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A B S T R A C T

Background: Learning journals are a powerful tool to foster deep comprehension and lasting learning. However, 
the effectiveness of prompts in supporting high-school students’ learning journals is understudied. Similarly, the 
role of the production medium needs to be addressed.
Aims: We investigated the effects of cognitive and metacognitive prompts on learning strategy use and learning 
outcomes as well as the influence of the medium (written vs. spoken journals).
Sample: High school students (N = 163) from social science academic track schools in Germany participated.
Methods: Participants watched a video-lecture on cognitive load theory and generated either a written or a 
spoken learning journal entry with or without prompts. A control group engaged in repeated reading and 
underlining of the lecture text. Participants’ comprehension was tested one day later and their retention seven 
days later. Learning journals were analyzed for cognitive and metacognitive learning strategies.
Results: Spoken journals yielded larger learning outcomes than written journals both in the post-test and the 
repeated post-test. Spoken journals were four times longer than written journals. Facilitated text production 
through spoken journals boosted the application of cognitive and metacognitive strategies. Metacognitive 
prompts boosted metacognitive strategy use, but cognitive prompts failed to improve cognitive strategy use. 
Cognitive strategies improved learning outcomes directly, but metacognitive strategies only indirectly via 
cognitive strategies.
Conclusions: Evidently, the oral medium is a powerful strategy activator that can be combined with other strategy 
activators, such as prompts, to facilitate learning strategy use in learning journals and thereby improve deep 
comprehension and lasting learning.

1. Introduction

Faced with the complexity and contradictions of an increasingly 
uncertain world, empowering students to develop their ideas on chal
lenging issues in a self-regulated way is an ever more important goal of 
education. Learning journals offer learners a unique opportunity to 
engage in such generative learning (Nückles et al., 2020). In a learning 
journal, learners express their ideas on previously presented learning 
content. In addition, they should ask themselves what they do not un
derstand and what can be done to close this gap in their understanding. 
Thus, learning journals promote self-regulated learning by encouraging 
learners to take an active role in their learning processes. Simulta
neously, learning journals offer a free and expressive way of developing 
and regulating one’s thoughts beyond the constraints of demanding 

rhetorical formats.
Learning journals have been implemented typically as follow-up 

course work in different academic domains and with different student 
populations, such as secondary social studies (Cantrell et al., 2000), 
secondary mathematics (Glogger et al., 2012), secondary and university 
biology (Isaak et al., 2020; McCrindle & Christensen, 1995; Schmidt 
et al., 2012; Wäschle et al., 2015), university psychology (Nückles et al., 
2010), and recently also university teacher education (Gentner et al., 
2024; Graichen et al., 2019; Pieper et al., 2022; Zeeb et al., 2023). A 
major insight that emerged from systematic experimental research on 
learning journals is that, in order to be effective, the journal writing 
needs to be instructionally supported (Nückles et al., 2020). Accord
ingly, support methods, such as, prompting procedures (e.g., Berthold 
et al., 2007; Nückles et al., 2009), and modelling examples (Hübner 

* Corresponding author.
E-mail addresses: florian@familieluft.de (F. Luft), ai.miyamoto@ezw.uni-freiburg.de (A. Miyamoto), matthias.nueckles@ezw.uni-freiburg.de (M. Nückles). 

Contents lists available at ScienceDirect

Learning and Instruction

journal homepage: www.elsevier.com/locate/learninstruc

https://doi.org/10.1016/j.learninstruc.2025.102250
Received 24 April 2024; Received in revised form 24 June 2025; Accepted 7 October 2025  

Learning and Instruction 101 (2025) 102250 

Available online 14 October 2025 
0959-4752/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://orcid.org/0009-0004-5035-1914
https://orcid.org/0009-0004-5035-1914
https://orcid.org/0000-0001-9924-5806
https://orcid.org/0000-0001-9924-5806
mailto:florian@familieluft.de
mailto:ai.miyamoto@ezw.uni-freiburg.de
mailto:matthias.nueckles@ezw.uni-freiburg.de
www.sciencedirect.com/science/journal/09594752
https://www.elsevier.com/locate/learninstruc
https://doi.org/10.1016/j.learninstruc.2025.102250
https://doi.org/10.1016/j.learninstruc.2025.102250
http://creativecommons.org/licenses/by/4.0/


et al., 2010; Roelle et al., 2012) were shown to substantially improve the 
effectiveness of learning journals on comprehension and long-term 
retention with medium-to-large effects (see Nückles et al., 2020, for 
meta-analytic evidence). However, regardless of the instructional sup
port provided, it was repeatedly found that many secondary students 
still struggle with the demand of using journal writing as an epistemic 
tool for learning and thinking (see Nückles et al., 2020).

Against this background, a hitherto neglected aspect in the extant 
research on learning journals caught our attention: the role of the me
dium used for generating a journal entry. This is remarkable given that 
recent research in the related field of learning by explaining (see, 
Lachner et al., 2022, for a summary) has begun to explore how the 
production medium (i.e., generating written vs. oral explanations) im
pacts learning. Taking up this line of research, we investigated in the 
present study how the medium impacts learning with learning journals: 
Are spoken learning journals – for example, those recorded by the 
learner on a mobile device – more beneficial to learning because it 
generally takes less effort to speak than to write by hand or type on a 
computer keyboard? (Clark & Brennan, 1991). Accordingly, spoken 
learning journals may be more beneficial to learning because they 
reduce extraneous cognitive load due to the lower costs of producing 
oral compared to written sentences. In our study, we tested this hy
pothesis experimentally. Hence, our research not only seeks to replicate 
previous effects of learning journals on comprehension and long-term 
retention but also provides new insights regarding the influence of the 
medium on their effectiveness.

1.1. The potential of learning journals to foster cognitive and 
metacognitive learning processes

Vygotsky (1934/2012) was among the first who emphasized the 
constitutive role of language for learning and thinking. Following 
Vygotsky, speech functions as a psychological tool in which individual 
thought materializes and develops (see Vygotsky, 1934/2012). Early 
writing-to-learn theorist Britton (1980) built on Vygotsky by proposing 
his well-known “shaping-at-the-point of-utterance hypothesis”. 
Accordingly, it is by articulating our thoughts in the course of speaking 
or writing that our initially blurred ideas gradually become clear 
through the very process of externalization in spoken or written text 
(Klein, 1999). Thus, following Vygotsky and Britton, the production of 
text is a crucial enabling condition for cognitive and metacognitive 
thinking and learning processes.

