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Abstract

An experimental field study at a German university was conducted in order to test the effectiveness of an
integrated learning environment to improve the acquisition of knowledge about empirical research methods. The
integrated learning environment was based on the combination of instruction-oriented and problem-oriented
design principles and consisted of twelve worked examples. An elaboration intervention was administered as
instructional support.

The effectiveness of the learning environment both with and without the elaboration intervention was assessed
using knowledge application tasks (near and far transfer), which were applied after the training phase. In
addition, student’s self-reports on mindfulness (Salomon & Globerson, 1987) were collected. The training was
implemented into the regular curriculum. The participants were advanced students in educational science. Both
experimental groups (with elaboration intervention: n = 26; without elaboration intervention n = 27) clearly
outperformed the control group (n = 17) in the knowledge application tasks. In order to (successfully) foster
transferable applicable knowledge, instructional support provided via the elaboration intervention was in fact
necessary. Furthermore, the self-reports of students in the experimental group with elaboration intervention
showed higher mindfulness scores than those without it. Our results indicate that the integrated learning
environment developed in this study can be implemented to improve the acquisition of knowledge about
empirical research methods both effectively and efficiently.

Keywords: worked examples, integrated learning environment, instructional support, knowledge application,
knowledge transfer, mindfulness

1. Introduction

Many students of the social sciences experience difficulties in understanding concepts of statistics. Frequently, a
deeper understanding of the principles of statistical methods is lacking. As a result, students tend to apply
erroneous concepts to the interpretation of statistical results (e.g., Castro Sotos, Vanhoof, van den Noortgate, &
Onghena 2007; 2009). For instance, several studies have shown students’ deficits in their ability to interpret
statistical data and empirical results in correlation analyses (Krause, 2007; Krause & Stark 2010). Here, learning
without reflecting the content of what is being learned, often accompanied by motivational deficits, has been
identified as an antecedent of knowledge gaps (e.g., Stark & Mandl, 2000; Stark, Puhl, & Krause, 2009; Tyroller,
2005).

Furthermore, students often acquire inert knowledge (Gruber & Renkl, 2000). Inert knowledge at best is
accessible in exam situations, but cannot be applied to solve complex problems in practice. Problems of this type
are frequently observed in instruction-oriented learning environments (Griasel & Mandl, 1999; Reinmann &
Mandl, 2006), a teaching method that is common among the traditional teaching of research methods in the
social sciences. Students therefore often lack essential competencies in applying their knowledge of quantitative
statistics.

The goal of this study was to investigate to what extent the outlined problem can be counteracted by using an
innovative integrated learning environment (Reinmann & Mandl, 2006). For this purpose, a learning
environment based on the integration of both instruction-oriented and problem-oriented design principles was
developed. This learning environment depicts several real findings of an experimental study by Tyroller (2005).
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Learning tasks were developed as authentic and relevant worked examples. The worked examples consist of
problems regarding the use of statistical methods as well as the interpretation of results and the respective
detailed solutions. By means of studying this learning environment, the students’ acquisition of applicable
knowledge to interpret empirical results was to be developed further.

In order to support the effectiveness of the integrated learning environment, we developed an elaboration
intervention to facilitate working with the provided material. The intervention included an advance organizer
(Ausubel, 1960) that structures working in advance and a short phase of cognitive modelling (Cognition and
Technology Group at Vanderbilt [CGTV], 1992; 1993) which explains how to use the advance organizer.

We conducted an experimental field study within the setting of advanced seminars in statistics for the
educational sciences; our aim was to systematically examine both the effectiveness of the learning environment
and the elaboration intervention. By testing the latter, we intended to contribute to the research regarding the
effectiveness of instructional support during learning with complex worked examples (e.g., Atkinson, Derry,
Renkl, & Wortham, 2000; Hilbert & Renkl, 2008; Renkl & Atkinson, 2007; Stark, 1999; 2000; 2001).

1.1 Effectiveness of Learning with Worked Examples

Learning with worked examples is a method of instruction-oriented learning approaches (e.g., Reinmann &
Mandl, 2006). It has mainly been applied in well-structured domains (a comprehensive review on the subject is
provided by Atkinson et al., 2000; g.v. Hilbert & Renkl, 2008; Reimann, 1997; Renkl, 2001a; Renkl & Atkinson,
2002; Stark, 1999; 2000; 2001 for further results).

When learning with worked examples, the learner is presented with the problem, the problem-solving steps as
well as the solution itself. The task for the learner is to elaborate these example solutions (Stark, 1999; 2001;
Stark, Kopp, & Fischer, 2011) and to comprehend the solution. Working on several isomorph worked examples
is supposed to support the acquisition of competencies for problem solving, thus primarily improving applicable
knowledge (for taxonomies of knowledge see De Jong & Ferguson-Hessler, 1996). The knowledge base thus
acquired can facilitate future transfer tasks (Stark, 1999).

The effectiveness of worked examples in well-structured domains is well documented (e.g., Atkinson et al., 2000;
Stark, 1999; 2000; 2001). For instance, learning with worked examples supports the acquisition of applicable
knowledge in mathematics (e.g., Durkin & Rittle-Johnsson, 2012; Hilbert, Renkl, Kessler, & Reiss, 2008; Renkl,
2001b; 2005; Renkl, Schworm, & vom Hofe, 2001). Furthermore, our research group found empirical evidence
for the effectiveness of worked examples in the acquisition of conceptual and applicable knowledge regarding
the domain of empirical research methods (e.g., improving the mathematical understanding of correlation
analysis, Krause & Stark, 2010).

