS was evident both for interview and for paper-pencil
items.

In sum, there was a systematic difference between responses to interview and
paper-pencil items that can be readily explained by the discrepancy between free
retrieval and recognition and that thus was not caused by a difference in the con-
structs assessed by the items. In other words, the positive associations between
responses to interview and paper-pencil items indicate that our test instrument for
assessment of conceptual understanding captured a form of science competency
that is plausibly parallel to the conceptual understanding found in classic conceptual
change research.

2.3 The Development of Conceptual Understanding
in Primary School Science

Analyses of the cross-sectional data set (see Sect. 2.2.2 above) by means of explana-
tory item response models also yielded insights into the differences in average con-
ceptual understanding between grade levels: Third and fourth graders outperformed
students from second grade in terms of conceptual understanding, and we further
unveiled the specific strengths of third and fourth graders. Within the content area of
FS, third and fourth graders performed particularly well on items covering the facets
of density and displacement and on items featuring scientifically advanced concep-
tions. In the content area of EC, students from third and fourth grade displayed a
specific strength in items concerned with the facet of evaporation.

A longitudinal study with a total of 1578 students in 75 classes from primary
schools in two federal states of Germany (Baden-Wuerttemberg, North Rhine-
Westphalia) concluded our project. Students completed our tests on science
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Table 2.1 Descriptive statistics for the longitudinal study

Grade 3, end of school year | Grade 4, end of school year
Content area M(SD) 'Min | Max | M(SD) 'Min | Max
Descriptive item statistics
Floating and sinking .50(.43) .16 .96 .56(.45) 30 1.90
Evaporation and condensation .52(.47) 30 .86 .59(.47) 33 92
Descriptive person statistics
Floating and sinking 11.40(4.48) |2 23 14.39(4.87) 0 23
Evaporation and condensation 24.63(5.53) |10 42 27.92(6.30) 2 46

competency at the end of third and fourth grade. For the preliminary analyses we
used 48 individual items from 23 anchoring item stems, of the total 27 stems that
were used in this study.

For both content areas, on average, the solution rates of anchor items increased
in fourth grade and were accompanied by relatively large standard deviations (see
Table 2.1, item statistics); a first hint that our instrument covered a sensible amount
of variety. Also, the number of correctly solved items reveals that students on aver-
age solved more items at posttest than at pretest (see Table 2.1, person statistics). In
relation to the number of anchor items assigned to each content area, this implies a
relatively smaller gain in conceptual understanding for the content area of EC.

In sum, our preliminary explorations suggest that we succeeded in assessing
naturally occurring growth in conceptual understanding in this longitudinal study.
In future analyses based on all items, we will examine whether the small growth in
the content area of EC is attributable to the general difficulty of this content or rather
to deficiencies in the amount and quality of formal instruction. Furthermore, we will
investigate students’ performance with regard to the various characteristics of items
and item stems (e.g., the assigned level of conceptual understanding). Finally, future
analyses will focus on investigating the conjoint development of conceptual under-
standing and scientific reasoning.

2.4 Conceptual Understanding and Scientific Reasoning

The issue of the relation between conceptual understanding and scientific reasoning
was also tackled with the cross-sectional study data (for detailed analyses of pri-
mary school students’ competency in scientific reasoning see Koerber et al. 2017, in
this volume). After calibrating our tests by the use of simple Rasch models, we
retrieved weighted likelihood estimates of person ability for subsequent analyses.
Multilevel analyses revealed substantial associations between scientific reasoning
and conceptual understanding in both content areas that were not readily explained
by relevant covariates like fluid intelligence, reading ability, interest in science,
socioeconomic status, and immigrant status. Furthermore, in the content area FS,
the predictive effect of scientific reasoning on conceptual knowledge slightly
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increased with grade, even after controlling for fluid ability. These findings hint at
the possibility that proficient scientific reasoning facilitates the acquisition of con-
ceptual understanding. Specifically, having a command of the processes of scientific
reasoning could enhance the evaluation of evidence with respect to existing concep-
tions, which could take the role of hypotheses or even theories. This could also
account for the possibly cumulative effect of proficient scientific reasoning on con-
ceptual understanding, suggested by its interaction with the content area FS in the
cross-sectional data. Future analyses of the longitudinal data will yield deeper
insights into this issue.
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Chapter 3
Science-P II: Modeling Scientific Reasoning
in Primary School

Susanne Koerber, Beate Sodian, Christopher Osterhaus, Daniela Mayer,
Nicola Kropf, and Knut Schwippert

Abstract Basic scientific reasoning abilities in primary-school children have been
documented in numerous studies. However, an empirically tested competence-
structure model has not been developed, most likely due to the difficulty of captur-
ing conceptual understanding in paper-and-pencil tasks. The Science-P project
contributes to this research area by constructing and testing a theoretical model of
the development of scientific reasoning in primary school. Based on our own
competence-structure model, derived from developmental research, we constructed
a comprehensive inventory of paper-and-pencil tasks that can be used in whole-
class testing. This chapter provides an overview of the development of our inven-
tory, and reports three central findings: (1) the convergent validity of our inventory,
(2) the significant development of scientific reasoning in primary school from
Grades 2 to 4, and (3) empirical proof of our competence-structure model.

Keywords Scientific reasoning ¢ Primary school ¢ Competence modeling

3.1 Science-P

The Science-P project (Science competencies in Primary school) investigated the
development of two central dimensions of science understanding: general scientific
reasoning, and conceptual understanding in physics in primary school. This chapter
focuses on the dimension ‘“scientific reasoning” and reports central findings
regarding the development of this form of reasoning from Grades 2 to 4. The
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development of conceptual understanding in physics is described in the chapter by
Pollmeier et al. (2017) in this volume.

Whereas early studies of scientific reasoning focused primarily on secondary-
school students, modern developmental research indicates the presence of basic sci-
entific reasoning abilities in primary-school children (Zimmerman 2007) and even
of beginning skills and understanding in preschool children (e.g., Koerber et al.
2005). The literature contains descriptions of two research approaches: (1) theory-
oriented research focused on the developmental function and on qualitative change,
mainly using interview-based studies (e.g., Carey et al. 1989; Kuhn 2010; Lederman
2007) and (2) research focusing on the psychometric modeling of science under-
standing (e.g., TIMSS, PISA), which usually involves large-scale assessments and
complex models based on post-hoc-determined hierarchical levels of competence.
Science-P aimed to bridge the gap between these two approaches by developing and
empirically testing a theory-based model of scientific reasoning competence.

In line with the common conceptualization (e.g., Zimmerman 2007), we regard
scientific reasoning as intentional knowledge seeking (Kuhn 2010) involving the
generation, testing, and evaluation of hypotheses and theories, and reflecting on this
process (e.g., Bullock et al. 2009). The resulting wide range of scientific reasoning
tasks includes those related to experimentation strategies (e.g., control of variables
[COV]), data interpretation and the evaluation of evidence (e.g., Kuhn et al. 1988),
and the process of scientific knowledge construction (i.e., understanding the nature
of science [NOS]). Despite the apparent variety of tasks, it is commonly assumed
that understanding the hypothesis-evidence relation is fundamental to these diverse
scientific reasoning tasks (Kuhn 2010; Zimmerman 2007); this assertion however
has not been tested empirically.

3.2 Development of Our Inventory

Our inventory was constructed in three project phases (see Fig. 3.1). Based on an
extensive literature review of interview-based and experimental studies, Phase 1
developed a series of paper-and-pencil tasks (see e.g., Koerber et al. 2011) that
could be used in whole-class testing. In Phase la, we conducted several studies,

Phase la: Phase Ib: Phase Il Phase lll:
Itern development Item testing Cross-sectional study Longitudinal study

Influences: teachers, school, parents

- T pe
dmt”;:'"'ﬁ':‘dh e Validation item pilot Cross-sectional Lengitudinal
RER grades 14} lgrade 31 tersdes 3.4} (grades 2,3.4) (grades 3, 4)

Fig. 3.1 Phases of the project Science-P
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using multiple-choice (MC), forced-choice (FC), multiple-select (MS), and short
open-answer tasks in one-on-one sessions. Each closed response format entailed
answer options that corresponded to two or three hierarchical levels of competence,
as postulated by the model (for an example of an MS task, see Fig. 3.2 from Koerber
et al. 2015b). After designing and iteratively refining the tasks in several small
studies, the first large-scale rotated-design study, involving 379 second and fourth

Long ago, in the Middle Ages, people believed 4
there were witches who could make people sick. 2

A modern-day scientist traveled back to the B

Middle Ages with a time machine. & ?

Scientists in the Middle Ages thought that witches

™
could make people sick. 0 2
The modern-day scientist believed that bacteria “*‘G |

could make people sick.

The modern-day scientist showed the scientist [

from the Middle Ages the bacteria under the ' hg

microscope and explained: “These bacteria are ‘*&a E" -ﬂ_
- — - g “\ -

the reason why people get sick!"

What would the scientist from the Middle Ages say to this?

He He
would would
say this. | not say

this.

1. “Of course you're right. Bacteria make people sick, not

witches.” = o
| naive

2. “Bacteria could be the witches' little helpers.”

O a
| advanced
3. ‘It may be true that there are bacteria here, but witches
are still the ones who make people sick.” = : a a
| intermediate
Which is the best answer? No.

Fig. 3.2 Example of an item assessing NOS (understanding theories) (Reprinted from Koerber
et al. (2015b) with permission from Wiley & Sons. (C) The British Psychological Society)
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graders, was conducted in order to test the fit of tasks (N =47) and the applicability
of the inventory in whole-class testing procedures (item pre-pilot). Phase 1b fin-
ished with a validation study of representative items of the inventory (see Kropf
2010, and below, Sect. 3.3). After constant improvement and extension of the item
pool, Phase 2 comprised a large item pilot study involving 996 third and fourth
graders. Based on item fits, biserial correlations, difficulty, and discrimination, 13
out of 83 tasks were excluded. The resulting item pool formed the basis for the fur-
ther optimization and selection of tasks for the cross-sectional study (see below,
Sect. 3.4), which also took place in Phase 2 and which tested more than 1500 sec-
ond, third, and fourth graders. Phase 3 of the project was a longitudinal study (with
two measurement series to date) that began with testing more than 1500 third grad-
ers (see below, Sect. 3.5).

Taking into account the diverse aspects of scientific reasoning, we aimed to pro-
vide a comprehensive inventory of scientific reasoning competence comprising five
components: (1) a knowledge of experimentation strategies (e.g., the COV strat-
egy), (2) an understanding of conclusive experimental designs for hypothesis test-
ing, and (3) the ability to test hypotheses by interpreting data and evidence, and—on
a more general level—to assess the understanding of NOS concerning (4) the goals
of science and (5) how sociocultural frameworks influence theory development.

3.3 Convergent Validity of Paper-and-Pencil Inventory
and Interviews

Whether the designed tasks adequately captured children’s scientific reasoning
competence was tested in a validation study comparing performance in a set of tasks
with performance in an established interview (cf. Carey et al. 1989). The evidence
for convergent validity is crucial, since a potential criticism of the use of paper-and-
pencil tests is that they increase the probability of responding correctly by guessing
(Lederman 2007). Indeed, paper-and-pencil tests might lead to arbitrary responses,
and significant relations between children’s answers in interviews and parallel MC
tests are not always found. Whereas a slightly better performance might be expected
in paper-and-pencil tests rather than interviews, due to the lower cognitive and lan-
guage demands in the former, interindividual differences should be stable across the
two methods when testing convergent validity. Because standardized interviews do
not exist for all aspects of scientific reasoning, we exemplarily chose understanding
NOS to establish the instrument’s validity (see also Kropf 2010 for a related analy-
sis of the instruments’ validity, incorporating the component experimentation
strategies).



3 Science-P II: Modeling Scientific Reasoning in Primary School 23

3.3.1 Method
3.3.1.1 Participants

The participants comprised 23 third graders (M = 8.10 years, SD = 5 months)
recruited from two primary schools in a rural part of Germany.

3.3.1.2 Material

Interview The Nature of Science Interview (NOSI; Carey et al. 1989; Sodian et al.
2002) focuses on the hypothesis-evidence relation: that is, the metaconceptual
understanding of ideas (i.e., hypotheses, theories) underlying scientific activities
and their differentiation from evidence. NOSI consists of several questions investi-
gating children’s understanding of science in general (e.g., “What do you think
science is all about?”) and of its central elements (e.g., ideas, hypotheses, experi-
ments) as well as their relations (e.g., “What happens when scientists are testing
their ideas, and obtain a different result from the one they expected?”’). Based on
prior research (Kropf 2010), the present study used a reduced version of NOSI,
(nine of the 18 questions).

A three-level coding scheme was adapted from Carey et al. (1989, see also
Bullock et al. 2009; Sodian et al. 2006) and further differentiated into the lowest
level due to the youth of our participants and our focus on beginning abilities. The
answers at Level O (the lowest naive level, Level 1a, according to Sodian et al.)
reflect a naive understanding in which science is understood in terms of activities
and without reference to ideas as formative instances of knowledge (e.g., “the goal
of science is to make things work™). At Level 0.3, again a naive level (Level 1b
according to Sodian et al.), children regard science as information-seeking, but do
not yet display an understanding of the hypothesis-evidence relation. Answers at
Level 1 (the intermediate level) reflect a basic but not yet elaborated understanding
of the differentiation between ideas and activities (e.g., “scientists consider things
and think about why things are as they are; then they do research, perhaps they read
what others have done, and then they probably ask a question why something is as
it is, and they just do science”). Answers at Level 2 (the scientifically advanced
level) indicate a beginning understanding of the relations between theories, hypoth-
eses, and experiments, sometimes including an implicit notion of the role of a theo-
retical framework (e.g., “scientists have a certain belief or hypothesis, and then they
try to confirm it by doing experiments or tests”).

Paper-and-Pencil Tasks This study used five paper-and-pencil tasks presented in
the format of FC, MC, or MS questions.
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Control Variables Textual understanding was assessed using the ELFE 1-6
German reading proficiency test (Lenhard and Schneider 2006). Intelligence was
assessed using the working-memory, logical-reasoning, and processing-speed
subtests of HAWIK-IV, which is the German version of the WISC intelligence test
(Petermann and Petermann 2008).

3.3.1.3 Procedure

Each child was tested twice. Half of the participants received the paper-and-pencil
tasks first (whole-class testing) followed by the individual interview, with the order
reversed for the other half. In the whole-group session, each child completed an
individual test booklet under step-by-step guidance from an administrator using a
PowerPoint presentation. Furthermore, a test assistant helped in the answering of
comprehension questions.

3.3.2 Results
3.3.2.1 Pre-analyses

Pre-analyses revealed no significant effect either of order of presentation (inter-
views before paper-and-pencil tasks or vice versa), F(1, 21) = 0.22, ns, for the
paper-and-pencil test, F(1, 21) = 0.07, ns, for the interview, or of gender, F(1, 21) =
0.60, ns and F(1, 21) = 0.15, ns.

3.3.2.2 Convergent Validity

We found a significant correlation between the scores for the paper-and-pencil test
and NOSI (r = .78, p < .01). Whereas NOSI especially differentiated lower compe-
tencies (i.e., naive conceptions at Level 0 or 0.3), the spread in the paper-and-pencil
test was much larger (see Fig. 3.3). When partialing out intelligence and reading
ability, the correlation between scores for NOSI and the paper-and-pencil test
remained strong (p, = .70, p < .01; partial correlation).

We also found that the level of difficulty differed significantly between NOSI
and the paper-and-pencil test, in that children showed a significantly lower score in
NOSI (M =0.22, SD = 0.14) than in the paper-and-pencil test (M = 0.95, SD = 0.43;
#(22) = 10.20, p < .001).
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3.3.3 Discussion

This study aimed to test the validity of paper-and-pencil tasks. The strong correla-
tion between the scores for the paper-and-pencil test and for NOSI supports our
hypothesis that children seriously reflected on the choice of answers before select-
ing the best one, rather than simply guessing.