Relating Britton’s shaping-at-the-point of-utterance hypothesis to 
Sweller’s cognitive load theory (Sweller et al., 2019), we propose that 
learning journals may aid student learning in two ways. First, by 
externalizing one’s thoughts in a spoken or written journal, not only 
one’s initially blurred ideas take shape, but at the same time, the 
cognitive load on working memory is greatly reduced so that cognitive 
capacity is freed that can be invested in cognitive and metacognitive 
learning processes (see Nückles et al., 2020). In addition, the external
ized thoughts – preserved as a written journal on a sheet of paper or a 
computer screen, or recorded orally on a mobile device – become 
feedback for the producer, triggering associative processes and facili
tating idea generation (Galbraith, 2009). Second, learning journals 
further support cognitive offloading via the “genre-free principle” 
(Nückles et al., 2020). That is, learners are encouraged to freely express 
their thoughts on a learning topic without paying attention to rhetorical 
goals. Hence, learners are offloaded by the burden of investing sub
stantial mental effort in instantiating rhetorical and grammatical sche
mata (e.g., instantiating the formal structure of a scientific report, 
choosing elegant phrasings), which may be regarded as extrinsic to the 
goal of comprehending the subject matter.

From the perspective of self-regulated learning theory (e.g., Zim
merman, 2008) and generative learning theory (e.g., Fiorella & Mayer, 
2016; Roelle et al., 2023), there are three ways in which the production 
of text in the form of a learning journal may facilitate self-regulated 

learning (Nückles et al., 2020). First, learning journals can help stu
dents deeply comprehend previously encountered learning content (e.g., 
during a lecture) by applying cognitive learning strategies such as or
ganization and elaboration strategies. Through organization strategies, 
learners can identify the main ideas of the learning content and establish 
links between concepts and principles. By applying elaboration strate
gies, learners can generate examples to illustrate abstract concepts and 
critically discuss specific content they find interesting or debatable. 
Following Mayer (2002), organization and elaboration are at the heart 
of generative learning because they enable the learner to organize 
learning content into a coherent whole and integrate new information 
with prior knowledge, thereby enabling deep understanding and 
long-term retention.

Second, learning journals can help students monitor their compre
hension by making them aware of gaps in their understanding and the 
areas in which they need to focus their attention. Third, learning jour
nals can help students regulate their learning by encouraging them to 
plan and realize remedial cognitive strategies to close the identified 
comprehension gaps. Thus, learning journals are a powerful tool for 
promoting self-regulated learning by supporting students in taking an 
active role in their learning processes.

Consider the learning journal entry of one of our participants (11th 
grade secondary student) about the videotaped lecture on cognitive load 
theory which our participants watched in the learning phase of our 
experiment (see Fig. 1, see Appendix G for two other learning journal 
examples). In the first paragraph, the student applies a type of organi
zation strategy because the student identified and articulated a main 
point of the video-lecture. In the second paragraph, the student explains 
the relation between the concept of split-attention effect and the concept 
of working memory which is another type of organization strategy (i.e., 
establishing links between concepts and principles). In the third para
graph, the student applies an elaboration strategy by illustrating the 
split-attention effect based on own experiences from working with 
textbooks during exam preparation. In the fourth paragraph, the student 
monitors her understanding by articulating a comprehension problem 
with regard to the proper categorizing of the split-attention effect as 
intrinsic or extrinsic overload. Finally, the student reasoned how she 
could overcome her comprehension difficulty (i.e., planning of remedial 
strategies).

The journal entry excerpt in Fig. 1 nicely illustrates the interplay of 
cognitive and metacognitive strategies involved in self-regulated 
learning by crafting a learning journal entry (Nückles et al., 2020, see 
Fig. 2). It further shows that a learning journal is not simply a 
self-explanation because, in a learning journal, learners freely decide on 
which aspects of the learning content they want to concentrate on. At the 
same time, monitoring one’s comprehension as well as reasoning how to 
overcome comprehension difficulties are integral activities of crafting a 
learning journal. Self-explanations, in contrast, typically are prompted 
within highly structured direct instruction environments to promote 
deep-level processing of specific principles or solution-steps, such as in 
instructional sequences of worked-examples (Renkl & Eitel, 2019), 
cognitive tutors (Salden et al., 2009), or segmented instructional videos 
(Beege & Ploetzner, 2024).

A specific strength of the learning journal method is that students’ 
use of learning strategies can be observed in dealing with learning 
content. Therefore, the quality by which students are able to organize 
and elaborate a learning content, and to monitor their understanding, 
becomes visible and can be evaluated. In contrast to other learning 
strategy assessment methods such as questionnaires for self-reported 
strategy use (e.g, Garcia & Pintrich, 1996; Gentner et al., 2024), 
self-monitoring diaries (e.g., Wäschle et al., 2014), or tests of 
meta-strategic knowledge (e.g., Händel et al., 2013), learning journals 
allow the researcher to measure how competently students execute 
self-regulated learning strategies in dealing with a concrete learning 
content (see Glogger et al., 2012, for the use of learning journals as an 
assessment tool and a discussion of different approaches to the 
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assessment of learning strategies). Accordingly, in line with generative 
learning theory (Fiorella & Mayer, 2016; Roelle et al., 2023), we 
consider the application of cognitive and metacognitive learning stra
tegies in a learning journal as manifest indicators of students’ active and 
intentional knowledge construction processes, in other words, their at
tempts to comprehend the learning content (see also Reinhold et al., 
2024). Hence, we contend that a student’s strategy use regarding a 
specific learning content is highly indicative of the quality of the stu
dent’s mental representation and comprehension of that particular 
content achieved by crafting a learning journal entry (see Glogger et al., 
2012).

1.2. Using prompts to support self-regulated learning by learning journals

Despite these potentials of learning journals, initial studies on jour
nal writing revealed that learners tend to apply this method in a less- 
than-optimal manner (Nückles et al., 2004). For example, students 
tend to write brief summaries instead of generating own examples to 

illustrate abstract concepts. To address this issue, we supported the 
journal writing instructionally through cognitive and metacognitive 
prompts (Berthold et al., 2007). Prompts are strategy activators 
(Reigeluth & Stein, 1983), that is, questions or hints that encourage 
learners to enact cognitive and metacognitive strategies that the learners 
can be assumed to be, in principle, knowledgeable of but often do not 
spontaneously use.

Several experimental studies found that prompts positively affected 
learning processes and outcomes. Berthold et al. (2007), for example, 
had undergraduate students study a videotaped lecture on develop
mental psychology and afterwards write a learning journal entry from 
memory. The rationale for having students produce the journal entry 
from memory was that students would naturally write about aspects of 
the learning material which they were able to remember because those 
aspects fitted their prior knowledge and they found therefore relevant or 
interesting. The results of Berthold et al.’s (2007) study showed that 
providing cognitive prompts or a combination of cognitive and meta
cognitive prompts improved learning outcomes compared to an un
supported journal condition. Metacognitive prompts alone had no effect 
on learning outcomes. Accordingly, cognitive but not metacognitive 
learning strategies mediated learning outcomes.

