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Abstract
The project “Theorizing in Practice” uses typical theory application errors to fos-
ter applicable educational knowledge for the theory-based explanation of complex 
school situations. Earlier studies showed positive eff ects of error-based learning 
environments. However, a seminar concept expanding the learning environment 
by adding theoretical refl ections of biographical learning and teaching experienc-
es yielded only minor additional learning eff ects. The results were ascribed to in-
suffi  cient sensitivity of the existing analyses towards qualitative changes in the 
learners’ knowledge base. Hence, the present study examines to what extent en-
hanced analysis methods can assess qualities of knowledge based on a taxono-
my by de Jong and Ferguson-Hessler (1996). The seminar concept (integrated/
regular) and access to instructional support during testing (with/without) were 
varied experimentally. The participants‘ explanations in two test scenarios were 
analyzed with regard to structure, automation level and elaboration level of edu-
cational knowledge. As expected, structure and automation in the post test expla-
nations in the integrated seminar were superior to those in the regular seminar. 
The structure level was similar to the pre-test, but performance (time-on-test) im-
proved. Elaboration level of knowledge was superior in the integrated seminar. 
Access to instructional support during testing also improved structure and elabo-
ration level, however, there was no signifi cant interaction.
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Förderung anwendbaren bildungswissenschaftlichen 
Wissens bei Lehramtsstudierenden: Eff ekte eines 
fehlerbasierten Seminarkonzepts und instruktionaler 
Hilfen während des Testens auf Qualitäten 
anwendbaren Wissens

Zusammenfassung
Das Projekt „Theoretisieren für die Praxis“ fördert anwendbares bildungswissen-
schaftliches Wissen zur Erklärung komplexer schulischer Situationen mittels ty-
pischer Theorieanwendungsfehler. Frühere Studien zeigten positive Eff ekte feh-
lerbasierter Trainings. Ein diese Trainings erweiterndes Seminarkonzept zur 
theoretischen Refl exion biografi scher Lehr-Lernerlebnisse erbrachte jedoch nur 
geringe Zusatzeff ekte. Dies wurde mit der unzureichenden Sensibilität der ver-
wendeten Analysemethoden in Bezug auf qualitative Veränderungen in der 
Wissensbasis der Lernenden begründet. Daher untersucht die vorliegende Studie, 
inwiefern verbesserte Analysemethoden Qualitäten von Wissen basierend auf ei-
ner Taxonomie von de Jong and Ferguson-Hessler (1996) erfassen können. Das 
Seminarkonzept (integriert (IS)/regulär (RS)) und die Verfügbarkeit instruk-
tionaler Hilfen während der Testphase (mit/ohne) wurden experimentell vari-
iert. Die Erklärungen der Teilnehmer in zwei Testszenarien wurden bezüglich 
ihres Strukturierungs- und Automationsgrades sowie der Verarbeitungstiefe bil-
dungswissenschaftlichen Wissens ausgewertet. Wie erwartet waren diese in den 
Nachtest-Erklärungen im IS höher als im RS. Der Strukturierungsgrad war ver-
gleichbar zum Vortest, jedoch verbesserte sich die Performanz (Bearbeitungszeit). 
Die Verarbeitungstiefe des Wissens war im IS höher. Die Verfügbarkeit instrukti-
onaler Hilfen verbesserte Strukturierungsgrad und Verarbeitungstiefe, eine signi-
fi kante Interaktion blieb jedoch aus.

Schlagworte
Theorieanwendung, evidenzbasierte Praxis, Lernen aus Fehlern, Lehrerbildung

1.  Problem description and aims

The application of scientifi c educational knowledge to improve pedagogical practice 
is gaining importance against the backdrop of the current debate on the introduc-
tion of evidence-based practice in the education sector (Bromme, Prenzel, & Jäger, 
2014; Slavin, 2002, 2008). Evidence based practice refers to the consideration of 
the most recent scientifi c evidence for professional decisions and actions (Bauer, 
Prenzel, & Renkl, 2015, cf. Evidence-based Medicine Working Group, 1992). The 
German standards for teaching and teacher education (Standing Conference of 
the Ministers of Education and Cultural Aff airs [KMK], 2004, 2015) consequent-
ly demand future teachers to be able to interpret, refl ect on and make use of ed-
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ucational research fi ndings for their classroom practice. Empirical data, however, 
require critical interpretation on a theoretical basis to gain the status of evidence 
(Bromme et al., 2014). Thus, future teachers also have to be enabled to make use 
of theories (Meier, 2006). This includes the theory-based explanation of complex 
school situations (cf. retrospective understanding; Beck & Krapp, 2006) as a form 
of scientifi c argumentation. Since both theories and evidence can be enlisted in this 
task, this article subsumes both categories under the term scientifi c educational 
knowledge.

Various problems occur due to the complexity of scientifi c knowledge applica-
tion as well as the lack of its systematic training (Ohlsson, 1992; Bainbridge, 2011). 
Scientifi c educational knowledge remains inert (Renkl, 2006): Students are able to 
reproduce it in exams, but are unable to apply it to specifi c pedagogical situations. 
Even experienced teachers have problems understanding empirical data and show 
defi cits in the argumentative use of evidence (Stark, Herzmann, & Krause, 2010; 
Wenglein, Bauer, Heininger, & Prenzel, 2015). Hence, evidence from educational 
research is hardly used as a resource for classroom practice or refl ection by teach-
ers (Hargreaves, 2000; Hetmanek et al., 2015; Neuweg, 2007). In addition, their 
scientifi c argumentation is prone to numerous errors (Stark, 2005) such as expla-
nations of complex school situations on the basis of every day knowledge or sub-
jective theories (Groeben, Wahl, Schlee, & Scheele, 1988) or faulty use of empirical 
evidence (Kuhn, 2010). 