The performance was lower when interview questions had to be answered, but
even in this format there was individual variation between two naive levels of under-
standing, which was correlated with the level of understanding attained in the paper-
and-pencil test. Our finding that children perform better in the paper-and-pencil test
than in NOSI is consistent with previous research (e.g., Bullock et al. 2009;
Pollmeier et al. 2011). Two factors facilitating children’s performance might account
for this finding: (1) the questions included in NOSI were embedded in our paper-
and-pencil test in a contextual format, and (2) presenting children with a choice of
answers and asking them to select the best one (MC tasks), or alternatively requiring
them to reflect on each proposition (at different levels) and to accept or reject it (MS
tasks), helped them to structure their ideas and elicited answers that they might not
have given had they been required to answer spontaneously. We consider this format
a suitable framework for helping them to express their ideas and to compensate for
their restricted eloquence. Primary-school children are not yet used to verbally
reflecting on certain issues, and so a paper-and-pencil test might be more suitable
than an interview for research studies aiming at detecting basic competence.
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3.4 Scientific Reasoning: Development from Grades 2 to 4

After constructing a reliable scale and establishing its validity, we used the instru-
ment (1) to systematically investigate the development of scientific reasoning from
Grades 2 to 4, and (2) to investigate whether components of scientific reasoning are
conceptually connected (for a more detailed description see Koerber et al. 2015a;
Mayer 2012; Mayer et al. 2014).

In a rotated design, we presented more than 1500 children from Grades 2 to 4
with 66 paper-and-pencil tasks comprising several components of scientific reason-
ing. The children were also presented with an intelligence test (CFT) and a test of
text comprehension (see Sect. 3.2). Furthermore, the parents completed a question-
naire about their socioeducational status (SES).

A unidimensional Rasch model revealed a good fit to our data, with only six
items being excluded due to undesirable item fit statistics. The reliability was found
to be good (EAP/PV = .68). Several multidimensional model comparisons sup-
ported the divergent validity of scientific reasoning, intelligence, problem-solving,
and textual understanding, although these constructs are closely related to scientific
reasoning, as indicated by strong correlations (between .63 and .74). Furthermore,
different components of scientific reasoning (see Sect. 3.2) could be scaled together,
indicating that they constituted a unitary construct. The results for the entire sample
were the same as those for each grade separately. Identifying scientific reasoning as
a unitary construct is especially impressive, given that the children were only sec-
ond graders and that we used a comprehensive test with tasks involving different
scientific-reasoning components in a single test.

Significant development was observed from Grades 2 to 3 and from Grades 3 to
4: this was independent of intelligence, textual understanding, and parental educa-
tional level. Previous studies of scientific reasoning in primary schools have
employed single tasks from only one or two scientific-reasoning components, and
the present study is the first to trace the development of scientific reasoning across
different components using multiple tasks. The use of this inventory revealed devel-
opment from Grades 2 to 4, despite scientific-reasoning competence not being
explicitly and continuously addressed in the curricula.

Similarly to intelligence and textual understanding, the parental educational
level and the time of schooling significantly impacted the children’s scientific rea-
soning competence. However, since the obtained data are purely correlational, the
direction and possible causation of these variables should be addressed in a future
longitudinal study.
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3.5 Competence-Structure Model of Scientific Reasoning:
Hierarchical Levels of Competence

A central aim of the Science-P project was to develop and empirically test a
competence-structure model. More specifically, our model is based on accounts of
scientific reasoning that posit distinct hierarchical levels of naive and intermediate
understanding that children pass through before developing more advanced concep-
tions of science and the scientific method (Carey et al. 1989). Up to this point, test-
ing such models has posed methodological difficulties, since these levels had not
been implemented a priori in the tasks used in any previous large-scale study.

This was the first longitudinal study to test the competence structure described
herein. In our refined inventory, the answer options for each item included all three
hierarchical levels (naive, intermediate, advanced), and the children were asked to
consider each answer option individually (MS format) and also to choose the best
answer option (MC format). From the resulting eight possible patterns of rejection
and acceptance of each of the three answer options, the lowest level answer was
identified as the final level. That is, an answer was coded as being naive whenever
the child endorsed a naive level (regardless of the other answer options) and perfor-
mance was coded as advanced only when the child accepted the advanced answer
option and simultaneously refuted the naive and intermediate options. An interme-
diate score was given in the case of acceptance of the intermediate and rejection of
the naive option, regardless of the acceptance of the advanced option. This form of
MS assessment reduces the probability of correctly answering the items by guess-
ing, which is a known problem of MC assessment.

The first measurement series of the longitudinal study (see Osterhaus et al. 2013)
included a sample of more than 1300 third graders—a different sample from that in
the cross-sectional study (reported in Sect. 3.3)—who answered 23 MS tasks on
scientific reasoning (see Fig. 3.2). Again, intelligence and textual understanding
were assessed.

A partial-credit model revealed a good fit to the data, supporting the hypothe-
sized competence-structure model, which postulated that the three distinct levels
represent the theorized hierarchical difficulties. For all but eight tasks, this assump-
tion was supported by three indicators: (1) higher point-biserial correlations for
higher categories (e.g., intermediate and advanced conceptions), (2) increasing abil-
ity level per category (naive < intermediate < advanced conception), and (3) ordered
delta parameters. This instrument, which includes hierarchical levels, exhibited
acceptable reliability, and its divergent validity with respect to intelligence and tex-
tual understanding confirmed the results of the cross-sectional study presented in
Sect. 3.3. The items differentiated sufficiently between children, although changing
the item format to an MS format, and the stricter coding, made the items generally
more difficult than in the cross-sectional study.
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Together, these results confirm the validity of our competence-structure model,
which posits three hierarchical levels. Therefore, we have succeeded in combining
the methodological scrutiny of competence modeling with developmental accounts
of the conceptual development of scientific reasoning (Carey et al. 1989).

3.6 Outlook

Future studies will include the results of the second measurement series, and will
use multilevel analyses and structural models to determine competence gains and
conceptual development, taking into account multiple factors of different levels of
influence (e.g., intelligence, socio-economic status, teacher competence). Analyses
of the developmental paths with respect to the hierarchical levels are currently
underway.

An important future next step is to investigate the assumed mutual influence of
content-specific science understanding (Pollmeier et al. 2017, in this volume) and
scientific reasoning in development. The cross-sectional study of Pollmeier et al.
found a close relation between both dimensions, and the results obtained in the pres-
ent longitudinal study will facilitate identifying the direction of the influences.

In summary, the Science-P project contributes to our understanding of the rela-
tion between scientific reasoning and content-specific science understanding and its
development in primary school. In addition, it has produced a competence-structure
model of scientific reasoning in primary school and shed light on many of the
important factors influencing the development of scientific reasoning, including
intelligence, parental educational level, and school.
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Chapter 4
The Heidelberg Inventory of Geographic
System Competency Model

Kathrin Viehrig, Alexander Siegmund, Joachim Funke, Sascha Wiistenberg,
and Samuel Greiff

Abstract The concept “system” is fundamental to many disciplines. It has an espe-
cially prominent place in geography education, in which additionally, the spatial
perspective is central. Empirically validated competency models dealing specifi-
cally with geographic systems—as well as adequate measurement instruments—are
still lacking. Therefore, based on the theoretically-guided development of a
Geographic System Competency (GSC) model, the aim was to build and evaluate
such a measurement instrument, with the help of probabilistic measurement models.
The competency model had three dimensions: (1) “comprehend and analyze sys-
tems”, (2) “act towards systems” and (3) “spatial thinking”, whereby dimension (2)
was changed to “evaluating possibilities to act towards systems” after a thinking-
aloud study. A Cognitive Lab (CogLab) and two quantitative studies (Q1 n = 110,
Q2 n =324) showed divergent results. Dimension (2) could not be identified in both
quantitative studies. Whereas Dimensions (1) and (3) constituted separate dimen-
sions in Q1, in Q2 the two-dimensional model did not fit significantly better than the
one-dimensional model. Besides showing the close relationship between spatial and
systemic thinking in geographic contexts, which are thus both needed in modeling
GSC, the project highlights the need for more research in this central area of geog-
raphy education.
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Keywords Systems thinking ¢ Spatial thinking ¢ Competence model ¢ University
students * Geography

4.1 The Role of Geographic System Competency
in Geography Education

Geography often deals with complex human-environment systems that are seen as
important to society and business. Whether it is a matter of extreme weather events,
transformations in the energy sector or resource conflicts, learning to understand
(geographic) systems has been a central part of the overall objective of geographic
education for decades (e.g., DGfG 2010; Kock 1993).

Because the concept “system” is regarded as one of the most important cognitive
constructs of science (e.g., Klaus 1985; Smithson et al. 2002), research looking at
how learners and/or experts understand systems is undertaken in different subjects
(e.g., physics: Bell 2004; mathematics: Ossimitz 2000; biology: Sommer 2005; eco-
nomics: Sweeney and Sterman 2000), in interdisciplinary areas such as education
for sustainable development (e.g., Rie3 and Mischo 2008) and in the area of com-
plex problem solving (e.g., Funke 1990). Thus, the research spans a wide age range
from kindergarten to adults/university.

Geographic inquiry deals with “[...] the whys of where [...]” (Kerski 2013, 11).
Consequently, to understand geographic systems, both systemic (why) and spatial
thinking skills (where) seem necessary.

In general, systemic and spatial thinking would appear to be researched mostly
independently of each other. Moreover, despite their longstanding importance in the
German geography education discourse, the specific geographic competencies nec-
essary to understand geographic systems seem not to have been empirically identi-
fied as yet, especially with regard to the relationship of systemic and spatial thinking.
Additionally, there seem to be only few validated, psychometrically and geographi-
cally adequate, assessment instruments.

Consequently, in recent years, two DFG-funded projects have started to test
competency models empirically for geographic system competency. The model by
Rempfler and Uphues (see e.g., 2010, 2011, 2012) is based on a socio-ecological
approach and focuses on systemic thinking. In contrast, the Heidelberg Inventory of
Geographic System Competency (HEIGIS) model explicitly includes both systemic
and spatial thinking (Table 4.1).

Hence, in line with the general competency definition in the Priority Program
(SPP 1293), and based on existing works (see overview in Viehrig et al. 2011;
Viehrig et al. 2012), geographic system competency (GSC) has been defined as
“[...] the cognitive achievement dispositions [...] that are necessary to analyze,
comprehend geographic systems in specific contexts and act adequately towards
them” (Viehrig et al. 2011, p. 50, translated).
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Table 4.1 Original HEIGIS model*
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Dimension 1: Comprehend | Dimension 2: Act towards | Dimension 3: Spatial
and analyze systems systems thinking

Level 3 Identification and Also take into account side | Use several spatial
understanding of the effects and autoregressive thinking skills in a
complex network of processes structured way
relationships

Level 2 Identify and understand Take into account multiple | Use several spatial
relationships between the effects thinking skills in an
system elements unstructured way

Level 1 Identify and understand Take into account main Use only one spatial
system elements effects thinking skill in an

unstructured way

Largely based on Ben-Zvi Assaraf and Orion (2005), Gersmehl and Gersmehl (2006), Greiff and
Funke (2009), and Hammann et al. (2008)
*Viehrig et al. (2011, p. 51, translated)

The original model (Table 4.1) comprised three dimensions: comprehend and
analyze systems, act towards systems and spatial thinking, with differentiation
between Dimensions 1 and 2 based both on geographic education theory (e.g., Kock
1993, p. 18, translated, speaks of “thinking and acting in geo-ecosystems”) and
empirical results in problem solving (e.g., Greiff 2010). An overview of the basis for
development can be found, for example, in Viehrig et al. (2011) and Viehrig et al.
(2012). The spatial thinking skills in Dimension 3 refer to those identified by
Gersmehl and Gersmehl (2006), namely: “Defining a Location [...]” (p. 12),
“Describing Conditions [...]” (p. 13), “Tracing Spatial Connections [...]” (p. 14),
“Making a Spatial Comparison [...]” (p. 14), “Inferring a Spatial Aura [...]” (p. 15),
“Delimiting a Region [...]” (p. 15), “Fitting a Place into a Spatial Hierarchy [...]”
(p. 16), “Graphing a Spatial Transition [...]” (p. 17), “Identifying a Spatial Analog
[...]” (p. 18), “Discerning Spatial Patterns [...]” (p. 19) and “Assessing a Spatial
Association [...]” (p. 20) (partly bold-enhanced in the original).

To test the HEIGIS model empirically, three different studies were conducted.
The studies were targeted at university students in subjects including geography,
geography education and other subjects, such as psychology. However, the first one
in particular was constructed with thought to its applicability to high school in mind.

4.2 Study Overview

The three studies conducted within the project (2009-2011) consisted of a video-
graphed thinking-aloud cognitive lab study (CogLab) split into two rounds, and two
quantitative studies (labeled Q1 and Q2). An overview over the samples used for
analysis can be seen in Table 4.2.

The Coglab aimed at further developing the competency model as well as
exploring possible similarities in domain-general problem solving. The CogLab
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Table 4.2 Sample overview used for analysis®

CoglabRound 1 &2 | QI Q2
n 10 110 (questionnaire) 324
67 (MicroDYN)
Students 100 % 98.2 % 96.6 %
Type of Pre-service teacher Psychology 33.6 % psychology 17.9 %
students geography 90.0 %
Pre-service teacher Pre-service teacher Pre-service teacher
other 10.0 % geography 60.9 % geography 37.0 %
Geography 2.7 % Geography 34.9 %
Other 0.9 % Other geo-sciences
4.9 %
Pre-service teacher other
0.6 %
Other 1.2 %
Male 50.0 % 32.7 % (1 missing) 39.2 %
M age (SD) 23.8 (2.3) 23.2 (7.2) (1 missing) 23.9 (6.1)
M GPA 2.1 (0.8) (8 missing) 2.3(0.7)
GPA better 55.5 % (8 missing) 53.4 %
than 2.5

GPA grade point average (school leaving certificate, with 1.0 considered the best and 4.0 consid-
ered passed)
“The description for Q1 refers to the 110 participants of the questionnaire

was conducted in two rounds. The first round (n = 5) used fictitious examples, while
the second round (n = 5) used real world examples. Moreover, the two rounds dif-
fered in the items used.

Q1 aimed at a first quantitative exploration of the modified model and the rela-
tionship between GSC and problem solving. Thus, the study consisted of two parts:
a questionnaire containing background variables, and including the geographic sys-
tem competency items, and a MicroDYN to measure problem solving (for an intro-
duction to the MicroDYN testing environment see the chapter by Funke and Greiff
(2017, in this volume)). The GSC used real world examples. In Q1, 137 participants
filled out the questionnaire, of which 110 were included in the analysis because they
filled out at least one of the GSC items (only 81 returned complete questionnaires).
In the MicroDYN part, there were 81 participants, of which 67 could be included in
the analysis. The rest were excluded either because data was not saved properly or,
for more than 25 % of the items, questions were not answered.

Q2 aimed at further exploring the structure of GSC, with the help of a revised
questionnaire and a larger sample. In Q2, there were over 600 participants, of which
324 were included in the analysis. Excluded participants included those who returned
incomplete answers, and those reporting a below-B1! language level in German.

!'Using a simplified self-report scale (A1 to C2 plus an option for native speaker), based on the
“Common European Framework of Reference for Languages“ (CEFR, see e.g. Council of Europe
2001)
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This chapter focuses on the results related to the structure of GSC. The relation-
ship of achievement to various variables included in the studies will be reported
elsewhere.

4.3 CoglLabs

4.3.1 Description of the Measurement Instruments

The CogLlabs contained different item formats, especially MicroDYN, concept
maps and short answer tasks in the first round, and MicroDYN, multiple-choice and
“add to a started concept map” tasks in the second round (see details in Viehrig et al.
2011; Viehrig et al. 2012). Based on the national educational standards (DGfG
2010), items were generated in three areas, that is: physical and human geography,
and human-environment interactions.

