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Abstract
A worked-out or an open inventing problem with contrasting cases can prepare learn-
ers for learning from subsequent instruction differently regarding motivation and cogni-
tion. In addition, such activities potentially initiate different learning processes during the 
subsequent (“future”) learning phase. In this experiment (N = 45 pre-service teachers), 
we aimed to replicate effects of earlier studies on learning outcomes and, on this basis, 
to analyze respective learning processes during the future-learning phase via think-aloud 
protocols. The inventing group invented criteria to assess learning strategies in learning 
journals while the worked-example group studied the same problem in a solved version. 
Afterwards, the pre-service teachers thought aloud during learning in a computer-based 
learning environment. We did not find substantial motivational differences (interest, self-
efficacy), but the worked-example group clearly outperformed their counterparts in transfer 
(BF+0 > 313). We found moderate evidence for the hypothesis that their learning processes 
during the subsequent learning phase was deepened: the example group showed more elab-
orative processes, more spontaneous application of the canonical, but also of sub-optimal 
solutions than the inventing group (BFs around 4), and it tended to focus more on the most 
relevant learning contents. Explorative analyses suggest that applying canonical solutions 
to examples is one of the processes explaining why working through the solution leads 
to higher transfer. In conclusion, a worked-out inventing problem seems to prepare future 
learning more effectively than an open inventing activity by deepening and focusing subse-
quent learning processes.
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Introduction

How would you, as a teacher or lecturer, set the stage before you introduce new concepts? 
What cognitive or motivational processes can be elicited by different preparation meth-
ods? The present study focusses on such processes activated by different forms of prepara-
tion tasks and on whether they might explain different learning outcomes: Inventing with 
contrasting cases versus a worked solution of the invention problem (in short: worked 
example).

Inventing is a brief, problem-oriented starting method that is commonly used as a learn-
ing activity preceding and thereby optimizing direct forms of instruction (Glogger-Frey 
et  al., 2015a; Schmidt et  al., 1989; Schwartz & Bransford, 1998). It usually consists of 
several (contrasting) cases taken from the learning domain, along with the task to invent 
a principle (e.g., index, formula, criteria), which encourages to compare and contrast the 
cases (e.g., Roll et al., 2011, 2012; Schwartz et al., 2011).

The present study’s learners were pre-service teachers, and the domain is the assess-
ment of learning strategies. This domain is important for (pre-service) teachers, who are 
expected to support students in their learning and in becoming life-long learners. Student 
cases representing their learning-strategy use can be compared and contrasted. The strat-
egy cases encompass strategies of different qualities so that pre-service teachers can invent 
evaluation criteria by contrasting and comparing these cases.

This activity can provide motivational as well as cognitive preparation to learn from 
a future learning phase. However, the open task of inventing criteria could also have dis-
advantages when learners meander with sub-optimal solution attempts. Therefore, more 
guidance such as working through a worked-out solution of the same problem and the same 
material, that is, a worked-example activity has been proposed (Ashman et al., 2020; Glog-
ger-Frey et  al., 2015b; Hsu et  al., 2015; Newman & DeCaro, 2019; Roelle & Berthold, 
2016). Glogger-Frey, et  al. (2015a), for example, found that it can be more beneficial 
regarding self-efficacy and transfer. This result was rather surprising and the question 
arises, how learning from the subsequent, “future” learning phase is altered by the different 
starting methods, that is, what the mechanisms of the effect are. In the present study, we 
aim to shed light on the learning processes during the future learning phase that are acti-
vated by the two preparation tasks, potentially explaining why learning outcomes differ. As 
a basis for this aim, we strive to replicate core findings of previous studies.

Motivational processes activated by preparatory activities

Previous studies have found that an inventing activity activated processes that affect moti-
vational states, for example, situational interest (Glogger-Frey et al., 2015a, b; Rotgans & 
Schmidt, 2011, 2014; Weaver et al., 2018). Situational interest is a state that is externally 
triggered by features of the learning situation (Hidi & Berndorff, 1998). Situational interest 
is especially maintained if a topic or material is, for example, useful to the learner (value-
related interest). An activity such as inventing can make pre-service teachers more aware of 
the incompleteness of their knowledge than working with a worked example (Glogger-Frey 
et al., 2017; Glogger-Frey et al., 2015a; Ribeiro et al., 2018): while contrasting the authen-
tic student cases, pre-service teachers might realize that they do not know how learning 
strategies can be evaluated. They might realize that it would be useful to know for their 
teaching. Rotgans and Schmidt (2014) conducted a series of studies supporting the hypoth-
esis that realizing knowledge gaps increases situational interest. For example, students who 
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showed awareness that they lacked knowledge to understand learning material reported 
higher situational interest. Thus, we hypothesize that realizing knowledge gaps and the use-
fulness of learning contents can increase situational interest.

A worked example activity can trigger motivational processes enhancing self-efficacy. 
Self-efficacy is defined as one’s beliefs about one’s own capability to perform a particular 
task (Bandura, 1997). Observing how a problem is solved in a worked example can make 
learners believe that they can likely solve the task themselves (Bandura, 1997; Schunk, 
1995; Sitzmann & Yeo, 2013). Accordingly, van Harsel et  al. (2019) found that when 
examples preceded open problem-solving in the beginning of a learning sequence, learn-
ers’ self-efficacy was higher than when they started with problem-solving. In the present 
case, pre-service teachers’ belief that they could assess strategy cases by relevant criteria 
can get stronger while working through cases that are already evaluated using such criteria. 
Thus, we can hypothesize that self-efficacy is higher when working with a worked solution 
(i.e., worked example) than with an open problem. Self-efficacy was found to predict learn-
ing outcomes (Bandura, 1997; Glogger-Frey et  al., 2015a). Hence, if a worked example 
enhances self-efficacy, this in turn could contribute to knowledge acquisition and lead to 
enhanced learning outcomes.