These errors, however, constitute learning opportunities. Based on earlier stud-
ies presenting typical scientifi c knowledge application errors in integrated learn-
ing environments (Reinmann & Mandl, 2006) to foster the acquisition of appli-
cable educational knowledge (Wagner, Klein, Klopp, & Stark, 2014a, 2014b), we 
developed an error-based integrated seminar concept. It is based on a multitude 
of established instructional design principles and focuses on the theoretical re-
construction and refl ection of biographical learning and teaching experiences (cf. 
KMK, 2004; 2014; Le Cornu & Ewing, 2008). The integrated seminar concept was 
compared to a regular teacher education seminar on theory-based refl ection in the 
present study. Taking into account that future teachers will have access to exter-
nal resources for the evaluation of school situations or course planning (Hetmanek 
et al., 2015), we also examined the eff ects of an instructional support measure dur-
ing the learning tests to increase the ecological validity of the testing situation. We 
assessed the eff ects on diff erent properties of applicable knowledge according to 
Krause (2007) in the theory-based explanation of complex school situations, draw-
ing on a knowledge taxonomy by de Jong and Ferguson-Hessler (1996).
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2.  Theoretical background 

2.1  Theory-based refl ection of pedagogical experiences as a 
form of theory application

The ability to apply scientifi c educational knowledge to perform a theory-based re-
fl ection of pedagogical experiences or questions is a part of a teacher’s competenc-
es as outlined in the standards for teaching and teacher education (KMK, 2004; 
2015). This particular application of theoretical knowledge is described in Beck and 
Krapp’s (2006) model of four basic forms of theory application: Goal attainment 
(technology: how can one attain a certain goal?), impact assessment (prognosis: 
what consequence B will phenomenon or intervention A have); retrospective un-
derstanding (explanation: How did B come to pass?); and diff erentiated percep-
tion (which situational information is relevant?). 

While Beck and Krapp (2006) place goal attainment as the starting point, the-
ory-based refl ection begins with a given situation, which subsequently has to be 
reconstructed with regard to relevant information (diff erentiated perception) and 
then explained (retrospective understanding). Interventions or prognoses can then 
be derived from that explanation. This refl ection is deliberately removed from the 
actual situation to enable students to evaluate their assessments and compare them 
to those derived from scientifi c educational knowledge (cf. Neuweg, 2007). With 
practice, this should sharpen the students’ observation of pedagogical situations 
and enable them to make theory-backed decisions under (time) pressure (which in 
turn can then be refl ected upon, and so on). 

2.2  Learning from errors in integrated learning environments 

Learning from advocatory errors (Oser, 2007) is based on presenting typical er-
rors in a domain and contrasting those with the correct solutions (cf. Durkin & 
Rittle-Johnson, 2012; Stark, Kopp, & Fischer, 2011). As a result, learners acquire 
negative knowledge (negative conceptual knowledge: how something is not, neg-
ative procedural knowledge: how something is not done and negative strategic 
knowledge: which strategies are not working) through self-explanation process-
es (VanLehn, Siler, Murray, Yamauchi, & Baggett, 2003). Negative knowledge pre-
vents learners from future errors, since erroneous concepts, actions and strategies 
can be consciously excluded (Oser, 2007). However, this requires a detailed error 
analysis to ensure that learners understand clearly what is wrong and why some-
thing is wrong (Curry, 2004). Additionally, in learning from advocatory errors, 
learners have to adopt the perspective of a fi ctitious protagonist committing the er-
rors.

Earlier studies successfully realized these requirements in integrated learn-
ing environments in the domains of medicine (Stark et al., 2011) and education 
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(Wagner et al., 2014a, 2014b). Integrated learning environments combine relevant, 
authentic problems with instructional support measures such as prompts or feed-
back (e.g. Durkin & Rittle-Johnson, 2012; Stark et al., 2011) or worked examples 
that present the problem and its solution as well as each step towards it (Renkl 
& Atkinson, 2010). Problem-based learning requires learners to actively construct 
knowledge to solve a problem (Reinmann & Mandl, 2006). This results in deep-
er understanding of concepts and more stable learning outcomes (Greeno, Collins, 
& Resnick, 1996; Renkl, 2014). Instructional support is necessary, however, to en-
sure that low prior knowledge learners profi t as well (Kirschner, Sweller, & Clark, 
2006).

A follow-up study (Klein, Wagner, Klopp, & Stark, 2015) examined the eff ects 
of a seminar concept based on blended learning and fading of instructional sup-
port as an integration of problem- and instruction-based learning on a seminar 
level. Blended learning refers to a combination of classroom teaching and self-reg-
ulated learning. The didactic intertwining of diff erent methodical and medial ap-
proaches (Steff ens & Reiß, 2009) can enhance the quality and effi  ciency of learning 
by highlighting diff erent aspects of a learning subject (cf. Kerres & Jechle, 2002). 
However, just as in problem-based learning, learners require instructional support 
such as clear instructions and access to external resources (e.g. feedback or sup-
port materials from teachers, supported transfer phases, cf. Mandl & Kopp, 2006) 
during the self-regulated learning phases. While instructional support is especial-
ly helpful for learners with low prior knowledge (Reinmann & Mandl, 2006; Renkl, 
2014; Schmidt, Loyens, Van Gog, & Paas, 2007), its advantages decrease over the 
course of the learning process (Eiriksdottir & Catrambone, 2011; Salden, Aleven, 
Schwonke, & Renkl, 2010). It can even have potentially detrimental eff ects on 
learning, e.g. when instructional support interferes with a learner’s previously ap-
plied problem-solving strategies (expertise-reversal-eff ect, cf. Salden et al., 2010). 
By fading of instructional support (Wecker, 2012; Wecker & Fischer, 2011) the in-
tensity and amount of instructional assistance are continually reduced to adapt to 
the learning progress (Renkl & Atkinson, 2010). Salden et al. (2010) point out the 
importance of clearly incremented levels within the fading process. Eiriksdottir and 
Catrambone (2011) discuss diff erent forms of fading procedures, concluding that 
detailed, closely task-related instructions foster initial learning, whereas instruc-
tions with a higher degree of abstraction induce problem solving and foster refl ec-
tion and transfer. 