Concept maps are frequently used to measure domain-specific systemic think-
ing, both in the geo-sciences (e.g., Ben-Zvi Assaraf and Orion 2005) and in other
subjects, such as biology (e.g., Sommer 2005). Short answer questions are often
used in educational courses and have also been used in systemic thinking research
(e.g., Sommer 2005). MicroDYN items have been used to measure problem solving
and have shown good psychometric properties. They consist of minimally complex
systems, with students first having three minutes to find out the structure of the
system and then one and a half minutes to achieve a specified aim by manipulating
system variables (e.g., Greiff 2010). A brief discussion of the advantages and disad-
vantages of some item formats can be found, for example, in Viehrig et al. (2011).
In both rounds the systems used were very simple, in order to fit with the minimally
complex structure of MicroDYN.

The first Coglab round started with a general introduction by the respective
interviewer, the signing of a consent form and a short questionnaire collecting basic
demographic data. Then the measurement instrument proper began with an example
and explanation of the MicroDYN format for the students to explore. Afterwards,
the students had to respond to six MicroDYN items, to measure their problem solv-
ing skills. This part was followed by three MicroDYN items using geographic con-
texts to measure Dimension 1 (part: model building) and Dimension 2 (part:
prognosis). The geographic system competency and the problem solving items had
identical structures. The second part started with an example and explanation of
CMapTools, software that can be used to create concept maps (available from http://
cmap.ihme.us/). The three tasks created consisted of a short informational text, a
Dimension 1 item, which asked students to create a concept map, and a short answer
item, approximating Dimension 2. This was followed by three tasks to measure
Dimension 3. Students were presented with a number of simple thematic maps and
had to use a concept map to describe their answers to a spatial question. Besides
being asked to think aloud while responding to the items, there were specific ques-
tions, for example regarding their problems with a task, or what procedure they used
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to solve the task during the CogLab. Furthermore, there were some general ques-
tions after all tasks were completed: for example, what kind of similarities and dif-
ferences they noticed in their thinking processes, between explicitly spatial and not
explicitly spatial tasks. At the end, formalities regarding the participant’s payment
were taken care of. Sample items can be seen in Fig. 4.1.

The second CogLab round also started with a general introduction by the respec-
tive interviewer, the signing of a consent form and a short questionnaire collecting
some basic demographic data. Afterwards, after a brief introduction, there were
three tasks, with three items each for Dimension 1. After reading an informational
text, the students had to answer two multiple-choice tasks (one correct answer) and

Human Geography

I. Go to Cmap Tools and open a new Concept Map (File -> New Cmap)
2. Read the following short information text:

Through the i ithas b possible to choose with a few clicks from the provider of educational offers world wide
that fits best to one’s own wishes. A distance learning provider would like to gain clients among the inhabitants of Islandia.
The company offers courses in three different forrm: (A) online materials combined with live-chats and video conferences,
(B)mlmmu«hls bined with some gs in the capital of Islandia and (C) online materials in combination with

ings in the location where the provider has its headquarters. Not every course is offered in each form. Not every
bﬂnhuﬂumpopdantyindﬁmclienx;roupsFothisonlypopularlnmlFormClsimremnglornmauf
the three client groups. Form B gains clients both from group 2 and group 3. The company has also found out that clients
from group 3 can gain other people from group 3 as clients.

Task:
Analyse the described system and describe the relationships as cearly as possible with the help of a Concept Map.

3. Now create your Concept Map.

Human Geography

4. Through changes in the income tax and the social i the di ider has less money at its disposal
nexe year. Th\llﬂumwmmcmmcmwmmalm(wm)mlummw
The person in charge has decided, however, that due to the cuts. only one course is advertised specifically for Islandia (e.g.
through flyers, ads in newspapers and on locally especially popular websites, and so on).

Out of which of the three course forms should this course come from to reach as many client groups as possible? Why?

Reply to this question briefly below your Concept Map.
5. Save your Concept Map.

Fig. 4.1 Sample items from the CogLab Round 1: Concept map and short answer (Dimensions 1
and 2, translated)
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Climate

Galveston is located on the coast of the Gulf of Mexico, in the South of the USA, in Texas.

In the media a lot is discussed about the global warming and its consequences. One possible consequence
is the rise of the sca level'

Several factors can contribute to the rise of the sea level. This includes c.g. the expansion of the scawater
through an increase in water temperature. Also the melung of the glaciers and ice caps on land can
contribute to sea level rise.

Item 3: Complete the following graphic based on the text. Use only one of the following phrases per
blank. For that write the suitable number in the blank.

(1) melting of ice on the land (e.g. glacier); (2) melting of ice bergs that swim on the water; (3) contributes
to the rise of; (4) contributes to the lowering of the; (5) Gulf of Mexico Golf; (6) expansion of the
scawater at warmer water temperature; (7) does not contribute to the rise of

contributes to the rise of

Fig. 4.2 Sample item from the CogLab Round 2: Item group stem and “add to a started concept
map ” task (Dimension 1, translated)

one “add to a started concept map” task (concepts, relationship descriptions and
structure provided). Then came the MicroDYN part, consisting of three geographic
items to measure Dimensions 1 (part: model building) and 2 (part: prognosis). This
was followed by three tasks, each consisting of a short informational text and two
maps with three multiple-choice items (one correct answer), to measure the stu-
dents’ spatial thinking skills. Because these items dealt with real-world examples,
the students had to locate 19 countries on a world map and indicate that two were
not a country, as a basic indicator of geographic pre-knowledge (spatial framework
of reference). The last part consisted of four MicroDYN items to measure problem
solving. The CoglLab ended with some general questions and again, taking care of
the formalities. A sample item can be seen in Fig. 4.2.

4.3.2 Selected Results

In the first CogLab, fictitious places were used as examples to reduce the influence
of pre-acquaintance with a specific location (similar to e.g., Ossimitz 1996). In the
second round, real places were used as examples. In summary, the CogLabs indi-
cated a better suitability of real world examples to assess GSC, in terms of item
generation and processing. Moreover, some of the participants emphasized the
importance of the authenticity/real world relevance of the tasks. Participants also
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Table 4.3 HEIGIS model after the CogLabs (translated)

Dimension 2: Evaluate

Dimension 1: Comprehend and | possibilities to act towards | Dimension 3:
analyze systems systems Spatial thinking

Level 3 Identification and understanding | Also take into account side | Can use 8 or more
of the complex network of effects and autoregressive spatial thinking
relationships processes skills

Level 2 Identify and understand Take into account multiple | Can use 6 or 7
relationships between the effects spatial thinking
system elements skills

Level 1 Identify and understand system | Take into account main Canuse up to 5
elements effects spatial thinking

skills

Largely based on Ben-Zvi Assaraf and Orion (2005), Gersmehl and Gersmehl (2006), Greiff and
Funke (2009), and CogLab results

indicated, however, that the country example used in a task makes a difference, even
if the essential information is given.

In general, the Coglabs hinted at the separability of Dimensions 1 and 3.
However, the CogLabs resulted in two key changes to the competency model (see
Table 4.3 and Viehrig et al. 2012). Firstly, the CogLabs indicated that MicroDYN is
well suited to measuring general dynamic problem solving but not to content- spe-
cific systemic thinking. One example is Participant 9, who stated for instance
(excerpt, translated):

[...] I really don’t need my pre-knowledge and I also don’t need to think about anything.
[...] So, I can simply try out. Then I see what happens there. That means I don’t need to
supply pre-considerations. I can try out as much as I want. That means I’m not forced at all
to think for myself. [...] Because I can, well, execute. I can simply look, how, with what
controller moves [...] the value. That means, I don’t need to at all, eh, that could also be
Chinese now, which I don’t understand. I still would know which value has an effect on it.
And I wouldn’t know what’s behind it. [...] Without that I’ve understood it. Solely through
the technicality. I put the controller up and that one changes and this one doesn’t change,
thus it’s that one [...].

Without MicroDYN, acting towards systems was no longer possible as an item
format. This made it necessary to change Dimension 2 to proximal estimation, via
the evaluation of several possibilities for acting towards systems.

Secondly, the CogLabs indicated that the levels of spatial thinking (assumptions
based on Hammann et al. 2008) could not be observed in the concept maps.
Moreover, while multiple choice items seemed to work for Dimension 1, the levels
of Dimension 3 would hardly be representable by multiple choice tasks.
Consequently, the levels were replaced by a preliminary quantitative graduation:
that is, how many spatial thinking skills could be used, based on rounded 50 % and
75 % cutoffs. Gersmehl and Gersmehl (2007) state that “[t]he human brain appears
to have several ‘regions’ that are structured to do different kinds of spatial thinking”
(p. 181) and that “[p]arallel research by child psychologists and educational special-
ists tends to reinforce one main conclusion of the neuroscientists: the brain areas
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that are devoted to different kinds of spatial thinking seem to develop in very early
childhood” (p. 188). Thus, there was no basis for assuming a systematic ranking in
difficulty of the spatial thinking skills that could have been used for a more qualita-
tive description of the levels.

4.4 First Quantitative Study (Q1)

4.4.1 Description of the Measurement Instruments

The first quantitative study (Q1) comprised two parts, namely, MicroDYN and a
limesurvey questionnaire. The MicroDYN part consisted of six items and used geo-
graphic contexts. The limesurvey questionnaire contained background variables,
eight items measuring interest in various aspects of geography on a five-point scale,
as well as a geographic pre-knowledge task asking students to write the names of
twelve countries marked on a world map, and three geographic pre-knowledge
items asking students to choose one of five places (or none) where they would
expect a specified condition to be fulfilled. This was followed by four GSC tasks for
Dimensions 1-2 and six tasks for Dimension 3. Thus, the tasks contained 12 items
to measure Dimension 1, 4 items to measure Dimension 2, and 14 items to measure
Dimension 3. To get a credit, respondents had to check several correct and zero
incorrect answers, bring answers into the correct sequence, etc. At the end, the par-
ticipants were asked for their feedback, both in an open comment field and with the
help of specific questions that they had to rate on a four point scale (e.g., regarding
how much reading literacy the questionnaire requires). A sample item for the lime-
survey questionnaire can be seen in Fig. 4.3.

4.4.2 Dimensions of the Competency Model

Firstly, each of the dimensions was tested separately for one-dimensionality using a
CFA (confirmatory factor analysis) in Mplus (Muthén and Muthén 2007; Table 4.4)
and a Rasch Analysis in Conquest (Wu et al. 2007). Thereby, for the analysis in
Mplus, items with a small factor loading (r; < 0.40) were excluded. The analysis in
Mplus showed a good model fit in Dimension 1. There was a bad model fit for
Dimension 3, which might have been caused by having only one item for each spa-
tial thinking skill (except for “condition”; see overview of all skills in Gersmehl and
Gersmehl 2006), due to test time considerations (see Table 4.4).

Because Dimension 2 was not identifiable/did not converge, it had to be excluded in
further analyses of the data. The Rasch Analysis of the remaining items in Conquest
showed acceptable WMNSQ (weighted mean square)- and #-values.
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Spatial Thinking 1
In front of the Chilean coast runs a plate boundary. Therefore, Chile is often rocked by carthquakes. On 27.02.2010 in
Chile there was an earthquake with a magnitude of 88. The epicenter was located in front of the coast of the Chilean
region Maule (b Talcah and San A i0)
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Severe carthquakes are often associated with great destructi ¢.g., collapsing buildings and bridges.
Earthquakes can also cause Tsunamis, whose flood waves can cause damages even on distant coasts.

Which of the following places were probably affected very strongly from the earthquake in Chile? Which
rather to a lesser extent? Number the place from 1 (most) to 5 (least).

Click on an element in the list on the left, start with the dlement most highly rated by you and continue to the
lowest.

Your selection Your rank order
Concepcidn A n

Puerto Montti

the vicinity around Curanipe in the Maule region

the islands of French Polynesia in the Pacific Ocean

Germany "

L

Click on the scissors to the right of each element to delete the last entry form the rank order.

Fig.4.3 Sample item from Q1: Limesurvey—Spatial thinking item stem and one of the associated
items, namely, the one for the skill “Aura” (translated)

Secondly, a two- and a one-dimensional model were tested for the remaining
dimension 1 and 3 items. As assumed, the two-dimensional model was to be
preferred, both based on an analysis in Mplus and an IRT analysis in Conquest
(Table 4.5) The y? -test of difference for the Mplus analysis was calculated accord-
ing to Muthén and Muthén (2007). The separability of the two dimensions is sup-
ported by a latent correlation of r = 0.776. This is fairly high. However, in PISA for
example, even constructs with latent correlations >0.90 have been seen as separable
(see Klieme et al. 2005).
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Table 4.4 Results of the separate tests for one-dimensionality for each dimension in Q1 (Mplus)

Dimension 1:
Comprehend and
analyze systems

Dimension 2: Evaluate
possibilities to act
towards systems

Dimension 3: Spatial
thinking

Number of items | 12 4 14

Number of items | 8 - 12

without excluded

items

x> 15.138 42.093

df 13 26

P >0.10 0.024

CFI .98 .87

RMSEA .04 .08

Conclusion Remaining items fit | Model did not converge remaining items fit

one-dimensional
model well

with all 4 items; model
was not identifiable when
excluding items

one-dimensional model
barely acceptable

CFI Comparative Fit Index, RMSEA Root Mean Square Error of Approximation

Table 4.5 Results of the test for dimensionality (Dimensions 1 and 3) for the remaining items in Q1

Mplus Two-dimensional One-dimensional ¥ test of
model model difference
1 53.727 56.915 b 7.814
df 41 41 df 1
14 0.088 0.050 P 0.005
CFI 92 .90
RMSEA .05 .06
Conclusion Two-dimensional to be preferred
Conquest Two-dimensional One-dimensional ¥ test of
model model difference
Final deviance 1932.69 1945.51 b 12.82
Number of estimated 23 21 df 2
parameters
V4 0.002
Conclusion Two-dimensional to be preferred

4.4.3 Levels of the Competency Model

The GSC levels could only be examined on the basis of the remaining items of
Dimensions 1 and 3. The item map, showing the difficulty of the items based on a
two-dimensional Rasch model, can be seen in Fig. 4.5. “Condition” was the only
spatial thinking skill for which more than one item was included, with “Condition
17 being assumed the easiest and “Condition 4" the hardest.
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For Dimension 1, levels could not be confirmed, with the Level 1 items being
unexpectedly difficult. There are several possible explanations (see also discussion
in Viehrig 2015). Firstly, this could have been caused by the items used. Secondly,
the empirically derived levels of Ben-Zvi Assaraf and Orion (2005) could possibly
hold only in the context of recall tasks, and not in tasks in which information is
provided in the item stem. Thirdly, item difficulty might be influenced by differ-
ences in terms of the sample’s (German vs. Israeli, university vs. school students)
prior educational experiences.

For Dimension 3, an analysis of the raw data sum score of the remaining Level 3
items indicated the possibility for using the number of spatial thinking skills as a
graduation. Thereby, “condition” was counted if any of the tasks were solved. It
must be kept in mind that one spatial thinking skill had to be excluded and that only
81 respondents could be included in the analysis. Level 1 was reached by 76.5 % of
the sample, Level 2 by 18.5 % and Level 3 by the remaining 5 %. The item map
(Fig. 4.4) shows differences in difficulty between the spatial thinking skill items.
Moreover, the spatial thinking skill “condition” showed a graduation in difficulty

dimension 1 4 dimension 3
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Fig. 4.4 Item map for Q1 without the excluded items
Dimension 1: the letter indicates the item stem, the number the assumed level
Items for “condition” in Dimension 3: a greater number indicates greater assumed complexity
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according to complexity in the item map, as expected. These both point to future
possibilities of a more qualitative graduation.

