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Abstract
We propose the self-regulation view in writing-to-learn as a promising theoretical
perspective that draws on models of self-regulated learning theory and cognitive load
theory. According to this theoretical perspective, writing has the potential to scaffold self-
regulated learning due to the cognitive offloading written text generally offers as an
external representation and memory aid, and due to the offloading, that specifically results
from the genre-free principle in journal writing. However, to enable learners to optimally
exploit this learning opportunity, the journal writing needs to be instructionally supported.
Accordingly, we have set up a research program—the Freiburg Self-Regulated-Journal-
Writing Approach—in which we developed and tested different instructional support
methods to foster learning outcomes by optimizing cognitive load during self-regulated
learning by journal writing. We will highlight the main insights of our research program
which are synthesized from 16 experimental and 4 correlative studies published in 16
original papers. Accordingly, we present results on (1) the effects of prompting germane
processing in journal writing, (2) the effects of providing worked examples and
metacognitive information to support students in effectively exploiting prompted journal
writing for self-regulated learning, (3) the effects of adapting and fading guidance in line
with learners’ expertise in self-regulated learning, and (4) the effects of journal writing on
learning motivation and motivation to write. The article closes with a discussion of
several avenues of how the Freiburg Self-Regulated-Journal-Writing Approach can be
developed further to advance research that integrates self-regulated learning with cogni-
tive load theory.
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Writing, just as reading, is basic to academic learning both in school and at the university
(Phillips and Norris 2009). In academic writing tasks such as learning journals or essays,
learners are supposed to develop their ideas about subject matter in a self-determined way and
thereby to construct sustainable knowledge. With the advent of a scientific writing pedagogy
in the early seventies of the last century, the idea was born that writing is a natural tool for
thinking and learning. This idea of writing as a learning tool (see also Tynjälä et al. 2012) was
first suggested by the educational reform movement “writing across the curriculum” in the UK
and soon spread over to many high schools and universities in the USA (Britton et al. 1975;
Emig 1977). In this article, we present the main tenets of our research program on writing-to-
learn which focuses on journal writing (called the Freiburg Self-Regulated-Journal-Writing
Approach in the following). In our definition of writing-to-learn, we take up the old idea of
writing as a tool for thinking and learning, meaning that with appropriate instructional support,
writing activities such as journal writing in particular may serve students as a beneficial
medium to enact knowledge construction processes that result in deep comprehension of
subject matter, increased learning motivation, and long-term retention.

In the following, we will first discuss diverging classic theoretical views on writing-to-
learn. Based on a critique of these approaches, we will then derive and characterize in detail a
new theoretical perspective, called the self-regulation view in writing-to-learn. Following this
theoretical discussion, we will present and discuss major results of the empirical studies of our
research program, in which we systematically tested different support methods to optimize
cognitive load and learning outcomes in writing learning journals.

Theoretical Perspectives on Writing-to-Learn

In research on writing-to-learn, two contesting theoretical views can be distinguished (Nückles
et al. 2009). Following the so-called romantic view (Galbraith 1992), the idea of writing as a
tool for thinking and learning is rooted in the work of Vygotsky, who regarded the human
language as fundamental for the development of reasoning and thought. Building on
Vygotsky’s work, James Britton (1980), the founder of the British writing-across-the-curric-
ulum movement, argued that a great deal of our knowledge stored in long-term memory is tacit
and therefore not directly accessible to us. According to Britton’s shaping-at-the-point-of
utterance-hypothesis (Klein 1999), it is only by articulating our thoughts in the course of
writing, that this tacit knowledge becomes explicit and our thoughts take shape. Thus, the very
act of writing itself should induce germane cognitive load,1 that is, evoke knowledge con-
struction processes that inevitably result in learning (Sweller et al. 1998). Galbraith (1992)
termed this view the “romantic” stance in writing-to-learn to highlight the idea that learning
would emerge from spontaneous, expressive writing without consideration of rhetorical forms.

1 In the present paper, we refer to the concept of germane load as introduced by Sweller et al. (1998). Germane
load refers to the effort contributing to knowledge construction (e.g., by elaboration) and adds to the intrinsic load
(determined by the complexity of the learning contents in relation to the learners’ prior knowledge) as well as the
extraneous (unproductive) load. Recently, another conception of germane load has been proposed (e.g., Sweller
et al. 2019). However, we stick to the conception from 1998 for several reasons: (1) It guided large parts of the
cognitive load research to which we refer in this article; (2) when considering cognitive load in our research
program on journal writing, we had the 1998 conception in mind; (3) we find it helpful in our context to clearly
differentiate the separate contributions to the overall load resulting from the complexity of the learning contents
and from the learning strategies applied when studying these contents.
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From another prominent perspective on writing, the so-called classic view (Galbraith 1992),
in contrast, writing does not at all appear as a natural learning medium, in particular when
regarded through the lens of cognitive load theory. Early writing theorists such as Flower and
Hayes (1980) or Bereiter and Scardamalia (1987) characterized the nature of writing as
complex problem solving that is likely to produce cognitive overload especially in novice
writers. Based on empirical analyses of think-aloud protocols, Hayes and Flower (1986)
emphasized the goal-directed nature of such problem solving: A writing plan based on a
hierarchy of writing goals is generated, this plan is translated into written text, and the
produced text is revised. Hayes and Flower conceived of these steps as interactive and
recursive complex cognitive processes.

Building on Hayes and Flower (1986), Bereiter and Scardamalia (1987) proposed a theory
of how writing may contribute to learning which is diametrically opposed to the romantic view
sketched above. Following Bereiter and Scardamalia (1987), the complex task of writing
requires the writer to integrate knowledge from two different problem spaces: (1) a content
space that represents a writer’s knowledge and beliefs about subject matter (i.e., “what do I
want so say?”) and (2) a rhetorical space that comprises the writer’s knowledge about
rhetorical goals and schemata (i.e., “how do I say what I mean?”). Bereiter and Scardamalia
proposed that the writer’s dialectical movement between these two problem spaces in seeking
to satisfy both content and rhetorical requirements may produce learning. According to this
assumption, germane cognitive load is induced when during planning, a writer selects specific
knowledge elements from the content problem space and attempts to translate them into
written text by drawing on rhetorical schemata such as metaphor (Ortony 1993) or Toulmin’s
schema of argument (consisting of claim, data, and warrant, see Toulmin 1958). Bereiter and
Scardamalia (1987) assumed that through this working-out of content elements by instantiating
rhetorical schemata, the writer’s knowledge becomes reorganized or transformed: For exam-
ple, a writer works out an envisaged line of argument and realizes in the course of writing how
the information in the semantic problem space selected from long-term memory has to be
presented as data and warrant in the draft in order to convincingly support an intended claim.
Following Bereiter and Scardamalia, it is through such knowledge transforming (i.e., the
reorganization and elaboration of a writer’s content knowledge through the instantiation of
rhetorical schemata) that learning is produced. As rhetorical schemata play a constitutive role
in this conception of writing-to-learn, Galbraith (1992) has termed the writing-as-problem-
solving perspective as the “classic” view in research on writing-to-learn.

The two perspectives on writing-to-learn mentioned above make quite distinct assumptions
about the specific cognitive activities involved in writing on which learners should focus their
mental effort in order to expand their knowledge and comprehension of subject matter.
Following the romantic view, the mere activity of articulating one’s ideas about subject matter
in written text should entail learning. Hence, with regard to the design of writing tasks, forms
of spontaneous and expressive writing, which allow the writer to freely develop their ideas
about subject matter, should yield the greatest learning gains. Following the classic view, on
the other hand, learners should explicitly be encouraged to invest mental effort in rhetorical
writing, that is, to focus on the rhetorical aspects of writing and trying to instantiate a particular
genre, for example, writing an argumentative essay or a research report in line with APA
guidelines, as perfect as possible.

However, a closer inspection reveals that the assumptions of both the romantic view and the
classic view regarding how to best achieve learning by writing can be called into question. On
the one hand, it is obvious that writing to instantiate a particular genre (e.g., a research report in
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psychology) imposes high cognitive load on the writer and is likely to overtax novice writers.
Every professor who ever supervised a bachelor, master, or PhD thesis knows how demanding
it is—even for graduate students—to produce a coherent and rhetorically well worked-out
empirical journal article. Accordingly, Scardamalia and Bereiter (1991) regularly found in their
expert-novice studies that expert writers were much better than novices at controlling their text
production in line with rhetorical goals. However, their empirical studies eventually left open
the question whether novice writers with a low level of rhetorical genre knowledge (see
Winter-Hölzl et al. 2016) can indeed deepen and expand their knowledge by trying to conform
to a particular rhetorical genre.

On the other hand, with regard to the romantic view, it is questionable whether unguided
expressive writing would indeed lead to substantial learning gains. For example, Nückles et al.
(2004) had university students write learning journal entries as follow-up course work to the
weekly seminar sessions. For writing the learning journal, the students received only a brief
and informal introduction. Nückles and colleagues found that, on average, the students showed
a rather low level of cognitive knowledge construction activities in the journal entries; at the
same time, the amount of actually realized knowledge construction strongly correlated with
learning outcomes as measured by a test at the end of the term.

In line with this result, the available empirical evidence generally suggests that the effects of
writing-to-learn tasks typically are rather small, though positive. In their meta-analysis on
school-based writing-to-learn task assignments, which included different types of “informa-
tional” writing such as writing summaries, reports, or descriptions of scientific processes,
Bangert-Drowns et al. (2004) obtained an average effect size of 0.26 standard deviations,
which can be regarded as a small to medium effect (Cohen 1988). This finding has to be
considered as rather weak evidence both for the romantic and the classic view of writing-to-
learn. On the other hand, the meta-analysis by Bangert-Drowns et al. (2004) also showed that
writing tasks that included metacognitive prompts encouraging students to reflect on their
knowledge, comprehension difficulties, and learning processes had a significantly larger effect
on learning success (Cohen’s d = 0.44) compared with writing tasks without such prompts.
Hence, the learning effect of writing might specifically be dependent on the scaffolding that it
provides for metacognitive and self-regulatory processes. Accordingly, Bangert-Drowns et al.
(2004) concluded that the stimulation of metacognitive reflection in writing to learn should be
promising especially if metacognitive reflection is combined with a thorough application of
cognitive knowledge construction activities.