Despite these didactic measures, the seminar concept only yielded minor ad-
ditional learning outcomes, possibly due to insuffi  cient sensitivity of the analy-
sis methods to qualitative changes in the learners‘ knowledge base (Klein et al., 
2015). These shortcomings were addressed in the present study by enhanced analy-
sis methods and an additional instructional support measure.
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2.3  Instructional support during learning tests

Teachers usually have access to various external information resources ranging 
from collegial feedback to educational knowledge from specialized journals to solve 
problems (Hetmanek et al., 2015). Hence, instructional materials providing cru-
cial information on a problem-solving task such as a test increase the authentici-
ty of that task. Studies on open book testing as a form of instructional support dur-
ing testing show not only a preference of students towards tests in which learning 
materials are provided as a resource, but also positive eff ects on knowledge ap-
plication tasks (Agarwal & Roedinger, 2011; Brightwell, Daniel, & Stewart, 2004; 
Theophilides & Dionysiou, 1996). Access to conceptual knowledge shifts both the 
learning and testing focus from knowledge recall to knowledge application, such as 
reasoning or problem solving (Mekala, 2011). 

However, this requires the tests to present actual knowledge application tasks 
instead of recall tasks (Agarwal & Roedinger, 2011; Ioannidou, 1997). Additionally, 
even with knowledge access in the test, the learning outcomes are not indepen-
dent from the learners’ preparation level (Thorndike, Cunningham, Thorndike, & 
Hagen, 1991). Providing all learning materials during a test can entice learners to 
spend much time searching or verifying information. Well-prepared learners retain 
an advantage, since their search is more specifi c (ibid.). Knowing that there will 
be access to all relevant information can also reduce preparation time, decreasing 
long-term learning eff ects (Agarwal & Roedinger, 2011) and impairing the develop-
ment of an elaborate conceptual knowledge base, an essential component of appli-
cable knowledge (Krause, 2007).

From these considerations, we inferred three requirements of eff ective instruc-
tional support during testing: (1) Its content has to be reduced to the most relevant 
information for the task at hand to optimize the search for information (Thorndike 
et al., 1991); (2) it has to build upon knowledge acquired in the learning phase 
(Krause, 2007); and (3) the test itself has to assess knowledge applications such 
as reasoning or problem solving (Ioannidou, 1997; Agarwal & Roedinger, 2011). A 
further question that has not been addressed yet is the eff ect of providing negative 
knowledge (Oser, 2007; see section 2.2) during a test. From a theoretical perspec-
tive, negative knowledge about errors and error avoidance strategies should safe-
guard learners against erroneous decisions or actions and thus be a valuable re-
source in a test.

2.4  Types and qualities of knowledge

Krause (2007) defi nes applicability as a property of knowledge that requires the 
successful interaction of diff erent knowledge dimensions to solve problems. The 
present study’s understanding of these knowledge dimension draws upon a two-
dimensional taxonomy by de Jong and Ferguson-Hessler (1996), which diff eren-
tiates between types and qualities of knowledge. Analogous to Oser (2007), de 
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Jong and Ferguson-Hessler’s knowledge types refer to the way knowledge is cat-
egorized (conceptual: singular concepts and facts; procedural: concrete actions; 
strategic: strategies and action sequences). Even though the terms are similar, de 
Jong and Ferguson-Hessler’s taxonomy diff ers in some aspects from others such 
as the ACT-R-Theory (Anderson et al., 2004). The ACT-R-Theory states that de-
clarative (i.e. conceptual) knowledge about actions becomes procedural knowledge 
through a process called compilation, wherein an individual develops production 
rules that contain information on the execution and sequence of actions. De Jong 
and Ferguson-Hessler instead regard conceptual and procedural knowledge as dif-
ferent knowledge types, which can each have a degree of compilation that rang-
es from declarative (unconnected pieces of information or step-wise operations) to 
compiled (holistic, intuitive understanding or routine execution) on an additional 
dimension they refer to as automation level of knowledge. These additional dimen-
sions, the qualities of knowledge, are in the focus of this study. They also include 
the structure of knowledge and its level of depth (referred to in this article as elab-
oration level). Highly structured knowledge is hierarchically and meaningfully or-
ganized and facilitates the generation of interrelations and coherent units of mean-
ing such as schemata (Rumelhart, 1980). Such knowledge structures are associated 
with expertise in a domain (e.g., medicine, see Boshuizen & Schmidt, 1992) and al-
low for faster and less demanding (in terms of cognitive resources) access to infor-
mation. This increases the aforementioned automation level as well as the appli-
cability of knowledge in real world situations (Stark, 2001), since problem solving 
processes can be sped up by easier knowledge retrieval and the availability of addi-
tional cognitive resources for problem solving (de Jong & Ferguson-Hessler, 1996; 
cf. effi  ciency, Eysink et al., 2009). Knowledge with a high elaboration level (cf. 
deep-level knowledge as opposed to surface-level knowledge; de Jong & Ferguson-
Hessler, 1996) is characterized by a high level of abstraction of basic principles, 
concepts and procedures in a domain, which facilitates evaluation and critical 
thinking (Marton & Säljo, 1976). Structure and elaboration level of knowledge are 
interdependent as well: The construction of functional schemata and knowledge hi-
erarchies requires abstracted knowledge (de Jong & Ferguson-Hessler, 1996). This 
theoretical interdependency indicates that they should be positively correlated. 
Since the qualities can be assessed for each knowledge type, they allow for the de-
tection of changes in a learner’s knowledge base that may be obscured by focusing 
solely on changes in the knowledge types. 

3.  Research questions and hypotheses

Based on our theoretical considerations, an error-based integrated seminar concept 
didactically implemented by blended learning and fading of instructional support 
was developed to foster three qualities of applicable scientifi c knowledge for the ex-
planation of complex school situations. The seminar concept focused on the theo-
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retical reconstruction and refl ection of biographical learning and teaching experi-
ences (cf. KMK, 2004, 2014; Le Cornu & Ewing, 2008). This included the analysis, 
identifi cation and avoidance of argumentation errors and the autonomous research 
and application of appropriate theories in a scientifi c explanation. An instruction-
al support measure was added to the concluding learning tests by providing stu-
dents with negative knowledge about argumentation errors to support the students 
in the critical evaluation and choice of theories and empirical data (cf. Wenglein et 
al., 2015) and increase the ecological validity of the test situation. A regular semi-
nar concept that included no references to argumentation errors and did not em-
ploy the integrated seminar’s didactic measures was used as a control group. The 
following research question and hypotheses were formulated:

To what extent do the integrated seminar concept and the instructional sup-
port during testing foster structure, automation level and elaboration level of ap-
plicable scientifi c knowledge?