4.5 Second Quantitative Study (Q2)

4.5.1 Description of the Measurement Instruments

The second quantitative study used revised items. Q1 had shown that having to
check several answers to get a credit was problematic. Consequently, in Q2, partici-
pants only had to choose one option to get full credit. Moreover, in contrast to ear-
lier studies, the items were only drawn from one of the three areas of geography
education specified by the national educational standards (DGfG 2010): that is,
human-environment interaction. The items focused on the topic agriculture.
Individual students, as well as a small number of experts were provided with draft
versions of (some of) the items to get feedback and further improve the assessment
instrument.

The questionnaire was implemented in Limesurvey. It contained background
variables, a geographic pre-knowledge task asking students to write the names of
seven countries marked on a world map, 13 items asking students to rate their own
knowledge of different geographic aspects on a four-point scale, 13 items measuring
their interest in these aspects on a five-point scale, and three items measuring inter-
est in working with different media, on a five-point scale. This was followed by nine
GSC tasks. Five tasks contained only Dimension 3 items, the other four tasks com-
prised both Dimensions 1-2 and Dimension 3 items. All in all, there were seven
items for Dimension 1, five items for Dimension 2 and 11 items for Dimension 3.
At the end, there was an open feedback field, as well as four statements (e.g., “The
example countries were well chosen”) that the students had to state their (dis)agree-
ment to, on a five-point scale. A sample item can be seen in Fig. 4.5.

4.5.2 Dimensions of the Competency Model

Similarly to QI1, the three dimensions were first tested individually for one-
dimensionality, with the help of a CFA in Mplus (Table 4.6) and a Rasch Analysis
in Conquest. In the CFA, the Dimension 1 items fitted well to a one-dimensional
model and also showed acceptable WMNSQ and #-values in the Rasch analysis. The
Dimension 2 model did not converge in the CFA and thus had to be excluded from
further analyses. For Dimension 3, the CFA showed that the 11 items had a bad
model fit based on the CFI (comparative fit index), and an acceptable fit according
to the RMSEA (root mean square error of approximation), but that the model fit
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Fig. 4.5 Sample item from Q2: Item stem and one of the associated items (Dimension 1; English
version)

Sources: images: (D) CIA World Factbook, (E) Open Street Map, text: (4) MFA: http://www.mfa.
gov.il/MFA/Innovativelsrael/Negev_high-tech_haven-Jan_2011.htm?DisplayMode=print
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Table 4.6 Results of the separate tests for one-dimensionality for each dimension in Q2 (Mplus)

Dimension 1: Dimension 2: Evaluate
Comprehend and possibilities to act towards | Dimension 3: Spatial
analyze systems systems thinking

Number of items 7 5 11

Number of items 7 - 6

without excluded

items

x> 6.032 3.988

df 11 8

P >0.10 >0.10

CFI .99 .99

RMSEA .00 .00

Conclusion Items fit one- Model did not converge; Remaining items fit
dimensional model | very low communalities one-dimensional item
well (h?*>0.02-0.07) well

could be greatly improved by excluding five items. The remaining items showed
acceptable WMNSQ (weighted mean square) and #-values in the Rasch analysis.

Afterwards, a two- and a one-dimensional model were tested for the remaining
Dimension 1 and 3 items. Both a one- and a two-dimensional model showed good
fit values in the CFAs. The models did not differ significantly; thus, the
one-dimensional model was preferred, due to parsimony. The Rasch Analysis in
Conquest showed similar results (Table 4.7).

A possible reason for the differences from Q1 could be sample characteristics. In
Ql1, the sample had a slightly larger share of participants who had a very good GPA
(grade point average) in the high school certificate (Abitur; Table 4.2). To test this
hypothesis, the Q2 sample was split into a group with a GPA better than 2.5 (on a
scale from 1 to 6, with 1 being the best and a 4 being considered a pass, n = 173) and
a group with a GPA worse than 2.5 (n = 151).

The better than 2.5 GPA group did not show good model fit for both one- and
two-dimensional models (Table 4.8). This seems to be caused by the items of
Dimension 3 having very low communalities (h> = 0.02-0.10) and thus not consti-
tuting one factor. In contrast, the worse than 2.5 GPA group showed acceptable fit
values for both models. The items of Dimension 3 constitute one factor (h*> = 0.10—
0.76). In the Rasch analysis, while for both groups the one-dimensional model was

<

Fig. 4.5 (continued) (5) http://www.ynetnews.com/articles/07340L-340392700.html, rest of the text
based on: http://www.raymondcook.net/blog/index.php/2010/07/14/go-toisrael-drink-the-sea-israel-
world-leader-on-desalination/,  http://www.worldwatch.org/node/6544,  http://tourguides0607.
blogspot.com/2011/03/northern-negevtour.html, http://site.jnf.ca/projects/projectswater_reservoirs.
html, http://www.jewishvirtuallibrary.org/jsource/judaica/ejud_0002_0015_0_14862.html, http://
www.israelyoudidntknow.com/south-meansdesert/london-fires-negev-water/, http://site. jnf.ca/
EDUCATIONSITE/jnf/negev3.html, http://mapsomething.com/demo/waterusage/usage.php, http://
www.haaretz.com/news/low-rainfall-threatens-negev-wheat-and-golan-cattleranchers-1.207708
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Table 4.7 Results of the tests for dimensionality (Dimensions 1 and 3) for the remaining items in Q2

Mplus Two-dimensional One-dimensional ¥ test of
model model difference
1 21.644 21.392 Ia 0.190
df 36 36 df 1
p >0.10 >0.10 p >0.10
CFI .99 .99
RMSEA .00 .00
Conclusion One-dimensional to be preferred
Conquest Two-dimensional One-dimensional ¥ test of
model model difference
Final deviance 3500.79 3502.75 b 1.97
Number of estimated 16 14 df 2
parameters
p 0.374
Conclusion One-dimensional to be preferred

Table 4.8 Results of the tests for dimensionality (Dimensions 1 and 3) for the remaining items in
Q2 by GPA higher (better) or lower (worse) than 2.5

Mplus Two-dimensional One-dimensional x’ test of difference
model model
High GPA |Low GPA | High GPA |Low GPA High Low
GPA GPA
1 35.360 18.810 39.065 18.475 ¥* 10478 0.098
df 20 28 22 28 df |1 1
14 <0.05 >0.10 <0.05 >0.10 p |>0.10 |>0.10
CFI .38 .99 31 .99
RMSEA .07 .00 .07 .00
Conclusion One-dimensional to be preferred
Conquest Two-dimensional One-dimensional ¥ test of difference
model model
High GPA |Low GPA |High GPA |Low GPA High Low
GPA GPA
Final deviance 1763.79 1705.26 1766.40 1705.29 ¥ |2.61 0.03
Number of 16 16 14 14 df |2 2
estimated
parameters
p 0271 0.986
Conclusion One-dimensional to be preferred

to be preferred, there was a larger difference between the models for the better than
2.5 GPA group. Thus, while in both groups, the one-dimensional model had to be
preferred, the results hint at some differences, especially with regard to Dimension
3. Therefore, the influence of GPA on competency structure should be further
explored with a greater number of items for each spatial thinking skill.



4 The Heidelberg Inventory of Geographic System Competency Model 47

Moreover, the sample also differed—to a much greater extent—with regard to
the students’ course of study (see Table 4.2). However, due to small cell sizes (e.g.,
for psychology students n = 37 in Q1 and n = 58 in Q2), separate models for psy-
chology vs. geography education/geography students did not appear to be feasible.

4.5.3 Levels of the Competency Model

The GSC levels could only be examined on the basis of the remaining items of
Dimensions 1 and 3. The item map, showing the difficulty of the items based on a
one-dimensional Rasch model, can be seen in Fig. 4.6, which shows that the test
was very easy for the sample.

For Dimension 1, similarly to Q1, levels could not be confirmed, because the
Level 1 items were unexpectedly difficult. It is notable, however, that within the “N”
item stem, dealing with New Zealand, the assumed levels were shown. Not every
item stem had every level; thus, it cannot be confirmed whether there were system-
atic variations in difficulty between content areas or example countries.

For Dimension 3, an analysis of the raw data sum score of the remaining Level 3
items indicated the possibility of using the number of spatial thinking skills as a
graduation. However, because of the exclusion of items, Level 3 could not be mea-
sured, with Level 1 being reached by 83.6 % of the respondents and Level 2 by 16.4
%. The item map (Fig. 4.6) shows differences in difficulty between the spatial think-
ing skills, pointing to future possibilities for a more qualitative graduation. However,
a comparison with the item map from Q1 shows that item difficulty is not consis-
tent, for instance, with hierarchy—the hardest spatial thinking item in Q1 and the
easiest in Q2.

4.6 Discussion

The main aim of the studies was to explore the structure of GSC, especially with
regard to the relationship between systemic and spatial thinking. The studies showed
common results in part, but also differences.

4.6.1 Dimensions of GSC

Firstly, Dimension 2 could not be measured in the originally intended form of “act-
ing towards systems”, and had to be changed to “evaluating possibilities to act
towards systems”. Originally it had been planned to approximate the “acting” with
MicroDYN items, which have proven useful in the assessment of interactive prob-
lem solving skills (see e.g., Greiff et al. 2013; Wiistenberg et al. 2012). However, the
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CogLlabs showed that MicroDYN items seem to be content-unspecific, making
them not well suited to measuring geography-specific competencies. Even for sys-
temic thinking as a general competency, however, there might be better-suited
instruments than MicroDYN items, because systemic thinking means more than
applying a VOTAT (“vary one thing at a time”) strategy for exploration and drawing
causal diagrams. For instance, the stock-flow failure reported by Sweeney and
Sterman (2000) taps important issues in systems thinking that are not addressed by
linear structural equation systems.
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The revised Dimension 2 was not identifiable in both quantitative studies. This
could be due to the small number of items or to the existing conception of this com-
petency area. While learning to act adequately towards systems is a central part of
geography education in Germany (e.g., DGfG 2010; Kock 1993), including compe-
tencies like being able to “[...] assess the natural and social spatial consequences of
selected individual actions and think of alternatives” (DGfG 2007, p. 26), the stud-
ies showed some difficulties in measuring this dimension. Due to test time consid-
erations, Dimension 2 should be removed from the competency model in further
studies and rather treated separately, until a measurement scale for this dimension
has been empirically validated, or the conception of that competency area is further
developed.

Secondly, with regard to the other two dimensions, the studies showed differ-
ences. While Dimensions 1 and 3 fit a two-dimensional model in Q1, they fit both a
two- and a one-dimensional model in Q2, leading to the preference of a one-
dimensional model, due to parsimony. To further explore the reasons for these dif-
ferences, several measures could be taken. Despite an item overhaul after Ql1,
several items for Dimension 3 had to be excluded in Q2. Further studies should
employ a greater number of items for Dimension 3, including more than one item
for each spatial thinking skill. This would lead to a longer test-time, however.
Moreover, further analyses in Q2 hinted at a possible influence of GPA on compe-
tency structure, especially with regard to the fit of the Dimension 3 items.
Consequently, a thinking-aloud study (CoglLab) that comprised only spatial think-
ing items could be conducted with high and low GPA students, to investigate why
for low GPA but not for high GPA students, the spatial thinking items constitute a
homogenous factor. Additionally, the sample differed also with regard to other sam-
ple characteristics, such as the percentage of geography (higher in Q2), geography
education (lower in Q2) and psychology students (lower in Q2). The items were
designed to focus either on systemic thinking or on spatial thinking separately.
However, in geographic inquiry, both are often interlinked, and thus might become
more inseparable for students with a more extensive background in geography edu-
cation. This could be further explored in expert-novice studies for instance.
Furthermore, it might be helpful to have a third category of items that explicitly
requires both spatial and systemic thinking skills.

Overall, the studies showed that in geographic contexts, systemic and spatial
thinking are highly correlated or even inseparable. Thus, while studies focusing on
just one of the two aspects are necessary for specific questions, they might only
show a fragmented picture when it comes to understanding many geographic issues.

4.6.2 GSC Levels

Overall, the results of the levels are tentative till the structure of GSC is further
explored. In general, Q1 was more difficult for the sample than was Q2, an effect
possibly caused at least partly by the item formats used. Moreover, Q2 only used
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one broad topic area (“‘agriculture”), while in QI, students had to switch between
different topic areas.

In both quantitative studies, for Dimension 1, the remaining Level 2 items were
consistently easier than the remaining Level 3 items. Level 1 items were shown to be
more difficult than expected on the basis of the research literature (Ben-Zvi Assaraf
and Orion 2005; Orion and Basis 2008). The reasons for this need to be explored. In
general, there are recall items, for which students have to draw on their own pre-
knowledge, or largely pre-knowledge-free tasks in which some or all information is
given in the item stem. HEIGIS items belong to the second category. Thus, one ave-
nue would be to compare both item types for the same topic and degree of complex-
ity, to look at possible differences in level order. For recall tasks, it might be easiest
to be able to name a concept as belonging to a sub-system (e.g., fertilizer has some-
thing to do with the topic “soil””), without remembering what exactly is the connec-
tion. In contrast, for item-stem-given information, to some degree participants might
need to understand the information, before being able to decide whether a concept
mentioned in the stem belongs to a sub-system or not. An alternative option would be
to test one sample with both a translated version of the measurement instrument used
by Ben-Zvi Assaraf and Orion (2005), and with the HEIGIS one. Another avenue
could be, for instance, to have a substantial number of experts classify the items into
the respective competency model components before the next study.

Additionally, new items and item formats could be tested and more control
variables introduced, to explore potential effects of the kind of item, reading literacy
or testwiseness. One promising item format seems to be multiple-select items, for
which students have to check “right” or “wrong” for each choice (e.g., Pollmeier
et al. 2011). This item format would ensure that students had to evaluate every sin-
gle choice. It also could provide a closer link to pre-concepts, which is another
option to improve the items.

For Dimension 3, quantitative graduation is one possibility. However, a more
qualitative graduation would be preferable. In both studies, there is variation in dif-
ficulty between the items. However, as expected on the basis of Gersmehl and
Gersmehl (2006), no general graduation can be observed. For instance, the spatial
thinking skill “hierarchy” is very easy in Q2 but is among the most difficult spatial
thinking skills in Q1. A greater number of items for each spatial thinking skill
should be included, to find possible qualitative graduations and to test whether a
one-dimensional scale comprising all spatial thinking skills is possible, as in both
studies, some items had to be excluded. One possible graduation is complexity, as
could be observed for the spatial thinking skill “condition” in Q1.

4.7 Conclusions

As outlined at the beginning, both systemic and spatial thinking are important aims
of geographic education, but their relationship has not to any great extent yet been
explicitly explored empirically. Hitherto, systemic and spatial thinking have often
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been studied separately (e.g., Battersby et al. 2006; Ben-Zvi Assaraf and Orion
2005; Lee 2005; Rempfler and Uphues 2012). The HEIGIS studies, however, show
a close connection between systemic and spatial thinking when dealing with geo-
graphic systems. Consequently, while for some questions, focusing on either skill is
necessary, both skills are needed in modeling GSC.

The studies also hint at some difficulties in measuring systemic and spatial think-
ing in geographic contexts. Thus, the model and associated items need to be further
improved, to examine the relationship between both skills.

The HEIGIS studies were conducted predominantly with university students.
The studies hinted at a potential influence of GPA on competency structure. A study
by Orion and Basis (2008) showed an influence of grade on level order. In general,
systemic thinking has been studied from kindergarten (see e.g., the project “Shaping
the future” at the Heidelberg University of Education, http://www.rgeo.de/cms/p/
pzukunft/) to postgraduate level. Ultimately, it would be helpful to have one model
that can cover a person’s whole learning history from beginner to expert, similar to
what already exists in the area of foreign language learning (Council of Europe
2001). It should also comprise different interconnected versions, so that both a gen-
eral competency overview and a more detailed picture for specific areas are possible
within the same framework (see Viehrig 2015). This seems to be especially neces-
sary in the light of current changes to the school system (e.g., the so-called
Gemeinschaftsschule in Baden-Wurttemberg). Consequently, further studies should
investigate the effect of grade level and GPA on both the structure and levels of
geographic system competency to differentiate and improve the model. The HEIGIS
studies showed that test time is a major constraining factor; this could be alleviated
by using multi-matrix-designs for instance.