There are several mechanisms involved in the effectiveness of worked examples. Since learners are not required
to find the solution by themselves, they are able to focus their attention towards understanding the solution and
the problem-solving steps (Renkl, Gruber, Weber, Lerche, & Schweizer, 2003). Due to lower cognitive
processing efforts, more cognitive resources are available for the acquisition of problem solving schemata (Paas,
Renkl, & Sweller, 2004; Sweller, 2005). This in turn facilitates transfer later on. Within contexts of initial
knowledge acquisition, worked examples are thus thought to be superior to conventional problem-solving tasks
(q.v. cognitive load theory; Sweller, 1988). The findings of Paas and van Merrienboér (1994) as well as Ward
and Sweller (1990) provide empirical support for this notion.

The ability of learners to self-explain the principles behind the example solutions is another factor that
considerably influences the effectiveness of learning with worked examples (self-explanations; Chi, Bassok,
Lewis, Reimann, & Glaser, 1989; Chi, De Leeuw, Chiu, & La Vancher, 1994; Renkl, 1997). Self-explanations
and example elaborations (Stark, 1999) which support learning effectively are characterized by putting an
emphasis on structure, meaning that learners explicitly focus on the common concepts and principles underlying
the problem-solving steps within different worked examples. This enables the learners to anticipate the structure
of upcoming tasks. Less effective example elaborations are paraphrasing or simply re-reading the worked
examples (Stark, 1999).

However, despite empirical evidence for learning effectiveness (worked example effect, Clark & Mayer, 2003)
worked examples cannot be assumed to be generally superior to other types of learning tasks. Worked examples
appear to be especially effective when combined with adequate instructional support (e.g., Atkinson et al., 2000;
Hilbert & Renkl, 2008; Renkl, 2002; Renkl, & Atkinson, 2007; Stark, 1999; 2000; 2001). Without instructional
support, the didactic advantages of worked examples cannot fully unfold (Renkl, 1997).
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1.2 Conceptual Basis of the Integrated Learning Environment

In order to transfer the instruction-oriented teaching method of learning with worked examples from
well-structured domains like mathematics to the somewhat ill-structured domain of empirical research methods,
an adequate contextualizing of worked examples by means of problem-oriented approaches is essential. Stark,
Kopp, and Fischer (2011) showed beneficial effects of embedding worked examples in a complex integrated
learning environment on diagnostic competencies of medical students.

The domain of empirical research methods has a similarly complex structure. Although tests and procedures are
based on stringent mathematical principles producing precise results, the interpretation of these results is a
complex process that invariably involves content-related aspects depending upon the particular research
question.

For a successful contextualization of instruction-oriented worked examples the use of integrated learning
environments (e.g., Reinmann & Mandl, 2006) therefore seems promising.

Integrated learning environments (Reinmann & Mandl, 2006) combine elements from instruction-oriented and
problem-oriented learning approaches in an effort to maximize their respective advantages and to minimize their
disadvantages. Learning environments of this type have been shown to support the acquisition of applicable
knowledge and to have beneficial effects on learning activity and motivation of the learners (Stark, Gruber,
Renkl, & Mandl 2000; Stark, Herzmann, & Krause, 2010). Against this background, the didactic approach of this
learning environment puts a strong emphasis on the design principles explained in the next paragraphs.

Instruction-oriented design principles focus on an instructional orientation and therefore on a systematic
imparting of knowledge (instructional design approach; e.g., Reinmann & Mandl, 2006). The degree of
systematization can be inferred from applying elaboration theory (Reigeluth, 1997). Elaborative sequencing
aims at systematically depicting learning contents in different degrees of complexity. Elaboration levels of
increasing complexity resulting from this method allow learners to reconstruct and elaborate learning contents
step-by-step in multiple levels of differentiation (q.v. Schnotz, 2011).

Another design principle of this systematization is the arrangement of the worked examples in
structure-emphasizing example sets (Quilici & Mayer, 1996). An example set of this type is a sequence of
worked examples characterized by having an analogue underlying structure. With the progression of the
sequence, complexity increases. This progression intends to support the acquisition of applicable knowledge.

Problem-oriented design principles require learning processes to be induced by tasks that are both authentic and
relevant for the learner (Reinmann & Mandl, 2006). This is an important prerequisite for the acquisition of
applicable knowledge, since learning tasks actually relevant to the learner foster the transfer of knowledge to
new problems (ibid.). Therefore, authenticity was an essential part of the didactic approach of the learning
environment (CGTV, 1992; 1993; Grisel, 1997; Grasel & Mandl, 1999; Reusser, 2005).

Another important problem-oriented design principle considered in the learning environment was the
presentation of the worked examples in multiple learning contexts and perspectives (cognitive flexibility
approach; Spiro, Feltovich, Jacobson, & Coulson, 1991) to avoid the acquisition of inert knowledge (Stark,
2000), and to encourage metacognitive processes during learning, such as mindfulness (Salomon & Globerson,
1987). In this context, Salomon und Globerson (1987) stress the role of mindfulness in successfully acquiring
and transferring knowledge to new contexts. The concept of mindfulness denotes “[...] a state of mind that is
defined as the volitional, metacognitively guided employment of non-automatic, usually effort demanding
processes.” (Salomon & Globerson, 1987, p. 625). There is strong empirical evidence for the relevance of such
mindful, reflected learning for a deeper processing and understanding of learning contents (e.g., Entwistle &
Peterson, 2004; Lan, 1998; Wang & Lin, 2007).