1. Main eff ect of the seminar concept: Participants in the integrated seminar 
concept were expected to show better structure of knowledge in their explanations 
than the control group and improve from pre- to post-test. Consequently, the auto-
mation level should be higher in the post-than in the pre-test due to easier knowl-
edge retrieval. The elaboration level of knowledge in the post-test should exceed 
that of the control group, since the integrated seminar concept also fostered evalu-
ation and critical thinking with regard to theory selection.

2. Main eff ect of instructional support during testing: Providing negative 
knowledge during testing should improve the structure of knowledge and elabora-
tion level of the students’ explanations in the post-test by supporting them in the 
exclusion of argumentation errors and in theory selection. 

3. Interaction between seminar concept and instructional support during 
testing. We expect the eff ects of the integrated seminar concept on the structure 
and elaboration level of knowledge to be bolstered by the availability of negative 
knowledge since it enables the participants to focus on knowledge application in-
stead of recall in the exclusion of argumentation errors and in theory selection. 

4.  Method

4.1  Sample and design

N = 135 student teachers (72f, 13 not indicated) were recruited from obligatory 
seminars in teacher education. The mean age was 22.2 years (SD = 3.77). The sem-
inars consisted of two phases (see table 3; cf. Klein et al., 2015): In seminar phase 1 
(SP1), all participants were trained with the learning environment. The experimen-
tal variations were implemented only in seminar phase 2 (SP2). At the beginning 
of SP2, the seminars receiving the integrated seminar concept were randomly se-
lected. Structure and automation level were assessed at the beginning and end of 
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SP2 by an application task (details in section 4.5), resulting in a 1x2-factorial de-
sign with repeated measurements (seminar concept: integrated vs. regular, see ta-
ble 1). An additional transfer task (details in section 4.5), was administered only at 
the end of SP2 to assess structure and elaboration level. In this test, the availabil-
ity of instructional support during testing was varied within a 2x2-factorial design 
(seminar concept x instructional support: with vs. without, see table 2). 

Table 1:  Design A: Experimental design with repeated measurements design in the appli-
cation task

 Seminar concept

integrated regular

N =67
40f, 6 n.i., Mage= 23.4 (SD = 3.47)

N =68
40f, 7 n.i., Mage= 22.9 (SD = 3.67)

Note. f = female, n.i. = not indicated

Table 2:  Design B: Experimental design in the transfer task

Seminar 
concept

integrated regular

Instructional 
support

with
n = 35

17f, 3 n.i., Mage= 22.9
 (SD = 2.53)

n = 30
22f, 5 n.i., Mage = 22.8 

(SD = 4.22)

without
n = 28

17f, 1 n.i., Mage = 23.9 
(SD = 4.37

n = 29
16f, 3 n.i., Mage = 23.3 

(SD = 3.16)

Note. f = female; n.i. = not indicated. Diff erent sample sizes due to participants not indicating whether or not 
they had received instructional support. These participants were excluded from the analyses.

4.2  Procedure

After the pretest (t1) in the fi rst seminar session, all participants worked with the 
learning environment in SP1 (see table 3). Participants studied four case-based 
worked examples (Renkl & Atkinson, 2010) of school problem scenarios. A fi ction-
al young teacher acts in place of the participants and formulates erroneous expla-
nations of problematic situations in his class (see fi gure 1 and 2). A school psychol-
ogist points out his errors in a detailed error analysis and presents a theory-based, 
scientifi c explanation (see fi gure 3) as a contrast as well as his strategies to avoid 
the respective errors. 
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Figure 1:  Example of a school problem situation

Figure 2:  Example of an erroneous explanation
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Figure 3:  Example for the school psychologist’s error analysis

The participants’ task was to read the worked examples and answer two prompts 
regarding error defi nitions and error avoidance. All errors presented in the erro-
neous explanations were examples of frequent errors in scientifi c argumentation 
tasks (Stark, 2005). E.g., a fundamental attribution error (Gilbert & Malone, 1995), 
is a frequent error in the explanation of discipline problems, plausible in this con-
text and would adversely aff ect the planning of an appropriate intervention. In the 
fourth session, the fi rst post-test (t2) was administered. The two lecturers giving 
the seminars received a manual for SP1 to ensure standardization. The same lectur-
ers were responsible for SP2. 

SP1 served to establish a comparable knowledge base with regard to theory-
based explanation and argumentation errors for all participants, which was en-
sured by the fi rst post test at t2 (see section 4.5 for details). At the beginning of 
SP2, the participants were assigned to the integrated and regular seminar concepts 
and given work assignments in the eight sessions of phase 2 (variation A). In the 
second post-test (t3), which was administered in the last session, participants were 
randomly assigned to the groups with and without instructional support (varia-
tion B, see table 3). There were no homework assignments, students engaged with 
the seminar content only during the seminar sessions (not controlling for voluntary 
additional work).
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Table 3:  Seminar procedure and experimental groups

Phase 1: learning environment, 4 weeks Phase 2: work assignments, 8 weeks

Session 1 Session 2-3 Session 4 Session 5-12 Session 13

Pretest (t1)
sociodemo-
graphic data

structure of 
knowledge

Training with the
learning envi-
ronment

4 school problem 
scenarios regard-
ing:

 – bullying
 – group 

phenomena
 – achievement 

motivation
 – discipline 

problems

Post-test 1 (t2)

structure of 
knowledge (appli-
cation; base-line 
for phase 2)
automation level 

Integrated 
seminar concept
step-wise construc-
tion of a school 
problem scenario 

Post-test 2 (t3)
structure of 
knowledge 
automation level 
elaboration level

with/without 
instructional 
support

Regular
seminar concept
standardized 
work assignments 
regarding theory 
application

Note: For detailed information on the tests see section 4.5

4.3 Experimental variation A: integrated vs. regular seminar 
concept

Table 4 provides a short comparison of the two seminar concepts.