Cognitive processes activated by preparatory activities

There is a controversy between proponents of discovery learning and protagonists of direct 
instruction concerning cognitive advantages of a brief, problem-oriented learning activity 
such as inventing as preparation to learn. Invention provides little assistance compared to 
a worked-out problem containing the solution; that is, basically, there is disagreement on 
how much assistance is needed (cf. the assistance dilemma, Koedinger & Aleven, 2007). 
Inventing proponents postulate that inventing helps learners with little prior knowledge in 
particular because it generates early forms of knowledge.1 This early knowledge facilitates 
the assimilation of new information during future learning (Schwartz & Martin, 2004). 
Inventing proponents also postulate that if learners reach an impasse in trying to solve the 
invention problem, they can perceive specific “information needs” (Glogger-Frey et  al., 
2015a; Loibl et al., 2017). As a consequence, learners should focus on relevant contents 
in a subsequent learning phase (Glogger-Frey et al., 2015a). Research on impasse-driven 
learning has shown that instructional explanations are more effective when given in the 
context of such an impasse (Sánchez et al., 2009; VanLehn et al., 2003).

In contrast, protagonists of direct instruction argue that especially learners with low 
prior knowledge should be directly guided to the canonical solutions and key concepts, 
avoiding erroneous learning paths that cost valuable time and cognitive resources (Kirsch-
ner et al., 2006; Sweller et al., 2007). Learners do not always generate canonical solutions 
during inventing and they are not guided directly to key conceptual information of the 
learning domain. A worked-out solution of the invention problem (worked example) allows 
the learners to directly process key information and the canonical solution, thus building a 
first consistent knowledge base. In line with this argumentation, two experiments showed 
that inventing lead to lower transfer of the acquired skills than the worked example (Glog-
ger-Frey et al., 2015a).

1  A closely related discussion can be found in literature on problem-solving before instruction or productive 
failure, see Appendix A.
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All in all, different cognitive and motivational advantages and disadvantages could 
explain the learning outcomes of the different preparatory activities. To test these mecha-
nisms, learning processes during the future learning phase should be assessed.

Differential processes during future learning

The worked example activity might allow for building a more consistent first knowledge 
base, for example about which criteria can be used to evaluate learning strategies. Some 
core contents (i.e., criteria) can be connected to concrete examples (see Fig. 1 for learn-
ing strategy cases). This base might alter learning during the future learning phase. More 
specifically, it might allow for applying superior cognitive learning processes such as 
organization and elaboration, as well as metacognitive regulation. A first knowledge base 
facilitates to organize learning contents, for example, to differentiate important from less 
important contents. It may facilitate elaborating during future learning in that the already 
encoded cases and core contents can more easily be related to examples and new concepts 
in the later learning phase. There might be more room for metacognitive regulation when 
less erroneous learning paths and less suboptimal, invented solutions are activated and load 
the limited working memory. (colour figure online)

There are several reasons to assume that the canonical solution (here: criteria for learn-
ing strategy assessment) will be applied more often if learners worked through a solution 
as preparation activity as compared to an inventing activity. First, the canonical solution 
is more likely encoded than after inventing solutions so that learners can simply apply it 
more often when confronted with new student cases in the future learning phase. Second, 
two effects could reduce learners’ application of canonical solutions after inventing their 
own solutions: According to the IKEA effect, self-made products (Norton et  al., 2012) 
are valued higher than given products. Thus, self-generated, suboptimal solutions during 

Fig. 1   Worksheet with the Contrasting Cases Showing the Experimental Variation. Shaded in grey / green 
are Words that were Added (or Replaced in Parentheses) for the Worked-Solution Version. The Student 
Cases were Hand-written in the German Original. (Color figure online)
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the invention phase can be valued higher than the given canonical ones. According to the 
continued-influence effect (Johnson & Seifert, 1994) the assimilation of new learning con-
tents can be hindered if learners integrate false information in their knowledge base in the 
very beginning of a learning phase—which could happen during inventing. The learners 
then continue to hold on to their originally integrated information and have difficulties to 
let go of this initial idea. Thus, after inventing, learners could stick to their own subopti-
mal solution instead of taking up the directly instructed canonical one. On this basis, we 
can assume that the worked-example activity lets learners use the canonical solution more 
often during future learning.

In addition, we can assume that learners spent less time learning with the learning mate-
rial that most directly relates to the canonical solution after an inventing activity. Note that 
the canonical solution represents the learning contents most relevant to the learning goal—
here, understanding and being able to apply quality criteria to assess learning strategies. 
Glogger-Frey et al. (2015a) found that an inventing group spent less learning time in a self-
regulated future learning phase and focussed less on the most relevant learning contents, 
namely the unit on quality criteria, than a group that worked through the same, but worked 
problem. This might be a kind of effort-justification effect: learners attempt to reduce cog-
nitive dissonance when encountering contradictions between own developed solutions and 
the canonical solution (cf. dissonance theory, Festinger, 1957) and thus spend less time 
learning with the learning contents most related to the canonical solution (here: quality 
criteria) than learners who worked with the canonical solution right away. All in all, we 
can assume that an open problem reduces the time learners spend working with relevant 
contents and reduces thinking (e.g., elaborating) about key contents compared to a worked 
example.

Hypotheses and research questions

In this experiment with pre-service teachers, we aimed to replicate and extend findings 
on effects of different preparation tasks (worked example or open inventing) on transfer 
as well as motivational and cognitive preparation processes (Glogger-Frey et al., 2015a). 
We aimed to investigate whether there are processes in the subsequent learning phase that 
explain potential differences in transfer between the two types of preparation-for-learning. 
We tested the following hypotheses:

Replication hypotheses

(1)	 Inventing with contrasting cases enhances pre-service teachers’ (1a) interest in learning 
contents (i.e., assessment of learning strategies), and (1b) working through a worked 
example to the invention problem enhances self-efficacy compared to the respective 
other group (motivation hypotheses).

(2)	 Inventing (little assistance) leads to lower transfer of the acquired skills than the worked 
solution (i.e., worked example) (learning outcome hypothesis).
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Process hypotheses

	 (3)	 We expected that the worked-example activity, as compared to inventing, leads to 
superior learning processes during the “future” learning phase:

	(3a)	 More cognitive learning processes (organization, elaboration)
	(3b)	 More metacognitive regulation
	(3c)	 More application of the canonical solution (the criteria) to provided examples (here: 

examples of learning strategies in learning-journal extracts)
	(3d)	 Less application of suboptimal or false solutions to provided examples.
		    On the background of the effect of effort justification (Festinger, 1957) and previous 

results (Glogger-Frey et al., 2015a), we hypothesized that the inventing group
	(3e)	 Spends less learning time
	(3f)	 Focusses less (learning time) on the most relevant learning contents.