1.3 Conceptional Basis of the Elaboration Intervention

The elaboration intervention consisted of an advance organizer (Ausubel, 1960) and a subsequent short phase of
cognitive modelling (CGTV, 1992; 1993) which gave a brief introduction of how to use the advance organizer.
The advance organizer’s didactic conception is based on the theory of expository teaching (Ausubel, 1960; 1968).
The vital aspect of expository teaching is to activate prior knowledge by offering associations on the basis of
pre-structuring and systematization of learning contents. Activating prior knowledge facilitates the assimilation of
new information into the existent knowledge base or, where appropriate, the adaption of existent knowledge on the
basis of new information (accomodation; Ausubel, 1968; Mayer, 1979; Hasselhorn & Gold, 2006). It also
facilitates knowledge transfer (Mayer, 1980). According to Ausubel (1968), the advance organizer serves to fill
gaps between the learner’s prior knowledge and the knowledge needed to initiate the learning process. Several
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authors have suggested formulating the advance organizer on a concrete rather than abstract level (e.g., Corkill,
Glover, & Brunning, 1988).

The didactic conception of the cognitive modelling phase was based on Collins, Brown, and Newman’s (1989)
cognitive apprenticeship approach; its core was the detailed elaboration of the advance organizer’s basic structure.
Its intention was to facilitate the acquisition of potentially relevant solution heuristics, and to draw the attention to
information relevant to the problem. As a result, the cognitive modelling is supposed to facilitate metacognitive
processes.

Working with the elaboration intervention should yield a deeper understanding of the learning contents and
support the acquisition of applicable knowledge, especially regarding complex transfer tasks. Furthermore, the
elaboration intervention is supposed to enhance mindfulness sensu Salomon and Globerson (1987).

2. Research Questions

(1) To what extent is the acquisition of applicable knowledge facilitated by the learning environment and the
elaboration intervention?

We expected positive effects of working with the learning environment both with and without elaboration
intervention on the acquisition of applicable knowledge. Both experimental groups were expected to outperform
the control group.

Furthermore, we expected positive effects of instructional support provided by the elaboration intervention on
the acquisition of applicable knowledge. The experimental group with elaboration intervention was expected to
outperform the group without elaboration intervention.

(2) To what extent is the learner’s mindfulness improved by the elaboration intervention? To what extent are
mindfulness and post-test performance correlated?

We expected that the elaboration intervention supports learners in working with the learning environment in a
more reflective, conscious and mindful (Salomon & Globerson, 1987) manner. Therefore, the experimental
group with elaboration intervention was expected to outperform the other groups. We also expected a positive
correlation between mindfulness and post-test performance.

3. Method
3.1 Sample and Design

Participants were 70 students of educational science (61 female) recruited in three advanced seminars on
empirical research methods at a German university. On average, students were in their seventh semester. The
experimental group with elaboration intervention consisted of 26 (24 female) participants with an average age of
24.9 (SD = 3.70) years. The experimental group without elaboration intervention consisted of 27 (22 female)
participants with an average age of 24.2 (SD = 2.89) years. The 17 participants in the control group (15 female)
had an average age of 24.2 (SD = 2.89) years.

We compared post-test performance of all three groups within the setting of an experimental field study. The
participants were randomly assigned to the three groups. The control group received texts on descriptive and
inferential statistics (e.g., Bithner & Ziegler, 2009).

3.2 Learning Environment

The learning environment was a text of 20 pages that included an outline of an experimental study (Tyroller,
2005) and twelve worked examples referring to the study.

All worked examples were structured according to the same schema “question — empirical evidence —
interpretation”: Following the question, a solution was presented. This solution included all the information
necessary to answer the question. At the end of the text, the solution to each question was summarized in a general
interpretation section.

The worked examples were sorted by an ascending level of complexity and arranged in a structure-emphasizing
example set. For instance, consecutive worked examples were based on the same statistical test (Reigeluth, 1997;
Quilici & Mayer, 1996). By relating to an actual, real-life study, the worked examples were embedded in a
context that was both authentic and relevant to the participating educational science students, thereby also
accommodating motivational goals (CGTV, 1992; 1993). We constructed multiple perspectives on a given
statistical test by putting the test in different contexts (e.g., mediation- vs. moderation-hypotheses) and by
presenting different analytical perspectives (e.g., exploratory and confirmatory hypotheses).
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Before starting work on worked examples, participants were given an introductory explanation about the
framework, sample, and methods of the Tyroller’s (2005) study. The first four worked examples covered topics of
descriptive statistics and internal validity. Based on this, the subsequent worked examples were intended to enable
participants to develop a better understanding of complex statistical concepts. The following three worked
examples dealt with tests of mean differences. Worked example 8 was a conceptual question and covered the
operationalization of constructs. The last four worked examples dealt with moderator effects, effect size and the
resulting practical consequences. SPSS output tables were provided to explain the results of statistical procedures,
enabling participants to check on internal validity, significance of mean differences, analyses of moderator effects,
and effect sizes.

3.3 Elaboration Intervention

The advance organizer consisted of three text pages and was designed as a structured scheme of twelve guiding
questions. Each guiding question was directly related to the respective worked example in the learning
environment and was complemented by a concise description. The additional descriptions explained the learning
goals of the respective worked examples and emphasized underlying principles. Since the advance organizer was
formulated with only a minimum level of abstraction, participants were enabled to associate the learning contents
with known concepts and thus to activate prior knowledge.

The instructor explained the advance organizer’s use in detail by means of cognitive modelling (CGTV, 1992;
1993; Collins et al., 1989). Here, students were shown which procedure was useful when working on the guiding
questions. The instructor made clear how the students could activate their own prior knowledge about statistical
tests and how they could meet the requirements of the tasks by reading the guiding questions. He interpreted
exemplified empirical results of the intervention study upon which the learning environment was based. By doing
s0, he explicated his own example elaboration (Stark, 1999). Thus, students were made aware of the metacognitive
processes involved in finding the solution heuristics (Collins et al., 1989; Reinmann & Mandl, 2006). Students
were asked to follow the modelling attentively and to subsequently work on the guiding questions of the advance
organizer in the same way.