The Self-Regulation View in Writing-to-Learn: Focusing Mental Effort
on the Content Space Rather Than on the Rhetorical Space

In our approach to writing-to-learn, we sought to incorporate the main conclusions of the
discussion of the theoretical perspectives and empirical results sketched above. To this end, we
adopted journal writing as our writing task. In a learning journal, learners typically write down
their reflections on previously presented learning contents. In addition, they should ask
themselves what they do not understand and what can be done to close this gap in under-
standing. In this way, learners can apply beneficial cognitive strategies such as organization
and elaboration strategies as well as metacognitive strategies such as monitoring and regula-
tion. We consider learning journals as a promising way of conducting follow-up coursework
and as a method to foster self-regulated learning by writing.
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In the learning journal entry in Fig. 1, the first sentence represents a type of organization
strategy as the student identified the main points of the last lesson. In the next paragraph, the
student applies an elaboration strategy by providing an example for non-specific immune
defense. Then, another organization strategy follows by distinguishing different types of cells
executing specific immune defense. Afterwards, the student shows an episode of negative
monitoring as she articulates difficulties in understanding the functioning of the helper cells.
Last, the student regulates her comprehension by developing ideas of how to overcome her
comprehension difficulty (see Fig. 1).

In line with the romantic view, the writing of such a learning journal is a self-determined
way of writing that allows learners to freely develop their ideas about subject matter and to
personally select which aspects of a learning episode require deeper reflection. Contrary to the
classic view, learners do not need to follow a certain rhetorical structure during this reflection
because—unlike genres such as argumentative essays or scientific reports—learning journals
specifically do not have a conventionalized rhetorical structure. However, the results of
Nückles et al. (2004) suggest that learners spontaneously tend to keep their invested mental
effort at a minimum during journal writing (see also Feldon et al. 2019; Shenhav et al. 2017)
and thus do not sufficiently engage in germane processes of self-regulated learning such as
elaboration, organization, monitoring, and regulating knowledge gaps. Consequently, in our
journal writing approach, learners are instructionally supported to invest sufficient mental
effort in germane processing. In other words, this support consists of prompts eliciting
cognitive learning strategies (elaboration and organization) as well as metacognitive learning
strategies (monitoring and regulating, see Table 1 for example prompts). Inspired by the meta-
analytic results of Bangert-Drowns et al. (2004), we termed this idea of combining free and
expressive writing with a systematic prompting of self-regulatory processes the self-regulation
view of writing-to-learn.

Our notion to instructionally support students in investing sufficient effort in germane
processes of self-regulated learning without imposing genre-driven cognitive load aligns well
with research question 3 of the Effort Monitoring and Regulation (EMR) framework, which has
been proposed by de Bruin et al. (in press). The framework builds on the model of Nelson and
Narens (1994) that distinguishes between an object level and a meta-level of cognitive process-
ing. At the meta-level, judgments of learning and regulation decisions (referred to as control)

Fig. 1 Excerpt of a learning journal entry as follow-up coursework of a 7th grade secondary student about a
lesson on immunology. Note: The text was translated from German and slightly amended for presentation
purposes
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take place. Via the process of monitoring, the meta-level receives input from the object
level, at which learners engage with the content that is to be learned (see Fig. 2). Cognitive
load is assumed to have direct links with both levels. The execution of both object-level and
meta-level processes imposes cognitive load. On the other hand, cognitive load can influ-
ence both learners’ monitoring and regulation processes. For instance, monitoring can be
influenced because learners monitor cognitive load and use it as a cue for judging their level
of comprehension; regulation can be affected because learners might decide on the basis of
their perceived cognitive load whether investing further mental effort is useful and possible
(see de Bruin et al. in press).

Table 1 Examples of successful learning strategy prompts for journal writing

Cognitive prompts

Organization prompts
How can you best structure the learning contents in a meaningful way?a,b

Which headings and subheadings enable you to arrange the learning contents in a logical order?b

Which are the main points in your opinion?b

What is the most important content (e.g., concepts, rules, thoughts)?c

Try to highlight the most important content and connections.c

Elaboration prompts
Which examples can you think of that illustrate, confirm or conflict with the learning contents?a,b

Can you create any links between the contents of the video and your knowledge from school and everyday
experience?b

Which aspects of the learning materials do you find interesting, useful, convincing, and which not?b

Try to illustrate the most important content by giving your own examples.c

Which content did you find interesting, useful, or convincing? Explain whyc.
Explain the main content in way that a classmate who was absent could understand.c

Try to build connections between what you have learned last week and what you already know.
(non-specific)d

… For this purpose, write down how you could apply what you have learned this week at home in your
spare time. Create some examples. Choose one example and explain the calculations that can be done.
Explain it in a way so that a classmate who was absent last week could well understand. (specific)d

Metacognitive prompts

Monitoring prompts
Which main points have I already understood well?a,b

Which main points have not I understood yet?a,b

How can I best explain my comprehension problem?b

Which questions, in my opinion, were not sufficiently clarified by the lecture video?b

Which main content have you not understood yet?c

What was difficult? Why? Please provide an elaborate explanation.c

Prompts for planning of remedial strategies
What possibilities do I have to overcome my comprehension problems?a,b

Which passage of the video should I try to recapitulate in my mind’s eye?a,b

For each comprehension difficulty: Try to plan a remedial action and conduct it. Please describe what you did
and how your understanding changed.c

aMixed prompts with planning of remedial strategies in Nückles et al. 2009 (undergraduates, mean age =
25 years, domain: psychology)
b Prompts used in the conditions in Nückles et al. 2009, that only either used cognitive or metacognitive prompts
(overall number of prompts per condition was counterbalanced)
c Roelle et al. 2017 (tenth-graders, 14–17 years old, mean age = 15 years, domain: psychology)
d Example for non-specific and specific prompts in Glogger et al. 2009. Specific prompts support younger
students in utilizing learning strategies (ninth graders mean age = 15 years, domain: mathematics)
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In the EMR framework, the question of how cognitive load on self-regulated learning tasks
can be optimized is one of three main research questions (see Fig. 2; for detailed information
on the other two research questions, see de Bruin et al. in press). With our approach to journal
writing, we seek to provide answers to this research question in particular.

Cognitive Offloading in Journal Writing

From the perspective of cognitive load theory, journal writing appears to be especially promising
to facilitate self-regulated learning because of two reasons: First, writing naturally affords writers
to externalize their thoughts on paper or on a computer screen. Externalizing one’s thoughts in a
written text preserves them, allowing the writer to reread them, and to develop them further
(Klein 1999). Hence, through externalization, information processing load onworkingmemory is
greatly reduced so that cognitive capacity is freed for metacognitive reflection (i.e., monitoring
and regulation). At the same time, the externalized thoughts may act as feedback for the writer
that triggers associative processes through spreading activation and both facilitates and guides
idea generation. Galbraith (1992, 2009) has described this dynamic interaction between the writer
and the emerging text using connectionist modeling (see Rogers and McClelland 2004) and
termed it as the implicit knowledge-constituting process in writing. Thus, the potential of writing
as a scaffold for self-regulated learning can theoretically be underpinned by the advantages
written text offers as an external representation and memory aid (Klein 1999).

Second, cognitive offloading is further achieved by the fact that—as argued above—
learners do not have to meet prescribed rhetorical standards in journal writing. We call this
particularity of journal writing the “genre-free principle.” Accordingly, a high-quality learning
journal entry is per definition not expected to be a rhetorically well-shaped text. Thus, in terms
of classic linguistic criteria such as text cohesion (Lachner et al. 2017), audience design
(Traxler and Gernsbacher 2011), or readability (e.g., Kincaid et al. 1975), a learning journal
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entry may appear as rather imperfect and idiosyncratic from a reader’s perspective, but may
nevertheless prove to be highly beneficial to the writer herself concerning her learning progress
achieved by writing this entry. We assume the genre-free principle to facilitate self-regulated
learning by journal writing precisely because the writer is offloaded from the burden to invest
substantial mental effort in instantiating rhetorical schemata which may be regarded as
extrinsic to the goal of comprehending subject matter especially for novice writers. Conse-
quently, because learners are offloaded from focusing much on rhetorical aspects of writing,
the available cognitive capacity can fully be invested in germane processing of subject matter.

We suggest that the genre-free principle in journal writing can be considered, at least on a
more general level, as a particular variant of the goal-free effect in cognitive load theory (e.g.,
Paas andKirschner 2012; Sweller et al. 2019). In cognitive load theory, it is assumed that trying to
reach a specific goal (e.g., finding the solution of a particular mathematics problem, as it is usually
required) leads to strategies that do not contribute to learning (e.g., means-ends analysis), imposes
extraneous (i.e., unproductive) cognitive load on working memory, and reduces learning out-
comes. It is more effective to provide unspecific goals such as “calculate the value of as many
variables as you can” so that leaners can focus on learning-relevant (germane) aspects (here: to-
be-learned solution steps). Similarly, setting a specific rhetorical format as writing goal would
induce writing strategies to stick to this format (genre). These strategies are extraneous to
applying cognitive andmetacognitive strategies to the learning contents (i.e., germane processes).
Hence, taking away the goal to stick to a rhetorical format (i.e., genre-free principle) allows the
learners to devote more of their cognitive capacities to germane processing.

What Types of Germane Processing Should Be Instructionally Supported According
to the Self-Regulation View?

Based on learning strategy research (e.g., Mayer 2002; Weinstein and Mayer 1986) and
models of self-regulated learning (e.g., Winne and Hadwin 1998; Zimmerman 2008), several
core cognitive and metacognitive learning strategies can be distinguished whose application in
journal writing should result in germane processing. We termed these processes “strategies” to
highlight that learners would be expected to enact them intentionally when writing a learning
journal. On the object level, core cognitive strategies are organization and elaboration (Mayer
2002). Through organization strategies, a writer may, for example, identify main ideas of the
learning contents, establish links between concepts, and structure the learning contents in a
meaningful way. Via elaboration strategies, the writer fleshes out her ideas, particularly by
generating examples to illustrate abstract concepts, by using analogies to relate new concepts
to familiar ones, and through the critical discussion of contents. FollowingMayer (2002, 2009)
organization and elaboration are at the heart of meaningful learning because they enable the
learner to organize the learning contents into a coherent whole and to integrate new informa-
tion with prior knowledge, thereby enabling deep understanding and long-term retention. As
organization and elaboration are assumed to inevitably produce learning, we consider them as
germane processes.