In summary, the project highlights the need for more research in this central area
of geography education.
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Chapter 5
An Extended Model of Literary Literacy

Christel Meier, Thorsten Roick, Sofie Henschel, Jorn Briiggemann,
Volker Frederking, Adelheid Rieder, Volker Gerner, and Petra Stanat

Abstract Empirical findings on the question whether the competencies of under-
standing literary and non-literary (expository) texts are distinct, have been lacking
for a long time. In our research we have made an attempt to resolve this issue. Our
aim was to develop and evaluate a model of literary literacy, based on the theory of
aesthetic semiotics, that includes a content-related and a form-related understanding
of literary texts. We conducted several studies to test whether comprehending liter-
ary and expository texts represents partly distinct facets of reading literacy. This
chapter presents an extended model of literary literacy that expands the range of
competence facets of literary understanding. Our findings indicate that the compe-
tence of comprehending literary texts encompasses—in addition to content and
form-related understanding—the ability to apply specific literary knowledge, to rec-
ognize foregrounded passages and to recognize emotions that are intended by the
text.
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5.1 The Comprehension of Literary and Expository Texts

In current research on discourse comprehension it is a controversial issue whether
the understanding of literary and expository texts represents distinct aspects of read-
ing comprehension (e.g., Graesser et al. 1997; Meutsch 1987; Zwaan 1993). In con-
trast, concepts of literary education suggest that understanding literary texts requires
additional (cognitive, motivational, and affective) processes that are less relevant for
expository texts (e.g., Spinner 2006; Levine 2014).

Although all types of texts theoretically can be read as literary or non-literary,
readers usually recognize a text as either more literary or non-literary based on text-
internal factors, such as ambiguity, fictionality, content- and style-related features
(Hoffstaedter 1986; van Peer 1986) or text-external factors (e.g., reading instruc-
tions; Meutsch 1987; Zwaan 1993). Both sources can affect the applied reading
mode. Zwaan (1993), like Vipond and Hunt (1984), has shown that reading texts in
a literary mode increases attention to linguistic features. Moreover, in contrast to an
expository (information-driven) reading mode, the construction of a situational rep-
resentation is delayed when reading a text in a literary mode. Such results are sup-
ported by psycholinguistic (Meutsch 1987; Zwaan 1993) and neurocognitive studies
(e.g., Altmann et al. 2014) suggesting that the same levels of representation are
involved in constructing a mental model (surface, propositional textbase, and situa-
tion model; Graesser et al. 1997) when reading texts in a literary or non-literary
(expository) mode. However, the applied reading mode seems to trigger qualita-
tively and quantitatively different processing on these levels (e.g., more bottom-up
or top-down processing, different types of elaboration; Meutsch 1987; Zwaan
1993). While previous research on literary reading comprehension has focused pri-
marily on cognitive processes and products, research on a competence model and
the internal structure of literary literacy is lacking.

5.2 Current Research on Literary Literacy and Further
Directions

In our research project, we defined, assessed, and validated the competence of
understanding literary texts, which we refer to as literary literacy (Frederking et al.
2012). The findings of our project provide empirical evidence for the theoretical
assumption that understanding literary and expository texts entails partly distinct
competences (Roick et al. 2013; Roick and Henschel 2015). The two-faceted view
of reading comprehension was further supported by the identification of specific
cognitive (Meier et al. 2012), motivational (Henschel et al. 2013; Henschel and
Schaffner 2014), and affective factors (Henschel and Roick 2013) that contribute
significantly more strongly to the comprehension of literary than of expository
texts.



5 An Extended Model of Literary Literacy 57

Although we were able to generate initial insights into the internal competence
structure of literary literacy, some issues are still unsettled. Starting with an illustra-
tion of the two core facets of literary literacy on the basis of a literary text, we will
describe these insights and unresolved issues below. Subsequently, we will intro-
duce an expansion of our initial model and submit it to an empirical test.

5.2.1 The Internal Structure of Literary Literacy

Mr. Keuner and the helpless boy

Mr. Keuner asked a boy who was crying to himself why he was so unhappy. I had saved
two dimes for the movies, said the lad, then a boy came and grabbed one from my hand, and
he pointed at a boy who could be seen in some distance. Didn’t you shout for help? asked
Mr. Keuner. Yes I did, said the boy and sobbed a little harder. Didn’t anyone hear you? Mr.
Keuner went on asking, stroking him affectionately. No, sobbed the boy. Can’t you shout
any louder? asked Mr. Keuner. No, said the boy and looked at him with new hope. Because
Mr. Keuner was smiling. Then hand over the other one as well, he said to the boy, took the
last dime out of his hand and walked on unconcerned. (Brecht 1995, p. 19; translation by
the authors).

Which aspects are typically required to understand a literary text shall be illustrated
with Brecht’s Mr. Keuner and the helpless boy. First of all, the “openness” of the
work has to be considered when interpreting a literary text (Eco 1989). Brecht’s text
is a good example of this openness, which is particularly caused by the semantically
irritating last sentence. Similarly to the boy, the reader is likely to expect that Mr.
Keuner would help. Mr. Keuner, however, does the contrary: He takes the money
and leaves. This unexpected turn could lead to multiple plausible semantic mean-
ings: Should we feel sorry for the boy? Is the text an expression of social criticism?
Or is the boy himself guilty because he does not shout loud enough? This openness
is due not only to the content but also to formal aspects of the text, such as the struc-
ture (the unexpected turn) and the objective mode of narration. The third person
narrator tells the story from an unbiased point of view and does not give any hints
as to how it should be understood (Nutz 2002).

According to Eco, “describing and explaining for which formal reasons a given
text produces a given response” goes beyond a mere content-related semantic inter-
pretation. Eco calls this semiotic mode of reading “critical” and defines it as “a
metalinguistic activity” (Eco 1990, p. 54f). A critical reader is interested in form-
related aspects of the text, the so called “aesthetic idiolect” (Eco 1976, p. 272) and
tries to understand how the structure and the narration mode of Brecht’s text stimu-
late his semantic interpretation.

Referring to the specific requirements illustrated above, we theoretically derived
two core facets of literary literacy from Eco’s semiotic aesthetics (Frederking et al.
2012): Content-related semantic literary literacy is the ability to construct a coher-
ent meaning of a literary text. Form-related idiolectal literary literacy refers to the
ability to understand and analyze the function and effects of stylistic features (see
Sect. 5.2 for item samples).
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Although semantic and idiolectal literary literacy are strongly associated, empir-
ical analyses support differentiation between the two facets as well as between
semantic and idiolectal literary literacy on the one hand, and expository reading
comprehension on the other hand (Frederking et al. 2012; Roick et al. 2013). The
strong correlation between semantic and idiolectal literary literacy seems partly due
to differences in expository reading comprehension, as shown in a nested factor
model (Frederking et al. 2012), and the correlation varies as a function of school
track. The less advanced the students were, the more clearly could the two facets of
literary literacy be distinguished (Roick et al. 2013).

5.2.2 The Need for an Extended Model of Literary Literacy

Our model of literary literacy is in accordance with general assumptions of cogni-
tive theories on reading comprehension. Consequently, we consider reading as a
cognitive process with different levels of representation and inferences that are con-
strained by characteristics of text, reader, and context. However, our model differs
on two points from most other models in reading comprehension research. First, it
is explicitly derived from literary theory and includes two core facets of understand-
ing literature that are usually not the subject of text comprehension research, nor are
specifically assessed in large-scale assessments such as PISA (OECD 2009).
Second, our model refers to key aspects of literary education that are also specified
in the standards for German language learning (KMK 2004).

Despite this however, our initial model includes only two core facets of the com-
prehension aspects that are regarded as important in literary education. Spinner
(2006) developed a detailed list of 11 aspects that are assumed to be relevant for
teaching and learning in the field of literature. Some of them are covered by our
initial competence model (understanding the plot, dealing with the openness of the
work, understanding stylistic features). Others, however, are not yet included, such
as the ability to apply specific literary knowledge (e.g., about genres or historical
aspects) or to recognize striking linguistic features that in empirical studies of litera-
ture are usually referred to as “foregrounded passages” (Miall and Kuiken 1994). In
addition, it is widely discussed whether cognitive processes related to emotional
inferences might be important in understanding a literary text adequately (Frederking
and Briiggemann 2012; Kneepkens and Zwaan 1994; Levine 2014; Mar et al. 2011).
Other aspects, such as imagination, involvement, or perspective-taking, might rep-
resent necessary cognitive (and affective) prerequisites, rather than distinct struc-
tural facets of literary literacy. In expanding our initial two-faceted competence
model, which is based on Eco’s semiotics, we theoretically derived, assessed, and
modeled three new comprehension facets, including the ability to recognize fore-
grounded passages, the ability to apply specific literary knowledge, and the ability
to recognize emotions intended by the text.

The ability to recognize foregrounded passages is an important aim of literary
education (KMK 2004; Spinner 2006). It requires the reader to scan the surface
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level of the text for striking linguistic patterns which then are selected and focused
on for further interpretation (Hanauer 1999). Being aware of these features is
regarded as an important precondition for higher-order processing (e.g., construct-
ing elaborations, integrating specific knowledge) in order to develop a sophisticated
interpretation of a literary text (Miall and Kuiken 1994). Eco points out that “artistic
devices [...] seem to work exactly as self-focusing appeals [...] to attract the atten-
tion of a critical reader” (1990, p. 55). Empirical studies suggest that the ability to
recognize foregrounded passages might be less dependent on expertise than the
ability to interpret the meaning of a stylistic device (idiolectal literary literacy), but
both seem to contribute positively to the comprehension process (Miall and Kuiken
1994). We therefore differentiate these two competence facets in our extended
model of literary literacy.

The ability to apply specific literary knowledge is regarded as important for infer-
ence making in text comprehension. Usually the situation model integrates informa-
tion given in the text with prior knowledge, to develop an advanced mental
representation (Kintsch 1988). However, this ability is also considered to be crucial
for detecting linguistic patterns on the surface level of literary texts (Hanauer 1999).
The ability to apply specific literary knowledge, such as knowledge about different
genres, historical contexts of literature, or technical terms for stylistic devices, is
also mentioned in the educational standards (KMK 2004).

The relevance of specific literary knowledge to understanding a literary text was
shown in a study by Meier et al. (2012), who found that students who were given
specific literary knowledge in the task instruction (e.g., explanations of technical
terms, such as “dialogue”) performed significantly better than students who com-
pleted the task without additional explanations. The effects remained, even after
controlling for several cognitive (e.g., general cognitive ability), motivational (e.g.,
reading motivation), and background characteristics (e.g., gender, school track).
The results suggest that students were able to integrate the additional literary knowl-
edge presented in the task instruction to derive a coherent meaning of the text.
According to these findings, it seems worthwhile to disentangle task processing and
the availability of specific literary knowledge. Therefore, the availability of specific
literary knowledge was assessed by means of a separate test, while the required
specific literary knowledge in the test of literary literacy was provided in the task
instruction.

The ability to recognize emotions intended by a literary text refers to inferences
about text-encoded emotions. On the one hand, emotions can be described or articu-
lated as part of the plot of a literary text (Winko 2003). On the other hand, a literary
text can “intend” to evoke a non-arbitrary spectrum of emotional reactions (Frederking
and Briiggemann 2012). It is important to distinguish between emotions intended by
the text and emotions actually evoked by a literary text. While the latter are emotional
phenomena that accompany the reader before, during and after the comprehension
process, intended emotions are not necessarily felt by the reader, but are cognitively
demanding, since they have to be identified and integrated into the situational repre-
sentation of the text. In the case of Mr. Keuner and the helpless boy, outrage, aston-
ishment, or pity (for the boy) can be regarded as intended emotions, as these three
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emotions are plausible emotional reactions, according to the content and structure of
Brecht’s story (see Sect. 5.4.2.5 for further explanation).

5.3 Research Objectives

Our theoretical considerations point to five distinct aspects of literary literacy. They
describe competence facets that we regard to be crucial for understanding a literary
text. These facets should be empirically distinguishable from each other and—as
previous findings suggest—also with respect to understanding expository texts. The
purpose of the present study, therefore, was to examine the internal structure of
reading literacy and to develop an extended and ecologically valid competence
model that refers to the demands of literary education according to best practice
recommendations (Spinner 2006) and educational standards for German language
learning in secondary school (KMK 2004).

5.4 Method

5.4.1 Sample

A sample of 964 tenth grade students (50 % girls, mean age 16.71 years, SD = 0.73)
participated in our study. The students attended 42 secondary classrooms in the
upper track (German Gymnasium, 32 classes) and in the intermediate track (German
Realschule, 10 classes) of the German school system. The sample was drawn from
rural and urban areas in Bavaria. The number of classrooms in the upper track was
higher because the students of the intermediate track had already passed their final
exams when the assessments took place. Since participation was voluntary, stu-
dents, or whole classes, dropped out after the exams.

The students completed tests of literary and expository reading comprehension.
Information on school track and self-reported gender was also obtained and included
as control variables in all analyses. The study had a cross-sectional design, with two
testing sessions of 90 min each, which were conducted about seven days apart. Data
were collected by trained research assistants in the summer of 2012.

5.4.2 Measures

In order to assess the five facets of literary literacy, items were constructed for each
of the theoretically derived facets described above. A multi-stage approach was
used in which items were developed and revised after a cognitive laboratory
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procedure and again after a pilot study before they were used in the main study.
Determinants of item difficulty had been examined in a former study, which revealed
that open-ended response tasks tend to be more difficult than closed-ended items
(Meier et al. 2013). Overall, 61 % of the test items were presented in a closed-ended
format.

The tasks were administered as eight testlets, consisting of a stimulus text and
semantic (overall 41 items, 54 % closed-ended, r, = .80) as well as idiolectal items
(overall 30 items, 60 % closed-ended, r, = .78), and questions assessing the ability
to recognize emotions that are intended by the text (10 items, all closed-ended, r, =
.59). To assess the availability of specific literary knowledge, a new test was devel-
oped (53 items, 66 % closed-ended, r, = .84). Students’ ability to apply specific
literary knowledge was connected to the test of literary literacy by administering
two knowledge-based items in each of the eight testlets. The ability to recognize
foregrounded passages (hereafter referred to as “foregrounding”) was assessed with
a newly developed test, consisting of 11 items (18 % closed-ended, r, = .75).

In addition, expository reading comprehension was assessed with six testlets (IQ
2009; IQB 2012). The six testlets comprised a total of 50 items (64 % closed-ended,
re =.81).

All measures were presented in a multi-matrix design: that is, every student
answered only a subset of the 195 test items. In the first session, the test of literary
literacy and a questionnaire were administered. In the second session, students com-
pleted the tests of expository reading comprehension, specific literary knowledge,
and foregrounding. Open-ended tasks were initially scored independently by two
trained masters students, in the fields of educational science and German studies
respectively. Initial interrater reliability was, on average, k = .79 (SD = 0.03, ki, =
75, kmax = -83). Ratings that diverged between the first two raters were subsequently
recoded by a third trained rater.

The following item samples, which refer to the stimulus text Mr. Keuner and the
helpless boy, illustrate the operationalization of the five dimensions of literary
literacy.

5.4.2.1 Semantic Literary Literacy

Assessing semantic literary literacy involves different aspects. Items can, for exam-
ple, focus on (several) plausible global meanings of a text as well as on the construc-
tion of local coherence, on the extraction of specific information, or on the ability to
provide text-based evidence for one’s interpretation, as illustrated below:

Cite three pieces of textual evidence which make the reader think that the man will help the
boy.

Seven passages of the text can be quoted here, including “stroking him affection-
ately”, “with new hope”, or “because Mr. Keuner was smiling”. Three pieces of
evidence resulted in full credit (two points), and two pieces of evidence in partial

credit (one point).