3.4 Instruments
3.4.1 Dimensions for Testing Internal Validity

In order to test the internal validity of the study, the three groups were compared with respect to cognitive,
metacognitive, motivational, and socio-biographical learning prerequisites that were potentially relevant to the
learning process. The selection of these criteria was based on several studies in the domain of statistics and
research methods on learning with worked examples (Krause, 2007; Krause, Stark, & Mandl, 2004; 2009). All
rating scales had a 6-step rating (from 1 = does not apply at all to 6 = fully applies). All answers to open
questions were rated by two experienced raters which were blind to the experimental conditions (Cohen’s k
= .84). Disagreement was solved by discussion with the first author.

The test on cognitive learning prerequisites comprised prior knowledge in the domain of correlation, #-Test, and
ANOVA. Students had to answer six open questions. The test proved to be sufficiently reliable (Cronbach’s o
= .76, theoretical maximum score: 39 points).

Metacognitive learning prerequisites were tested with a rating scale that consisted of 26 items and was
sufficiently reliable (e.g., When I’'m learning, I frequently ask myself the question whether or not I have really
understood what I have just read.”; Cronbach’s o = .90)

The rating scales for motivational learning prerequisites had already been tested in previous studies on learning
with worked examples in statistics and research methods (Krause, 2007; Tyroller, 2005). The intrinsic motivation
regarding statistics and research methods scale consisted of six items (e.g., “I am interested in empirical
research methods”; Cronbach’s a = .88.). The attitudes towards research methods scale consisted of eleven items
(e.g., “Statements that have been made by using empirical research methods are absolutely correct”; Cronbach’s
a=.70.).

Additionally, participants had to indicate gender, age, and number of semesters.
3.4.2 Dependent Variables

We designed a test for applicable knowledge (De Jong & Ferguson-Hessler, 1996) in order to assess the learning
effectiveness of the learning environment and the elaboration intervention. Applicable knowledge was
operationalized by using two tasks.
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Task 1 tested near transfer of applicable knowledge. The task consisted of interpreting the results of an
experimental study and to deduce implications for practice. The empirical results originated from 1-factorial
designs. The theoretical maximum score for task 1 was 14 points.

Task 2 measured far transfer of applicable knowledge; it also consisted of interpreting the results of a study and to
deduce practical implications. Here, the students’ task was to interpret a 2x2-factorial design so that certain aspects
of the application of knowledge were much more complex than in task 1. The theoretical maximum score for task
2 was 15 points.

Post-test tasks on applicable knowledge showed no significant correlation (= .18, p = .13).

Additionally, mindfulness was measured using a three-item scale (e.g., While using the learning environment, I
was completely immersed in my work”; Cronbachs o =.71) which was gathered from studies of Krause (2007) and
Tyroller (2005).

3.5 Procedure

During the first session of the seminar, participants were briefly introduced to the study, and then asked to fill out
the test on prior knowledge, the scales relating to internal validity, and the socio-biographical questionnaire.

During the second session of the seminar, the training of the two experimental groups (with and without
elaboration intervention) was carried out in two separate rooms. Both groups were instructed by experienced
tutors.

Each participant had to work on the learning environment by himself. The time limit was 60 minutes for both
experimental groups, a generous lead time that ensured that all the participants were able to finish working on
the learning environment. After a short break, participants were asked to fill out the scales on measuring
mindfulness, and the two post-test tasks.

Students in the control group worked on the socio-biographical questionnaire, the prior knowledge test, the
scales relating to internal validity, and the two post-test tasks as well. Instead of working with the learning
environment, students of the control group had to study selected texts on statistical procedures and their
interpretation for 60 minutes. Table 1 shows the procedure for all groups and the approximate time provided for
each test and the training.

Table 1. Sequence of the tests for both experimental groups

Test Duration (ca.)
Ist session Introductory explanations 5 min.
Test of prior knowledge 45 min.

Socio-biographical questionnaire; rating scales on metacognition, 35 min.
motivation, and attitudes

2nd session Working on the learning environment/statistical texts 60 min.
Test on mindfulness 10 min.
Post-test 45 min.

3.6 Statistical Analyses

In order to test internal validity, we conducted y tests and 1-factorial ANOVAs, depending on the data’s
respective scale level.

Regarding the two post-test tasks, we formulated directional hypotheses which made it possible to test the effects
of learning environment and elaboration intervention via 1-factorial ANOVAs with a priori contrasts for three
groups (e.g., Bithner & Ziegler, 2009). The effect of the elaboration intervention on mindfulness as reported by
the participants was tested by running a 1-factorial ANOVA.

As a measure for effect size in our ANOVAs, we used partial eta square (1,?), and Cohen’s d (Cohen, 1969) for
contrasts.
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4. Results
4.1 Internal Validity

There were no significant differences for age (F(2,67) = 0.10, p = .83) nor gender (*(2) = 1.41, p = .49) between
the three groups. The high percentage of female participants was in accordance with gender distribution in other,
comparable courses of studies in Germany (Statistisches Bundesamt, 2012). The three groups were also
comparable regarding cognitive prerequisites for learning; we found no significant differences in topic-related
prior knowledge (F(2,67) = 0.24, p = .79). Likewise, there were no differences in metacognitive and
motivational learning prerequisites. The scales measuring metacognitive learning prerequisites (F(2,67) = 0.26, p
=.77) and intrinsic motivation (F(2,67) = 0.54, p = .58) showed no statistically significant differences between
the groups. Therefore, the current study can be considered internally valid regarding these variables.

4.2 Effects of Learning Environment and Elaboration Intervention

(1) To what extent is the acquisition of applicable knowledge facilitated by the learning environment and the
elaboration intervention?