On the meta-level, journal writing might in particular facilitate metacognitive strategies
such as the monitoring and regulation of comprehension. Comprehension monitoring by
writing a learning journal entry particularly enables the identification of knowledge gaps and
comprehension difficulties, for example, when a learner fails to find an appropriate example to
elucidate the meaning of an abstract concept, or if the learner has difficulty in resolving a
contradiction that became apparent by working-out a line of thought. If such impasses are
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detected during the writing process, the learner could plan to enact remedial activities in order
to overcome the identified difficulties and augment their understanding. In the context of this
regulation, the learner would return to remedial organization and elaboration strategies. To the
extent that learners successfully detect and overcome impasses in their comprehension of
subject matter by executing monitoring and regulation strategies, we consider monitoring and
regulation also as important germane processes.

Models of self-regulated learning such as the model by Zimmerman (2008) describe the
interplay between cognitive and metacognitive strategies as a cyclical and interactive process
(see Fig. 3), in which the execution of a particular cognitive or metacognitive strategy
recursively initiates an adjacent cognitive or metacognitive process. Thus, completing one
learning cycle may naturally segue into further learning cycles until a level of comprehension
is achieved that is personally regarded as satisfactory.

Prompting learners to engage in the outlined cognitive and metacognitive strategies of self-
regulated learning during journal writing has been proven highly beneficial. To foreshadow the
effects of prompted journal writing on learning outcomes, a mini meta-analysis following Goh
et al. (2016) showed a medium-to-large effect size in favor of instructionally supported journal
writing by prompts versus unsupported journal writing, Hedges’s g of 0.78, SE = 0.14,
p < .0001.2 This effect is almost double as large as the average effect size Bangert-Drowns
et al. (2004) obtained in their meta-analysis of writing interventions using prompts for
metacognitive reflection. Hence, the self-regulation view of writing-to-learn, which is reflected
in the outlined journal writing approach, is highly promising. Likely, the substantial benefits of
journal writing are due not only to the fact that we designed the journal writing as a self-
regulated learning task, but also to the fact that the learners were provided with prompts to
optimize cognitive load in performing this task (see Table 1 for example prompts).

How to Optimize Cognitive Load in Self-Regulated Learning by Journal
Writing

In view of research question 3 of the EMR framework (i.e., How do we optimize cognitive
load on self-regulated learning tasks?), we will summarize and reflect on the main insights of
our research program on diverse instructional support procedures that aim to optimize learning
outcomes by optimizing cognitive load during self-regulated learning by journal writing.
These insights are synthesized from 16 experimental and four correlative studies published
in 16 original papers on the Freiburg Self-Regulated-Journal-Writing Approach (all 16 papers
are highlighted with an asterisk in the reference list; see also Table 2 for an overview).

Historically, we developed our approach to journal writing primarily for university students
to improve self-regulated learning in follow-up coursework at the university and then extended
our intervention studies to younger students. When school students participated, we took care
that the students could be assumed to have sufficient mastery of transcription skills which can
roughly be assumed to be achieved with the entry into secondary school (Wilson and Braaten
2019). Transcription is a writer’s ability to transform the words she or he wants to say into

2 The mini meta-analysis is based on those experimental studies in which the combined application of cognitive
and metacognitive strategies was prompted and contrasted with unsupported journal writing. These studies are
published in Berthold et al. (2007); Nückles, Hübner, and Renkl et al. (2009); Nückles et al. (2010); and
Schwonke et al. (2006). Accordingly, the calculation of Hedges’s g was based on the data of 238 participants.
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written symbols on a page. Transcription comprises the subskills of spelling and handwriting
or typing (Graham and Harris 2000). We regarded sufficient mastery of transcription skills as
an important precondition for successful journal writing, because the execution of these skills
can bind considerable working memory resources, especially if the writer cannot carry them
out fluently and efficiently. Thus, regarding the goal of the journal writing, that is, deepening
one’s comprehension about subject matter by applying cognitive and metacognitive strategies,
paying too much attention on how to get the words on the paper would create undesirable
extraneous cognitive load. For this reason, we focused on students who could be assumed to
have already some mastery of the mechanics of writing (see Graham and Harris 2000).

Part of our studies were realized in the laboratory and part of them in the field. In the
laboratory studies, students typically received different combinations of prompts for writing a
single learning journal entry about a videotaped lecture they had previously viewed. Prompts
were typically delivered via a prepared word document in which learners typed their learning
journal. In some studies, students received further instructional support in addition to the
prompts (e.g., a worked-out example journal entry or meta-strategic information in relation to
the prompted strategies, i.e., information about how, when, and why to use the prompted
strategies, see Paris et al. 1983; Zohar and Peled 2008). After they had finished their journal
entry, the students took a comprehension test. In some experiments, they took the same test
again one or several weeks later to measure the students’ retention of the learning contents. In
the field experiments, students usually wrote several learning journal entries, usually once a
week after a class or seminar session, over a period of about 3 to 6 weeks, or in some studies,
over a whole term (12 weeks). In these field studies, students typically received an extended
introduction to journal writing which included a presentation of the cyclical model of cognitive
and metacognitive processes involved in self-regulated learning by journal writing (see Fig. 3)
and a modeling of how the strategies should be applied in writing. We then either varied
experimentally different combinations of prompts or we compared a prompted journal writing
condition with a no writing control condition. Prompts were delivered via a printed worksheet
or a card.

Generally, we measured the quantity of cognitive and metacognitive strategies in learning
journals by a coding scheme, differentiating between rehearsal, elaboration, organization,
monitoring, and remedial (regulation) strategies (Chi 1997). In addition, in some studies, we
rated the quality of the strategies (e.g., Glogger et al. 2012; Roelle et al. 2017). We usually
used 6-point rating scales ranging from 1 (very low quality) to 6 (very high quality). At least
two independent raters coded and rated the learning journals after having achieved good inter-
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rater reliabilities (usually ICC > .85, Cohen’s Kappa > .80). Appendix Table 3 shows examples
of learning journal excerpts, as well as the coding of the according learning strategy category.
The findings from the research program on the Freiburg Self-Regulated-Journal-Writing
Approach will be described in more detail in the following subsections of this paper.

Prompting Germane Processing in Journal Writing

Given the aforementioned germane processes involved in self-regulated learning, the question
arises, how germane cognitive load can be increased effectively (see research question 3 by de
Bruin et al. in press). That is, how can the cognitive strategies of elaboration and organization,
and the metacognitive strategies of monitoring and regulation be activated in an optimal way?
As mentioned, unsupported learners tend to use journal writing in sub-optimal ways. Nückles
et al. (2004) found that journal writing without instructional support resulted in almost absent
metacognitive strategies and clear deficits in the use of cognitive strategies. Prompts can be
used to address such deficits. Prompts are hints or questions that induce productive learning
processes (Bannert and Reimann 2012; Zheng 2016). We conceive of prompts as strategy
activators following Reigeluth and Stein (1983). That is, we assume that learners are, in
principle, capable of using learning strategies, but do not spontaneously use them, at least not
to a satisfactory degree (e.g., Bannert 2009; Nückles et al. 2004). In our research program, we
developed sets of cognitive and metacognitive prompts in order to increase germane process-
ing in journal writing (see Table 1). We investigated whether and how they encourage learners
to enact powerful learning strategies and improve learning outcomes.

Experiments that varied the provision of prompts clearly showed that strategy prompts
strongly increased learners’ use of the prompted strategies in the learning journals (e.g., an
elaboration prompt increases elaboration; Berthold et al. 2007; Glogger et al. 2009; Nückles
et al. 2009; Schwonke et al. 2006). In addition, the increased use of strategies was accompa-
nied by enhanced learning outcomes (see the mini meta-analysis reported above). Several
studies further found that the effect on comprehension (and sometimes retention) was mediated
by the strategy use. That is, the prompting is effective through the learning strategies they
activate. In Berthold et al. (2007), the use of cognitive strategies mediated learning outcomes.
Roelle et al. (2017) found the quality of organization strategies to mediate learning outcomes
in a conceptual knowledge test in two experiments. These findings underline the germane
nature of the learning strategies and that the prompts are the activators of this germane
processing.

The prompting germane processing principle in journal writing, however, does not only
refer to the pure increase of strategy use. Much of our research program has concentrated on
finding the optimal combination (e.g., combination of cognitive and metacognitive prompts)
and sequencing of different types of prompts in order to maximize germane cognitive load and
to foster deep comprehension and acquisition of sustainable knowledge.

How to Combine Prompts to Optimize Germane Processing

Do learners need both cognitive prompts and metacognitive prompts (i.e., for monitoring and
regulation) to optimize germane processing in journal writing? Berthold et al. (2007) found
that undergraduate students who received cognitive, or a combination of cognitive and
metacognitive prompts learned more than students without prompts. Students provided only
with metacognitive prompts, however, did not learn more than those without prompts. They
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applied a high amount of metacognitive strategies but very few cognitive strategies. The two
successful groups, however, used a balanced amount of cognitive and metacognitive strategies
in their learning journals. The use of cognitive learning strategies mediated the effect on
learning outcomes.

Is the unbalanced use of metacognitive strategies a problem? Are the prompted
metacognitive strategies rather detrimental to learning (i.e., inducing not only germane load)?
Nückles et al. (2009) replicated the experiment of Berthold et al., but this time gave all learners
time and access to the learning material during a later writing phase to better allow for
metacognitive regulation of detected comprehension problems and application of remedial
strategies. Accordingly, during this writing phase, students were given the opportunity to
revise their learning journal. Nückles et al. also included a further experimental condition, as
compared to Berthold et al. (2007), in which prompts for the planning of remedial strategies
were added to the formerly used cognitive and metacognitive prompts. More specifically, the
learners received either (a) no prompts, (b) cognitive prompts (elaboration and organization,
see cognitive prompts with superscript “b” in Table 1), (c) all types of metacognitive prompts
(superscript “b” in Table 1: monitoring, planning of remedial strategies), (d) mixed prompts
(cognitive and metacognitive prompts) without, or (e) with prompts for planning of remedial
strategies (marked with superscript “a” in Table 1). The experiment successfully replicated the
results in Berthold et al. (2007) with regard to the learning outcomes of cognitive prompts (i.e.,
condition b) and the combination of cognitive and metacognitive prompts (i.e., mixed prompts,
see condition d above). In contrast to the results of Berthold et al. (2007), however,
metacognitive prompts alone (i.e., condition c, see above) also improved learning outcomes.
That is, prompting metacognitive strategies alone is not detrimental—if the planning of
remedial strategies is prompted and learners have the opportunity to realize the remedial
strategies. In real-world contexts, this opportunity is usually given.