In addition, we tested whether differences in learning processes could provide explana-
tions for effects on transfer (Exploratory Mediation Hypotheses).

Method

Participants, learning domain, and design

Forty-five pre-service teachers (30 female, 15 male; Mage = 22.53, SD = 2.17) participated 
in this study. Most of them were in the third semester of their studies (42%); the mean num-
ber of semesters was M = 5.16 (SD = 2.57). They were compensated with 15 Euros for par-
ticipation (duration: about 109 min). Pre-service teachers had not yet learned about learn-
ing strategies and learning journals in their study program. The learning domain was the 
assessment of learning strategies in learning journals written by high school students. By 
writing learning journals, for example, as homework after biology or mathematics classes, 
high-school students are encouraged to apply learning strategies (Nückles et al., 2020). For 
example, they can develop their own thoughts based on the new learning contents (elabora-
tion strategy). Ideally, they can do this in a detailed way and on their own (and not “cop-
ied”), for example, “I realized that nothing can grow without mitosis, not even myself! 
Because (…).” Such an elaboration can be evaluated as high in quality (Dunlosky et al., 
2013; Glogger et al., 2012). The ultimate learning goal was to enable pre-service teachers 
to assess the quality of elaboration strategies in learning-journal extracts representing such 
strategies, as well as to achieve an understanding of quality criteria that enabled them to 
explain their assessments. Pre-service teachers were randomly assigned to two conditions: 
“inventing” (n = 22; 15 female, Mage = 22.95; SD = 2.52) and “worked example” (n = 23; 15 
female; Mage = 22.13, SD = 1.74).

Material

The materials used were largely identical to those used in Glogger et al. (2015, first experi-
ment). The experimental variation was completely identical.
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Materials for the preparation phase—experimental variation

On the first page of the paper-and-pencil material, all participants received a very brief 
introduction (134 words) about learning journals and the quality of learning strategies in 
general. It stated, for example, that students usually differ in how well they qualitatively 
apply learning strategies, and that “quality” here refers to how conducive to learning the 
strategy was applied by a student. The last sentence read: “For the promotion of learning 
strategies, but especially for the learning success of the students, it is important that we as 
teachers can assess and give feedback on the quality of individual learning strategies”. The 
instruction to the subsequent activity read as follows: “On pages B and C, you will find 
four extracts from learning journals. Each extract shows a variation of the same elaboration 
strategy (developing own thoughts) in a way a student from a biology class (dealing with 
the topic mitosis) could have applied it.” The extracts were similar in length, but differed 
systematically in two quality criteria: (a) detailed elaboration vs. wordy, but shallow elabo-
ration, (b) self-made vs. copied from the lesson (see Fig. 1). Hence, by comparing and con-
trasting the strategies, criteria could be identified to assess learning strategies. Participants 
in the inventing group invented criteria to evaluate the quality of learning strategies applied 
in learning journals. They were prompted to contrast the four extracts, to rate the quality of 
each extract on a 3-point scale (low, medium, or high), to make notes on discerning aspects, 
and to generalize from these aspects to generic evaluation criteria for the learning strategy 
elaboration. They had to write down their criteria in a box labelled “my criteria”. They 
were also instructed to check whether or not the final criteria really worked to discern all 
extracts (cf. Roll et al., 2012).

Participants in the worked example group neither had to rate the extracts nor to invent 
the evaluation criteria. Instead, they were asked to carefully study the same extracts includ-
ing evaluations as worked out by a (fictitious) experienced teacher. That is, the blanks were 
filled: the canonical criteria were written in the “my criteria” box, the quality of the four 
extracts was rated, and short notes about discerning aspects were written down (see Fig. 1). 
In summary, the two groups had exactly the same work sheets with four extracts. The dif-
ference between conditions only referred to the following aspect: The inventing group had 
to generate the solution; the worked example group was given the solution. In other words, 
the inventing group had to generate the core principles by contrasting cases, whereas the 
solution group worked through the given principles and the contrasted cases without gener-
ating. The two criteria (principles) were explained in more detail in the subsequent instruc-
tion (a computer-based learning environment). Both groups were given the same amount of 
time (15 min) for their preparation activity (this duration was shown to be sufficient in pilot 
studies).

Pretest and demographic questionnaire

A web-based pretest assessed participants’ topic-specific prior knowledge. Participants 
received up to five points for the two open questions (α = 0.67, e.g., “Which learning strate-
gies can students apply by writing a learning journal?”). Two independent raters scored 
25% of the pretests (ICC = 0.91; we used the two-way mixed effects model with absolute 
agreement and single rater measurement to calculate ICCs in SPSS). A demographic ques-
tionnaire assessed sex, age, and number of semesters in teacher education.
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Motivational questionnaire

A questionnaire assessed the participants’ interest and self-efficacy right after the prepa-
ration activities, that is, before the learning phase (“pre”) and directly after the learning 
phase (“post”). Situational interest was measured by eight items with a 6-point rating scale 
(6: absolutely true): feeling-related and value-related interest were assessed by four items, 
respectively (Schiefele, 1991; Schiefele & Krapp, 1996) (e.g., feeling-related / value-
related: “Learning how to evaluate learning strategies is boring / useful.”). Two additional 
items were constructed (“I would like to learn more about the assessment of learning strat-
egies.”, “I would like to receive an email with further information about the assessment of 
learning strategies.”). They were included in the scale because inter-item-correlations were 
medium to high and reliability was clearly higher when including them (pre: Cronbach’s 
α = 0.75; post: α = 0.85). Self-efficacy was measured with four items that were constructed 
following Bandura (2006), on a scale from 0% to 100% (pre: Cronbach’s α = 0.83; post: 
α = 0.79; e.g., “I am confident I can differentiate well-applied from poorly-applied learning 
strategies.”).