Means and standard deviations as well as theoretical maxima are listed in table 2. Performance of task 1 (near
transfer) was clearly below the theoretical maximum score for all groups. However, we found a significant and
large effect of the learning environment (F(2,67) = 4.06, p = .022, n,*> =.89, power = .70). As expected, the
a-priori contrasts showed that both the experimental group with and without elaboration intervention
outperformed the control group (#67) = 2.77, p = .007, d = 0.99 and #«67) = 2.22, p = .03, d = 0.76),
respectively). The contrast effect was large in both cases. In contradiction to our hypothesis, there was no effect
of the elaboration intervention; both experimental groups performed similarly well (#67) =-0.64, p = .52).

Regarding far transfer of applicable knowledge (task 2), all groups performed below the theoretical maximum
score as well. There was a significant, medium effect of the learning environment (#(2,67) = 9.02, p < .001, n,2
=.78, power = .97). As expected, there was a significant effect of the elaboration intervention: participants of the
experimental group with elaboration intervention significantly outperformed those without elaboration
intervention as well as the control group (#(67) = -3.42, p =.001, d = 0.96 and #(67) = 3.85, p < .001, d = 1.15),
respectively). The contrast effect was large in both cases. The experimental group without elaboration
intervention and the control group did not differ from each other significantly (2(67) = 0.85, p = .40).

Table 2. Post-test performance of the three groups; number of participants, means and standard deviations,
theoretical maxima

EG with EG without Control group theoretical
elaboration elaboration n=17; M (SD) maximum
intervention intervention
n=26;M(SD) n=27, M (SD)

task 1 (near transfer)  6.04 (2.58) 5.61 (2.71) 3.94(1.52) 12

task 2 (far transfer) 7.58 (2.80) 4.96 (2.62) 4.24 (2.99) 15

(2) To what extent is the learner’s mindfulness improved by the elaboration intervention? To what extent are
mindfulness and post-test performance correlated?

Mean scores of participants in both experimental groups were clearly above the theoretical mean of the scale.
The effect of the elaboration intervention was significant and large (£(1,51) = 6.86, p = .012, n,> = .88, power
= .73). Participants of the experimental group with elaboration intervention (M = 4.69; SD = 0.47) reported
higher mindfulness than did participants of the experimental group without elaboration intervention (M = 4.19;
SD =0.93).

In contradiction to our hypothesis, mindfulness only correlated significantly with the performance regarding far
transfer of applicable knowledge (task 1: »=.23, p = .10; task 2: » = .32, p = .018.). The correlation was positive
and rather low.

5. Discussion

The results showed that the tested groups were comparable with regard to the socio-biographical, cognitive,
metacognitive, and motivational learning prerequisites. With regard to these variables that might potentially
interfere with the learning process, we assume that the current study is internally valid.
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As the three seminars were mandatory for the students, there were no self-selection-effects influenced by the
students’ decision concerning seminar choices. The study represents a full inquiry of the respective cohort.
Therefore, differences in performance between groups as well as differences in mindfulness can actually be
attributed to the experimental variation.

Learners accomplished the near transfer task even without the elaboration intervention. On average, participants
scored half of the achievable points. Thus, regarding the acquisition of the knowledge necessary to solve this
task, the integrated learning environment has proven to be successful.

The more challenging far transfer task required a deeper understanding of the presented worked examples.
Average scores of the participants were about half of the maximum score for this task as well. In accordance with
the results of Krause et al. (2009), Krause (2007) as well as Krause and Stark (2010), the performance on this
task was supported by the elaboration intervention. Our results demonstrate once more an issue previously
discussed in several studies on problem-oriented (Kirschner, Sweller, & Clark, 2006; Schmidt, Loyens, Van Gog,
& Paas, 2007) and example-based learning (Renkl & Atkinson, 2007; Hilbert & Renkl, 2008; Atkinson et al.,
2000; Stark, 1999; 2000; 2001). The issue concerns the relevance of additional instructional support in complex
learning. This appears to be especially valid for complex domains with a lower degree of structure.

Considering especially the high difficulty of the far transfer task as well as the relatively short training phase of
just 60 minutes, the effects gained by the learning environment and elaboration intervention are considerable.

Similar to the study of Stark et al. (2009), the elaboration intervention had a positive impact on mindfulness,
meaning that the participants learned with a higher degree of reflection; the scale indicates a deeper involvement
with the presented material. The result that only performance on the far transfer task correlated with mindfulness
indicates that mindfully learning for this complex task proved especially helpful.

As a whole, our results emphasize the effectiveness of integrated learning environments regarding the acquisition
of applicable knowledge (e.g., Stark et al., 2011; Stark et al., 2010). Results of this nature are rather scarce in
several instructional contexts (e.g., Dettermann, 1993). With regard to training in research methods and statistics
in educational sciences, such effects are in fact an exception (Stark & Mandl, 2000; 2002; Stark, Mandl, Gruber,
& Renkl, 2002).

However, there are some limitations of the study. The elaboration intervention was designed as an integrated
support intervention. The modelling phase referred directly to the advance organizer. Introducing guiding
questions without the simultaneous use of a modelling phase is pedagogically not well justifiable, especially in a
field of knowledge that is usually quite problematic for students. For this reason, an isolated test of both
components by means of experimental variation was not intended. Because of the known learning effectiveness
of worked examples, the learning environment’s underlying didactic approach was not experimentally varied as
well. As a consequence, the results can only be attributed to the combination of the described didactic methods.

Furthermore, the overall sample size was too small to derive more ambitious statements. To state more general
conclusions, the findings regarding near and far transfer have to be replicated within a study with a bigger
sample size. The sample should be enlarged regarding participants of other studies of the social sciences
applying statistical methods like psychology, and sociology. Although the size of the test-power was adequate for
each test, the study is regarded as a pilot-study to develop an instructional basis for future learning environments.