Table 4:  Juxtaposition of the seminar concepts

Integrated seminar concept Regular seminar concept

Topic Theory-based refl ection of own 
experiences/working on own 
questions

Theory-based refl ection of own 
experiences/working on own 
questions

Primary didactic 
orientation

Error-based: Task includes
 – erroneous explanation
 – detailed error analysis
 – context-specifi c error avoidance 

strategies

No error orientation (correct 
explanation only)

Feedback 
characteristics

Referral to typical errors in feedback 
on students‘ argumentations 
Provision of suitable avoidance 
strategies

Suggestions on possible 
improvements in students‘ 
argumentation

Additional 
didactic measures

Blended learning: lecturer-centered 
introduction phase + self-regulated 
working phase
Fading of instructional support: 
systematic reduction of input, from 
task-related, detailed instructions 
and examples to abstract outlines

Self-regulated learning only

Minimal, but constant instructional 
support
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Integrated seminar concept: The integrated seminar concept referred systemati-
cally to the structure and concept of the learning environment in SP1 by having 
participants construct school problem scenarios based on their own experienc-
es or questions. This included a problem description, an erroneous explanation, 
a detailed error analysis, and context-specifi c error avoidance strategies. The lat-
ter would subsequently be used to avoid errors in a scientifi c explanation based 
on theories selected by the participants. Thus, applicable knowledge acquired in 
the training with the learning environment in SP1 was connected to the partici-
pants’ own experiences to improve relevance and authenticity (Reinmann & Mandl, 
2006) and foster refl ection and transfer (retrospective understanding; Beck & 
Krapp, 2006). Problem- and instruction-based learning were integrated by combin-
ing blended learning with fading of instructional support. Blended learning was 
implemented by dividing six of the eight seminar sessions into a lecturer-centered 
introduction phase and a self-regulated working phase. In the introductory phase 
(approx. 15 min), the lecturers provided work assignments as well as detailed in-
structions and examples for each session. For the remainder of each session, par-
ticipants worked on the assignments. The lecturers were available for questions 
or feedback during this time. In two sessions (8 and 12), the lecturers gave feed-
back on remaining errors in the work assignments and provided suitable avoidance 
strategies, reinforcing the connection to SP1 (see fi gure 4). 

Fading of instructional support was implemented in two steps over the whole 
duration of SP2. Instructional support was systematically reduced: in the fi rst three 
sessions dealing with tasks such as writing a draft of a complex school situation 
(which were not part of the training with the learning environment in SP1), closely 
task-related, detailed instructions and examples were provided. In session 9-11 (see 
fi gure 4), instructional support was reduced to providing an outline for the respec-
tive task (e.g., error analysis).

Figure 4:  Blended learning and fading of instructional support in seminar phase 2
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Regular seminar concept: Participants in the regular seminar concept received 
work assignments on theory application. They were instructed to describe problem-
atic school situations and to formulate a theory-based explanation on how they had 
come to pass, e.g., explaining discipline problems using social psychological theo-
ries about group phenomena. The participants chose their topics themselves and 
received elaborate feedback on their explanations. However, contrary to the inte-
grated seminar concept, they were not instructed to write an erroneous explanation 
from the teacher’s perspective and perform the corresponding error analysis, nor 
did the lecturers reference the errors presented in SP1 in the feedback on the par-
ticipants’ explanations. Instead, the feedback was limited to suggestions on how to 
improve the explanation, e.g., suggestions on useful or diff erent theories. This way, 
participants in the regular seminar concept practiced theory-based explanations 
as well, however, the systematic referral to the training with the learning environ-
ment in SP1 was missing, as were the didactic principles of blended learning (par-
ticipants only received written assignments and limited feedback) and fading (the 
rather minimal degree of instructional support was not reduced further over time). 
The number of sessions was identical to the integrated seminar concept. 

4.4 Experimental variation B: instructional support during 
testing

Instructional support in the transfer test (see section 4.5) was implemented by a 
glossary referring to negative conceptual and strategic knowledge about argumen-
tation errors which participants had acquired during the training with the learn-
ing environment in SP1 (see fi gure 5). All error defi nitions included in the learning 
environment as well as the corresponding error avoidance strategies were provid-
ed. In accordance with section 2.4, the instructional support measure was very spe-
cifi c to (1) optimize the search for a specifi c information and (2) link to the knowl-
edge base from SP1. Participants were instructed to refer explicitly to the glossary 
to support their choices in the selection of theories and the formulation of their ex-
planations by avoiding typical errors. Figure 5 shows an example from the glossary.

Figure 5:  Instructional support during testing: Error defi nitions and error avoidance 
strategies
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4.5  Instruments

The control variables age and gender were assessed by questionnaires. Time-on-
test was assessed by having the participants note start- and end-time directly on 
the test sheets.

The three cognitive variables structure, automation level and elaboration lev-
el (de Jong & Ferguson-Hessler, 1996) of applicable knowledge according to Krause 
(2007) were operationalized as follows: Two tests were administered, in which stu-
dents had to formulate explanations of a problematic school situation (presenting a 
phenomenon which was in any way detrimental to the teacher, the lesson delivery 
and/or one or more students) based on a given selection of theories (see fi gure 6). 

Figure 6:  Selection of theories provided in the learning materials (page 1 of 2)

The theories had previously been selected by the authors and used to formulate a 
model scientifi c explanation that served as the basis for the structure of knowledge 
score (see below).

The students’ explanations were then analyzed with regard to structure, auto-
mation level and elaboration level of knowledge. The fi rst test was presented twice 
and presented a problem scenario on school bullying that was structurally similar 
to the fi rst training scenario in SP1 (application problem; cf. Wagner et al., 2014b; 
see table 3). 
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The second test (transfer problem) presented a novel problem situation (a 
school student’s tolerance of uncertainty (König & Dalbert, 2007) not fi tting the 
teaching style) and an additional theory selection task (see below) and was only 
presented at the end of SP2 (t3). Structure of knowledge was assessed by both 
tests. Additionally, the application problem was used to assess the automation lev-
el, and the transfer problem was used to assess the elaboration level of knowledge 
(see fi gure 7). 