To further investigate the role of metacognitive strategies, Nückles 
et al. (2009) replicated Berthold et al.’s (2007) experiment, but 
extended the experimental setting to add a revision phase after the 
initial drafting phase from memory, where students now had access to 
the text on which the video-lecture was based. Under these circum
stances, Nückles et al. (2009) found that metacognitive strategies 
enhanced significantly learning outcomes because the students used the 
revision phase to implement remedial cognitive strategies in order to 
resolve comprehension difficulties which they had previously monitored 
while creating the initial draft of their journal entry. Another tenet of the 
Nückles et al. (2009) study was that the combination of all types of 
prompts (i.e., prompts for organization and elaboration, prompts for 
monitoring of comprehension, prompts for planning of remedial stra
tegies, see Fig. 2) yielded the largest effect on learning outcomes. That is, 
prompting all essential sub-processes of self-regulated learning fostered 
students’ comprehension best.

Nückles et al. (2020) conducted a mini meta-analysis based on the 
available journal writing studies to determine the average effect size of 
prompted versus unprompted journal writing. Their analysis yielded a 
medium-to-large-sized effect (Hedges’ g = 0.78) on students’ learning 
outcomes. Thus, providing cognitive and metacognitive prompts is 

Fig. 1. Excerpt of the learning journal entry by an 11th grade secondary student about the videotaped lecture on cognitive load theory presented in the learning phase of the 
present study. 
Note. The text was translated from German and slightly amended for presentation purposes.

Fig. 2. Cyclical model of cognitive and metacognitive processes involved in 
self-regulated learning by journal writing (Figure reprinted from Nückles et al., 
2009, with kind permission by Elsevier).
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expected to considerably enhance the effect of learning journals on 
students’ learning processes and outcomes.

It should be noted, however, that all the studies that tested the 
effectiveness of prompts versus no prompts were – without exception – 
conducted with university students as participants (e.g., Berthold et al., 
2007; Graichen et al., 2019; Nückles et al., 2009; Schwonke et al., 2006). 
Studies conducted in the school context, however, only examined spe
cific variations of prompts. For example, Glogger et al. (2009) investi
gated the effects of prompts on strategy use with 9th grade secondary 
school students in math classrooms. Glogger et al. varied systematically 
the specificity of the provided prompts. They found that younger stu
dents benefitted more from specific rather than non-specific (i.e., 
generic) prompts. Roelle et al. (2017) investigated in two experimental 
studies with 10th grade secondary students whether the sequence by 
which students were prompted during journal writing matters. Roelle 
et al. found that prompting students to first execute metacognitive 
strategies before engaging in cognitive strategies (see Fig. 2) increased 
the quality of the employed organization strategies in the journal 
writing as well as learning outcomes compared to an experimental group 
who was prompted to first execute cognitive strategies before engaging 
in metacognitive strategies.

Taking the available evidence on prompting cognitive and meta
cognitive strategy use in journal writing, it is an open question whether 
comparing prompted versus unprompted learning journals of secondary 
school students would yield similar results as were found with university 
students who can be expected to be more experienced strategy users.

1.3. The moderating role of the medium in the effectiveness of learning 
journals

Recent research on learning-by-explaining, a learning method that 
shares some similarities with journal writing, suggests that students who 
learned by explaining learning content to fictitious others achieved 
better learning outcomes when they generated an oral explanation 
compared to students who produced a written explanation (e.g., Jacob 
et al., 2020, small effect). However, hitherto, the available evidence for 
the superiority of the oral medium for learning by explaining is rather 
heterogeneous (see Lachner et al., 2022). As a tentative explanation of 
the medium effect, the so-called “social presence hypothesis” has been 
proposed, meaning that learners who explain orally experience a 
stronger feeling of explaining to someone else than learners who, for 
example, use a laptop keyboard for producing a written explanation 
(Hoogerheide et al., 2016; Jacob et al., 2020). Of course, the social 
presence hypothesis does not apply to learning by journaling because 
learners are typically instructed to keep a learning journal with the goal 
of explaining learning content to themselves and not to another person. 
Thus, a crucial difference between learning journals and the 
learning-by-explaining method is that, in producing a learning journal, 
the addressee is oneself and not another person.

However, there are other relevant theoretical considerations 
regarding why the medium (writing vs. speaking) of keeping a learning 
journal might matter. Clark and Brennan (1991) provide a comprehen
sive analysis of the cultural uses associated with different communica
tion media. According to their analysis, communication media differ in 
regard to certain “usage costs” that impact how people communicate 
with others when using a medium. For example, writing typically 
inheres higher production costs than speaking because writing by hand or 
typing on a keyboard is experienced by most people as technically more 
effortful than speaking to a person or into an electronic device (Clark & 
Brennan, 1991). Hence, speaking allows for easier and faster production 
of words than writing. As a result, the oral medium may facilitate the 
enactment of powerful learning strategies, such as elaboration and or
ganization, owing to the easier and faster production of words and 
sentences.

Furthermore, learners may associate different formulation costs with 
speaking and writing. Following Clark and Brennan (1991), it costs more 

to plan complicated sentences than simple sentences, use uncommon 
than common expressions, and formulate rhetorically and grammati
cally perfect than imperfect sentences. As writing instruction in schools 
typically places a strong emphasis on teaching students to adhere to 
orthographic, grammatical, and rhetorical standards, students may be 
inclined to associate writing assignments with higher formulation costs 
than oral assignments. This is because speaking is typically linked to 
informal contexts and may encourage a more spontaneous externaliza
tion of thoughts with less consideration for grammatical and rhetorical 
standards. Accordingly, learners may perceive the demand of producing 
a written learning journal entry as costlier than producing a spoken 
journal entry in terms of adherence to grammatical and rhetorical 
standards. Consequently, the lower attributed formulation costs in 
spoken learning journals may facilitate the enactment of beneficial 
cognitive and metacognitive learning strategies more strongly than in 
written learning journals. It should be emphasized that, with the notions 
of production and formulation costs, Clark and Brennan (1991) do not 
refer to properties inherent to the oral and the written medium. Rather 
than this, production and formulation costs denote aspects of the cul
tural uses associated with different media. More generally, the act of 
speaking and the act of writing cannot be investigated beyond the cul
tural practices and beliefs in which speaking and writing are embedded.

1.4. The present study

This study examined the moderating roles of prompts and medium in 
the effectiveness of learning journals on students’ learning processes and 
outcomes. We adopted the procedure of classic studies on learning 
journals as a medium for self-regulated learning (i.e., Berthold et al., 
2007; Hübner et al., 2010; Nückles et al., 2009). Accordingly, academic 
track secondary school students watched a videotaped lecture on 
cognitive load theory and generated either a written or spoken learning 
journal entry afterwards. We had students produce a first draft of a 
learning journal entry from memory. That way, students would articu
late aspects of the learning material that they were able to remember 
because these aspects fitted their prior knowledge and they found 
therefore interesting or relevant. However, as Nückles et al. (2009)
showed, producing a learning journal entry from memory limits the 
effectiveness of metacognitive strategies as, without additional learning 
materials, learners’ possibilities to implement remedial strategies to 
overcome identified comprehension difficulties are limited. Therefore, 
we followed Nückles et al. (2009) and also implemented a revision phase 
after the initial learning phase. For the revision of their initial journal 
entries, participants received a transcript of the lecture video.