The limitations of the current study also suggest desiderata for future research. The learning processes induced
by the integrated combination of instruction-oriented and problem-oriented approaches need further research in
order to gain more empirical evidence for optimizing integrated learning environments. In this context, the
method of thinking aloud (Ericsson & Simon, 1993) that has been well researched in conventional
example-based learning (Renkl, 1997; Stark, 1999) would appear suitable. In addition, the sustainability of the
effects gained by the learning approach in general and the elaboration intervention in particular needs to be
tested in follow-up studies.

Based on these results, the implemented methodical-didactic approach can be recommended for training in
research methods and statistics in educational sciences. The principles of the learning environment are also easily
applicable for other domains with a sufficient consensus on the correctness of a given problem solving task.

Acknowledgements

We would like to thank Nicolai Koos for his support during the preparation of the paper.

References

Atkinson, R. K., Derry, S. J., Renkl, A., & Wortham, D. (2000). Learning from Examples: Instructional



www.ccsenet.org/hes Higher Education Studies Vol. 3, No. 3; 2013

Principles from the Worked Examples Research. Review of Educational Research, 70(2), 181-214.
http://dx.doi.org/10.3102/00346543070002181

Ausubel, D. P. (1960). The use of advance organizers in the learning and retention of meaningful verbal material.
Journal of Educational Psychology, 51(5), 267-272. http://dx.doi.org/10.1037/h0046669

Ausubel, D. P. (1968). Educational Psycology: A cognitive view. New York: Holt, Rinehart, and Winston.

Biihner, M., & Ziegler, M. (2009). Statistik fiir Sozialwissenschaftler und Psychologen. Miinchen: Addison
Wesley.

Castro Sotos, A. E., Vanhoof, S., van den Noortgate, W., & Onghena, P. (2007). Student’s misconceptions of
statistical inference: A review of empirical evidence from research on statistics education. Educational
Research Review, 2(2), 98-113. http://dx.doi.org/10.1016/j.edurev.2007.04.001

Castro Sotos, A. E., Vanhoof, S., van den Noortgate, W., & Onghena, P. (2009). How confident are students in
their misconceptions about hypothesis tests? Journal of Statistics Education [online], 17(2). Retrieved from
http://www.amstat.org/publications/jse/v17n2/castrosotos.html

Chi, M. T., Bassok, M., Lewis, M. W., Reimann, P., & Glaser, R. (1989). Self-explanations: How students study
and use examples in learning to solve problems. Cognitive Science, 13(2), 145-182.
http://dx.doi.org/10.1207/s15516709cog1302 1

Chi, M. T., de Leeuw, N., Chiu, M., & LaVancher, C. (1994). Eliciting self-explanations improves understanding.
Cognitive Science, 18(3), 439-477. http://dx.doi.org/10.1016/0364-0213(89)90002-5

Clark, R. C., & Mayer, R. E. (2003). e-Learning and the science of instruction. San Francisco: Pfeiffer.
http://dx.doi.org/10.1207/S15327809JLS1204 1

Cogniton and Technology Group at Vanderbilt. (1992). The jasper series as an example of anchored instruction:
Theory, program, description, and assessment data. Educational Psychologist, 27, 291-315.
http://dx.doi.org/10.1207/s15326985ep2703 3

Cogniton and Technology Group at Vanderbilt. (1993). Designing learning environments that support thinking:
The Jasper series as a case study. In T. M. Duffy, J. Lowyck, D. H. Jonassen, & T. M. Welsh (Eds.),
Designing environments for constructive learning (pp. 9-36). Berlin: Springer.

Cohen J. (1969). Statistical power analysis for the behavioral sciences. New York, NY: Academic Press.
Collins, A., Brown, J. S., & Newman, S. E. (1989). Cognitive apprenticeship: Teaching the crafts of reading,

writing, and mathematics. In L. B. Resnick (Ed.), Knowing, learning, and instruction: Essays in honor of
Robert Glaser (pp. 453-494). Hillsdale, NJ: Lawrence Erlbaum Associates.

Corkill, A., Glover, J., & Brunning, R. (1988). Advance organizers: Concrete vs. abstract. Journal of Educational
Research, 82, 76-81.

De Jong, T., & Ferguson-Hessler, M. G. (1996). Types and qualities of knowledge. Educational Psychologist, 31,
105-113. http://dx.doi.org/10.1207/s15326985ep3102 2

Detterman, D. K. (1993). The case for the prosecution: Transfer as an epiphenomenon. In D. K. Detterman, & R.
J. Sternberg (Eds.), Transfer on trial: Intelligence, cognition, and instruction (pp. 1-24). Norwood, NIJ:
Ablex Publishing Corporation.

Durkin, K., & Rittle-Johnson, B. (2012). The effectiveness of using incorrect examples to support learning about

decimal magnitude. Learning and Instruction, 22, 206-214.
http://dx.doi.org/10.1016/j.learninstruc.2011.11.001

Entwistle, N. J., & Peterson, E. R. (2004). Conceptions of learning and knowledge in higher education.
Relationships with study behavior and influences of learning environments. International Journal of
Educational Research, 41(6), 407-428. http://dx.doi.org/10.1016/].ijer.2005.08.009

Ericson, K. A., & Simon, H. (1993). Protocol Analysis. Verbal reports as data. Cambridge, MA: MIT Press.
Grisel, C. (1997). Problemorientiertes Lernen. Gottingen: Hogrefe.

Grisel, C., & Mandl, H. (1999). Problemorientiertes Lernen in der Methodenausbildung des Padagogikstudiums.
Empirische Pidagogik, 13(4),371-391.