Figure 7:  The two tests and the dependent variables assessed by each test

Note: Lines denote which variable was assessed by which test.

Both tests were based on key feature-tests used in medical education, which as-
sess whether essential steps and procedures were observed in the diagnosis and 
therapy of clinical problems (Kopp, Möltner, & Fischer, 2006). Analogously, par-
ticipants had to observe the essential steps of a theory-based explanation. In accor-
dance with section 2.4, the tests demanded knowledge applications. Based on the 
complexity of the tasks and time-on-test data from earlier studies, only two tests 
were administered.

Structure of knowledge: Structure of knowledge was assessed as an aggregate of 
two scores: a content score and a quality of argumentation score. To rate the con-
tent of the explanation, we examined the participants’ explanations in both tests 
on whether they had identifi ed relevant situational aspects and referred to scien-
tifi c theories and models, or whether they had disregarded relevant information 
or overgeneralized and referred to subjective theories or individual experiences. 
Scores for content of the explanation were based on the comparison to a model 
explanation previously formulated by the authors as a scientifi cally accurate the-
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ory-based analysis with regard to the criteria mentioned above (the model expla-
nation did not claim exclusivity, as diff erent interpretations are possible in school 
situations). Points were awarded for each aspect in the students’ explanation that 
was either found in the model explanation, could be used to append it or present-
ed a diff erent, but viable interpretation (application problem: max. 16, transfer 
problem: max. 20 (greater problem complexity due to more interacting variables). 
Additionally, the quality of the argumentation itself was assessed by an analy-
sis oriented on Toulmin (1958) rating the coherence of argumentation as well as 
the quality of the connection to the backing. According to de Jong and Ferguson-
Hessler (1995, 1996), a higher level of underlying structure of knowledge can be 
assumed if situational facts, theories, concepts and models are linked or hierarchi-
cally organized in a meaningful way to explain a situation. An additional maximum 
of four (4) points were awarded for the quality of the argumentation. The theoret-
ical maximum for the sum score was 20 points for the application problem and 24 
points for the transfer problem. 

Automation level: The automation level was operationalized as task perfor-
mance by recording time-on-task in the application problem and calculating a 
quotient from the time taken and the structure of knowledge scores. The quotients 
before and after SP2 (t2 and t3) were compared. A higher automation level was as-
cribed if participants scored equally or better at t3 than t2 in less time or took a 
similar amount of time to score substantially higher. This approach was based on 
suggestions by de Jong and Ferguson-Hessler (1995, 1996) for the assessment of 
automation. Because of the calculation method, the instructional support materi-
als (error glossary) were not provided in the application problem, since the partici-
pants’ referral to the materials would confound time-on-test data.

Elaboration level: In the transfer problem, participants had to explain a nov-
el situation and choose from a selection of theories. This test was considered more 
complex than the application problem because of a higher number of interacting 
variables in the situation itself (persons, time information, problem concepts) and 
because some of the theories provided were inadequate for an explanation of this 
particular situation. Participants had to choose from six theories (three adequate, 
three inadequate theories). This requires evaluation and critical thinking, which are 
associated with the elaboration level of knowledge (de Jong & Ferguson-Hessler, 
1995, 1996). Participants were instructed to write down their reasoning on this 
task. We also assessed whether they referred to negative knowledge (error avoid-
ance strategies) in their choice of theories. This test was only administered at the 
end of SP2 (t3), since theory research and selection had not been part of the train-
ing with the learning environment, but were only fostered in SP2. One point was 
awarded for the exclusion of each inadequate theory with a correct justifi cation 
(max. 3). One more point was awarded for referral to error avoidance strategies in 
the justifi cation. Participants could score a maximum of 4 points in this task.

Scoring procedure: Both tests were scored by the two lecturers. The raters did 
not know which test belonged to which experimental condition. Scoring deviations 
were settled by discussion. This procedure was tested in earlier studies (cf. Klein et 
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al., 2015; Wagner et al., 2014b). Interrater reliability (Cohen’s κ) was .91 (t2) and 
.88 (t3) for the structure assessment in the application problem; .86 for the struc-
ture assessment and .87. for the assessment of the elaboration level in the transfer 
problem. Bivariate correlations using Pearson’s r showed that the cognitive vari-
ables structure, automation level and elaboration level of knowledge correlated 
signifi cantly (.23 < r< .79; see table 5). 

Table 5:  Correlations between the cognitive variables at t3

Structureb Elaboration Levelb Automation Levela

Structurea .47** .23* .79**

Structureb .57** .36**

Elaboration levelb .24**

Note. a= application problem; b= transfer problem 

* p < .05; **p < .001

4.6  Statistical analyses

Since all scores were ascribed interval scale level, the eff ect of the seminar concept 
on the structure of knowledge and on the automation level (quotient structure of 
knowledge/time-on-test) in the application problem was examined by a MANOVA. 
Subsequent analyses including the repeated measures factor were then performed 
by ANOVAs for each variable by a repeated measures 2x2-ANOVA. Eff ects of the 
seminar concept and the instructional support during testing on structure and 
elaboration level of knowledge in the transfer problem were calculated by a 2x2-
MANOVA. Level of signifi cance for the diff erential hypotheses was set at α = .05. 
Equivalence between the groups regarding the control variables was analyzed on 
an α-level of .20. Eff ect sizes are reported as ηp² (0.01 = small, 0.06 = medium, 
0.14 = strong eff ect; Cohen, 1988) for ANOVAs. Missing values were excluded list 
wise.