To create their learning journal entries, participants received either a 
combination of cognitive and metacognitive prompts (see Berthold 
et al., 2007; Nückles et al., 2009) or no prompts. A group of control 
students engaged in repeated reading and underlining important infor
mation of the transcribed text on which the videotaped lecture was 
based. We included this control group to be able to compare the learning 
journal method, which was novel for the students, with a learning 
method that they could be assumed to be familiar with, that is, rereading 
and underlining.

One day after the learning phase, students took a post-test that 
measured their acquired knowledge and comprehension of the cognitive 
load theory. One week later, the students took the same test again to 
measure their ability to recall the knowledge acquired one week earlier.

1.4.1. Research questions and hypotheses
First, based on our previous research on the effectiveness of prompts 

for stimulating learning strategy use in journal writing (see Nückles 
et al., 2020, for a summary), we predicted that prompting secondary 
students would yield similar results as found with university students. 
Hence, secondary students who received cognitive and metacognitive 
prompts for creating a learning journal entry would outperform sec
ondary students without such prompts both in terms of cognitive and 
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metacognitive learning strategies in the journal entries (prompts-im
pact-strategies hypothesis). At the same time, increased use of cognitive 
and metacognitive strategies should result in superior comprehension 
and long-term retention (prompts-impact-outcomes hypothesis).

Second, based on the discussion of different production and formu
lation costs associated with different media (Clark & Brennan, 1991), 
generating a spoken journal entry compared to a written journal entry 
should facilitate the production of words and sentences (lower produc
tion costs). At the same time, students should pay less attention to 
rhetorical or grammatical standards when generating a spoken journal 
entry than when generating a written journal entry (lower formulation 
costs).

Accordingly, students who generated a spoken journal entry should 
produce longer texts than students who generated a written journal 
entry (medium-impacts-text-length hypothesis). At the same time, facili
tated text production by the oral medium should, in turn, result in an 
increased enactment of cognitive and metacognitive learning strategies. 
Hence, we hypothesized that students who produced a spoken learning 
journal entry would more extensively apply cognitive and metacognitive 
learning strategies than those who produced a written journal entry 
(medium-impacts-strategies hypothesis). Increased application of cognitive 
and metacognitive learning strategies in spoken journal entries should 
result in superior learning outcomes (regarding comprehension and 
retention) as compared with students who generated a written journal 
entry (medium-impacts-outcomes hypothesis).

Third, logically following from the previous hypotheses regarding 
the effects of prompts, on the one hand, and the effects of the medium, 
on the other hand, we predicted that the effect of prompts on students’ 
learning outcomes would be mediated by the use of cognitive and 
metacognitive learning strategies (strategies-mediate-prompts-effect hy
pothesis). Similarly, the effect of the medium on students’ learning out
comes should be mediated by the use of cognitive and metacognitive 
learning strategies (strategies-mediate-medium-effect hypothesis).

Fourth, we extended the prompts-impact-outcomes and medium-im
pacts-outcomes hypotheses to also include the rereading-plus-underling 
group, that is, the control group. We expected that the prompted jour
nal groups, on the one hand, and the spoken journal groups, on the other 
hand, would outperform the rereading-plus-underlining group in terms 
of learning outcomes. Due to the prompts, on the one hand, and due to 
the oral medium, on the other hand, there would be an increased use of 
cognitive and metacognitive learning strategies that should pay off in 
superior learning outcomes not only in comparison with the other 
journal groups, but also in comparison with the rereading-plus- 
underlining group.

2. Method

2.1. Participants and design

A total of 172 high school students from nine classes across five social 
science academic track schools in Germany participated in this experi
ment. Participants had an average age of 17.01 years (SD = 0.64), with a 
gender distribution of 157 women, 13 men, and two diverse persons, 
which is a typical distribution for German social science academic track 
schools. We chose social science academic track schools because they 
teach students classic psychology topics such as memory and learning 
theories. Therefore, students can be assumed to possess some prior 
knowledge relevant to the cognitive load theory, which is the learning 
content in our study. To benefit from generative learning methods such 
as journal writing, students need to possess some relevant prior 
knowledge that they can draw on to engage productively in organization 
and elaboration strategies. Of the 172 students, nine missed the post-test 
one day after the learning phase, and another 20 missed the repeated 
post-test one week after the learning phase for diverse reasons. Note that 
the nine students who missed the post-test one day after the learning 
phase were also excluded from the repeated post-test one week later, 

because the repeated test measured the recall of the knowledge and 
comprehension acquired one week before. This left us with 163 partic
ipants for the post-test and 143 for the repeated post-test.

We used a two-by-two factorial design with an additional control 
group. One factor was given by the availability of prompts for producing 
the journal entry (with or without prompts). The other factor was the 
medium that the participants had available to produce a learning journal 
entry (written vs. spoken journal). The control group engaged in 
repeated reading and underlining of the transcribed text, on which the 
video-recorded lecture was based. Accordingly, participants within each 
of the nine school classes were randomly assigned as individuals to one 
of the following five conditions: (1) written learning journal with 
prompts (n = 35); (2) written learning journal without prompts (n = 34); 
(3) spoken learning journal with prompts (n = 32); (4) spoken learning 
journal without prompts (n = 30); or (5) rereading plus underlining (n =
32). The dependent measures were students’ cognitive and meta
cognitive learning strategies elicited in the learning journal entries, 
students’ outcomes in the post-test and repeated post-test, and the 
length of the journal entries (number of words).

As our major hypotheses were tested by the two-by-two factorial 
design, we conducted an a-priori power analysis for a 2 × 2 ANOVA with 
G*Power (Version 3.1.9.6). The power analysis showed that a sample 
size of a minimum of 128 participants would be sufficient to detect 
medium effects (η2 ≥ 0.06), with an α-error of 0.05 and a power of 0.80. 
Our effect size calculation was based on previous research on learning- 
by-explaining, where experimental comparisons between written and 
oral explanations typically yielded small-to-medium effects (see Lachner 
et al., 2022), as well as on existing research on journal writing that 
revealed medium-to-large effects of prompts on learning outcomes (see 
Nückles et al., 2020).

2.2. Materials

2.2.1. Lecture video
Participants watched a videotaped lecture (25 min) on the cognitive 

load theory. The original lecture materials developed by Nückles et al. 
(2009) for university students were revised and adapted for high school 
students’ comprehension levels. We also revised the lecture’s visual 
design and re-recorded it to improve the presentation quality. The lec
ture video slides are included in Appendix A.