Gruber, H., & Renkl, A. (2000). Die Kluft zwischen Wissen und Handeln: Das Problem des trigen Wissens. In G.
H. Neuweg (Ed.), Wissen-Konnen-Reflexion. Ausgewdhlte Verhdltnisbestimmungen (pp. 155-174).



www.ccsenet.org/hes Higher Education Studies Vol. 3, No. 3; 2013

Innsbruck: Studienverlag.

Hasselhorn, M., & Gold, A. (2006). Pddagogische Psychologie. Erfolgreiches Lernen und Lehren. Stuttgart:
Kohlhammer. http://dx.doi.org/10.1026/0049-8637.38.1.1

Hilbert, T. S., & Renkl, A. (2008). Beispielbasiertes Lernen beispiclbasiert Lehren. Journal fiir Lehrerinnen- und
Lehrerbildung, 8(4), 15-21.

Hilbert, T. S., Renkl, A., Kessler, S., & Reiss, K. (2008). Learning to prove in geometry: Learning from heuristic
examples and how it can be supported. Learning and Instruction, 18(1), 54-65.
http://dx.doi.org/10.1016/j.learninstruc.2006.10.008

Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why Minimal Guidance During Instruction Does Not Work:
An Analysis of the Failure of Constructivist, Discovery, Problem-Based, Experiential, and Inquiry-Based
Teaching. Educational psychologist, 41(2), 75-86. http://dx.doi.org/10.1207/s15326985ep4102 1

Krause, U.-M. (2007). Feedback und kooperatives Lernen. Miinster: Waxmann.

Krause, U.-M., & Stark, R. (2010). Reflection in example- and problem-based learning: Effects of reflection
prompts, feedback and cooperative learning. Evaluation & Research in Education, 23(4), 255-272.
http://dx.doi.org/10.1080/09500790.2010.519024

Krause, U.-M., Stark, R., & Mandl, H. (2004). Forderung des computerbasierten Wissenserwerbs im Bereich
empirischer Forschungsmethoden durch kooperatives Lernen und eine FeedbackmalBinahme. Zeitschrift fiir
Pédagogische Psychologie, 18(2), 125-136. http://dx.doi.org/10.1024/1010-0652.18.2.125

Krause, U.-M., Stark, R., & Mandl, H. (2009). The effects of cooperative learning and feedback on e-learning in
statistics. Learning and Instruction, 19, 158-170. http://dx.doi.org/10.1016/j.learninstruc.2008.03.003

Lan, W. Y. (1998). Teaching self-monitoring in statistics. In D. H. Schunk, & B. J. Zimmermann (Eds.),
Self-regualated learning: From teaching to self-reflective practice (pp. 86-105). New York, NY: Guilford
Press.

Mayer, R. E. (1979). Can advance organizers influence meaningful learning? Review of Educational Research,
4(2), 371-383. http://dx.doi.org/10.3102/00346543049002371

Mayer, R. (1980). Elaboration techniques that increase the meaningfulness of technical text: An experimental
test of the learning strategy hypothesis. Journal of Educational Psychology, 72, 770-784.
http://dx.doi.org/10.1037//0022-0663.72.6.770

Paas, F., Renkl, A., & Sweller, J. (2004). Cognitive Load Theory: Instructional Implications of the Interaction
between Information Structures and Cognitive Architecture. [Instructional Science, 32, 1-8.
http://dx.doi.org/10.1023/B: TRUC.0000021806.17516.d0

Quilici, J. L., & Mayer, R. E. (1996). Role of examples in how students learn to categorize statistics word
problems. Journal of Educational Psychology, 88(1), 144-161.
http://dx.doi.org/10.1037//0022-0663.88.1.144

Reigeluth, C. M. (1997). In search of better way to organize instruction. The elaboration theory. Journal of
Instructional Development, 2(3), 8-15. http://dx.doi.org/10.1007/BF02984374

Reimann, P. (1997). Lernprozesse beim Wissenserwerb aus Beispielen. Bern: Huber.

Reinmann, G., & Mandl, H. (2006). Unterrichten und Lernumgebungen gestalten. In A. Krapp, & B.
Weidenmann (Eds.), Pddagogische Psychologie (pp. 613-658). Weinheim: Beltz.

Renkl, A. (1997). Learning from worked-out examples: A study on individual differences. Cognitive Science, 21,
1-29. http://dx.doi.org/10.1016/S0364-0213(99)80017-2

Renkl, A. (2001a). Explorative Analysen zur effektiven Nutzung von instruktionalen Erkldrungen beim Lernen
aus Losungsbeispielen. Unterrichtswissenschafft, 29(1), 41-63. Retrieved from:
http://www.pedocs.de/volltexte/2013/7677/

Renkl, A. (2001b). Lernen aus Losungsbeispielen: Eine Einfiihrung. Unterrichtswissenschaft, 29(1), 2-4.

Renkl, A. (2002). Worked-out examples: instructional explanations support learning by self-explanations.
Learning and Instruction, 12(5), 529-556. http://dx.doi.org/10.1016/S0959-4752(01)00030-5

Renkl, A., & Atkinson, R. K. (2002). Learning from examples: Fostering self-explanations in computer-based
learning environments. Interactive Learning Environments, 10(2), 105-119.

10



www.ccsenet.org/hes Higher Education Studies Vol. 3, No. 3; 2013

http://dx.doi.org/10.1076/ilee.10.2.105.7441

Renkl, A., & Atkinson, R. K. (2007). An example order for cognitive skill acquisition. In F. E. Ritter, J. Nerb, E.
Lehtinen, & T. M. O"Shea (Eds.), In order to learn: How the sequence of topics influences learning (pp.
95-105). New York, NY: Oxford University Press.
http://dx.doi.org/10.1093/acprof:0s0/9780195178845.003.0007

Renkl, A., Gruber, H., Weber, S., Lerche, T., & Schweizer, K. (2003). Cognitive load beim Lernen aus
Losungsbeispielen. Zeitschrift fiir Pédagogische Psychologie, 17(2), 93-101.
http://dx.doi.org/10.1024//1010-0652.17.2.93

Renkl, A., Schworm, S., & vom Hofe, R. (2001). Lernen mit Losungsbeispielen. mathematik lehren, 109, 14-18.
http://dx.doi.org/10.1024//1010-0652.17.2.93

Reusser, K. (2005). Problembasiertes Lernen - Tiefenstruktur, Gestaltungsformen, Wirkung. Beitrige zur
Lehrerbildung, 23(2), 159-182.