62 C. Meier et al.

5.4.2.2 Idiolectal Literary Literacy

Items assessing idiolectal literary literacy address phonetic, grammatical, syntacti-
cal, and structural elements, as well as stylistic devices. These items require stu-
dents not only to recognize stylistic features of the text, but also to analyze their
structure, in order to explain their function within the text or their effect on the
reader. What is crucial here is to draw parallels between form-related and semantic
aspects of the text. The cognitive procedures associated with those items are often
demanding, because they require drawing inferences between abstract formal phe-
nomena and semantic information (Meier et al. 2013). The following item example
illustrates this:

The helpless boy in contrast to Mr. Keuner is nameless. Explain the effect of this stylistic
feature.

EEIT3

Possible right answers are: “the boy’s fate seems more anonymous”, “the boy is
only an example for a certain kind of behaviour”, and “one can identify better with
the boy because it could be any boy”. Examples of incorrect answers are that “Mr.
Keuner does not know the boy’s name” (which is not convincing, because Mr.
Keuner does not tell the story), or stating that “the name of the boy is not impor-
tant”, without explaining why.

5.4.2.3 The Ability to Recognize Foregrounded Passages (Foregrounding)

Foregrounding was assessed with items that focus on all linguistic levels, such as
phonemes and morphemes, as well as semantic stylistic devices such as metaphors
or syntactical changes (e.g., from ellipses to complex hypotaxes; van Peer 1986).
These items require students to focus on the linguistic patterns of a text. In contrast
to knowledge-based tasks or genuine idiolectal tasks, students are neither expected
to give an accurate technical term nor to describe the effect or function of the stylis-
tic device. To identify a foregrounded passage by quoting it, or by describing the
style of a text, is a typical task, as illustrated by the following item:

Describe three characteristics of the language that is used in the text Mr Keuner and the
helpless boy in your own words.

To solve this item, students have to recognize, for example, that the story is writ-
ten in a very simple language as a dialogue, which—and this might be the most
irritating fact—is not indicated by quotation marks.

5.4.2.4 Specific Literary Knowledge
Some of the items assessing the ability to apply specific literary knowledge accord-

ing to the educational standards for German language learning (KMK 2004) pertain
to common motifs (e.g., typical motifs in fairy tales), symbols (e.g., symbolic
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meanings of colors) or famous books or authors. Other knowledge-based items
require students to detect and name stylistic devices, different literary genres, or
narrative modes, as the following example demonstrates:

How would you name the narrative mode that is used in Mr. Keuner and the helpless boy?
Please state the exact technical term.

This item requires the students to provide a technical term such as “third person
objective narration”.

5.4.2.5 The Ability to Recognize Emotions Intended by a Literary Text

The ability to recognize emotions intended by a literary text was assessed solely
with items using a forced-choice format (response format: rather agree vs. dis-
agree). This is due to the fact that multiple meanings of a text might be plausible and
that one text might trigger a whole set of emotions simultaneously. The ability to
deal with ambiguity is necessary in deciding which emotions are textually intended.
The following example demonstrates this type of item:

Which different moods or emotions does the text want to evoke in the reader (regardless of
what you are actually feeling right now)? Several emotions may be plausible. Please indi-
cate with a tick if you rather agree or disagree.

LEINT LRI

The emotions “shame”, “astonishment”, “outrage” and “envy” were presented.
The unexpected end of the text is surprising and quite clearly intends to cause aston-
ishment or outrage. These two emotions had to be marked as plausible (rather
agree) for full credit. In contrast, neither content-related nor stylistic-related fea-
tures suggest that shame or envy may be textually intended (cf. Frederking et al.
2016).

5.4.3 Statistical Analyses

For scaling purposes, and to explore the internal structure of literary literacy, we
applied two-parameter logistic models (2PL; see Yen and Fitzpatrick 2006) in con-
junction with a Bayesian approach, with the MCMC method. By separating item
difficulty and item discrimination, the 2PL. model takes into account variation across
items in the relationship between students’ item performance and ability. Item dis-
crimination parameters varied between —.04 and .59. Given these variations, it is
appropriate to apply the 2PL model.

A Bayesian approach with the MCMC method was applied because maximum or
weighted likelihood estimation becomes computationally unwieldy with data for
195 categorical items and up to six different facets of reading literacy. Moreover,
Bayesian estimates can effectively address drift and unusual response patterns, and
are more appropriate for smaller sample sizes (Rupp et al. 2004).



64 C. Meier et al.

All analyses were conducted with Mplus 7.2 (Muthén and Muthén 1998-2012).
We specified all constructs as latent variables and used categorical items as indica-
tors. First, we estimated a six first-order factor model using the total number of 195
items to identify poorly fitting items. Seven items with small or negative discrimina-
tion (i.e., the lower limit of a 95 % confidence interval of item slope is at or below
zero) were excluded from further analyses. In a second step, the remaining 188
items were used to estimate various first- and second-order factor models, including
both gender and school track simultaneously as control variables. Higher-order fac-
tor models are more parsimonious than first-order factor models if it is theoretically
sensible to assume higher-order factors.

Our baseline model is a two first-order factor model, proposing that item perfor-
mances are due to literary literacy on the one hand and expository reading compre-
hension on the other hand. This two-faceted model of reading literacy is empirically
well supported (e.g., Frederking et al. 2012; Roick and Henschel 2015). We com-
pared this model with alternative plausible models in which we gradually expand
the number of facets of literary literacy. Because we assume that the five theoreti-
cally derived facets describe the complex competence of understanding a literary
text, it seems appropriate to estimate a second-order factor model of literary literacy
with the facets originating from the higher-order factor.

Considerations related to the cognitive processes that pertain to different levels
of mental text representation guided the order of our model extension. We started by
distinguishing foregrounding, as this requires the reader to focus on the surface
level of the text. Applying specifically literary knowledge should be primarily rele-
vant with higher-order levels of the comprehension process (Graesser et al. 1997),
and seems to be useful in developing a complex mental model when reading literary
texts (Meier et al. 2012). In addition, specific knowledge might guide the detection
of foregrounded passages at the surface level (Hanauer 1999). For this reason, spe-
cific knowledge was considered as another facet of our competence model. Since
recognizing textually intended emotions requires the reader to reflect and identify
which emotions might be intended, and to integrate them at the level of situational
text representation, we distinguished this ability in a further model. In the final
model, we additionally distinguished between the two core facets: semantic and
idiolectal literary literacy. The models and their corresponding facets, as examined
in our study, are summarized in Table 5.1. To capture the local dependence of test
items on the availability of specific literary knowledge, recognizing textually
intended emotions, semantic and idiolectal literary literacy—all of which were
assessed within common testlets—all models included testlet factors (Huang and
Wang 2013).

In evaluating alternative 2PL models, we used the Bayesian Information Criterion
(BIC; Schwarz 1978), the Deviance Information Criterion (DIC; Spiegelhalter et al.
2002), and the Posterior Predictive p-value (PPP; Scheines et al. 1999). The PPP
reflects the discrepancy between the replicated data of the model and the observed
data. A PPP substantially above zero indicates a well-fitting model.

In addition to the BIC, the DIC can be used to compare two different models.
Models with small BIC or DIC values should be preferred, whereas it has to be



5 An Extended Model of Literary Literacy 65

Table 5.1 Description of the estimated factor models

Models | Factorial structure

Model A | (1) Expository reading comprehension

(2) Literary literacy (including semantic and idiolectal literary literacy, recognizing
textually intended emotions, specific literary knowledge, and foregrounding)
Model B | (1) Expository reading comprehension

(2) Literary literacy with two facets:

Facet I: Foregrounding

Facet II: Residual factor including semantic and idiolectal literary literacy,
recognizing textually intended emotions, and specific literary knowledge

Model C | (1) Expository reading comprehension
(2) Literary literacy with three facets:

Facet I: Foregrounding

Facet II: Specific literary knowledge

Facet III: Residual factor including semantic and idiolectal literary literacy, and
recognizing textually intended emotions

Model D | (1) Expository reading comprehension

(2) Literary literacy with four facets:

Facet I: Foregrounding

Facet II: Specific literary knowledge

Facet III: Recognizing textually intended emotions

Facet IV: Residual factor including semantic and idiolectal literary literacy

Model E | (1) Expository reading comprehension
(2) Literary literacy with five facets:

Facet I: Foregrounding

Facet II: Specific literary knowledge

Facet III: Recognizing textually intended emotions

Facet IV: Semantic literary literacy

Facet V: Idiolectal literary literacy

noted that the DIC under-penalizes complex models (Plummer 2008). According to
Raftery (1995), differences in BIC scores of more than five units indicate strong
evidence for differences in model appropriateness.

Missing data in test results is a practically unavoidable occurrence in educational
research. Items that students failed to complete (4 % of the items were omitted or not
reached) were coded 0 in our scaling process. Due to the applied multi-matrix design
in our study, about 59 % of data were missing by design. The Bayes estimator in Mplus
is capable of handling this and uses all available data for parameter estimation.

5.5 Results

Zero-order correlation coefficients among the variables are reported in Table 5.2.
The literary facets that are assumed to be located on higher levels of the comprehen-
sion process (recognizing textual intended emotions, specific literary knowledge,
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Table 5.2 Correlations among literary literacy facets, expository reading comprehension, gender,
and school track

Variable (1) (2) (3) 4) (5) (6) (7
(1) Semantic literary literacy

(SL)*

(2) Idiolectal literary literacy .89%

aLy

(3) Recognizing textually T1E 70%

intended emotions (IE)?
(4) Specific literary knowledge 2% J72% 53%*

(LK)

(5) Foregrounding (FG)* .66* .68* 54% 72

(6) Expository reading .65% .67% 52% .66% 67

comprehension (ER)*

(7) Gender (GE, 1 = male)® —=36% | =.33% | -20% |-.24% |-20% | -22%

(8) School track (ST, 1 = upper)® | .24* 28% 5% 35% .30%* 28%* .04
N =964

*p <.01

aModeled as a latent variable
"Manifest control variable

semantic and idiolectal literary literacy) are somewhat more strongly correlated
with each other than with foregrounding or expository reading comprehension.

Comparing the correlations between gender and school track shows that gender
is slightly stronger associated with the ability to recognize textually intended emo-
tions, as well as semantic and idiolectal literary literacy, than is school track. School
track shows a stronger relationship to specific literary knowledge and expository
reading comprehension than gender. To a certain extent these results support the
sequence of models to be estimated and the consideration of gender and school
track as control variables.

Table 5.3 contains information on the model fit of the five estimated 2PL models.
According to the BIC, DIC, and PPP, all second-order factor models (Models B to
E) fit the data better than the two first-order factor model (Model A). Comparing the
Models B to E reveals an increasing improvement in model fit up to Model
C. According to the BIC and PPP, Model D shows a slight decrease in model fit.
This does not apply for the DIC of Model D, but it is known that the DIC tends to
favour the more complex model (Plummer 2008). For Model E, in contrast, all fit
measures point to a decrease in the goodness of fit.

Table 5.4 provides further information about our five models. In Model A, we
find the lowest correlation between literary literacy and expository reading compre-
hension, as well as the lowest regression coefficients of both measures on gender
and school track. But literary literacy is modeled as a heterogeneous construct with-
out taking into account its different facets. Considering the multifaceted structure
(Models B to E), all facets show substantial loadings on the second-order factor of
literary literacy. In Models D and E, it is clearly evident that the ability to recognize
textual intended emotions has the smallest loading on the second-order factor of
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Table 5.3 Comparisons of the estimated models

Models* BIC® A BIC* DIC® A DIC¢ PPP¢ A PPP*
Model A 123,908 120,625 .10

Model B 123,809 99 120,514 111 .14 .04
Model C 123,650 258 120,331 294 A7 .07
Model D 123,655 253 120,331 294 .16 .06
Model E 123,684 224 120,366 259 .14 .04

All models used Bayesian estimation with MCMC method. The analyses conducted controlled for
gender and school track simultaneously

2See Table 5.1 for further descriptions

"Bayesian (BIC) resp. Deviance (DIC) Information Criteria were estimated defining items as con-
tinuous

‘Difference score to Model A

dPosterior predictive p-value (PPP) was estimated, defining items as categorical. N = 964

literary literacy. Finally, in Model E, we found a significant decrease in model fit
after differentiating between semantic and idiolectal literary literacy. One reason
might be that both facets are highly correlated (see Table 5.2), as shown in previous
studies (e.g., Frederking et al. 2012; Roick et al. 2013).

Overall, as shown in Table 5.3, Model C seems to fit the data best. The latent
correlation between literary literacy as a second-order factor and expository reading
comprehension of .76 (see Table 5.4), suggests that the competence of literary lit-
eracy, operationalized by three facets—the ability to recognize foregrounding pas-
sages, the ability to apply specific literary knowledge, and a common factor
consisting of the ability to recognize textual intended emotions as well as semantic
and idiolectal literary literacy—is well separable from expository reading compre-
hension. For the covariates included in our model, two typical results of research on
general reading comprehension are evident: Girls, as well as students from upper
secondary schools, reach higher performances in reading literacy for both literary
and expository texts than do boys and students from intermediate secondary schools.

5.6 Discussion

The aim of this chapter was to propose a competence structure model that captures
the abilities of secondary school students in understanding literary texts. Several
results of our study are relevant for discourse comprehension research. Furthermore,
a competence structure model of literary literacy with distinguishable facets may
serve as a starting point for instructional research and for developing teaching
approaches to fostering this competence.
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5.6.1 The Structure of Literary Literacy

According to our findings, the internal structure of literary literacy accounts for at
least three main facets: First, the content- and form-related ability of understanding
(including semantic and idiolectal literary literacy, and recognizing textually
intended emotions); second, the ability to apply specific literary knowledge, and
third, the ability to recognize foregrounded passages. Interestingly, we found sub-
stantial and very similar correlations between the availability of specific literary
knowledge and semantic and idiolectal literary literacy, as well as foregrounding
(see Table 5.2). This result suggests that specific literary knowledge can be crucial
for both: drawing appropriate inferences while constructing the meaning of a liter-
ary text and detecting foregrounded passages in literary texts (Hanauer 1999).

Referring to the students’ competence to understand literary texts at the end of
secondary school, it seems not appropriate to differentiate between semantic and
idiolectal literary literacy and the ability to recognize textually intended emotions.
That does not necessarily contradict the assumptions of Eco’s semiotic theory (Eco
1976), because both facets interact closely in the critical reading mode of advanced
readers (Eco 1990). However, it remains unclear whether recognizing textually
intended emotions should be considered as a distinct facet of literary literacy or not.
Although the model fit indices did not clearly indicate this conclusion, the factor
loadings (see Table 5.4) as well as the correlations with other facets of literary lit-
eracy (see Table 5.2) were comparatively low. Yet, the underlying cognitive and—
perhaps—affective processes that are required to recognize and identify textually
intended emotions are still unclear. This is surprising, because both emotional expe-
riences during reading a literary text and their potential impact on comprehension
are discussed and examined in discourse processing research (Kneepkens and
Zwaan 1994; Mar et al. 2011). It is conceivable that consistency between recogniz-
ing textually intended emotions and evoked emotions in the reader would facilitate
or moderate the understanding of a literary text. Further research is needed, to fully
understand how the different facets of our model of literary literacy interact and to
examine the validity of the proposed model and its relevance for research in dis-
course comprehension. For example, it could be possible that several facets show
differential courses of development. Based on the theoretical assumptions, addi-
tional analyses are needed that take into account specific external criteria (individ-
ual, contextual, and institutional) that might contribute differentially to the proposed
facets of literary literacy (see also Roick and Henschel 2015).

5.6.2 Some Considerations on Teaching Literary Literacy

Although the students’ competence in literary literacy seems to consist of three
main facets, it might be useful to apply a more complex model for teaching pur-
poses, in order to address different, important aspects of understanding literary texts
sufficiently.
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First of all, our findings clearly indicate that the ability to apply specific literary
knowledge might be relevant for differences in processing on various levels of the
textual representation. Therefore, more efforts have to be made to develop methods
of fostering specific literary knowledge. For instance, Hanauer (1999) points out
that explicit as well as implicit methods (e.g., extensive reading) may contribute to
the acquisition of literary knowledge and to an increase in the readers’ sensitivity to
literary patterns.