5.  Results

5.1  Internal validity and preliminary analyses

For both experimental designs, there were no signifi cant diff erences between the 
groups regarding age, gender, structure of knowledge, time-on-test and automation 
level at t2 (all p > 20).
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5.2  Structure of knowledge and automation level in the 
application problem

All descriptive statistics are presented in tables 6 and 7. A signifi cant large multi-
variate eff ect of the seminar concept on structure and automation level of knowl-
edge in the application problem was confi rmed by a MANOVA (F(2,127) = 12.8, 
p < .001, ηp

2
 = .17). Subsequent analyses including the repeated measures factor 

were calculated by a 2x2 ANOVA with repeated measures.
Structure of knowledge. In the application problem, the seminar concept had 

a signifi cant medium main eff ect on structure of knowledge, corresponding to our 
hypothesis (F(1,134) = 12.4, p = .001, ηp

2
 = .09). Participants in the integrated sem-

inar condition scored higher than those in the regular seminars condition (see 
table 6). There was also a signifi cant small eff ect of the repeated measures factor 
(F(1,134) = 6.25, p = .012, ηp

2
 = .05). Contrary to our hypotheses, however, the 

means of the test scores decreased from t2 to t3. Descriptively, the decrease was 
markedly smaller in the integrated seminar group. In an isolated analysis of this 
group, there was no signifi cant eff ect of the repeated measures factor (F < 1). In 
the regular seminar concept group, the decrease was substantially larger and the 
eff ect was signifi cant and large (F(1, 67) = 11.2, p = .001, ηp

2
 = .14). In contrast to 

our expectations, there was no signifi cant interaction between the group factor and 
the repeated measures factor (F(1,134) = 3.19, p = .08). 

Automation level (quotient structure of knowledge/time-on-test): As hy-
pothesized, there was a signifi cant large main eff ect of both the seminar con-
cept (F(1, 128) = 22.3, p < .001; ηp

2
 = .15) and the repeated measures factor 

(F(1, 128) = 38.6, p < .001; ηp
2

 = .23) on the automation level of knowledge in 
the application problem. There was also a signifi cant medium interaction between 
the repeated measures factor and the seminar concept (F (1, 128) = 12.9; p < .001; 
ηp

2 = .09). This was due to a signifi cant large eff ect of the repeated measures factor 
(t2 to t3, F(1, 123) = 94.9, p < .001, ηp

2
 = .44) as well as a signifi cant small group 

diff erence at t3 (F(1, 123) = 4.32, p = .04, ηp
2

 = .03) for time-on-test in favor of the 
integrated seminar group (see table 6). However, there was no signifi cant interac-
tion for time-on-test between the seminar concept (group factor) and the repeat-
ed measures factor (F(1, 123) = 1.61, p = .21). Both groups improved with regard 
to time-on-test. However, only the integrated seminar group’s actual task perfor-
mance improved: While their structure scores did not diff er signifi cantly from t2 
to t3 (see section 4.5), they took signifi cantly less time to solve the problem at t3 
than at t2, and signifi cantly less time than the regular seminar group. The regular 
seminar groups also spent less time on the task at t3 than at t2, but their structure 
scores decreased signifi cantly.
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Table 6:  Means and standard deviations in the application problem 

Time of measure-
ment t2 t3

Seminar concept integrated regular integrated regular

Structure of 
knowledge 13.3 (4.54) 12.4 (4.55) 13.0 (4.08) 10.6 (4.01)

Time-on-test
(in minutes) 32.5 (8.25) 34.1 (6.87) 25.2 (13.4) 21.0 (9.02)

Automation 
level 0.41 (.15) 0.36 (.16) 0.62 (.26) 0.42 (.18)

Note. Structure of knowledge max. 20 points; automation level = structure score divided by time-on-test. 

5.3  Structure of knowledge and elaboration level of knowledge 
in the transfer problem

In the transfer problem, medium multivariate eff ects were found for struc-
ture and elaboration level of knowledge by a 2x2-MANOVA (seminar concept: 
F(2, 124) = 5.96, p = .003, ηP

2
 = .09; instructional support: F(2, 124) = 7.76, 

p = .001, ηp
2 = .11), while the interaction did not reach the level of statistical signif-

icance (seminar concept * instructional support: F < 1). 
Structure of knowledge: The univariate analyses showed a signifi cant medium 

main eff ect of the group factor in favor of the integrated seminars (F(1, 125) = 8.60, 
p = .004, ηp

2
 = .06). As hypothesized, there was also a signifi cant medium ef-

fect of instructional support during testing (F(1, 125) = 14.4, p < .001, ηp
2

 = .10). 
Participants that were instructionally supported scored higher than participants 
without instructional support (see table 7). Contrary to our hypotheses, the inter-
action eff ect between seminar concept and instructional support was not signifi -
cant (F < 1). 

Elaboration level: In the transfer problem, signifi cant medium main eff ects of 
the seminar concept (F(1, 125) = 9.19, p = .003; ηp

2
 = .07) and the instructional 

support measure (F(1, 130) = 7.82, p = .006; ηp
2

 = .06) were shown, corresponding 
to our hypotheses. Both students in the integrated seminar concept and students 
receiving instructional support performed signifi cantly better at selecting appropri-
ate theories and justifying their choices than students in the regular seminar and 
students without instructional support. Contrary to our hypotheses, however, the 
interaction eff ect was not signifi cant (F < 1). 
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Table 7:  Means and standard deviations in the transfer problem (t3)

Seminar concept integrated regular

Instructional support with without with without

Structure of knowledge 14.9 (5.82) 11.9 (4.54) 12.7 (4.93) 9.10 (3.69)

Elaboration level 2.21 (1.33) 1.52 (1.21) 1.49 (1.18) 0.97 (0.97)

Note. Structure of knowledge max. 24 points; Elaboration level max. 4 points

6.  Discussion 

6.1  Fostering of applicable scientifi c knowledge for theory-
based refl ection

The present study showed that applicable educational knowledge can be fos-
tered by training students in the theory-based refl ection and explanation of com-
plex school situations. The error-based integrated seminar concept addressed typ-
ical problems and errors student teachers show in the application of educational 
theories (Stark, 2005) and demonstrated the usefulness of scientifi c knowledge 
as a resource (Hetmanek et al., 2015). As expected, the systematic connection of 
the knowledge acquired in SP1 with the participants’ own experiences and ques-
tions (KMK, 2004, 2016; Nausner, 2010; Neuweg, 2007) and the ensuing active 
knowledge construction (Greeno et al., 1996; Renkl, 2014; Spychiger, 2004) result-
ed in an improvement of the participants’ knowledge base on several dimensions. 
Additionally, the eff ectiveness of instructional support materials providing negative 
knowledge about typical errors was shown. Even though the additional provision of 
error-related materials did not increase the eff ect of the seminar concept further, 
the main eff ect of this factor shows that providing students with negative knowl-
edge can indeed serve as a means of protecting students from typical errors (Oser, 
2007). Regarding the current trend towards a more evidence-based practice in ed-
ucation, this intervention should serve to acquaint student teachers more closely 
with the scientifi c knowledge base of their profession (Bainbridge, 2011) and dem-
onstrate the link between educational theories and evidence and classroom practice 
(Le Cornu & Ewing, 2008).