The most successful set of prompts, however, was the combination of all types of prompts
(i.e., condition e, see above). That is, prompting all essential sub-processes of self-regulated
learning fostered students’ comprehension best. The two most successful groups in this study
again used cognitive as well as metacognitive strategies and showed a balanced use of the
different strategies.

In a correlative field study, Glogger et al. (2012) had ninth graders write learning journals in
mathematics over the term of 6 weeks. The quality and quantity of cognitive strategies
predicted learning outcomes, controlling for prior knowledge. Learners who applied both
cognitive plus metacognitive strategies were particularly successful. Learners who mainly
used one type of strategy performed similarly poorly as did learners who hardly used
strategies. In a conceptual replication in biology classes, again the combination of cognitive
and metacognitive strategies made students most successful.

All in all, using a combination of cognitive and metacognitive prompts is a powerful
instructional strategy to optimize germane processing. At the same time, it is important to
activate all sub-processes of self-regulated learning in learners, that is, to prompt organization
and elaboration, monitoring of comprehension, and planning of remedial cognitive strategies
(see Fig. 3).

How to Sequence Prompts to Optimize Germane Processing

A further, more recent question in our research program is, whether the sequence of different
types of prompts is important in order to optimize germane cognitive load. In our previous
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research, we usually gave cognitive and metacognitive prompts at the same time, but cognitive
prompts were printed above metacognitive ones (e.g., Berthold et al. 2007; Nückles et al.
2009). In the correlative field study with ninth graders (Glogger et al. 2012), we prompted the
following sequence, depicted as a round-trip: (1) monitoring, (2) organization, (3) elaboration,
(4) monitoring again and planning remedial strategies. However, in none of the mentioned
studies, we investigated to what extent learners realized the metacognitive strategies prior to
the cognitive strategies or vice versa and whether the sequence matters for learning. There is
reason to expect that the sequence matters.

After engaging in metacognitive strategies, that is, identifying gaps in understanding and
putting effort into closing them, learners should have a more solid knowledge base. Thus, they
should be able to organize the main content in a more coherent manner and elaborate on the
main content more deeply (cognitive processing) than before (e.g., Glogger-Frey et al. 2015;
Mayer 2009; Roelle and Berthold 2016). On the other hand, cognitive processing of the
learning contents should give cues as to how well learners have understood the contents and
where exactly they have gaps in understanding (de Bruin et al. in press; Nelson and Narens
1994). Thus, engaging in cognitive processing first might inform comprehension monitoring
and planning of remedial strategies to close specific gaps. It might improve subsequent
metacognitive processing.

Against this background, Roelle et al. (2017) manipulated the sequence in which tenth-
graders responded to cognitive and metacognitive prompts (see superscript “c” in Table 1).
More specifically, after attending a lecture in a first experiment, or regular school lessons in a
second experiment, the students wrote learning journals as follow-up activity. During writing,
the learners were prompted to either (a) engage in the cognitive processes of organization and
elaboration prior to engaging in metacognitive processes (i.e., monitoring and planning of
remedial strategies) and implementing their remediation plans (cognitive-first group), or (b)
engage in the same metacognitive and remedial processes prior to organizing and elaborating
on the learning content (metacognitive-first group).

In both experiments, the learners in the metacognitive-first group outperformed their coun-
terparts regarding the quality of the executed organization andmetacognitive processes as well as
in a conceptual knowledge test. These results can be interpreted as follows: writing down gaps in
understanding as well as planning and realizing remedial strategies built a more solid knowledge
base, on which the students were better able to organize the learning contents. It is also possible
that engaging in comprehensionmonitoring (and actually identifying gaps in understanding) first
helped the learners to recognize the need for engaging in deep processing of the learning content.
As a consequence, they invested more effort in subsequent organization (and elaboration)
processes (see the preparation-to-learn effect of knowledge gap experiences, Glogger-Frey
et al. 2015; Loibl et al. 2017). Investigating this effort in future studies would contribute to
answering research question 1 (How do students monitor effort?) and research question 2 (How
do students regulate effort?) of the EMR Framework (de Bruin et al. in press). First evidence by
Roelle et al. (2017) suggests that the sequence matters in prompting germane processing. Further
possible sequences of prompts could be investigated in further research.

In summary, our research program on self-regulated learning journals suggests that learners
are optimally supported in distributing germane load between the object level and the meta-
level by prompting them to engage in all sub-processes involved in self-regulated learning:
cognitive (elaboration, organization) and metacognitive strategies including monitoring as well
as planning of remedial strategies (see Fig. 3). In addition to prompting all types of sub-
processes, metacognitive strategies should be prompted first.
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Effects of Worked Examples and Self-Explanations

The worked example effect is a classical cognitive load theory effect (e.g., Sweller and Cooper
1985; Sweller et al. 1998). It describes the advantage of studying worked examples as
compared to learning by doing (e.g., problem solving, exploring) for the initial acquisition
of cognitive skills (e.g., solving certain types of mathematical problems or engaging in
effective learning strategies; e.g., Renkl 2014a, b). Note that learning by worked examples
is usually optimized if the learners not only (superficially) read through the examples but are
nudged to self-explain the principles (e.g., mathematical theorems, strategy guidelines) applied
in the examples (self-explanation effect; e.g., Chi et al. 1989; Renkl 2017, Renkl and Eitel
2019). In recent publications, the self-explanation effect has been integrated into cognitive load
theory (e.g., Sweller et al. 2019).

In our research program on the Freiburg Self-Regulated-Learning-Journals Approach, we
tested whether the worked example effect can be exploited for fostering the quality of students’
learning journals. More specifically, we tested whether students react to provided strategy
prompts (see our previous sections on prompting) more adequately if we show them and have
them self-explain examples of good responses to such prompts before journal writing.
Furthermore, we also tested whether the potentially improved responses to prompts also led
to better learning outcomes.

Hübner et al. (2010) had their participating high school students read a general introduction
into journal writing. In particular, they were informed about the main objectives of journal
writing and possible fields of application. In addition, cognitive and metacognitive prompts for
journal writing were introduced. Afterwards, half of the students got an example of a well-
written learning journal entry about a fictitious physics lesson to illustrate how to react sensibly
to the introduced cognitive and metacognitive prompts. Moreover, these students were
requested to self-explain the examples by assigning single passages in the learning journal
to the corresponding cognitive or metacognitive prompts; the students got feedback to their
assignments. Following this, the high school students entered a training phase. They first
watched a videotaped lecture on a topic from social psychology (topic: social pressure) and
then engaged in journal writing. A comprehension-oriented posttest assessed how much the
students had learned about social pressure. In a transfer session, 1 week later, the students
watched again a social psychology lecture (topic: destructive obedience) and engaged in
journal writing. In this transfer session, all students just received the prompts (without any
further support such as examples). Finally, a comprehension-oriented posttest assessed how
much the students had learned about destructive obedience. Hübner et al. (2010) obtained the
following main findings: Self-explaining a learning journal example enhanced in particular
elaborative learning strategies as expressed in the learning journals, both in the training and in
the transfer session (strong effects). A similar effect was found for metacognitive strategies
(strong effect in the training session); however, this effect slightly failed to reach the level of
statistical significance in the transfer session. Most importantly, self-explaining a learning
journal example had a strong effect on the learning outcomes on destructive obedience in the
transfer session. Overall, Hübner et al. (2010) showed that the worked example effect and the
self-explanation effect could be exploited to enhance transfer in the sense that the students
wrote better learning journals (in particular, more elaboration) on a new topic and also
achieved better learning outcomes on this topic.

Roelle et al. (2012) tested whether the examples should be provided right from the
beginning, as in Hübner et al., or after some experience in journal writing. Although worked
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examples are usually introduced early (see Renkl 2011, 2014b), there might be advantages of a
delayed provision of worked examples: Even in the case of missing examples, the learners
receive an introduction to journal writing (see the previous description of the study by Hübner
et al. 2010), which is usually a new and complex learning method, and they have to apply this
method to some new learning contents (e.g., social psychology topics or mathematics). Having
additionally to self-explain examples on an additional topic (i.e., physics in the case of Hübner
et al. 2010) and to relate these examples to the new topic might be very demanding and
potentially lead to cognitive overload in some students (see, e.g., Sweller 2006). To test the
effect of immediate or delayed presentation of examples, Roelle et al. (2012) conducted a
quasi-experimental field experiment in high school mathematics (5th grade). Journal writing
was used as homework after each of four mathematics lessons. In one classroom, the examples
were introduced before the first learning journal entry and withdrawn after having written the
second learning journal entry; in another classroom, the examples were provided as additional
support before writing the third and fourth learning journal entries. Basically, it was found that
providing examples early led to qualitatively better learning journal entries in the beginning
(first two lessons) and to the acquisition of more conceptual knowledge from the first two and
the last two lessons (no effects on procedural knowledge). Overall, presenting examples for
productive journal writing early is superior, which is in line with cognitive load theory and the
theory of example-based learning by Renkl (2014b).

Graichen et al. (2019) tried to conceptually replicate the effects of examples on the quality
of learning journals and learning outcomes in the context of teacher education. More specif-
ically, the authors had their participating student teachers (geography) write learning journal
entries in which they should integrate information from three texts providing content knowl-
edge (here: on geography), pedagogical content knowledge (here: on geography education),
and pedagogical knowledge (see Shulman 1987).3 For this purpose, the prompts used by
Hübner et al. (2010) were modified so that they also encouraged the learners (except for those
of the control group) to integrate the information from the different texts, that is, to use
coherence-creating strategies. Overall, the authors found mixed results. Combining prompts
with examples, as compared to providing just prompts, led to more high-quality coherence-
creating strategies in learning journals. However, this example effect did not lead to more
knowledge or better knowledge application, as compared to prompts alone. A tentative
explanation might be that a case of a utilization deficiency was found (e.g., Miller 2000):
The execution of the unfamiliar and demanding coherence-creating strategies imposed heavy
cognitive load so that the learners were partly distracted form the learning contents. Only after
more training on these strategies less cognitive load would be imposed when applying them,
and they would then provide the expected benefit.