Salomon, G., & Globerson, T. (1987). Skill may not be enough: The role of mindfulness in learning and transfer.
International Journal of Educational Research, 11(1), 623-638.
http://dx.doi.org/10.1016/0883-0355(87)90006-1

Schmidt, H., Loyens, S., Van Gog, T., & Paas, F. (2007). Problem-based learning is compatible with human
cognitive architecture. Commentary on Kirschner, Sweller, and Clark (2006). Educational Psychologist,
42(2), 91-97. http://dx.doi.org/10.1080/00461520701263350

Schnotz, W. (2011). Pddagogische Psychologie kompakt. Weinheim: Beltz.
http://dx.doi.org/10.1024/1010-0652/a000055

Spiro, R. J., Feltovich, P. J., Jacobson, M. J., & Coulson, R. L. (1991). Cognitive flexibility, constructivism, and
hypertext: Random access instruction for advanced knowledge acquisition in ill-structured domains.
Educational Technology, 31(5), 24-33.

Stark, R. (1999). Lernen mit Lésungsbeispielen: Einfluss unvollstindiger Lésungsbeispiele auf
Beispielelaboration, Lernerfolg und Motivation. Gottingen: Hogrefe.

Stark, R. (2000). Experimentelle Untersuchungen zur Uberwindung von Transferproblemen in der
Kaufménnischen Erstausbildung. Zeitschrift fiir Pidagogik, 46(3), 395-415.

Stark, R. (2001). Analyse und Forderung beispielbasierten Lernens: Anwendung eines integrativen
Forschungsparadigmas. non-published habilitation, Ludwig-Maximilians-Universitdt Munich.

Stark, R., Gruber, H., Renkl, A., & Mandl, H. (2000). Instruktionale Effekte einer kombinierten Lernmethode:
Zahlt sich die Kombination von Losungsbeispielen und Problemldseaufgaben aus? Zeitschrift fiir
Pédagogische Psychologie, 14,205-217. http://dx.doi.org/10.1024//1010-0652.14.4.206

Stark, R., Herzmann, P., & Krause, U.-M. (2010). Effekte integrierter Lernumgebungen - Vergleich
problembasierter und instruktionsorientierter Seminarkonzeptionen in der Lehrerbildung. Zeitschrifi fiir
Pidagogik, 56, 548-563.

Stark, R., & Mandl, H. (2000). Training in empirical research methods: Analysis of problems and intervention
from a motivational perspective. In J. Heckhausen (Ed.), Motivational psychology of human development
(pp. 165-183). Amsterdam: Elsevier. http://dx.doi.org/10.1016/S0166-4115(00)80011-4

Stark, R., & Mandl, H. (2002). Konzeptualisierung und Evaluation einer komplexen netzbasierten
Lernumgebung im Kontext der universitiren Ausbildung in empirischen Forschungsmethoden.
Unterrichtswissenschaft, 30(4), 315-330.

Stark, R., Mandl, H., Gruber, H., & Renkl, A. (2002). Conditions and effects of example elaboration. Learning
and Instruction, 12(1), 39-60. http://dx.doi.org/10.1016/S0959-4752(01)00015-9

Stark, R., Puhl, T., & Krause, U.-M. (2009). Improving scientific argumentation skills by a problem-based
learning environment: Effects of an elaboration tool and relevance of student characteristics. Evaluation and
Research in Education, 22(1), 51-68. http://dx.doi.org/10.1080/09500790903082362

Stark, R., Kopp, V., & Fischer, M. R. (2011). Cased-based learning with worked examples in complex domains:
Two experimental studies in undergraduate medical education. Learning and Instruction, 21(1), 22-33.
http://dx.doi.org/10.1016/j.learninstruc.2009.10.001

Statistisches Bundesamt. (2012). Bildung und Kultur. Studierende an Hochschulen. Fachserie 11, Reihe 4.1.

11



www.ccsenet.org/hes Higher Education Studies Vol. 3, No. 3; 2013

Wiesbaden.

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive Science, 12(2),
257-285. http://dx.doi.org/10.1016/0364-0213(88)90023-7

Sweller, J. (2005). Implications of cognitive load theory for multimedia learning. In R. E. Mayer (Ed.), The
Cambridge Handbook of Multimedia Learning (pp. 19-30). New York, NY: Cambridge University Press.
http://dx.doi.org/10.1017/CB0O9780511816819.003

Tyroller, M. (2005). Effekte metakognitiver Prompts beim computerbasierten Statistiklernen. Dissertation,
Ludwig-Maximilian-Universitét Munich. Retrieved from
http://edoc.ub.uni-muenchen.de/archive/00005514/01/Michael Tyroller

Wang, J.-R., & Lin, S.-W. (2007). Examining reflective thinking: A study of changes in methods students’
conceptions and understandings of inquiry teaching. International Journal of Science and Mathematics
Education, 6(3), 459-479. http://dx.doi.org/10.1007/s10763-007-9085-8

Ward, M., & Sweller, J. (1990). Structuring effective worked examples. Cognition and Instruction, 7(1), 1-39.
http://dx.doi.org/10.1207/s1532690xci0701 1

12