Computer‑based learning environment and learning time

The future-learning phase took place in a computer-based learning environment (CBLE) 
described in Glogger et al., 2013. It explained several sub-categories of elaboration strate-
gies, how they improve comprehension, and how they can be identified in learning journals 
in three units. A subsequent unit explained the two quality criteria of elaboration strategies 
targeted in the preparation activity. The CBLE’s instructional design followed principles of 
example-based learning. For example, basics about the learning strategy were introduced 
followed by examples; a subsequent example had to be self-explained. Elaborated feed-
back was available to learners after completing interactive tasks (multiple-choice tasks, or 
drag-and-drop classification tasks). The quality criteria had to be understood and applied 
to solve transfer tasks in the posttest. The explanations in this unit were clearly more elabo-
rate than in the worked-solution activity. Various examples of all sub-categories of elabora-
tion strategies were used to illustrate different quality levels of strategies. The exact same 
extracts as in the preparation activity were not among these examples. Learners could navi-
gate freely. The focus on the most relevant learning contents was operationalized as the 
time learners spent in the quality criteria unit (average duration in minutes M = 13, SD = 4). 
This duration as well as the total time spent in the environment were logged by the soft-
ware (average total time in minutes: M = 38.6, SD = 8.1).

Coding of learning processes during the future‑learning phase

In order to analyze learning processes, participants talked out loud what they were think-
ing during learning in the CBLE. We transcribed and coded the think aloud data during 
learning the quality criteria, as we were interested in preparation effects for learning these 
criteria. Five recordings could not be transcribed because the audio quality was too weak. 
Two independent raters coded 25% of the think-aloud data (κ = 0.89). We let the grain size 
of learning processes determine the segment size because the segment size depended on 
the coded category (see Glogger et al., 2012; Renkl, 1997). For example, the expression 
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of negative mood “oh no” was usually much shorter than the application of a criteria to a 
learning journal extract. Hence, we segmented and coded the journals in one step.

In the development of the coding scheme, we deduced categories from theories on cog-
nitive processing in multimedia learning (Fiorella & Mayer, 2015; Kiewra, 2004; Weinstein 
& Mayer, 1986) and according to our hypotheses. Some categories were specified bottom-
up, based on the data in an iterative, qualitative process (see Chi, 1997). Each think-aloud 
segment was assigned to one of seven learning process categories: rehearsal, organization, 
elaboration, two metacognitive (monitoring, planning and regulating) processes, and the 
application of quality criteria (two processes: applying canonical solutions; applying sub-
optimal solutions). An overview of categories, brief descriptions, and examples for the cat-
egories are provided in Table 1.

Rehearsal was seen as superficial learning process such as pure re-reading of learning 
materials or repeating what was just said (almost) word-by-word. All other relevant cat-
egories were regarded as deeper learning processes. Organization strategies referred to 
making connections between learning contents explicit, separating important from unim-
portant information, commenting on the content’s structure (structuring), and summarizing 
learning contents. Elaboration comprised deepening and working out learning content, for 
example, by drawing inferences or providing examples by which the contents are integrated 
into prior knowledge. Metacognitive processes included (a) statements of understanding or 
statements of problems in understanding (i.e., comprehension monitoring), and (b) plan-
ning and regulating the learning process by formulating questions to answer in the fol-
lowing or stating what to do next (sometimes along with a reason). Applying quality cri-
teria referred to applying the canonical criteria (i.e., self-made vs. copied from the lesson; 
detailed elaboration vs. wordy, but shallow elaboration) or own suboptimal criteria when 
thinking about and evaluating an example in the learning environment.

Posttest: transfer

The posttest measured transfer and consisted of five tasks. Each task consisted of a brief 
extract from a learning journal, representing one sub-category of an elaboration strategy. 
This sub-strategy was labeled. All extracts were new, that is, they were taken neither from 
the preparation activity’s contrasting cases nor from the learning environment. The tasks 
required transfer as an application of quality criteria to new instances of students’ learning 
strategies. Two tasks asked pre-service teachers to give a reason for a provided evaluation 
of a learning-journal extract. Three tasks asked them to evaluate an extract themselves and 
to give a rationale for their own evaluation (α = 0.69). Participants evaluated the extracts by 
rating the quality of the strategy as low, medium, or high. Answers were rated on a 6-point 
scale ranging from 1 (no conceptual understanding) to 6 (very clear conceptual under-
standing; SOLO taxonomy by Biggs & Collis, 1982). Two independent raters scored 25% 
of the posttest (ICC = 0.93).

Procedure

The pre-service teachers worked on the web-based pretest in the week before the experi-
ment (at least four days) in order to avoid knowledge-activation effects. On the day of the 
experiment, in our lab, they first filled in the demographic questionnaire. Next, they worked 
individually on the task that prepared the following learning phase: The inventing group 
invented criteria to evaluate the quality of learning strategies applied in a learning journal; 
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the worked-example group was asked to carefully study a worked version of the very same 
problem for 15 min (constant time-on-task). Subsequently, questionnaires assessed the par-
ticipants’ situational interest and self-efficacy. The think aloud procedure was explained 
and then shortly practiced following the recommendation of Ericsson and Simon (1993; 
e.g., first exercise: How many windows does your parents’ house have?). The participants 
then worked on the CBLE without time limits (on average for 38.6 min, SD = 8.1). During 
this learning phase, they spoke out loud what they were thinking. In case participants fell 
silent the experimenter said “keep talking”, sitting outside the learners’ field of vision (Fox 
et  al., 2011). After the learning phase, interest and self-efficacy was reassessed. Finally, 
participants worked on the posttest.

Results

We used Bayesian Analyses. Bayes factors (BF) were estimated in JASP with the default 
prior (Cauchy scale 0.707). Following Jeffreys (1961), we interpreted a BF of 1 as no 
evidence, BF values in the range between 1 and <  = 3 as anecdotal, BF values between 
3 and <  = 10 as moderate, between 10 and <  = 30 as strong, and between 30 and <  = 100 
as very strong. The data give no evidence that experimental groups differed in any demo-
graphic variables (all BF10 < 0.6) or prior knowledge (inventing: M = 3.02, SD = 1.47; solu-
tion: M = 2.70, SD = 1.15; BF10 = 0.391, error % = 0.021).