2.2.2. Prior knowledge test
We used an adapted version of the prior knowledge test developed by 

Nückles et al. (2009) to assess high school students’ prior knowledge of 
the cognitive load theory. The test comprised five open-ended questions 
that spanned various facets of the cognitive load theory. For example, 
participants were asked to outline the fundamental structure and func
tion of human memory. Participants could score up to a maximum of 16 
points (Cronbach’s α = .28; see Appendix E for the detailed assignment 
of points to the specific items of the prior knowledge test). Two inde
pendent raters evaluated approximately 20 % of the tests by using a 
scoring protocol. Interrater reliability was good (ICC3,1 = 0.85). 
Accordingly, the remaining tests were divided between the two raters.

2.2.3. Comprehension-post-test and repeated post-test
We adapted the knowledge and comprehension test originally 

developed by Nückles et al. (2009) and tailored its difficulty to high 
school students. This post-test was administered one day after the 
experiment and again seven days later (repeated post-test) to measure 
the sustainability of the knowledge and comprehension acquired one 
week prior. By repeating the same post-test one week later, we followed 
previous research on learning journals by Berthold et al. (2007) and 
Nückles et al. (2009). The knowledge and comprehension test comprised 
eight open-ended questions, directing learners to (1) define and recall 
critical concepts from the lecture video (e.g., “Define the three types of 
cognitive load.”), (2) elaborate on the learning material (e.g., “Explain 

F. Luft et al.                                                                                                                                                                                                                                      Learning and Instruction 101 (2025) 102250 

5 



the split-attention effect and provide an example of how learning ma
terials should be designed to prevent the split-attention effect.”), and (3) 
apply their acquired knowledge to new contexts (e.g., “Assess two il
lustrations for novice readers using the cognitive load theory.”). Using a 
scoring protocol, three independent raters scored approximately 10 % of 
the tests, with a maximum of 32 points achievable (Post-test: Cronbach’s 
α = .83; Repeated post-test: Cronbach’s α = .86). In most cases, for the 
answer to a question, up to four points could be achieved. Due to the 
slightly higher complexity of question 2 (as compared with the other 
questions, see Appendix F), the maximum score for answering this 
question was five points. Due to the slightly lower complexity of ques
tion 3, the maximum score to be achieved for this question was three 
points. Accordingly, these deviations in the maximum points to be 
credited were due to the slightly differing scope of the respective sample 
solutions. At the same time, this weighting of questions aligns with the 
lecture’s content focus. Interrater reliability was good (ICC3,1 = 0.88). 
Compared to the prior knowledge test (20 %), only 10 % of the tests 
were scored for interrater reliability because the post-test consisted of 
three more questions than the prior knowledge test and thus provided a 
broader basis of scored answers to determine the interrater agreement. 
Following a similar rationale, the 306 post-tests and repeated post-tests, 
each with eight extensively answered open-ended questions, were 
divided between three raters rather than two (as in the case of the prior 
knowledge test) in order to keep the workload within reasonable limits.

2.3. Procedure

In conducting our research, we adhered to the 1964 Declaration of 
Helsinki, the ethical guidelines of the German Psychological Society 
(DGPs), and the APA ethical standards. Ethical approval was obtained 
from the Ministry of Education, Culture, Youth and Sports of Baden- 
Württemberg, Germany. Participants were advised that participation 
was voluntary and that they could withdraw from the experiment at any 
time without justification. Prior to the experiment, all participants 
signed the informed consent forms to agree with their participation in 
the study.

Initially, the participants completed the prior knowledge test and a 
demographic information questionnaire and shared their school grades 
in German and Mathematics. This process took approximately 15 min. 
Participants then viewed a 25-min videotaped lecture on the cognitive 
load theory. Participants were instructed to watch the lecture carefully 
and refrain from taking notes or discussing throughout the lecture.

Subsequently, the participants assigned to the written and rereading 
conditions remained in the classroom, whereas those assigned to the 
spoken conditions moved to another classroom to minimize distraction. 
Spoken journal participants were provided with noise-cancelling head
phones. The tables in the classroom were equipped with partition walls 
to ensure a concentrated learning phase. An experimenter supervised 
each room. Before the learning phase, the spoken and written learning 
journal participants watched a brief (10 min) video on how to generate a 
learning journal entry. In this introduction video, all learning journal 
participants received information about what a learning journal is, the 
goals of creating a learning journal, and why a learning journal is useful. 
Following the procedure by Berthold et al. (2007) and Nückles et al. 
(2009), participants in the prompted journal groups additionally were 
briefly informed about the function of cognitive and metacognitive 
learning strategies in the learning process as preparation to the prompts 
(see Appendix B “Introduction to Learning Journals for Written Condi
tion with Prompts”). Subsequently, prompted journal participants 
received two cognitive prompts (e.g., “Identify the main points of the 
presentation and describe how they relate to each other.”), two meta
cognitive prompts (e.g., “What main points have you not yet under
stood?”), and two planning-of-remedial-strategies prompts (e.g., “What 
possibilities do you have now to overcome your comprehension prob
lems?”) printed on a sheet. This set of prompts has been proven to be the 
most effective combination in previous studies (Nückles et al., 2020). All 

prompts are provided in Appendix C.
After the introduction to creating a learning journal, participants 

either wrote or audio-recorded a first draft of a learning journal entry 
based on the content they could remember from the lecture video (30 
min). In the written conditions, participants typed their journal entries 
in WordPad on a laptop, whereas in the spoken conditions, they recor
ded their entries using a tablet-based voice-recording application. This 
initial generation phase was followed by a revision phase (also 30 min) 
in which the participants received a transcript of the lecture video for 
revising their journal entries. Written condition participants could revise 
their drafts by deletion, addition, or modification, whereas spoken 
condition participants could add new recordings to correct or supple
ment information. The allotted time of 60 min for producing and 
revising the journal entry is a common time on task in research on 
learning journals (Berthold et al., 2007; Gentner et al., 2024; Hübner 
et al., 2010; Nückles et al., 2009). It is further an adequate time on task 
for adolescent high school students in Germany who are used to com
plete even longer writing tasks (e.g., spending two or even up to 4 h on 
writing an essay).

In the rereading and underlining condition, participants received the 
transcript of the lecture video together with a highlighter right from the 
beginning of the learning phase. They were asked to thoroughly work 
through the transcript for 60 min in total using the highlighter for 
marking and underlining key points on the transcript.

As the experiment was realized within a classroom setting at school, 
we have no systematic data on how much time the students actually 
engaged with their respective learning tasks. From informal observa
tions by the first author, who was present during the experimental ses
sions, however, we can tell that the participants in all experimental 
conditions generally worked hard on their learning tasks and used up the 
allotted time. The 45-min post-test was administered the next day and 
again seven days later (i.e., repeated post-test). All participants were 
debriefed after the repeated test.