Note that examples of journal entries were also used in other studies on the Freiburg Self-
Regulated-Journal-Writing Approach to prepare the learners for their writing task (e.g.,
Glogger et al. 2009, Roelle et al. 2011, Roelle et al. 2017, see Table 2). However, there was
no experimental variation in these studies in this respect. Nevertheless, using worked examples
has proven to be a sensible part of the introduction to journal writing. Thereby, the students are
enabled to engage in productive journal writing.

3 In the teacher education literature, there is great consensus that content knowledge, pedagogical content
knowledge, and pedagogical knowledge are regarded as the most important types of knowledge for effective
teaching (e.g., Shulman 1987; Evens et al. 2018).
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Overall, the available evidence suggests that self-explaining worked examples is a sensible
instructional procedure to prepare the learners for journal writing, in particular, as transfer
effects were repeatedly found, which is usually hard to achieve (e.g., Barnett and Ceci 2002).
Self-explaining worked examples probably optimizes cognitive load during journal writing in
terms of reducing extraneous activities during writing and fostering germane writing activities.

Self-management Effects in Journal Writing

A recent effect within cognitive load theory is the self-management effect (e.g., Eitel et al., in
press, Mizza et al. 2020). This effect refers to enabling learners who are confronted with
learning materials violating design principles from cognitive load theory to cope successfully
with this sub-optimality; hence, their learning is not hampered. For example, the learners are
taught (a) to detect that split attention is evident in learning materials (i.e., text and picture as
separate information sources) and (b) to then apply strategies to map the two information
sources onto each other. Up to now, this effect has been mainly established for the split
attention sub-optimality (Mizza et al. 2020). Note that the students usually get very detailed
instruction on how to proceed (i.e., little self-regulation) so that they can compensate for split-
attention effects (e.g., Roodenrys et al. 2012).

Eitel et al. (2020) recently extended the self-management effect by emphasizing learners’
self-regulation. These authors “just” provided parsimonious information about the specifics of
learning materials (e.g., what type of information is peripheral) and counted on learners’ self-
regulation to avoid potential extraneous load from sub-optimal design (i.e., no provision of
detailed instruction). More specifically, the learners were informed before entering the learning
environment that the pictures (including a short accompanying text) about the consequences of
lightening (i.e., seductive details) were not relevant for the present learning goal to understand
the development of lightening. Actually, this information enabled the learners to self-manage
their later learning in that they largely ignored the seductive details so that these details did not
hamper learning outcomes; the learners without this information, in contrast, were hampered in
their learning by the seductive details (Eitel et al. 2020).

The positive effects of two instructional support procedures that we have found in our
research program on the Freiburg Self-Regulated-Learning-Journals Approach can be re-
interpreted as self-management effects primarily in the sense of Eitel et al. (2020). First, the
worked example effects that were discussed in the previous section can be regarded as a self-
management effect. Such a claim may be puzzling at first glance as in classical cognitive load
research, these two effects are not related: Worked examples help learning on the content or
object level (e.g., mathematics); providing information for self-management helps on the meta-
level to best exploit the present learning opportunity. Note, however, that in our journal writing
approach, the worked examples do not teach knowledge on the object level (e.g., physics or
social psychology; see Hübner et al. 2010) but on the meta-level, that is, knowledge about how
to best exploit the learning opportunity of journal writing (for an extensive discussion of
different levels in worked examples see Renkl et al. 2009). More specifically, we tried to teach
the (potentially) transferable skill to self-manage journal writing by our worked examples.
Actually, we found such transfer effects in Hübner et al. (2010: enhanced learning outcomes
with respect to obstructive obedience).

Second, Hübner et al. (2010) not only provided worked examples as support procedure
for journal writing but also presented to half of their learners a type of informed training
(Paris et al. 1983). More specifically, half of the learners received a short presentation (10 min)
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about the utility of the strategies to be elicited by our prompts; in particular, declarative
knowledge about learning strategies and corresponding conditional knowledge (i.e., when and
how to use these strategies) was taught. As expected, the metacognitive knowledge about the
strategies (targeted by our prompts) that was provided by the informed training fostered
learning on the object level in the training phase (topic: social pressure; strong effect) as well
as in the transfer phase (topic: destructive obedience; medium effect). Again, these findings
can be interpreted as a self-management effect: The informed training taught the learners on
the meta-level how to effectively exploit prompted journal writing so that transfer effects to
learning on the object level could be achieved.

Relating our findings to the EMR framework (research question 3), worked examples and
informed training enabled the learners to effectively regulate their strategy use in journal
writing on the meta-level: Tentatively, the supported learners minimized writing that was not
connected to applying learning strategies, thereby reducing extraneous load. In addition, an
increased focus on strategy-related writing fostered germane cognitive load.

Adapting and Fading Guidance in Line with Learners’ Expertise in Self-Regulated
Learning Strategies

Inspired by the guidance-fading effect (e.g., Sweller et al. 2011b) and the expertise reversal effect
(e.g., Kalyuga et al. 2003), we also delved into the role of adapting the instructional support
measures that are designed to foster cognitive and metacognitive strategies of self-regulated
learning, to the learners’ expertise. Up to date, this research has yielded three main insights.

Fading Guidance Adaptively in Line with Learners’ Growing Strategic Expertise

The first main insight is that in prompting germane processing, learners’ learning strategy
expertise needs to be considered. In a field experiment with university students, Nückles et al.
(2010; Exp. 1) found that the benefits of prompting cognitive and metacognitive strategies
concerning both the elicitation of the respective strategies and learning outcomes diminished
when the prompts were provided over the course of 12 weeks. More specifically, similar to the
abovementioned studies that involved only one or two journal entries (e.g., Berthold et al.
2007; Nückles et al. 2009), the authors found beneficial prompt effects in an initial phase of
journal writing (i.e., in the first 6 weeks). By contrast, in a later phase of journal writing (i.e.,
the following 6 weeks), the provision of prompts led to a significant decrease in the use of
cognitive and metacognitive learning strategies and the superiority of the prompted group over
the not-prompted group in terms of learning outcomes completely diminished. One explana-
tion for this pattern of results is that over time learners internalized the guidance provided by
the prompts, which caused the prompts to change from essential guidance that helps learners to
engage in germane processing to redundant guidance that requires reconciliation with internal
guidance and thus mainly induced extraneous cognitive load. This explanation is supported by
the second experiment of Nückles et al. (2010). In this experiment, the authors tested a
procedure in which the prompts were faded once a learner had applied the respective prompted
strategies in high quality in two previous journal entries. The results showed that this adaptive
fading procedure fostered cognitive learning strategies and learning outcomes (but not
metacognitive strategies) in comparison to permanent prompting in subsequent journal entries.
Hence, prompts should be faded out past a certain point in a manner adapted to learners’
learning strategy expertise.
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Adapting Guidance to Learners’ Level of Strategic Expertise

Further evidence that the extent to which prompts contribute to germane processing in journal
writing can be optimized by adapting the prompts to learners’ learning strategy expertise stems
from an experiment of Schwonke et al. (2006). In this experiment, learners first wrote a
learning journal entry without prompt support and subsequently were instructed to revise their
drafts. For revising, the learners received either prompts that were adapted to them on the basis
of their responses to a learning strategy questionnaire or a meta-strategic knowledge test; two
comparison groups received either a random set of (cognitive or metacognitive) prompts or no
prompts at all. With respect to both elaboration and metacognitive strategies, the adaptive
prompts (the two adaptation procedures yielded similar effects) proved to be more effective
than the random prompts and no prompts, whereas the random prompts were partly even
worse than no prompts. Similar effects were obtained with respect to learning outcomes. The
adaptive prompting fostered understanding in comparison to both random and no prompts,
whereas there was no significant benefit of random prompts over no prompts. In conjunction
with the abovementioned findings concerning the benefits of the adaptive fading procedure,
these results make a strong case for the notion that implementing the prompting germane
processing principle needs to consider learners’ learning strategy expertise.

The studies by Nückles et al. (2010) and Schwonke et al. (2006) refer to the role of inter-
individual differences in learning strategy expertise within a certain student population (i.e.,
within university students). There is also evidence that in prompting germane processing,
differences between student populations that pertain to learners’ developmental level should be
considered as well. In a quasi-experiment by Glogger et al. (2009), ninth-grade high school
students received cognitive and metacognitive prompts (as well as worked examples) that were
similar to the ones that had proven to be effective in university students. For these learners, the
prompts scarcely elicited cognitive and metacognitive strategies. One explanation for this
finding is that the guidance provided by the prompts was too low for ninth-grade high school
students. This explanation is underpinned by a second finding of Glogger et al. (2009). When
ninth-grade high school students received prompts that were enriched by specific suggestions
concerning the implementation of cognitive and metacognitive strategies (e.g., the prompt
“Try to build connections between what you have learned last week and what you already
know” was enriched by the suggestion “For this purpose, write down how you could apply
what you have learned this week at home in your spare time,” see also the prompts with
superscript “d” in Table 1), the prompts were more effective concerning the elicitation of the
cognitive learning strategies of organization and elaboration. Apparently, this level of guidance
was better aligned with learners’ learning strategy expertise than the rather abstract prompts
that are effective for university students. In terms of metacognitive strategies, however, no
beneficial effects of the specific prompts were found. Possible explanations for the lack of
effect concerning metacognitive strategies could be that metacognitive strategies are cogni-
tively more demanding than cognitive ones (e.g., Bannert 2007) and/or that putting one’s
understanding into question might be regarded as unpleasurable by many learners.