We only found some small insignificant correlations between prior knowledge and pro-
cess and outcome variables (see Table 4 in Appendix B for these and all other intercorrela-
tions between prior knowledge, process variables, and transfer). We thus did not include 
prior knowledge in the analyses. We calculated Bayesian Independent Samples T-Tests 
using JASP (Version 0.14.1, JASP Team, 2020).

Replication hypotheses: motivation and learning outcomes (hypotheses 1a‑b and 2)

Table 2 presents the means and standard deviations of motivational variables, learning pro-
cess variables (processes during future learning measured by think aloud), learning time in 
the most relevant unit of the CBLE on quality criteria, and transfer for the two experimental 
groups, together with test statistics and effect sizes (Cohen’s d). In contrast to the original 
study, the estimated Bayes factor (alternative/null) suggested no evidence for a beneficial 
effect of inventing on interest (directly after the preparation task as well as after learning in 
the learning environment BFs-0 < 0.5, see Table 2) or a beneficial effect of working through 
a worked example on self-efficacy after learning in the learning environment. We found 
anecdotal evidence of a beneficial effect of the worked-example activity on self-efficacy 
measured directly after the preparation task, BF+0 = 1.374.

Most importantly, we could replicate the effects of the previous study regarding learn-
ing outcomes: the Bayes factor indicates very strong evidence for the hypothesis that the 
worked example condition outperformed the inventing condition in transfer. Specifically, 
BF+0 means that the data are approximately 313 times more likely to occur under this alter-
native hypotheses H+ than under H0 (assuming no differences between the groups).
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Learning processes during the future learning phase and exploratory mediation 
analyses (hypotheses 3a–f)

The data provide moderate evidence for the elaboration part of Hypothesis 3a: Dur-
ing learning, the worked example group showed more cognitive processes of elaboration 
than the inventing group, BF+0 = 3.608 (see Table 2). We found no evidence for a differ-
ence between groups in rehearsal, organization, or monitoring processes. Metacognitive 
regulation was shown more often by the inventing condition than the worked-example 
group, contrary to what we expected (Hypothesis 3b). Since the Hypothesis 3b (worked 
example > inventing) is very unlikely to be true, we tested exploratively how probable the 
inverse hypothesis was. It was close to 4 times more likely that this data would occur under 
the hypothesis that the inventing group showed more metacognitive regulation than the 
worked example group (see Notes of Table 2).

During working with the various examples of learning strategies in the learning environ-
ment, the worked example group applied the canonical assessment criteria more often. The 
Bayes factor indicates moderate evidence for the corresponding Hypothesis 3c. In contrast 

Table 2   Means (standard deviations in parentheses) of process variables (motivation, learning processes 
during future learning phase), transfer and learning time in the experimental groups

6-point scales: interest: from 1 (not true at all) to 6 (absolutely true); transfer test: from 1 (no conceptual 
understanding) to 6 (very clear conceptual understanding). Self-efficacy: 11-point-scale from 0 to 100%. 
For all Bayesian tests except for the one for interest and applying suboptimal solutions, the alternative 
hypothesis specifies that the worked example group (WE) was greater than the inventing group (Inv), that 
is, BF+0 is reported. Bold values point to evidences for differences between groups
a Interest and Self-efficacy before (Pre) and after (Post) the learning phase
b Contrary to what we expected in Hypothesis 3b, Inv was greater WE. The BF for the data to occur under 
the hypothesis Inv > WE is BF−0 = 3.844, error % < .001
c Contrary to what we expected in Hypothesis 3d, WE was greater Inv. The BF for the data to occur under 
the hypothesis WE > Inv is BF+0 = 3.458, error % < .001
d Learning time (in minutes) in the most relevant unit of the CBLE on quality criteria

Inventing
M (SD)

Worked solution
M (SD)

d BF error %

Interest Prea 4.92 (0.58) 4.80 (0.91) − .16 0.426  ~ 0.003
Interest Posta 4.95 (0.84) 4.86 (0.98) − .10 0.382  ~ 0.008
Self-efficacy Prea 48.30 (16.13) 55.50 (15.45) .46 1.374  < 0.001
Self-efficacy Posta 68.58 (17.43) 69.24 (12.73) .04 0.328  ~ 0.011
Rehearsal 2.20 (2.91) 3.35 (3.23) .37 0.912  < 0.001
Organisation 4.75 (4.25) 5.15 (5.07) .09 0.378  ~ 0.002
Elaboration 7.50 (4.35) 11.25 (6.44) .68 3.608  < 0.001
Metacognitive
  Monitoring
  Regulation

4.50 (2.52)
0.75 (.79)

5.55 (5.13)
0.30 (.47)

.26
− .70

0.618
  0.112b

 < 0.001
 < 0.001

Applying canonical solutions 6.20 (4.93) 10.25 (6.35) .71 4.238  < 0.001
Applying suboptimal solutions 10.10 (7.68) 16.35 (10.62) .68 0.114c  < 0.001
Transfer 2.54 (0.56) 3.48 (0.91) 1.24 313.490  < 0.001
Learning time total 37.41 (7.53) 39.78 (8.70) .29 0.699  < 0.001
Learning time on criteriad 12.36 (3.82) 14.39 (3.96) .52 1.860  < 0.001
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to Hypothesis 3d, the worked example condition applied suboptimal criteria to given exam-
ples more often than the inventing condition. We tested exploratively how probable the 
inverse hypothesis was. It was about 3.5 times more likely that the data occur under the 
hypothesis that the worked example activity leads to more application of suboptimal solu-
tions than the inventing. The groups spend an equal amount of time with learning in the 
learning environment overall (M = 38.60 min, Hypothesis 3e rejected; the null hypothesis 
is 2.308 times more likely than the alternative hypothesis stating that the groups are differ-
ent). We found anecdotal evidence for the hypothesis that the worked example group spent 
more learning time in the quality unit. That is, comparable with the previous study, the 
worked example group tended to focus more on the quality unit, that is, the most relevant 
learning contents, than the inventing group (Hypothesis 3f).

In exploratory analyses, we tested a multiple mediation model in SPSS using the PRO-
CESS macro (Hayes, 2013). We aimed to test whether learning processes could explain 
the effect of conditions on transfer. We tested a model including the set of all variables 
for which we found (at least) moderate evidence for differences between the groups (these 
were also significantly different between conditions according to frequentist tests: elabora-
tion, metacognitive regulation, application of canonical as well as suboptimal criteria). As 
in the standard settings of the Hayes (2013) process syntax, the mediation analysis gen-
erated 95% bias-corrected and accelerated bootstrap confidence intervals for the indirect 
effects using 5000 bootstrap samples.