2.4. Assessment of learning strategies elicited in the learning journals

All spoken learning journal entries were transcribed to ensure that all 
documents were accessible in written form. One spoken entry could not 
be transcribed because of poor audio quality. Consequently, 130 
learning journal entries were rated for the use of cognitive and meta
cognitive learning strategies. As we had no process data from the 
rereading group, we were unable to assess the learning processes of the 
control group. Accordingly, we compared the learning journal groups 
with the control group only in terms of learning outcomes.

2.4.1. Rating of cognitive learning strategy use
To analyze students’ use of cognitive learning strategies in the 

journal entries, we used several rating scales based on Berthold et al. 
(2007) and Nückles et al. (2009). We used two distinct scales to assess 
holistically the extent to which students realized organization strategies. 
To assess the extent to which the students succeeded in identifying the 
main points of the lecture video (see Fig. 1, first paragraph, for an 
exemplary strategy), we used a five-point rating scale ranging from 1 (no 
or very few main points identified) to 5 (almost all main points identi
fied). With the second rating scale, we evaluated the extent to which 
students were able to identify and explain relationships between con
cepts and principles presented in the lecture, for example, how the 
different types of cognitive load impact learning (see Fig. 1, second 
paragraph, for another exemplary strategy). This five-point scale ranged 
from 1 (no relationships between concepts and principles expressed) to 5 
(many important relationships between concepts and principles 
expressed). The third rating scale measured the extent to which students 
described examples and personal experiences to make the concepts and 
principles of the cognitive load theory intelligible to themselves (see 
Fig. 1, third paragraph, for an exemplary elaboration strategy). The scale 
ranged from 1 (examples and references to personal experiences are 
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almost completely missing) to 5 (examples and references to personal 
experiences are extensively and appropriately described). Two raters 
independently rated 20 % of journal entries for the three cognitive 
learning strategies. The inter-rater reliability was good (identified main 
points: ICC3,1 = 0.79; identified relations between concepts and prin
ciples: ICC3,1 = 0.78; elaboration strategy use: ICC3,1 = 0.76).

2.4.2. Coding of metacognitive learning strategy use
Unlike the cognitive strategies that we rated holistically, we assessed 

metacognitive strategies as singular events within a larger text (i.e., a 
learning journal entry, see Nückles et al., 2009). Specifically, we coded 
the number of monitoring activities in the students’ learning journal 
entries, that is, the extent to which students articulated comprehension 
problems (e.g., “I have not yet understood the concept germane load”, 
see also Fig. 1, fourth paragraph, for another episode of negative 
monitoring) and expressed positive experiences of understanding (e.g., 
“It is now clear to me why the split attention effect is an example for the 
extraneous load.”). We further coded statements, in which students 
expressed their ideas of how to resolve a particular comprehension 
problem as episodes indicating the planning of remedial strategies (e.g., 
“I could look this concept up in a textbook”, see also Fig. 1, fifth para
graph, for another episode of remedial planning). Inter-coder reliability 
for the coding of metacognitive strategies as measured by Cohen’s 
Kappa was good (ĸ = 0.77). For the statistical analyses, we summed up 
the coded monitoring episodes to get a score for the extent of monitoring 
activities manifest in the journal entries. Similarly, we summed up the 
planning episodes to get a score for the extent of planning of remedial 
activities. The rating/coding manual can be found in Appendix D.

3. Results

3.1. Preliminary analyses

Preliminary analyses were performed on the 163 participants for 
whom a post-test was available. Analyses showed no significant differ
ences across conditions in terms of prior knowledge, F(4, 158) = 1.21, p =
.308, η2 = 0.03 (small effect); age, F(4, 158) = 0.14, p = .969, η2 = 0.003 
(small effect); average grades in math, F(4, 158) = 0.76, p = .554, η2 =

0.02 (small effect); average grades in German, F(4, 158) = 0.83, p = .509, 
η2 = 0.02 (small effect); and gender, χ2(8, N = 163) = 5.11, p = .746, V =
0.13 (small effect). Furthermore, graphical boxplot analyses of the post- 
test and repeated post-test revealed no outliers. Descriptive statistics for 
all variables are presented separately for the experimental conditions in 
Table 1.

As we tested our major hypotheses by a two-by-two factorial design 
with prompts (with or without prompts) and medium (written versus 
spoken journal) as two orthogonal factors, we will report the hypothesis- 
tests ordered by our dependent variables. Thus, we first report the tests 
of the prompts-impact-strategies and medium-impact-strategies hypotheses, 
then the test of the medium-impacts-text-length hypothesis, followed by the 
tests of the prompts-impact-outcomes and the medium-impact-outcomes 
hypotheses. Subsequently, we report the tests of the mediator-hypotheses 
and the contrast analyses including the control group.

3.2. Effects of the prompts and the medium on learning strategies in the 
journal entries

First, we tested the prompts-impact-strategies hypothesis and medium- 
impact-strategies hypothesis: Students who received prompts for produc
ing a learning journal entry, or students who produced a spoken a 
learning journal entry would engage in a more extensive use of cognitive 
and metacognitive learning strategies than those who were not promp
ted or those who produced written journal entries. To this end, we 
conducted two separate 2 × 2 multivariate analyses of covariance 
(MANCOVA) with “availability of prompts” and “medium” as indepen
dent variables. We further included the mean of the students’ grades in 

Mathematics and German as covariate to reduce error variance in these 
and all subsequent analyses (see also Roelle et al., 2017).1 The 
assumption of homogeneous within group regression slopes was not 
violated in any of the analyses. In the first MANCOVA, the two ratings of 
organization strategies (identifying main points and identifying re
lationships) and the rating of elaboration strategies were treated as the 
dependent variables. In the second MANCOVA, the frequencies of the 
coded metacognitive strategies (monitoring and planning of remedial 
strategies) served as dependent variables.

The MANCOVA on the ratings of cognitive strategy use returned a 
non-significant main effect of prompts, Pillai’s trace = 0.02, F(3, 123) =
0.70, p = .557, η2

p = 0.02 (small effect), while the main effect of the 
medium was large and significant, Pillai’s trace = 0.42, F(3, 123) =
29.05, p < .001, η2

p = 0.42. The interaction effect of medium and 
prompts was not significant, Pillai’s trace = 0.03, F(3, 123) = 1.45, p =
.232, η2

p = 0.03 (small effect). Hence, there was no support for the 
prompts-impact-strategies hypothesis, but the medium-impacts-strategies 
hypothesis was confirmed.