Learner Expertise and Feedback

The third main insight concerning the adaptation of instructional support to learners’ learning
strategy expertise relates to the provision of feedback. In a field study, Roelle et al. (2011)
provided learners writing learning journals over the course of 14 weeks with elaborated
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feedback on the quality of their cognitive and metacognitive strategies. The authors found that
the feedback fostered the quality of cognitive learning strategies for learners who performed
relatively poorly in their journal entries before the feedback. By contrast, for learners who had
already shown high-quality cognitive strategies in their learning journals before the feedback,
the feedback detrimentally affected the quality of cognitive strategies in subsequent journal
entries (in terms of metacognitive strategies, the feedback did not entail any significant effects).
This pattern of findings, which aligns with a full expertise reversal effect (e.g., Kalyuga et al.
2003), can be interpreted as follows. For the learners who merely executed low-quality
cognitive learning strategies in their journal entries, the external guidance by the feedback
compensated for the lack of learning strategy expertise and thus fostered cognitive learning
strategy quality in subsequent entries. In contrast, for the learners who were already able to
apply high-quality cognitive learning strategies, the external guidance was redundant and
interfered with learners’ internal guidance thus contributing to extraneous rather than to
germane cognitive load. Consequently, it detrimentally affected the quality of cognitive
learning strategies in subsequent entries. Although to date there is no evidence concerning
potential benefits of adaptively faded feedback, these findings suggest that in optimizing
cognitive load in self-regulated learning through journal writing, instructors should consider
learners’ learning strategy expertise when providing feedback.

Relatedness of Cognitive and Motivational Processes in Journal Writing

Our research program on self-regulated-learning-journals has also yielded insights into the
relatedness of cognitive and motivational processes whereby both beneficial and detrimental
effects have been found. A first main insight of the studies that dealt with this issue is that the
prompting germane processing principle entails motivational costs. Specifically, in two
experiments with university students, Nückles et al. (2010) found that both permanent
prompting of cognitive and metacognitive strategies over the course of 12 weeks and faded
prompting of cognitive and metacognitive strategies (see the adapting and fading guidance in
line with learners’ expertise section above) yielded substantial decreases in students’ motiva-
tion to engage in journal writing over time.

One explanation for these motivational decreases could be that learners perceive the
cognitive load that they have to invest in applying the prompted strategies during journal
writing asmotivational cost (see Feldon et al. 2019). The concept of cost (i.e., the effort needed
to complete a task and the other activities that one must give up in order to complete the task)
has been recently considered as a third important core component that determines learners’
motivation in expectancy-value theories, in addition to expectancy (i.e., the extent to which
learners believe they can succeed in a task) and value (i.e., that the respective task is important;
see, e.g., Barron and Hulleman 2015). The higher the costs, the lower learners’ motivation to
engage in a task. Following this line of argumentation, regardless of whether learners receive
instructional support that is well aligned with their expertise (i.e., faded prompting in Exp. 2 of
Nückles et al.) or (at least in part) redundant (i.e., permanent prompting in Exp. 1 of Nückles
et al.), it might be the case that learners perceive the effort they have to invest into the
prompted germane cognitive and metacognitive strategies as relatively high and thus
responding to the prompts as cost-intensive. As a consequence, their motivation to engage
in journal writing decreases over time.

There is also evidence, however, that even when the prompting germane processing
principle is not implemented, learners’ motivation to engage in journal writing slightly
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decreases over time (Exp. 1 of Nückles et al. 2010). Hence, the journal writing itself likely
entails some motivational costs as well. In the mentioned experiments by Nückles and
colleagues, the learners might over time have perceived that the time and effort invested in
journal writing has detrimental consequences on either other academic tasks or non-academic
activities that learners had to give up or in which they could merely invest insufficient effort
due to the journal writing. Future studies should delve into these motivational effects of journal
writing more deeply and aim to differentiate between the perceived costs of the journal writing
and the benefits of the prompting germane processing principle.

Despite the outlined detrimental effects concerning the motivation to engage in journal
writing, it cannot be concluded that prompting germane processing entails detrimental moti-
vational effects only. The detrimental effects regarding learners’ journal writing motivation are
contrasted by beneficial effects regarding learners’ motivation to engage with the learning
content on which they reflect in their journal entries. Specifically, Wäschle et al. (2015; Exp. 1)
found that prompted journal writing performed as homework fostered seventh-grade high
school students’ interest in the learning content (i.e., immunology) in comparison to three
different homework tasks (i.e., answering teacher provided questions, creating a concept map,
writing a summary). This beneficial effect regarding content-related motivation, which oc-
curred only after a delay of several weeks, was mediated via the benefits of prompted journal
writing regarding comprehension. That is, because prompting germane processing fostered
comprehension of the learning content, learners’ motivation to engage with the learning
content in subsequent learning phases was fostered, too.

In an attempt to mitigate the detrimental effect of the prompting germane processing
principle on journal writing motivation without decreasing the beneficial effect on content-
related motivation, Schmidt et al. (2012) investigated the effects of prompting learners to
reflect on the personal relevance of the learning content in addition to prompting the
established cognitive and metacognitive learning strategies. The results of their experiment
indicated that a personal utility prompt (“Why is the learning material personally relevant for
you at present or future out of school?”) increased both students’ acceptance of journal writing
as well as content-related motivation in comparison to prompting only cognitive and
metacognitive strategies. Moreover, the beneficial motivational effects were accompanied by
increased learning outcomes (i.e., comprehension). Jointly, these findings suggest that the
motivational costs of the prompting germane processing principle can be mitigated via
prompting learners to reflect on the personal relevance of the respective learning content in
their learning journals. Further support for the benefits of the personal utility prompt stems
from Wäschle et al. (2015, Exp. 2). In a field study with tenth-grade high school students, the
authors replicated the finding that the personal utility prompt increased content-related moti-
vation as compared to the established cognitive and metacognitive prompts only. Although the
increased motivation was not reflected in higher performance on a comprehension test in this
study, it nevertheless fostered another facet of learning outcomes. Those learners who received
the personal utility prompt outperformed their counterparts on an argumentation task that
required them to critically reflect on the learning content.

A final insight of the studies that dealt with the role of motivation in journal writing is that
not only the type of prompts, but also the goal structure in which the journal writing is
embedded matters. In an experiment with ninth-grade high school students, Moning and
Roelle (2020) varied whether the journal writing task was embedded in a mastery goal
structure or in a performance goal structure. The mastery goal-structured journal writing task
emphasized students’ individual effort and progress. Specifically, the students were told that,
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by writing the learning journal, they should try to improve their comprehension of a text they
had read before. Furthermore, in order to induce a self-referential feedback expectation, they
were told that they would receive feedback on the improvement of their comprehension
afterwards. In contrast, the performance goal-structured journal writing task emphasized high
normative performance (i.e., in comparison with the performance of the other classmates).
Accordingly, the students in that condition were told to demonstrate a better comprehension
than their classmates of the text they had read before. Furthermore, in order to induce a
normative feedback expectation, they were told that they would receive feedback concerning
their own comprehension compared to the comprehension of their classmates.

The authors found that a mastery goal structure better fostered the quality of metacognitive
processes (i.e., the specificity of monitoring, self-diagnosis, and regulation), learning efficien-
cy, and learning outcomes than a performance goal structure. One explanation for this finding
is that the students in the mastery goal structure group might have considered detailed
comprehension monitoring as highly useful because journal writing can be used particularly
to improve comprehension of initially poorly understood content. In contrast, as overtly
reflecting on comprehension difficulties would have conflicted with demonstrating high
competence, the students in the performance goal structure group might have considered
detailed comprehension monitoring at least in part as a waste of time and effort. The outlined
differences in comprehension monitoring potentially brought about the differences in learning
efficiency (learning outcomes in relation to invested mental effort) and learning outcomes.
High-quality comprehension monitoring might have fostered the degree to which learners
deeply engaged with content they had not yet understood well, which, in comparison to
engaging with already well-understood content, fostered both learning efficiency and out-
comes in the mastery goal structure group.

Summary and Directions for Future Research

In the present paper, we have introduced the self-regulation view in writing-to-learn as a
promising theoretical perspective that draws on models of self-regulated learning (e.g.,
Zimmerman 2008) and cognitive load theory (e.g., Sweller et al. 2011a, 2011b, 2019).
Accordingly, we argued that writing has the potential to act as a powerful scaffold for self-
regulated learning due to the cognitive offloading written text generally offers as an external
representation and memory aid, and due to the offloading, that specifically results from the
genre-free principle in journal writing. However, to enable learners to optimally exploit this
learning opportunity, the journal writing needs to be instructionally supported. Accordingly,
we developed and tested in our research program instructional support methods for self-
regulated journal writing. Irrespective of the offloading nature of the journal writing (especially
because of the genre-free principle), our support methods were of course intended to increase
cognitive load by inducing higher levels of germane cognitive load. However, if the support is
not well aligned with the learners’ strategic expertise, it can also induce extraneous load (see
expertise reversal effect).

The most important support procedure is prompting cognitive und metacognitive strategies.
Learning was best when prompts activated all major sub-processes of self-regulated learning
(i.e., organization, elaboration, monitoring of comprehension, and planning of remedial
cognitive strategies) and when metacognitive prompts preceded cognitive prompts. Other
effective support procedures were informed prompting, (self-explaining) worked examples,
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and feedback. Informed prompting and worked examples fostered also the skill to self-manage
effective journal writing on new topics. Evidence for the relevance of the expertise reversal
effect was shown in our research program for (the way of) prompting (Nückles et al. 2010) and
for feedback (Roelle et al. 2011). Hence, these support procedures are best used in an adaptive
way (e.g., fading support with growing learner expertise). Our findings also suggest that the
effort that students have to invest for the journal writing to be effective has motivational costs.
These motivational costs can be buffered with prompts for reflecting on the personal relevance
of the learning contents. Finally, emphasizing mastery (vs. performance) goals has been shown
to benefit learning.