If, as expected, the different preparation activities caused a change in learning processes 
that in turn caused changes in transfer, the indirect (mediation) effects via the learning-
process variables should have confidence intervals not containing zero (Preacher & Hayes, 
2008). We report partially standardized coefficients (“b”) for the indirect effects.

Elaboration processes (a*b path: b = -0.152, 95% CI [-0.435, 0.024]) and metacognitive 
regulation (a*b path: b = -0.114, 95% CI [-0.103, 0.015]) did not mediate the effect of prep-
aration activities significantly (model 4 of the process tool with four mediators). We found 
a significant indirect effect of the application of canonical criteria (a*b path: b = -0.276, 
95% CI [-0.687, -0.012]) as well as of the application of suboptimal criteria (a*b path: 
b = 0.292, 95% CI [0.029, 0.761]). Figure 2 illustrates the mediation effects: Participants in 
the worked solution condition applied the canonical criteria more often, which in turn led 
to higher transfer scores. Participants in the inventing condition applied suboptimal criteria 
less often, which in turn led to higher transfer scores.

Fig. 2   Overview of the Mediation Effects: Learning Processes Significantly Explaining Higher Transfer 
Scores in the Worked Example Group (Exploratory Analyses; Worked Solution was Coded as zero, Invent-
ing was Coded as one; Non-Standardized Coefficients "B" are Given for a- and b-Paths)
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Discussion

This study aimed to replicate and more deeply explain findings of a previous study regard-
ing effects of an open-inventing versus a worked-out-inventing (worked example) prepa-
ration activity by measuring and analyzing learning processes during the future learning 
phase. In other words, can we identify processes in the learning phase following the prepa-
ration that explain effects on transfer?

Most importantly, we found very strong evidence for the replicated transfer effect 
that learners who work through a canonical solution as preparation for learning achieve 
higher transfer scores than learners who invent own solutions to the problem. This finding 
is in line with previous findings and with the assumptions of protagonists favoring direct 
instruction (Hsu et al., 2015; Ashman et al., 2020; Glogger-Frey et al., 2015a; Newman & 
DeCaro, 2019; cf. Sweller et al., 2007). This finding formed the basis for our process anal-
yses. We did not find strong motivational differences, but we found moderate evidence for 
the hypothesis that learning processes in the future-learning phase differed depending on 
how learners prepared for learning. These differences partly explain the effect on transfer.

Motivational processes

In contrast to the to-be-replicated study (Glogger-Frey et al., 2015a), we could not detect 
situational interest to be triggered more by the open inventing problem than by the worked 
problem. We expected this benefit of inventing because pre-service teachers realize what 
they do not know yet and they get aware of how the following learning material could be 
useful to close these gaps (Rotgans & Schmidt, 2014). Some studies have shown enhanced 
interest after working with an open inventing problem (Glogger-Frey et al., 2015a; invent-
ing compared to reading solutions of peers: Glogger-Frey et  al., 2015b). However, the 
number of suboptimal invented solutions was related to lower interest in the present (see 
Table  A1) as well as in the replicated studies (where overall, nonetheless, interest was 
higher in the inventing group than in the worked group). Thus, there seem to be processes 
initiated by the inventing activity that dampen and elevate situational interest in compari-
son to a worked example. A worked example might also trigger interest: it provides basic 
key knowledge by illustrating the criteria in contrasting cases. Sufficient knowledge to 
organize new information is seen as a prerequisite for interest (Rotgans & Schmidt, 2017; 
Renninger, 2000; see Endres et al., 2020, for a similar argumentation). Thus, both variants 
of a preparation method have potential to trigger situational interest.

We found only anecdotal evidence for the hypothesis that self-efficacy was elevated by 
the model of a worked-out problem in comparison to open problem solving (inventing). 
The success rate of invention can provide an explanation for this. In the present study, 90% 
of pre-service teachers were at least partly successful (even though they often invented sub-
optimal criteria along with canonical ones, see reported results in Appendix A). Thus, they 
had good reasons to feel confident about assessing future learning-strategy cases (almost 
as confident as the worked example group). In Glogger-Frey et al. (2017), 56% of students 
found the canonical solution to a second inventing problem. No differences in self-efficacy 
between groups were found. In the second experiment in Glogger-Frey et al. (2015a), stu-
dents’ success rate was 28%; the worked-solution group showed higher self-efficacy which 
in turn mediated higher transfer. Thus, the success rate in inventing could be the crucial 
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factor in whether learners preparing with an open inventing problem feel comparable or 
less self-efficient than learners preparing with a worked example.

(Meta‑)Cognitive learning processes in future learning: effects of worked examples

This study provides moderate evidence that working through the worked example deepens 
subsequent learning processes and focuses on the most important learning contents: learn-
ers in this condition elaborated more than their counterparts on the learning strategies and 
the criteria to evaluate them. They applied the canonical solution more often to strategy 
examples encountered during learning—but also sub-optimal solutions. According to the 
exploratory mediation analyses, applying canonical solutions to examples is one of the pro-
cesses explaining why working through the solution leads to higher transfer.

Altogether and on the background of previous studies, we claim to see a direction even 
if future research definitely needs to provide more evidence: to prepare learning with 
worked examples seems to allow for deeper subsequent processes than the open invent-
ing task. In addition, these deepened processes are focused on the most important learning 
contents (criteria to evaluate learning strategies). We will discuss this claim with regard to 
learning time as well as thinking processes.

Learning time

While the overall learning time did not differ between groups (37 versus 39 min on aver-
age), the worked example group spent a bit more time in the sections explicitly dealing 
with the criteria (d = 0.52; anecdotal evidence). This effect was less pronounced than in the 
previous, replicated study (Glogger-Frey et  al., 2015a: d = 0.852). The effect might have 
been diluted in the present study because thinking aloud slows down thinking processes 
(Fox et  al., 2011): all learners in the present study spent more time on learning overall 
(13 min) than in the replicated study (9 min) and the variances were higher (SD: 3.9 vs. 
2.5).