Second, being aware of striking stylistic features seems to be crucial for analyz-
ing the meaning and function of aesthetic elements on higher-order levels of the
comprehension process (idiolectal and semantic literary literacy). In addition to
specific literary knowledge, emotional reactions might be relevant in recognizing
stylistic features (Miall and Kuiken 1994), and they are important aspects of teach-
ing literature (Spinner, 2006). Further research is needed, however, to examine
which teaching methods are effective in raising students’ abilities to identify fore-
grounded passages. In addition to teaching specific knowledge, exercises in poetry
writing might improve competencies in this field (Zyngier et al. 2007).

Third, the ability to recognize textually intended emotions seems to be an area
that should be examined more carefully. The good fit of Model C, in which this facet
was included with content- and form-related demands, indicates that semantic and
idiolectal literary literacy seem to be relevant in recognizing textually intended
emotions, and vice versa. Thus, strategies for finding out which emotions a text
most likely intends, based on its content and its form, may be important for compre-
hending the meaning of a text (Frederking and Briiggeman 2012). Furthermore, it
seems especially worthwhile to address and reflect the feelings students experience
while reading, as previous studies found positive effects of cognitive and affective
activation on the complexity of literary interpretations (e.g., Levine 2014).

Further research is needed to examine the interdependence of the facets of liter-
ary literacy for teaching purposes, as well as to develop effective concepts that
improve literature classes. These teaching applications need to satisfy two require-
ments: First, they have to be empirically evaluated, and second, they have to address,
in particular, struggling readers at lower academic tracks, and boys (Henschel et al.
2016). Both groups seem to be highly disadvantaged, since girls and students from
higher school tracks performed better in almost all facets of literary literacy (see
Tables 5.2 and 5.4; see also Roick et al. 2013). This might be due to girls’ higher
interest in literary reading (e.g., Lehmann 1994), which seems to have positive
effects on their performance in literary reading tasks. Differences between school
tracks are also plausible, because literary literacy is less prominent in lower school
tracks (e.g., Hertel et al. 2010). Ideally, an evidence based approach to fostering
literary literacy should compensate for the disadvantages of boys and students at
lower academic tracks, in the long term.
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5.6.3 Limitations of the Study

Some limitations of our study should be noted when interpreting the results. First of
all, we did not measure expository reading comprehension, as differentiated as liter-
ary literacy, because we focused on the understanding of literary texts. It is evident
that knowledge-based processes play an important role in understanding expository
texts also (e.g., Kintsch 1988). Likewise, metalinguistic reflection might be impor-
tant when dealing with these texts. However, in our study we did not assess stu-
dents’ prior knowledge or specific metalinguistic reflections in response to
expository texts.

Furthermore, it has to be noted that we only included students of intermediate
and upper secondary school tracks at the end of compulsory schooling. Therefore,
our findings are only valid for this subgroup of students, and further research is
needed to investigate literary literacy and its facets in other student groups.

In sum, this paper has proposed the theoretical background, the assessment and
the results of an extended model of literary literacy, with at least three facets that can
be differentiated from expository reading competence. This model could serve as a
starting point for the evidence-based development of an approach to teaching liter-
ary literacy in secondary school.
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Chapter 6

Self-Regulated Learning with Expository Texts
as a Competence: Competence Structure

and Competence Training

Joachim Wirth, Melanie Schiitte, Jessica Wixfort, and Detlev Leutner

Abstract Three studies are presented that take a look at self-regulated learning as a
competence (assessed on the basis of achievement tests) rather than a self-reported
learning experience (assessed on the basis of questionnaires). In the first step, in two
correlational studies with N = 559 and N = 795 9th graders, sub-competencies of
self-regulated learning were identified that are predictive of successful learning with
expository texts. In the second step, in an experimental study with N = 647 9th grad-
ers, students were assessed with regard to these sub-competencies and were adap-
tively allocated to training programs that were designed to improve those two
sub-competencies that had been shown to be weak in the assessment. The results are
in line with a model that integrates component and process models of self-regulated
learning. Specifically, it emerged that self-regulated learning as a competence can be
broken down into sub-competencies that, in turn, can be taught, in order to improve
students’ overall learning achievement when learning with expository texts.

Keywords Self-regulated learning ® Competence © Structure ® Process ¢ Training

6.1 Theoretical Background

The competence of self-regulated learning is regarded as a prerequisite of life-long
learning (e.g., Commission of the European Community 2000). It enables learners
to initiate, plan, control, and regulate their learning process, and it facilitates learn-
ing in multiple contexts and domains. Wirth and Leutner (2008) defined the compe-
tence of self-regulated learning as “a learner’s competence to autonomously plan,
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execute, and evaluate learning processes, which involves continuous decisions on
cognitive, motivational, and behavioral aspects of the cyclic process of learning”
(p. 103). However, the notion of “a learner’s competence” does not mean that the
competence of self-regulated learning is unidimensional. Researchers emphasize
rather that learners need a whole set of competencies that are more or less domain-
or task-specific, and that are needed within different phases of the learning process
(Winne and Perry 2000; Wirth and Leutner 2008). Consequently, there is no single
model of self-regulated learning competence that integrates all relevant competen-
cies for all learning domains in all learning phases. Models differ concerning learn-
ing domains and concerning their focus on either the different competencies
(“component models”; e.g., Boekaerts 1997; Schreiber 1998) or the different phases
of self-regulated learning (“process models”; e.g., Winne and Hadwin 1998;
Zimmerman 2000).

The purpose of our research was to develop and evaluate a model of self-regulated
learning for the domain of learning with expository texts. Thus, our model is
restricted to this specific domain. However, the core aspect of our model is that we
aimed to overcome the distinction between competencies and phases (Winne and
Perry 2000; Wirth and Leutner 2008). Instead, we wanted to develop an integrated
model describing all relevant competencies and the structure of their relationships,
as well as their occurrence and relevance in the different phases of a learning pro-
cess (for a similar approach see Dresel et al. 2015). As a result, this model aims to
integrate different kinds of models of self-regulated learning. Additionally, this
model provides an integrated theoretical foundation for developing trainings in self-
regulated learning that could in turn validate the integrated model.

In the current paper, we first describe our integrated model of self-regulated learn-
ing. Second, we report two studies analyzing the factorial structure of the different
competencies described in the model. Third, we present data from a training study,
which shows how the different competencies contribute to successful learning.

6.1.1 Integrated Model of Self-Regulated Learning

Our model integrates aspects of process models and also component models of self-
regulated learning (Fig. 6.1). Process models (e.g., Pressley et al. 1987, 1989; Winne
and Hadwin 1998; Zimmerman 2000) describe self-regulated learning in terms of
phases or stages. Each phase is defined by the specific demands posed to learners
within that phase. For example, in a first phase (“forethought phase”; Zimmerman
2000) learners need (among other considerations) to define their learning task.
Based on this learning-task definition they have to set up one or more learning goals,
and then have to plan how to achieve these learning goal(s). In the next, “perfor-
mance phase” (Zimmerman 2000), learners need to execute their plan. In addition,
while executing the plan, they need to observe themselves and their learning as
neutrally as possible, and from a bird’s-eye perspective. In the “self-reflection
phase” (Zimmerman 2000), learners need to evaluate whether what they have
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Fig. 6.1 Integrated model of self-regulated learning (Adapted from Schiitte et al. 2010, 2012)

observed is in line with their learning goal(s) and plan. This evaluation can lead
either to changes within any of the learning phases, or—if learners recognize that
they have reached their goal(s)—to the end of the learning process.

Although process models describe the different phases in a linear manner, they
all emphasize that the process of self-regulated learning is not a linear but a cyclic
sequence of phases. Whenever learners end up with self-reflection, this is the start-
ing point for a new cycle of self-regulation. For example, results of the self-reflection
phase can lead to the need to change learning goal(s), which in turn can result in the
need to adjust the learning plan, as well as the criteria used in the self-reflection
phase. Winne and Hadwin (1998) even assume that learners do not always have to
finish the whole cycle with a fixed sequence of phases, but can go back and forth
whenever they realize that they need to change their learning activities to accom-
plish the different demands of self-regulated learning.

Of course, the different process models of self-regulated learning differ accord-
ing to the number of phases they assume, the specific demands they assign to the
different phases, and many other aspects. However, they share some common fea-
tures: (a) All process models describe three kinds of phases. First, they include
phases that prepare the actual learning activities. Second, they describe phases in
which the actual learning activities are performed, and third, they emphasize phases
of self-reflection. Therefore, we have included a planning phase, a performance
phase, and a self-reflection phase (cf., Dresel et al. 2015; Zimmerman 2000) in our
model of self-regulated learning (Fig. 6.1). (b) All process models describe self-
regulated learning as a goal-directed process (Weinert 1982). Learners have to
develop a plan to reach self-established learning goals, and they have to monitor
whether the execution of their plan leads to the desired goal. Many researchers con-
sider monitoring as one of the keys to successful self-regulated learning (e.g., Butler
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and Winne 1995). Monitoring consists of observing and evaluating the learning
process, as well as regulating in the sense of adjusting learning activities so that
learners reach their learning goal(s) (Schreiber 1998). Summing up, goal setting,
planning, observing, evaluating, and regulating are demands on self-regulated learn-
ers that all process models address in one way or another. Therefore, we included
these five demands in our model (Fig. 6.1). (c) All process models emphasize the
cyclic nature of the process of self-regulated learning. The core assumption is that
meeting the demands in one phase is dependent on the learner’s success in meeting
the demands of previous phases. For example, in order to plan their learning process
successfully, learners need to have successfully set up their learning goals in
advance. If learners come to realize that they have not sufficiently defined their
learning goals, they need to go back and define their goals before they can again
start with planning. Therefore, we arranged the different phases and demands in
cycles, describing that the learners can go back and forth, and even if learners
approach the end of the current learning process cycle, this end will be the starting
point of the next learning process.

Process models describe phases and demands of self-regulated learning, but they
usually fail in describing the competencies learners need to meet these demands.
Competencies are usually a part of component models of self-regulated learning,
and are often described in terms of strategy knowledge (e.g., Boekaerts 1997).
Dresel et al. (2015) point out that component models have a broad understanding of
knowledge that relates strategy knowledge to the task and the self, and that is not
restricted to declarative knowledge. Additionally, they include procedural strategy
knowledge (Anderson 1983), in the sense of being able to execute a specific strategy
successfully, as well as conditional knowledge (Paris et al. 1983), which means that
learners know under which situational and personal conditions a certain strategy is
suitable to meet a specific demand. Describing competencies of self-regulated
learning as knowledge in this broad sense highlights three key aspects of self-
regulated learning competencies: (a) Both declarative and procedural strategy
knowledge do not guarantee that learners really use their strategy knowledge in a
specific learning situation. Several conditions (e.g., motivational problems) can pre-
vent learners from using what they know and what they could do. This is in line with
the common notion that competencies are dispositions rather than performances
(Hartig et al. 2008). (b) Competencies of self-regulated learning include knowledge
about personal characteristics (e.g., content-specific prior knowledge), task charac-
teristics (e.g., structural features of a text that has to be read), and strategies (e.g., a
concept-mapping strategy; Flavell 1979). (c) These competencies have to interact,
in order to meet the demands of self-regulated learning.

We included a set of competencies in our model that enable learners to activate,
apply, acquire, or evaluate their knowledge about personal characteristics, task char-
acteristics, or strategies (Fig. 6.1). Each of the competencies relates to a demand
(Wirth and Leutner 2008), which in turn links the competencies described in com-
ponent models to the phases proposed by process models. During the forethought
phase, learners need to set learning goal(s) and plan how to reach these goal(s). Goal
setting requires that learners decide what they have to learn. It is therefore necessary
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that they are able to identify the task demands (e.g., task characteristics that make
the task easy or hard to process) and to activate and evaluate their content-specific
(prior) knowledge (e.g., to evaluate what they already know and what they do not
know so far). Based on these evaluations, learners must be able to set learning goals
and define standards to be used later in the self-reflection phase, when they need to
be able to decide whether they have reached their learning goal(s) or not. Planning
requires learners to be able to activate their declarative strategy knowledge and to
evaluate whether they are able to execute the activated strategies successfully.
Referring to the task demands and learning goals, learners then must have the com-
petence to plan which strategy they want to apply, and when.

During the performance phase, learners execute the learning strategies. Thereby,
they have to be able to keep track continuously and as objectively as possible of
what they are doing, how they do it, and what they achieve by doing what they do
(Schreiber 1998). During the self-reflection phase, learners have to evaluate their
learning process. Therefore, they again have to be able to estimate their content-
specific knowledge and to evaluate which knowledge they have gained by their
learning activities. Furthermore, they need to be able to evaluate whether they have
reached their learning goal(s) using the standards defined during goal setting. In the
case of not achieving their goal(s), learners need to be able to analyze the reasons
for non-achievement.

Regulating means that learners have to be able to adjust and modify their learn-
ing according to the results of their evaluation. These adjustments and modifications
can be necessary for each of the phases, depending on which demand(s) the learners
have not yet met. Thus, the competencies needed for regulating include all the com-
petencies needed so far.

Figure 6.1 presents our integrated model of self-regulated learning. We derived
the model by analyzing the core characteristics of process models and component
models, with a specific focus on the demands defined by process models as links
between competencies and phases. Based on these theoretical considerations, we
now present three empirical studies investigating the structure of the so-defined
competence of self-regulated learning, in the following sections.

6.2 Research Questions and Hypotheses

In Studies 1a and 1b, we explored the structure of self-regulated learning competence
from a “component perspective”’. We were interested in how the different (sub-) com-
petencies proposed by our model are related to each other. Therefore, we assessed
the different competencies independently of each other, and ran explorative factor
analyses. We assumed that the competencies would be positively correlated, but had
no a priori hypotheses about the underlying competence structure.

In Study 2, we took a “process perspective”. We investigated whether single
competencies being fostered and improved by specific training would enhance the
overall effect of competencies employed in later steps of the process of learning.
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The study is based on two assumptions: (a) We assumed that the effect of a certain
competence on learning outcomes would be dependent on the accomplishment of
demands learners have to deal with in earlier steps of the learning process. That is,
if learners, due to weak competencies, fail to accomplish earlier demands in a spe-
cific learning process, it can be expected that they will not be effective in applying
their competencies in later demands of the same learning process. For example, the
competence of planning can lead to an appropriate learning plan only if learners had
earlier been able to set up appropriate learning goals. If they lack at least one of the
competencies needed for setting up learning goals, they will not be able to develop
a plan that leads to appropriate learning goals (and, thus, to the desired learning
outcome) even if their competence in planning is high. (b) We assume that learners
have individual strengths and weaknesses in respect of the different competencies.
This means that the different (sub-) competencies may develop independently of
each other, so that learners may be strong in some competencies but weak in others.
Combining the two assumptions leads to the hypothesis that it should be sufficient
to train an individual only in those competencies in which they are weak. In effect,
all the (sub-) competencies of self-regulated learning should together deploy their
full potential, which should, in turn, result in successful learning.

6.3 Studies 1a and 1b: A “Component Perspective”
on the Structure of Self-Regulated Learning Competence

We investigated the structure of the competence of self-regulated learning. We were
interested in how the (sub-) competencies proposed by our model correlate, and
whether we could identify an underlying factorial structure. We had no a priori
hypotheses about the factorial structure. However, at least two kinds of structures
seemed to be reasonable: (a) One structure could emerge based on the demands of
self-regulated learning. Within such a five-factorial structure, all competencies
needed to accomplish one of the five demands would load on one common factor,
representing the respective demand. For example, all competencies needed to set up
goals would load on the factor “goal setting”, whereas all competencies needed for
planning would load on the factor “planning”, and so forth. (b) Another structure
could emerge based on the three kinds of knowledge: about task characteristics,
personal characteristics, and learning strategies (Flavell 1979). Within such a three-
factorial structure, all competencies needed to identify and use knowledge about the
task, the learner, or the strategies, would load on common factors representing the
respective kind of knowledge. Since we had no theoretical reason to prefer one of
the described (or any other conceivable) factorial structures, we used an explorative
approach to identify the structure of the competence of self-regulated learning.