Relating the Results of the Freiburg Research Program on Journal Writing to Other
Research on Writing-to-Learn

Experimental research on journal writing outside the Freiburg Self-Regulated-Journal-Writing
Approach is scarce and has mainly been published in the form of case studies presenting
anecdotal evidence from applications of journal writing in higher education (e.g., Burke and
Dunn 2006; Creme 2005) and as part of classroom instruction in secondary education (Carson
and Longhini 2002; Swafford and Bryan 2000). In one of the few published quasi-
experimental studies, Cantrell et al. (2000) contrasted prompted journal writing with summary
writing to support reading comprehension. In the journal writing condition, students were
prompted to ask themselves what they already knew about the learning content, what they
would like to know about the topic, and what they had learned from their reading. Thus,
Cantrell et al.’s (2000) prompts were similar to the elaboration and organization prompts of the
Freiburg approach to journal writing inasmuch as they asked students to activate and relate
their prior knowledge to the to be learned information (i.e., elaboration) and to determine for
themselves the main points they had learned from the reading (i.e., organization). Cantrell et al.
found accordingly that the prompted journal writing significantly benefitted more students’
learning than the summary writing. In a related experimental study, McCrindle and
Christensen (1995) contrasted journal writing with writing a conventional scientific report in
a first-year biology course at university. The researchers found that students in the journal
writing condition articulated more cognitive and metacognitive learning strategies on a
learning strategy assessment task, acquired more complex and integrated knowledge, and
performed significantly better on the final exam as compared with the students in the scientific
report condition. Together, the scarce available (quasi-) experimental evidence outside the
Freiburg Self-Regulated-Journal-Writing Approach confirms the main insights from the Frei-
burg research program inasmuch as using the journal writing to encourage the application of
cognitive and metacognitive strategies clearly improved students’ learning gains.

In a recent overview on different approaches to writing-to-learn, Klein et al. (2019)
identified besides journal writing several other approaches, with writing summaries or dis-
course syntheses and writing argumentations as the most important ones. With regard to
summary/synthesis writing and argumentative writing, the available empirical evidence is
quite mixed (see Klein 1999, and Klein et al. 2019, for summaries) and difficult to compare
to the Freiburg research program on journal writing. A major difference to the Freiburg
approach to journal writing is that researchers investigating summary/synthesis or argumenta-
tive writing typically implemented and evaluated complex and time-intensive writing trainings
including phases of modeling and writing exercises often lasting over several weeks (e.g.,
Gelati et al. 2014; Martínez et al. 2015). In these writing trainings, the goal typically was to
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teach students how to write a good summary or synthesis. Accordingly, text quality and the
acquisition of the rhetorical genre in question (i.e., what makes a good summary or a good
argumentation?) was the main focus in those studies and learning goals such as deep
comprehension and long-term retention of subject matter were rather secondary (see, e.g.,
Klein et al. 2017; Nussbaum and Schraw 2007). In contrast to those approaches, acquisition of
a particular text genre is not the goal of the Freiburg Self-Regulated-Journal-Writing Ap-
proach. Accordingly, by implementing instructional procedures such as strategy prompts and
worked examples of journal entries, we sought to keep the rhetorical demands of journal
writing as low as possible in order to optimize germane processing and learning outcomes in
terms of deep comprehension and long-term retention of subject matter.

The Role of Learner Prerequisites for the Benefits of Journal Writing

Our extant research clearly shows that, on the whole, instructionally supported journal writing
benefits a wide range of students including young secondary school students aged between 11
and 14 years as well as older university students aged between 20 and 25 years old (see
Table 2 or an overview). Also, the tested support methods such as the provision of prompts or
worked examples proved to be similarly effective both for younger secondary students (e.g.,
Roelle et al. 2012; Wäschle et al. 2015) and older secondary or university students (e.g.,
Hübner et al. 2010; Nückles et al. 2009).

On the other hand, our studies also showed that, in order to optimize cognitive load in
journal writing, instructional support methods such as the provision of prompts or feedback
should be adapted to the learners’ individual strategic expertise (see the previous subsection on
adapting and fading guidance in line with learners’ expertise). At the same time, strategic
expertise is also linked to age (Klein et al. 2019). Thus, the younger the students, the more it is
likely that they are unfamiliar with certain learning strategies (Zimmerman and Martinez-Pons
1990). Therefore, in order to benefit from journal writing, younger students may need more
instructional support, for instance, by worked examples (Roelle et al. 2012) and concrete
suggestions of how to execute cognitive and metacognitive strategies (Glogger et al. 2009;
Klein et al. 2019). Besides learning strategy expertise, however, there are also other potentially
relevant learner prerequisites such as students’ writing skills or their prior knowledge about the
learning content which we, hitherto, have not focused on.

With regard to writing skills, we included mainly students in our studies at an age level
where they could be assumed to have sufficient mastery of transcription skills (spelling and
handwriting ability) such that the execution of these skills does no longer consume substantial
working memory resources. Nevertheless, there are case studies in primary school mathemat-
ics education suggesting that beginning writers may also benefit from trying to articulate their
mathematical reasoning in writing a learning journal (Gallin and Ruf 1998). Furthermore, in a
recent unpublished study (Nückles 2019), young secondary school students with exceptionally
low writing skills improved their learning outcomes by prompted journal writing if they
received formative teacher feedback on the quality of their enacted learning strategies in
addition to cognitive and metacognitive prompts. Thus, it could be fruitful for future research
to investigate more systematically, to what extent the benefits of journal writing are dependent
on or rather independent of students’ mastery of the mechanics of writing.

Besides writing skills as a relevant learner prerequisite, delving into the role of prior
knowledge on the learning content could further be fruitful for it is reasonable to assume that
such prior knowledge matters for the benefits of self-regulated journal writing. For instance,
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recent findings by Roelle and Nückles (2019) suggest that learners who have not yet formed a
coherent and well-integrated mental representation of the learning content in particular benefit
from organization and elaboration activities. On this basis, it could be assumed that the benefits
of journal writing and the support measures to enhance the object-level processes of organi-
zation and elaboration (e.g., the outlined prompting procedures) are high for learners with low
topic-related prior knowledge in particular. However, there might also be some type of tipping
point concerning prior knowledge in which it is no more possible for learners to meaningfully
engage in organization and elaboration because their prior knowledge is too low.

Automated Coding of Learning Journals

When we analyzed the application of learning strategies during journal writing in our previous
studies (e.g., Berthold et al. 2007; Glogger et al. 2012), we used a “manual” coding procedure
(see Appendix Table 3). Although we obtained good inter-rater reliabilities and successfully
predicted learning outcomes by our strategy measures, which indicates validity, this procedure
takes a lot of time; it is not economical. In particular, if an adaptive fading of prompts (see
Nückles et al. 2010) should be used in regular teaching practice, it is necessary to develop
more parsimonious coding procedures to quickly have the necessary database for adaptive
decisions. A promising approach might be to use natural language processing techniques.
Techniques for coding complex student-generated texts (automated essay scoring) have
already been developed (e.g., Seifried et al. 2012; Burstein et al. 2013). A promising avenue
of further research is to adapt such techniques for the automated coding of learning journals.

Relating the Results of the Freiburg Research Program on Journal Writing
to the Effort Monitoring and Regulation Framework

With regard to the EMR framework proposed in the Editorial of this special issue (see also Fig.
2), the research program on the Freiburg approach to journal writing addresses in particular
research question 3 (How do we optimize cognitive load on self-regulated learning tasks?) and
partly also research question 2 (How do students regulate mental effort?). Concerning the
question of how to optimize germane cognitive load in self-regulated learning, we found that
prompting all essential sub-processes involved in self-regulated journal writing (see Fig. 3)
resulted in the largest learning gains both in terms of deep comprehension and retention of
subject matter (Nückles et al. 2009). Concerning the question of how to best sequence these
learning processes, we have evidence that engaging learners in metacognitive monitoring and
regulation prior to organization and elaboration was more beneficial to learning than vice versa
(Roelle et al. 2017).

The latter result suggests that prompting students to monitor their current understanding of
subject matter by journal writing apparently makes them aware of the gaps in their current
understanding of subject matter and thus effectively prepares them for the subsequent
working-through of the learning content via organization and elaboration processes. This
interpretation resembles, in some respect, recent assumptions about the mechanisms underly-
ing productive failure (see Loibl et al. 2017). In sharp contrast to productive failure, however,
in our approach to journal writing, students do not engage in problem solving (see the genre-
free principle); rather, they are invited to use the journal writing as an opportunity to reflect on
their ideas about subject matter in order to become aware of what they already know and what
they do not know or find difficult to comprehend.
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Journal Writing and Monitoring Accuracy

Relating the findings by Roelle et al. (2017) on sequencing to the research suggested on basis
of the EMR framework (see de Bruin et al. in press), it would be interesting to investigate
whether learners’ metacognitive monitoring accuracy can be improved by prompting the
metacognitive strategies in journal writing. To date, judgments of learning have scarcely been
assessed in journal writing research. Exploring this possibility could be promising because
several effective methods to enhance monitoring accuracy, such as asking learners to generate
keywords (Thiede et al. 2003) or to complete a diagram (van de Pol et al. 2019), this issue;
Prinz et al. 2020), similarly engage learners in writing down their responses to the respective
prompts. However, other than in these paradigms, in journal writing, learners are not required
to react to demands that are related to specific parts of the learning content such as in the
studies by Thiede et al. and van de Pol et al. (2019) On the contrary, the generic prompts for
cognitive and metacognitive strategies used in the Freiburg research program leave it up to the
learner to decide on which aspects of the learning contents the learner wants to focus on in
order to monitor their comprehension. Thus, it is a question for future research whether
prompted journal writing, which gives the learner ample freedom to determine the focus of
the comprehension monitoring, will prove to be similarly effective as the more directive
methods applied in current research on monitoring accuracy (e.g., Thiede et al. 2003; van de
Pol et al. 2019; see also Waldeyer and Roelle 2020). Possibly, the answer to this question
differs for students with different prior knowledge levels. Furthermore, it could be fruitful to
integrate the mentioned established means to enhance judgment accuracy (e.g., the keyword-
method) in journal writing.

How to Encourage Effort into Monitoring and Regulation Sustainably

The available evidence suggests that the use of metacognitive learning strategies in journal
writing can successfully be prompted and also contributes to germane cognitive load as
indicated by enhanced learning outcomes (Glogger et al. 2012; Nückles et al. 2009). Never-
theless, prompting metacognition in the long run (i.e., over the course of a whole term) proved
to be relatively ineffective regardless of whether the prompts were adapted to the learners’
individual strategic expertise or not (Nückles et al. 2010). It is possible that learners perceived
the cognitive load that they had to invest in the prompted strategies as a substantial motiva-
tional cost (Feldon et al. 2019) given that learners are generally inclined to keep their invested
mental effort as minimal as possible (Shenhav et al. 2017). This inclination might apply in
particular for metacognitive strategies which require learners to put their current understanding
into question. Accordingly, assuming a self-critical stance towards one’s current understanding
over a longer period of time (over a whole term in the journal writing studies of Nückles et al.
2010) is likely regarded as unpleasurable by many learners. Hence, the question of how to
stimulate metacognitive reflection sustainably probably touches upon a fundamental constraint
of human cognition. This question might not be answerable from the perspective of the
individual learner but rather from a perspective that views learning and metacognition as a
collective endeavor. For example, most authors would probably refrain from thoroughly
revising their “already well written” articles if they were not forced to do so by reviewers
and editors. Taking a critical and reflective stance towards one’s submission is initially
perceived by many authors as a considerable motivational cost. Hence, fostering metacognitive
processes in journal writing sustainably might be rather achieved in a social, collaborative
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learning environment where the tasks of generating ideas by journal writing and taking a
metacognitive critical stance towards those ideas may be socially distributed among learning
partners.