The MANCOVA on the frequencies of metacognitive strategies 
revealed a large and significant main effect of the prompts, Pillai’s trace 
= 0.31, F(2, 124) = 28.33, p < .001, η2

p = 0.31, thus confirming the 
prompts-impact-strategies hypothesis regarding metacognitive strategies. 
The main effect of the medium was also significant and large, Pillai’s 
trace = 0.17, F(2, 124) = 13.03, p < .001, η2

p = 0.17, thus confirming the 
medium-impacts-strategies hypothesis again. Unexpectedly, the interaction 
effect of medium and prompts was also significant, Pillai’s trace = 0.12, 
F(2, 124) = 8.26, p < .001, η2

p = 0.12 (medium effect). As shown in 
Table 1, the difference in the number of monitoring and planning of 
remedial strategies episodes in favor of the prompts condition was 
substantially larger when the medium was oral and not written. 
Accordingly, the main effect of prompts has to be qualified by the 
interaction effect. Hence, students were better able to implement met
acognitive prompts by realizing monitoring and planning of remedial 
strategies in speaking than in writing a learning journal.

3.3. Effects of the medium on text length

Second, we tested the medium-impacts-text-length hypothesis: Students 
who generated spoken learning journal entries would produce longer 
texts than students who generated written journal entries. To test this 
hypothesis, we conducted a 2 × 2 ANCOVA with “medium (written vs. 
spoken journal)” and “availability of prompts” (with versus without 
prompts) as between-subject factors and the length of students’ learning 
journal entries (i.e., number of words) as a dependent variable. In line 
with the medium-impacts-text-length hypothesis, there was a large and 
significant main effect of the medium, F(1, 125) = 152.51, p < .001, η2

p 

= 0.55. The main effect of prompts, F(1, 125) = 0.73, p = .396, η2
p = 0.01 

(small effect), and the interaction effect of prompts and medium, F(1, 
125) = 2.36, p = .127, η2

p = 0.02 (small effect), were not significant. 
Evidently, having students produce spoken journal entries resulted in 
texts that were roughly four times longer than having them produce 
written ones (see also Table 1).

1 We included the mean of the grades in Mathematics and German as a proxy 
for students’ general cognitive ability level. Alternatively, we could have used 
the prior knowledge test-score as covariate. However, the mean of the grades in 
Mathematics and German strongly correlated with post-test performance (r =
0.50 for the post-test and r = 0.56 for the repeated post-test), whereas the 
correlations with the prior knowledge test-score were considerably lower (r =
0.20 with the post-test and r = 0.30 with the repeated post-test). Thus, the mean 
of students’ grades in Mathematics and German proved to be the more powerful 
covariate in order to reduce error variance.
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3.4. The effects of prompts and medium on learning outcomes

Third, we tested the prompts- and the medium-impact-outcomes hy
potheses: Students who received prompts for generating a journal entry, 
or students who produced a spoken journal entry would achieve better 
learning outcomes (regarding comprehension and retention) than stu
dents who were not prompted, or students who produced a written 
journal entry. We conducted two separate 2 × 2 ANCOVAs with 
“availability of prompts” (with vs. without prompts) and “medium 
(written vs. spoken journal)” as between-subject factors and students’ 
post-test and repeated post-test scores as dependent variables.

Inconsistent with the prompts-impact-outcomes hypothesis, the 
ANCOVA on the post-test scores returned a non-significant main effect of 
prompts, F(1, 126) = 0.27, p = .602, η2

p = 0.002 (small effect). Consistent 
with the medium-impacts-outcomes hypothesis, the main effect of the 
medium was significant, F(1, 126) = 7.37, p = .008, η2

p = 0.06 (medium 
effect). The interaction effect of medium and prompts was not signifi
cant, F(1, 126) = 0.24, p = .627, η2

p = 0.002 (small effect).
The second ANCOVA with the repeated post-test scores as dependent 

variable showed a similar pattern of results: Again, contrary to the 
prompts-impact-outcomes hypothesis, the effect of prompts was not sig
nificant, F(1, 109) = 0.70, p = .406, η2

p = 0.01 (small effect). However, in 
line with the medium-impacts-outcomes hypothesis, there was a significant 
main effect of the medium, F(1, 109) = 5.80, p = .018, η2

p = 0.05 (small 
effect). Again, the interaction effect was not significant, F(1, 109) =
0.40, p = .530, η2

p = 0.004 (small effect).
Hence, students who had produced a spoken learning journal entry 

showed higher comprehension of the studied learning contents in the 
post-test and remembered more of the acquired knowledge in the 
repeated post-test one week later than students who had produced a 
written learning journal entry. Contrary to prior research on journal 
writing (Berthold et al., 2007; Nückles et al., 2009; Roelle et al., 2017), 
the provision of prompts did not significantly improve learning out
comes, neither in the post-test nor in the repeated post-test.

As we theorized the facilitated text production in the oral medium as 
a crucial enabling condition for cognitive and metacognitive learning 
processes (see Subsection 1.3), we conducted two further ANCOVAs, in 
which we controlled for the effect of text length of the learning journal 
entries on learning outcomes. Our assumption was that the main effect 
of the medium on learning outcomes would disappear if text length was 
included as covariate (see Baron & Kenny, 1986). In line with this 
expectation, the ANCOVA with the post-test scores as dependent 

measure returned a non-significant main effect of the medium, F(1, 124) 
= 0.66, p = .420, η2

p = 0.005 (small effect), while the effect of the co
variate “text length” on learning outcomes remained significant, F(1, 
124) = 13.05, p = .000, η2

p = 0.10 (medium effect). As in the previous 
analysis, neither the main effect of the prompts, F(1, 124) = 0.05, p =
.833, η2

p = 0.000 (small effect), nor the interaction effect of medium and 
prompts approached statistical significance, F(1, 124) = 0.00, p = .973, 
η2

p = 0.000 (small effect). The exact same pattern of results was obtained 
by the second ANCOVA with the delayed post-test scores as dependent 
measure: The main effect of the medium disappeared, F(1, 124) = 0.04, 
p = .834, η2

p = 0.000, but the effect of text length on learning outcomes 
was still significant, F(1, 124) = 6.69, p = .011, η2

p = 0.06 (medium 
effect).

The finding that the effect of the medium on learning outcomes 
completely disappeared when the text length of the learning journal 
entries was controlled for, confirms our assumption that text length 
indeed acted as an enabling condition for the execution of cognitive and 
metacognitive learning strategies, and, thereby, improved learning 
outcomes. We report a direct test of this mediator hypothesis in sub
section 3.6 (“Additional mediator analyses”). Before, we tested the 
learning-strategies-as-mediator hypotheses.

3.5. Tests of the learning-strategies-as-mediator hypotheses

We expected that the effect of the prompts and the effect of the 
medium on learning outcomes would be mediated by the use of cogni
tive and metacognitive learning strategies. We used Hayes’ PROCESS 
module 4.1 by computing 5000 bootstrap samples to estimate the in
direct effects for cognitive and metacognitive strategies as mediators. 
Accordingly, the mean of the three ratings of cognitive strategy use and 
the sum of the frequencies of monitoring and planning of remedial 
strategy episodes were entered simultaneously as two mediator vari
ables (Model 4 in Hayes, 2015). To test the strat
egies-mediate-prompts-effect hypothesis, the prompting condition was the 
predictor variable (with prompts = 1, without prompts = − 1), and the 
post-test scores represented the criterion. The results showed no sig
nificant indirect effect of cognitive strategy use on post-test outcomes, a1 
x b1 = 0.02, 95 % CI [− 0.035, 0.084], because the prompts had proven 
ineffective in stimulating students’ cognitive strategy use in their journal 
entries. On the other hand, the indirect effect of metacognitive strategy 
use on the post-test scores was significant, a2 x b2 = 0.06, 95 % CI 
[0.003, 0.132]. However, this indirect effect should be regarded with 

Table 1 
Means and (standard deviations) for all measurements.