In Study 1a, with a sample of N = 559 9th graders, we assessed all competencies
proposed by our model of self-regulated learning with expository texts (Fig. 6.1;
Schiitte 2012; Schiitte et al. 2012). Concerning the competence of identifying task
demands, we differentiated between the competencies of identifying text features
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Table 6.1 Factor loadings Competencies ‘ 1 ‘ 2
(rotated solution) of Study la

Evaluating task demands

Text features increasing text difficulty | .047 429
Text features decreasing text difficulty | —.193 |.522
Activating/Evaluating prior knowledge

Existing knowledge 426 —.250

Knowledge gaps —.385 |.240
Setting goals and standards 156 159
Activating strategy knowledge .038 588
Applying learning strategies

Text highlighting 208 —.061

Concept mapping 110 205
Planning -.002 |.114
Evaluating knowledge gain

Existing knowledge 636 227

Knowledge gaps —-.643 | -.020
Evaluating achievement of learning goals

Goals achieved 532 206

Goals not achieved —.637 |.082
Evaluating reasons for not achieving -.201 |.441

learning goals

that either increase or decrease text difficulty. Similarly, we divided the competence
of activating/evaluating (prior) knowledge into activating/evaluating existing
knowledge or knowledge gaps. Regarding the competence of applying learning
strategies, we chose the competencies that apply to strategies of text highlighting
and concept mapping. Finally, the competence of evaluating the achievement of
learning goals was assessed according to learning goals achieved or not achieved
(see Schiitte 2012 for details on test instruments, sample, and procedure).

We conducted an exploratory factor analysis (main component analysis,
VARIMAX rotation) that proposed a two-factorial solution that accounted for
23.9 % of the variance (Table 6.1).

Competencies needed to activate and evaluate content-specific (prior) knowl-
edge, as well as competencies needed for evaluating goal achievement, defined the
first factor. We interpreted this first factor as competencies needed for activating and
evaluating personal characteristics. The second factor built on the competencies of
evaluating task demands, of activating strategy knowledge, and of evaluating rea-
sons for not achieving goals. We interpreted this second factor as competencies
needed for evaluating task characteristics. Note that our test of the competence of
activating strategy knowledge assessed mainly conditional knowledge (Paris et al.
1983), where conditions are determined by task demands. In the same way, the test
of the competence of evaluating reasons for not achieving goals had a focus on rea-
sons attributed to the task (e.g., task difficulty).
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The competencies of setting goals and standards, applying learning strategies and
planning, did not clearly load on one of the two factors. Additionally, as regression
analyses showed, the competencies of setting goals and standards, and planning, did
not contribute to learning (Schiitte 2012). The same is true for all competencies
needed for evaluating (competencies h—j in Fig. 6.1). Thus, we were not able to iden-
tify a clear factorial structure in Study la. However, we found first hints that the
competence structure of self-regulated learning might reflect Flavell’s (1979) distinc-
tion of person, task, and strategy knowledge rather than the different demands.

In Study 1b, with N = 795 9th graders (Schiitte and Wirth 2013), we again
assessed the competencies of self-regulated learning. However, differently from
Study la, we included neither the competence of setting goals and standards nor the
competence of planning. We revised our test of the competence of applying learning
strategies and added a third strategy (summarizing). Finally, we relinquished assess-
ing the competencies needed for evaluating during the self-reflection phase, since
they had proved to be non-predictive of learning outcomes in Study la.

Again we conducted an exploratory factor analysis (main component analysis,
VARIMAX rotation), which proposed a three-factorial solution that accounted for
50.8 % of the variance (Table 6.2).

The three-factorial solution clearly supported Flavell’s (1979) distinction
between task characteristics (Factor 1), person characteristics (Factor 2), and learn-
ing strategies (Factor 3). By conducting a confirmatory factor analysis we modeled
the relations between the three factors (Fig. 6.2; x%,, = 11.870; p = .808; RMSEA
=.000). We found a strong correlation between the competence of identifying task
demands and that of activating and applying learning strategies. The competence of
activating and evaluating (content-specific) knowledge was not related to other
competencies.

The component perspective on the competence of self-regulated learning
revealed that the underlying competence structure fitted best to Flavell’s (1979)
distinction of task characteristics, person characteristics, and learning strategies. We
didn’t find any hints that the different demands or the different phases may form

Table 6.2 Factor loadings (rotated solution) of Study 1b.

Competencies ‘ 1 ‘ 2 3
Evaluating task demands
Text features increasing text difficulty .868 —.028 .008
Text features decreasing text difficulty 807 —.020 214
Activating/Evaluating knowledge
Existing knowledge .055 =715 —.154
Knowledge gaps .015 780 —.069
Activating strategy knowledge 203 -.126 482
Applying learning strategies
Text highlighting 036 |.025 .616
Concept mapping 157 .036 .580
Summarizing .037 .163 .650
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Fig. 6.2 Competence structure of self-regulated learning with expository texts (bold text = signifi-
cant at a = .05)

underlying factors. This result may be due to the cyclic nature of self-regulated
learning: Learners often go back and forth, and do not work through the phases in a
linear manner. Thus, the phases have less value for building an underlying compe-
tence structure.

Regression analyses, however, indicated that only some of the competencies pro-
posed by our model (Fig. 6.1) proved to be relevant to learning. None of the compe-
tencies needed for self-reflection, nor the competence of setting goals and standards,
nor the competence of planning, contributed to learning. From a theoretical point of
view, this is surprising. However, from a methodological point of view, we assume
that the competencies in question could not contribute to learning because our learn-
ing task was difficult for the learners, and learning time was short. Thus, in the
specific learning task there was probably not enough time for careful goal setting
and planning. The same is true for self-reflection. Additionally, we assume that we
were not able to find effects of the competencies of self-reflection on learning
because we had used only one learning task. Perhaps self-reflection would have had
an effect on succeeding learning tasks. But due to time constraints we were not able
to administer additional texts and tests to capture these possible effects.
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6.4 Study 2: A “Process Perspective” on the Structure
of Self-Regulated Learning Competence

Study 2 was designed as a training study. In this study, we investigated whether
single competencies of self-regulated learning (SRL) after being fostered and
improved by specific training, would enhance the overall effect on learning out-
comes of SRL competencies needed in later steps of the process of learning. We
assumed that it should be sufficient to train in only the few SRL competencies in
which an individual learner is rather weak, so that, in effect, all the (sub-) compe-
tences of self-regulated learning can together deploy their full potential for success-
ful learning.

We conducted the study with N = 647 9th graders. In a pre-test session we
assessed their competencies of identifying task demands, of activating/evaluating
knowledge, of activating strategy knowledge, and of applying the learning strategies
of text highlighting, concept mapping, and summarizing (Table 6.2). We used tests
that we had normalized in a preceding study, with N = 2215 9th graders from two
German school types (“Gymnasium”, as a higher track of secondary education and
“Gesamtschule” as a lower track of secondary education). For all tests, separate
norm references exist for both school types.

For each single student we identified those two competencies on which the stu-
dent achieved the lowest norm reference scores. On the basis of these two compe-
tencies, we adaptively assigned two respective training modules to each student.

The training modules were administered as web-based trainings, as part of the
students’ homework assignments. Each of the two modules took 4 weeks. Whereas
students had to work with the module at home, their teachers at school were respon-
sible for ensuring that students really worked continuously with the modules.

After 8 weeks, we again assessed the students’ competencies of identifying task
demands, activating/evaluating knowledge, activating strategy knowledge, and
applying the three learning strategies. Additionally, we gave students an expository
text, and tested their respective content-specific prior knowledge. Students then had
to study a text (in a completely self-regulated way) within 1 week as part of their
homework assignments. After this week, students worked on a content-specific
knowledge test on the information provided in the text.

As a first result, we had to deduce that only n = 146 students had worked suffi-
ciently with the web-based training modules and had participated in all test ses-
sions. Obviously, we had not been able to motivate all students (and teachers) to
participate in the study conscientiously. However, in a first step, we analyzed
whether working with one of the two training modules increased the respective SRL
competence. We conducted repeated-measures analyses of variance with the norm
reference scores on the respective competence tests before and after the training as
a within-subject factor. For each module/competence, we compared students who
were assigned to the module and worked with the module sufficiently, with those
who refused to work with the module, as a between-subject factor. Additionally, we
controlled for school type, since norm reference scores were assigned within school
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types. It turned out that most of our training modules increased the respective com-
petence (Table 6.3). Only the modules fostering the SRL competencies of applying
the text highlighting strategy and applying the concept mapping strategy, did not
show any effect.

In a second step, we analyzed whether working with the modules not only
increased the respective SRL competence but also enhanced overall self-regulated
learning, leading to better learning outcomes when reading the expository text. For
that reason, we compared the scores in the content-specific knowledge test between
students who sufficiently processed no, one, or two modules of the two modules they
had been allocated to. As an additional between-subject factor, we controlled for
school type (“Gymnasium”/“Gesamtschule”) in our analysis of variance (Fig. 6.3).

Table 6.3 Interaction of time (pre-test/post-test) and training module processing (yes/no) for each
training module/competence; p-values one-tailed

Module/Competence F df p d
Identifying task demands 4.019 1,56 025 0.54
Activating/Evaluating knowledge 6.546 1,66 .007 10.63
Activating strategy knowledge 3.881 1,100 026  0.39
Applying text highlighting strategy <1 1,81
Applying concept-mapping strategy <1 1,149
Applying summarizing strategy 1.914 1,24 .090 |0.57
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Fig. 6.3 Learning outcomes as a function of school type and number of sufficiently processed
training modules. “Gymnasium” represents a higher, “Gesamtschule” a lower track of German
secondary education
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The results revealed a main effect for school type (F(; 14, = 44.66; p <.001; > = .243)
and a main effect for number of modules sufficiently processed (F 149 = 4.92; p =
.009; n? = .066), but no interaction of the two factors (F 4, = 1.04; p = .358). Thus,
working on the training modules seriously improved students’ learning outcomes, in
what might be attributed to an increased overall competence of self-regulated learn-
ing with expository text—an effect that was independent of the specific type of
school in which students were learning. We interpret this result as a first hint of the
effectiveness of our adaptive training, where only weak SRL competencies were
taught, rather than training in all self-regulated learning competencies. It seems that
strengthening weak competencies helps learners to accomplish specific demands that
are in turn a prerequisite for other (stronger) competencies: to unfold their learning
potential in subsequent phases of the self-regulated learning process.

However, the results have to be interpreted carefully. Of course, the effects could
be due to the large dropout rate in our sample. For example, it could be that very
conscientious students worked with our training modules, while less-conscientious
students refused to train in their competencies. If so, then the results presented in
Fig. 6.3 could be attributable to the extent of conscientiousness, rather than to the
number of modules sufficiently processed. However, since we were able to show
that our training modules indeed increased the respective (sub-) competence of self-
regulated learning (Table 6.3), it seems reasonable that the increase from no, to one,
and two modules (Fig. 6.3) is responsible for the respective increases in learning
outcomes.

6.5 Discussion

In three studies we investigated self-regulated learning as a competence, with a
focus on those (sub-) competencies that are necessary for successful self-regulated
learning. According to previous studies, and an integrated model of self-regulated
learning (Schiitte et al. 2010), the following (sub-) competencies enable students to
meet the challenges of learning in a self-regulated way: In order to set their goals for
learning, students have to be able to identify task demands, to activate and to evalu-
ate their prior knowledge, and finally, to set goals and standards for their learning.
In order to plan their learning, students have to be able to activate knowledge about
learning strategies, to apply learning strategies and, finally, to plan the specific pro-
cedure in a given learning situation. While learning, students have to be able to
observe their learning activities neutrally. In order to evaluate their learning, stu-
dents have to be able to evaluate their knowledge gain, their achievement of learning
goals, and reasons for not having achieved any learning goals. Finally, in order to
regulate their learning, students have to be able to adjust their learning activities.
In Studies 1a and 1b, we explored the correlational structure of these (sub-) com-
petencies from a “‘component perspective”. The results indicate that competencies
of activating and applying learning strategies can be differentiated from those of
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identifying task demands and activating and evaluating content-specific knowledge;
this is in line with Flavell’s (1979) distinction of learning strategies, task character-
istics, and person characteristics.

In Study 2, we had a look at self-regulated learning from a “process perspective”.
The focus was on those sub-competencies that, in Studies la and 1b, turned out to
be especially predictive of learning achievement. In a training study, we first
assessed students on these sub-competencies and then adaptively trained them in
relation to those two sub-competencies on which they were weak. The results indi-
cate that this adaptive training in weak sub-competencies increased students’ over-
all competence in self-regulated learning, as indicated by increased learning
outcomes when learning with an expository text.

Of course, the present studies have limitations. First of all, the underlying model
of self-regulated learning (Schiitte et al. 2010) is restricted to the domain of learning
with expository texts. This is due to the fact that the (sub-) competencies needed to
meet the different demands differ between domains. For example, the learning strat-
egies of text highlighting, concept mapping or summarizing are appropriate for
learning with expository texts, but probably less helpful for learning how to drive a
car. Thus, in line with Klieme and Leutner (2006), (sub-) competencies of self-
regulated learning are domain-specific or even context-specific. However, on a more
abstract level, the model can serve as a framework for the competence of self-
regulated learning in almost all domains. The process of self-regulated learning
includes phases of forethought, performance, and self-reflection that are indepen-
dent of domain. The same is true for the demands of goal setting, planning, observ-
ing, evaluating, and regulating. Thus, only the competencies must be adapted to the
specific domain.

A further limitation results from the use of Klieme and Leutner’s (2006) defini-
tion of competence. They define competencies as context-specific cognitive disposi-
tions that are acquired by learning and that are needed to successfully cope with
certain situations or tasks in specific domains (p. 879). Thus, our model is limited to
cognitive dispositions. This focus on cognitive dispositions excludes any non-
cognitive aspects of competencies, such as for example, motivation. However, per-
formance is low when motivation is low, even if the cognitive competence is high.
Thus, we assume that our model would strongly benefit from including strategies of
motivation regulation (Wolters 2003).

Taking these limitations into account, the present results have theoretical as well
as practical implications. On the theoretical side, the results are in line with both
component (e.g., Boekaerts 1997; Schreiber 1998) and process models (e.g., Winne
and Hadwin 1998; Zimmerman 2000) of self-regulated learning, insofar as the
underlying model (Schiitte et al. 2010) integrates the two approaches to the study of
self-regulated learning (Wirth and Leutner 2008). Note that in the present studies,
we focused on self-regulated learning as a competence (that is composed of sub-
competencies), rather than on self-regulated learning as a learning experience.
Consequently, we developed a battery of achievement tests for assessing students’
sub-competencies of self-regulated learning, rather than a questionnaire for assess-
ing students’ self-reported strategic learning behaviors (such as, e.g., the well-known
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MSLQ; Pintrich et al. 1993). The results of our training study indicate that the sub-
competencies of self-regulated learning can be regarded as links of a chain: If one
of the links is weak, the whole chain will be weak. Or, in other words, if students are
adaptively trained on those links of the chain that are weak, the whole chain will
become stronger. This notion is completely in line with process theories of self-
regulated learning which state that each step of a learning strategy has to be per-
formed on a qualitatively high level in order to achieve high learning results (e.g.,
Leutner et al. 2007).

On the practical side, the results of the present studies indicate that self-regulated
learning with expository texts is a multi-faceted competence that can be broken
down into sub-competencies that are, to a varying degree, predictive of successful
learning. The sub-competencies of self-regulated learning can be assessed, and
weak sub-competencies can be taught adaptively, in order to improve students’
learning outcomes when they are asked to learn from an expository text.
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