Thinking processes

Learners in the worked example group focused learning processes more strongly on the 
most important learning contents not only by spending slightly more time with them. 
They also applied the crucial content, namely the criteria to evaluate learning strategies 
more often to the material presented in the CBLE. Thus, a tentative claim to be further 
investigated in future research is that preparing learning with a worked example can foster 
focused processing (Renkl 2015) in future learning. This finding is in line with the theoreti-
cal notion that learners should be directly guided to canonical, key concepts saving valu-
able time and cognitive resources compared to less guided forms of learning (Kirschner 
et al., 2006; Sweller et al., 2007).

2  Standardized beta of b* = -0.39 converted by an excel-file from http://​www.​stat-​help.​com/​sprea​dshee​ts/​
Conve​rting%​20eff​ect%​20siz​es%​202012-​06-​19.​xls, based on Cohen J. (1988). Statistical Power Analysis for 
the Behavioral Sciences (2nd ed.),Hillsdale, NJ: Erlbaum. pp. 281, 284, 285 and Rosenthal, R. (1994). Para-
metric measures of effect size. In H. Cooper & L. V. Hedges (Eds.), The Handbook of Research Synthesis. 
New York, NY: Sage. pp. 239.

http://www.stat-help.com/spreadsheets/Converting%20effect%20sizes%202012-06-19.xls
http://www.stat-help.com/spreadsheets/Converting%20effect%20sizes%202012-06-19.xls
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The result that the worked example group instead of the inventing group operates more 
often with the suboptimal solutions was unexpected against the background of the contin-
ued-influence effect and the IKEA effect. However, we might have to understand the appli-
cation of suboptimal criteria—just like applying canonical criteria—as a kind of elabora-
tion. Pre-service teachers applied criteria to presented material in the CBLE, that is, to 
learning-strategy examples. These criteria were just learned or part of student teachers’ 
prior knowledge. That is, these processes categorized as “applying criteria” (both canoni-
cal and sub-optimal) can also be seen as elaboration of examples given in the learning 
environment. Other elaborative processes, categorized into the elaboration category, were 
also shown more often by the worked-example group. From this perspective, it is com-
prehensible that the worked example group also applied suboptimal criteria more often—
dampening their learning to some extent (cf. exploratory mediation analyses).

The negative effect on transfer by applying non-canonical criteria is plausible. It can be 
further interpreted by conceptual change theories (diSessa, 2013; Vosniadou, 2013). These 
theories assume certain kinds of (suboptimal) prior knowledge that are difficult to address 
in learning. Pre-service teachers often show such knowledge (about learning strategies: 
Glogger-Frey et al., 2018; Ohst et al., 2014; about learning: Vosniadou et al., 2020; Eitel 
et al., 2021). In line with these theoretical approaches, holding on to such kind of knowl-
edge impeded our participants’ learning to some extent.

Hampering processes of inventing

Learning time and elaboration

Looking at the discussed findings from the angle of inventing, working through the open 
problem made pre-service teachers tend to spent less time with the most crucial learning 
contents and let them elaborate less (including application of criteria to examples, mod-
erate evidence). This finding can be seen in line with the dissonance theory (Festinger, 
1957). The inventing group might have attempted to reduce cognitive dissonance when 
encountering contradictions between own developed solutions and the solution presented 
in the CBLE. It thus invested less time and cognitive effort (i.e., elaboration) when engag-
ing with the learning contents than the worked-example group.

Metacognitive regulation

Interestingly, metacognitive regulation was shown more often by the inventing condition 
(moderate evidence) and did not relate to higher transfer. As we show in the following, 
these thinking processes are more accurately understood as regulation attempts instead of 
successful regulation. We revisited the thinking-aloud segments coded as metacognitive 
regulation. It stood out that the segments often convey postponing a learning activity and 
going on in the learning content.3 So, it seems like learners attempt to regulate, but do not 

3  Example segments are the following; only the segments in italic are the ones coded as metacognitive 
regulation, the rest is context for better comprehensibility: Example segment 1: “But I’ll just put it back. 
Let’s have a look at the others”. [the learner refers to learning-strategy examples]. Example segment 2: “So 
I assign it to the high quality for now. But think about it again.” Example segment 3: “Well, I find it hard to 
evaluate […]. The middle one [the learner refers to medium quality], so, well, I’ll have a look at the criteria 
again.”.
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often succeed, providing a potential reason for the lack of effect of these kind of learning 
processes on transfer.

Limitations and potential boundary conditions

The replicated transfer effect (and the following effects on processes) could have boundary 
conditions: it could be specific to the complexity of learning content for learners with spe-
cific levels of expertise. The learning domain in the present study is rather ill-structured—
it is not trivial for pre-service teachers to identify that their solutions are not as appropri-
ate as the scientifically proposed (canonical) ones. Identifying whether a well-structured 
mathematical task is correct or not is more straightforward. Particularly, it is not trivial for 
pre-service teachers because learners often hold fragmented, partly misconceptual knowl-
edge about learning strategies as already mentioned (Glogger-Frey et al., 2018; Ohst et al., 
2014). Roelle and Berthold (2016) found comparable effects as the present ones using con-
trasting cases holding a very high number of possible comparisons. These effects can be 
interpreted in line with Ashman et al. (2020): for learning with complex learning contents 
(or high element interactivity), direct instruction should precede problem-solving.

High element interactivity can also be due to low expertise (Chen et  al., 2017). The 
present results might, thus, be specific for a certain degree of learner expertise combined 
with a certain element interactivity (complexity of learning contents). A comparable effect 
on transfer as in this study (i.e., worked example > inventing) was found in a rather well-
structured domain, thus, with lower element-interactivity compared to the present contents 
(ratios in physics, e.g., density), but with less experienced learners, namely school students 
(Glogger-Frey et  al., 2015a). The opposite effect (i.e., inventing > worked example) was 
found when such school students gained more expertise: school students prepared with two 
inventing problems (same topic); thus, they were given opportunity to practice. This prac-
tice made them having a slightly higher degree of expertise (Glogger-Frey et  al., 2017), 
explaining the reverse effect (cf. the success rates mentioned above). Future studies should 
explicitly test this interpretation.