Our fi ndings also emphasize the importance of additional perspectives in the 
analysis of knowledge applications, such as the qualities of knowledge according 
to de Jong and Ferguson-Hessler (1996). Analysis methods focusing on knowledge 
types did not detect changes in the learners’ knowledge base in an earlier study 
(Klein et al., 2015). 

However, even in an improved analysis, some eff ects did not emerge as hypoth-
esized. The decrease in the structure of knowledge scores in the application prob-
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lem from t2 to t3 bears closer scrutiny. Students in the integrated seminar concept 
were able to improve their overall task performance (with regard to the automation 
level of knowledge), but only to retain their t2 structure scores. Still, with regard 
to the knowledge taxonomy of de Jong and Ferguson-Hessler (1992), the learn-
ers’ knowledge had a higher degree of compilation (see section 2.4) at the end of 
SP2. The regular seminar group’s results show that this change was not only due 
to testing- or carry-over-eff ects from the previous tests. With regard to task perfor-
mance, the regular seminar group’s results did not improve. While they, just like 
the experimental group, took less time to work on the post-test application prob-
lem, their post-test structure scores were inferior to their pre-test results, i.e., their 
knowledge base remained at a lower degree of compilation.

The results for the transfer test were more in line with our hypotheses, with 
an advantage of the integrated seminar concept as well as a signifi cant eff ect of 
the instructional measure on the structure and elaboration level of knowledge. The 
missing interaction, however, seen in conjunction with the instructionally support-
ed group’s performance in both seminar concepts, suggests that the eff ect of the 
instructional support measure outweighed the eff ects of the seminar concept and 
even compensated for its absence in the regular seminar group with regard to the 
elaboration level of knowledge. This shows that the construction of the instruction-
al support measure along the requirements of eff ective instructional support dur-
ing testing as outlined in section 2.4. indeed led to the desired results. With regard 
to structure, actively working with errors in the construction of an erroneous expla-
nation as a part of the integrated seminar concept had, at least descriptively, addi-
tional positive eff ects on the learner’s ability to avoid errors. These results support 
Oser’s (2007) notion of the protective properties of negative knowledge and high-
light the importance of the active construction of negative knowledge (Spychiger, 
2004). 

6.2  Limitations

Theory-based refl ection only represents a small part of teaching competences, since 
many facets of teaching can hardly be taught adequately at universities (Neuweg, 
2007). However, we consider it an important foundation for successful classroom 
acting, since it can at the very least provide a diff erent perspective and a more sub-
stantiated knowledge base for interpretation than an entry-level teacher’s own ex-
periences. Even experienced teachers may profi t from a re-evaluation of their strat-
egies and practices in the light of scientifi c insights into their profession (ibid.).

The interpretation of the learning outcomes requires a reconsideration of the 
design principles that were used to construct the enhanced seminar, in particular, 
a comparison of the theoretical requirements or guidelines regarding their oper-
ationalization with ours. Didactically, the eff ects of blended learning and fading 
of instructional support in the integrated seminar conception may have canceled 
each other out to some degree, preventing the integrated seminar from reaching its 
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full eff ectiveness. An integral part of blended learning, the self-regulated learning 
phases, requires learners to be instructionally supported by comprehensive work 
instructions and access to external resources (such as feedback from teachers, sup-
ported transfer phases; cf. Mandl & Kopp, 2006). These resources may have been 
reduced too quickly by the fading process in the learning phase. As is, the fading 
process consisted of a mere two levels instead of a more gradual, adaptive reduc-
tion (Salden et al., 2010), which may have left participants in need of additional as-
sistance struggling. 

From a methodological perspective, additional test scenarios should be con-
structed to improve the reliability of the measurements and minimize motivational 
problems. Relying on identical tests (for the application problem) allows for a com-
parison of the repeated measurements, however, the participants might not have 
been suffi  ciently motivated to cope with the same problem twice. Even allowing for 
the fact that some students scored close to the theoretical maximum at t2 and thus 
were unlikely to improve their explanations substantially at t3, the overall means 
of both groups as well as the marked decrease in the regular seminar group point 
toward a potential motivational problem due to the identical test scenarios at both 
times of measurement. 

Also because of the test design, the eff ect of instructional support during testing 
on the automation level of knowledge could not be assessed. From an experimental 
design perspective, the participants’ referral to the glossary, even if it was didacti-
cally unobjectionable, may have distorted the time-on-test data and thus confound-
ed any results on the automation level for the transfer test. Therefore, we decided 
to focus on the eff ect on the structure and elaboration level of knowledge. 

6.3  Conclusion: Theoretical and pedagogical implications

From a methodological position, the knowledge analyses of the present study dem-
onstrates an innovative perspective on applicable knowledge according to Krause 
(2007). The concept of qualities of knowledge, based on the comprehensive knowl-
edge taxonomy by de Jong and Ferguson-Hessler (1996), allows for the detection 
of eff ects that might have remained undiscovered by a focus on knowledge types by 
adding a second level to the analysis of knowledge applications. 

From a pedagogical perspective, a more incremental or adaptive implementa-
tion of fading of instructional support might yield better results (cf. Salden et al., 
2010). 

Finally, while the results with regard to theory-based refl ection are encourag-
ing, the practical relevance of the learning environment in SP1 with regard to pro-
fessional acting and decision making has to be improved. A version of the learn-
ing environment that is currently under development will include the evaluation 
and selection of diff erent courses of action to remedy the problems described in 
the scenarios (goal attainment and impact assessment/prognosis; Beck & Krapp, 
2006). 
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