The approach of allocating specific cognitive and metacognitive processes to different roles
learners may adopt during the learning process has successfully been established, for example,
in reciprocal teaching (e.g., Palincsar and Brown 1984). With regard to journal writing,
Nückles et al. (2005) conducted a small-scale field study on reciprocal commenting on each
other’s learning journals within dyadic learning partnerships in the context of a blended
learning university course. The authors found that the feedback provided by one learning
partner strongly influenced the degree of elaboration and organization of the other partner’s
learning journal. Glogger-Frey et al. (2019) found that students who received higher-quality
feedback from peers as compared with students who received lower-quality feedback, per-
ceived their learning outcomes as higher and felt more confident to do well in journal writing.
Thus, future research could investigate as to whether the willingness to sustainably apply
metacognitive strategies in journal writing could also be improved by such dialogical elements
in journal writing.

Introducing Journal Writing as Intentional Learning

The results of the Nückles et al. studies (Nückles et al. 2010) further suggest that the
journal writing itself likely entailed some motivational costs irrespective of whether
prompts for cognitive and metacognitive strategies were provided or not. These costs
can be assumed because journal writing can be regarded as a learning task that creates
desirable difficulties (Bjork and Bjork 2011) whose benefit typically becomes trans-
parent for learners not immediately but only at a later time. Accordingly, when
implementing journal writing as follow-up course work in our university courses,
students often commented on the journal writing in their evaluation sheets at the
end of the term with sentences such as “All this journal writing was hard work, but
looking back now, I can see that I have learned a lot.” Hence, it is an important
question for future research to investigate how students can be encouraged to maintain
their invested level of mental effort into the journal writing over a longer period of
time (see research question 2 of the Editorial: How do students regulate their mental
effort, de Bruin et al. in press). In our previous studies, the journal writing was
typically imposed on the students as follow-up course work. Therefore, they might not
have sufficiently recognized the benefit of the journal writing because they considered
it as schoolwork which has to be done and with little personal value. In particular,
because the writing took place as an obligatory after school assignment, it is an open
question to what extent students were able, under these conditions, to conceive the
journal writing as an opportunity to freely develop their ideas about the subject
matter. Accordingly, a challenge for future research is how to introduce the journal
writing to students such that they will be able to perceive the journal writing as a
valuable opportunity for intentional learning (see Bereiter and Scardamalia 1989). One
promising starting point for this future avenue in journal writing research could be the
outlined effects of the personal utility prompts. Long-term effects of these prompts as
well as potential differences between prompts that relate to the utility of the learning
content and prompts that refer to the utility of the journal writing itself still need to
be addressed. Nevertheless, the consistent beneficial effects on learners’ motivation
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already suggest that such prompts entail high potential for convincing learners of the
usefulness of self-regulated journal writing.

Journal Writing as Preparation for Future Problem Solving

In this paper, we have argued that the potential of journal writing to foster self-
regulated learning can especially be attributed to the genre-free principle according to
which the learner is freed from the burden to invest mental effort in the instantiation
of rhetorical schemata. Hence, learners are explicitly encouraged not to conceive of
journal writing as problem solving but rather as an opportunity to freely develop ideas
about subject matter and examine one’s current understanding for gaps and inconsis-
tencies. Thus, the self-regulation view on journal writing parallels Sweller’s goal-free-
effect in this respect (see Sweller et al. 2011a). Due to its goal-free nature, journal
writing might be particularly suited to prepare learners for future problem solving. We
are currently investigating this possibility in a project on teacher education where
history teacher students are writing learning journal entries to develop ideas for later
lesson planning (see Nückles and Schuba 2019). Based on three texts providing
content knowledge (here: on history), pedagogical content knowledge (here: on history
education), and pedagogical knowledge (see also Graichen et al. 2019; Wäschle et al.,
2015b)), they independently identify and develop didactic goals for teaching history.
After the journal writing, the students work out a formal plan for a history lesson.
The results of this study so far suggest that the journal writing helps the students to
define appropriate didactic goals and to adopt these goals for their lesson planning
(“For planning my lesson, it will be important to consider students’ prior knowledge
about the second world war …”). Accordingly, the number of articulated and person-
ally valued teaching goals in the journal writing mediated the quality of the formal
lesson plans which the students produced afterwards as a transfer and application task
(Nückles & Schuba 2019). Thus, using journal writing for preparing lesson planning
can be regarded as another fruitful instantiation of the goal-free-principle (see Sweller
et al. 2011a). Defining goals for later problem solving basically is planning, and
planning is viewed (besides monitoring and evaluation) as an essential component of
people’s metacognitive competence to regulate cognition (Nückles et al. 2009; Schraw
1998). Given the preliminary character of the results of Nückles and Schuba (2019),
future studies should examine more broadly how journal writing can be used as an
opportunity to facilitate students’ self-regulation in solving core teaching problems
such as lesson planning.

Journal Writing—a Circumscribed Intervention with Wide-Ranging Effects

A final direction for further research is derived from an observation made in our high
school studies on journal writing. In the studies by Glogger et al. (2009, 2012) and
Wäschle et al. (2015a), it turned out that both the 9th graders of the Glogger et al.
studies and the 7th graders of Wäschle et al. wrote rather short weekly journal entries
ranging roughly between 100 and 350 words. Despite their brevity, however, the
journal entries nevertheless strongly contributed to learning outcomes as measured by
learning outcome tests that covered all central aspects of the topic (e.g., immunology
in the study by Wäschle et al. 2015a) taught in the weeks before. This pattern of
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results suggests that the relatively local writing intervention (encouraging application
of cognitive and metacognitive strategies in a weekly journal entry) impacted stu-
dents’ learning behavior positively also on a more global level and improved students’
use of learning strategies in and outside the classroom beyond the learning journal.
However, to date, we do not have any data that would provide direct evidence for this
assumption. Accordingly, it would be interesting to conduct observational studies to
investigate to what extent journal writing indeed generally influenced the students’ use
of learning strategies in the wide-ranging way as can be speculated on basis of the
studies of Glogger et al. (2009, 2012) and Wäschle et al. (2015a).

In summary, these are numerous promising directions of how to develop the
Freiburg Self-Regulated-Journal-Writing Approach further. Furthermore, it is necessary
to conduct replication studies in order to consolidate the results found, for example,
for the positive motivational effects of journal writing (i.e., raised interest subject
matter, see Wäschle et al. 2015a) or for the positive effect of feedback on the quality
of the enacted learning strategies in the learning journals (see Roelle et al. 2011) as
well as on self-efficacy and perceived learning outcomes (Glogger-Frey et al. 2019).
First steps towards such consolidation of the benefits of feedback are currently
undertaken by Pieper et al. (2019) who investigated the effects of prompts, expert
feedback, and worked examples in journal writing during the practical semester of
teacher students. A recent quasi-experimental study by Nückles (2019) further repli-
cated the positive effects of elaborated expert feedback on the quality of the cognitive
learning strategies enacted by 7th grade low-ability writers in their learning journals.
Additionally, the quality of the cognitive strategies mediated the effect of the feed-
back on students’ learning outcomes.

Although we have discussed numerous aspects of our journal writing approach
from the perspective of cognitive load theory, we have yet in our extant studies not
systematically included measures of cognitive load. Accordingly, it would be interest-
ing to test whether the inclusion of specific types of prompts (e.g., including a
metacognitive or personal utility prompt) leads to a raised perception of (germane)
cognitive load in students.

To conclude, the Freiburg Self-Regulated-Journal-Writing Approach has yielded valuable
insights into the question of how writing can be instructionally supported to effectively
scaffold self-regulated learning and optimize cognitive load. Yet, these insights open up a
considerable number of new avenues of how to further advance the self-regulation view in
writing-to-learn and how to advance research that integrates self-regulated learning with
cognitive load theory.
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Appendix A
Excerpts of learning journals and according learning strategy category

Learning Journal Excerpts
Student 1 – from Glogger et al., 2012, topic: Probability

[…]

Student 2 - from Glogger et al., 2012
Week 1: 

Learning Strategies

Organization: headings

Rehearsal

Organization: highlight what is most important

(here by the box around the formula)

Elaboration: a small example

Elaboration: explanation

Elaboration: example

Organization: show connections (here by color 

coding)

Metacognition:

Monitoring

Remedial strategy

Elaboration (poor): 

linking new information to own experiences
[…]

Week 2: 

[goes on with a different topic]

Student 3 from Nückles et al. 2009, topic: Cognitive Load
Last week, I experienced a demonstrative example of a 

cognitive overload. The assistant professor used a very 

confusing and ill-designed graphic to illustrate the blood 

circuit.

Student 4 from Roelle et al. 2017, topic: Social Pressure
Actually, I understood almost everything in the instructional 

video “Social Pressured - How Manipulable are People” 

except for the described fact that the need to be liked is

supposed to be connected to suggestibility in some way.

[Since I did not quite fully understand this, I had to read 

about it again the transcripts to the video and I noticed that it 

is really quite simple, namely that we try to act like other 

people so that we don't attract negative attention by

disagreeing with them.]

Elaboration (poor): example 

Elaboration: generated example

Metacognitive monitoring [and implemented 

remediation] 
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Excerpts are close to the German originals. The part from Glogger et al., Learning strategies
assessed by journal writing: Prediction of learning outcomes by quantity, quality, and combi-
nations of learning strategies, Journal of Educational Psychology, 104, 452–468, 25.04.2020,
APA, is adapted with permission.
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