Apart from the very strong evidence for the effect on transfer, we did find moderate or 
lower evidences for our hypotheses. Thus, further experimental studies with greater sample 
sizes are necessary. Naturally, data collection with think aloud is very resource-intensive 
(individual sessions, transcription and coding of qualitative data). However, the current 
study proposes to look at specific processes, which could at least simplify the coding.

The current study looked at whether frequencies of learning processes differed between 
groups. There are good arguments to assume that the quality of learning processes would 
matter, too (Glogger et al., 2012; Roelle et al., 2017). For example, recognizing to a higher 
degree the overarching structure of the learning content could matter for learning out-
comes. We actually made attempts in the coding phase of the study to measure the quality 
of processes. However, the think-aloud data and/or the measurement instrument revealed 
very restricted variances so we refrained from further analyses. Nevertheless, it could be 
fruitful for future research to take the quality of learning processes into account.

We argue that the study adds evidence for the more general assumption that in compa-
rable learning domains, working through a worked example deepens future learning and 
thus is more beneficial for transfer than preparation with an open inventing problem. How-
ever, of course, such generalizations can be limited. Our sample are university students in a 
teacher education program, that is, usually interested in learning the target learning content 
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of this study (evaluating learning strategies). Whether we can generalize the effects regard-
ing the level of expertise of learners and the learning domain has been discussed above.

We have used an immediate posttest. Thus, it is open whether the effects last over time. 
A delayed posttest could reveal different results.

Conclusion

In sum, we can argue that a worked example can foster learning processes such as elab-
oration and can focus the learners on the most important learning contents during a 
future-learning phase. This could provide a reason why, in a domain with rather high 
element-interactivity, we replicated the following effect with strong evidence: pre-ser-
vice teachers preparing to learn with a worked-example activity clearly outperform their 
counterparts preparing with an open invention activity.

Appendix A

In order to provide analyses that are comparable with a related corpus of research, namely 
research on productive failure (e.g., Kapur, 2014, 2016) or problem solving before instruc-
tion (Loibl et al., 2017), we asked whether failure in the inventing activity would be pro-
ductive (Productive Failure Hypotheses): We hypothesized that (4a) the appropriateness, 
(4b) the number of canonical, (4c) the number of suboptimal solutions, and (4d) the total 
number of invented solutions are related to learning outcomes.

Method: coding of inventing variables

In order to answer the research questions about the productiveness of suboptimal invent-
ing (failure) or of the number of generated solutions, we rated the quality (appropriate-
ness) of the invented solutions (i.e., in the inventing group only) on a 6-point scale ranging 
from 1 (very low quality) to 6 (very high quality; see Glogger-Frey et al., 2015a, b). The 
two independent raters scored 25% of the invented solutions (ICC = 0.70). We also counted 
solutions, operationalized by the number of (different) criteria invented by participants; we 
differentiated between (close-to) canonical and suboptimal solutions.

Results: correlation of inventing variables and learning outcomes (productive 
failure hypotheses 4a–d)

None of the inventing variables correlated substantially with transfer (Research questions 
4a to 4d, rs between -0.16 and 0.03, all ps > 0.49; controlling for prior knowledge, see 
Table 3). Twelve of 22 learners preparing with the open inventing problem invented one 
canonical solution. Eight of them invented even two canonical solutions. That is, 90% of 
learners seemed at least partly successful—however, all learners also invented suboptimal 
solutions, 50% invented 3 to 5 suboptimal solutions.

Exploring Table  3, we can see a significant negative correlation between inventing 
suboptimal solutions and interest before the learning phase (r = -0.46, p = 0.035) as well 
as the total time invested in learning (r = -0.46, p = 0.034). Inventing canonical solutions, 
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however, had motivational and cognitive advantages: it was positively correlated with self-
efficacy before the learning phase (marginally significant, r = 0.38, p = 0.090) and with 
elaboration processes during further learning (marginally significant, r = -0.41, p = 0.076, 
see Notes of Table 3). These exploratory results suggest that in our contexts "failure" in the 
inventing phase had unproductive effects (cf. productive failure effects, e.g., Kapur, 2014).

Discussion productive failure hypotheses 4ad

The present study does not reveal findings that suggest productive failure. The number and 
appropriateness of invented solutions did not correlate with transfer. Other studies found 
that the number of solutions correlates positively with learning outcomes, and the qual-
ity (i.e., appropriateness) correlates negatively with learning outcomes (Hartmann et  al., 
2020, for example, find medium correlation coefficients). Our exploratory results suggest 
unproductive effects of inventing suboptimal solutions: pre-service teachers spent less 
time learning in the CBLE and were less interested the more suboptimal solutions they 
had invented. It must be noted, however, that the present instructional design differs from 
the "ideal" design of productive failure: for example, productive failure should involve a 
teacher-led consolidation phase in which the teacher guides students to contrast, assem-
ble, and convert the relevant student-generated solutions into canonical solutions (Kapur, 
2016). In addition, the domain (learning to assess learning strategies) might not be suitable 
for productive failure (cf. Loibl et al., 2017).

Appendix B

See Table 4.

Table 3   Partial correlations in the inventing group between inventing variables and motivational variables, 
transfer, and learning-time variables, controlled for prior knowledge

n = 22, df = 19. Intercorrelations between think aloud measures rehearsal, organization, elaboration, meta-
cognitive processes and inventing variables all r <  ± .28, with all ps > .24, with the exceptions elaboration 
and number of (close-to) canonical solutions: r = − .41, p = .076
a  Learning time (in minutes) in the most relevant unit of the CBLE on quality criteria
+  p < .10, *p < .05

Appropriateness of 
invented solutions

Number of 
invented solutions 
(total)

Number of sub-
optimal, invented 
solutions

Number of (close-
to) canonical 
solutions

Interest Pre .29 − .37 − .46* .05
Interest Post .15 − .27 − .26 − .09
Self-efficacy Pre .34 .32 .12 .38+

Self-efficacy Post .26 .24 .14 .22
Transfer − .16 .001 .03 − .04
Learning time total .27 − .38 − .46* − .04
Learning time on 

quality criteriaa
.02 − .22 − .18 − .12
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