Rereading +
Underlining (n = 32)

Writing Group with 
Prompts (n = 35)

Writing Group without 
Prompts (n = 34)

Speaking Group with 
Prompts (n = 32c)

Speaking Group without 
Prompts (n = 30)

German gradea 2.31 (0.69) 2.14 (0.73) 2.44 (0.86) 2.41 (0.71) 2.40 (0.86)
Math gradea 2.84 (1.19) 2.57 (1.09) 2.97 (1.24) 2.88 (1.04) 3.00 (1.08)
Prior knowledge (0–16) 4.09 (1.37) 3.97 (1.46) 4.68 (1.40) 4.44 (1.61) 4.52 (1.93)
Post-Test (0–32) 12.34 (6.23) 13.57 (6.04) 12.03 (7.55) 15.41 (6.53) 14.18 (5.44)
Repeated Post-Test (0–32) 10.02 (5.89) 11.81 (6.46) 9.55 (6.89) 13.39 (6.48) 11.85 (6.22)
Number of words ​ 438.29 (137.44) 438.88 (147.13) 1770.23 (841.95) 1515.53 (835.73)
Ratings (1–5) b

Identified main points ​ 3.31 (1.23) 3.12 (1.23) 4.48 (0.72) 4.23 (1.00)
Identified relations between 

concepts and principles
​ 1.91 (0.92) 1.94 (0.85) 3.26 (1.15) 2.93 (0.94)

Elaborations ​ 2.26 (1.01) 2.24 (0.92) 3.71 (1.10) 3.13 (0.82)
Coding (0-∞)
Monitoring activities ​ 1.74 (1.58) 0.71 (1.17) 5.32 (5.45) 2.03 (1.97)
Planning of remedial 

activities
​ 0.97 (1.18) 0.06 (0.34) 2.61 (2.26) 0.03 (0.18)

Note. Standard deviations are presented in parentheses.
a In Germany, grades are given on a 1–6 grading system, with 1 being the best and 6 being the worst.
b The Rereading + Underlining Group did not create a learning journal, so there were no ratings or coding for this group.
c One learning journal in this condition could not be analyzed because of technical issues. For number of words, ratings, and coding: n = 31.
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caution as the coefficient representing the path from metacognitive 
strategies to post-test scores just failed to approach statistical signifi
cance (see Fig. 3).

To test the strategies-mediate-medium-effect hypothesis, we computed 
another mediator analysis with cognitive and metacognitive strategies 
as two simultaneous mediators (Model 4, following Hayes, 2015), and 
the medium (speaking = 1, writing = − 1) replaced the prompting 
condition as the predictor variable. The results showed that the indirect 
effects of cognitive and metacognitive strategy use on learning outcomes 
were both significant (cognitive strategies: a1 x b1 = 0.26, 95 % CI 
[0.150, 0.376]; metacognitive strategies: a2 x b2 = 0.06, 95 % CI [0.006, 
0.116]). As shown in Fig. 4, the effect of the medium on post-test scores 
was fully mediated by cognitive and metacognitive strategy use. How
ever, the significant indirect effect of metacognitive strategies should 
again be qualified by the fact that the coefficient representing the path 
from metacognitive strategies to post-test scores just failed statistical 
significance (see Fig. 4).

3.6. Additional mediator analyses

We conducted four additional mediator analyses to further explore 
the role of facilitated text production by the oral medium as well as the 
role of cognitive and metacognitive strategies in the learning process. As 
facilitated text production should be a causal factor for the improved 
enactment of cognitive and metacognitive learning strategies, we first 
conducted an additional serial mediator analysis (Model 6, following 
Hayes, 2015) to test this assumption. Accordingly, we estimated the 
indirect effect of the following mediation chain: (a) medium increases 
text length – (d) text length increases strategy use – (b) strategy use 
improves post-test outcomes. The indirect effect of this serial mediation 
was significant for cognitive strategy use as a mediator (a x d x b = 0.16, 
95 % CI [0.074, 0.246], see Fig. 5) but not for metacognitive strategy use 
(a x d x b = 0.07, 95 % CI [− 0.006, 0.015], see Fig. 6). However, as 
shown in Fig. 6, the path from text length to metacognitive learning 
strategies was highly significant, indicating that the oral medium clearly 
increased the use of metacognitive learning strategies. Nonetheless, as in 
the mediation analyses above, the path from metacognitive learning 
strategies to the post-test scores failed to be significant. This result could 
imply that metacognitive strategies were irrelevant in improving 
learning success. An alternative possibility is that metacognitive stra
tegies influenced learning outcomes through cognitive learning 
strategies.

We tested this assumption in two final serial mediation analyses, one 
with the medium (see Fig. 7 in the Appendix) and the other with the 
prompting condition (see Fig. 8 in the Appendix) as independent vari
able. Accordingly, metacognitive learning strategies were entered 
before cognitive learning strategies, both of which represented two 

serial mediators. As expected, the indirect effect of this serial mediation 
was significant regardless of whether the medium or prompting condi
tion was treated as an independent variable; indirect effect with the 
medium as an independent variable: a x d x b = 0.04, 95 % CI [0.014, 
0.064]; and indirect effect with the prompting condition as an inde
pendent variable: a x d x b = 0.06, 95 % CI [0.032, 0.113]. Hence, these 
mediation analyses consistently showed that metacognitive learning 
strategies contributed indirectly to learning success by eliciting cogni
tive learning strategies. Summary tables of all the six mediator analyses 
reported in the Results section can be found in the appendix (see 
Table A2–A4).

3.7. Contrast analyses including the rereading-plus-underlining control 
group

To test the extended prompts-impacts-outcomes and extended medium- 
impacts-outcomes hypotheses, we finally computed two a priori con
trasts (see Furr & Rosenthal, 2003). We expected that the prompted 
journal groups, on the one hand, and the two spoken journal groups, on 
the other hand, would outperform the rereading-plus-underlining group 
in terms of learning outcomes. At the same time, the 
rereading-plus-underlining group should perform similar to the written 
learning journal group without prompts support. Accordingly, the 
following two contrasts resulted: (1) Extended prompts-impacts-outcomes 
contrast: Written journal group with prompts 1, spoken journal group 
with prompts 1, written journal group without prompts − 1, 
rereading-plus-underlining group − 1, spoken journal group without 
prompts 0; (2) extended medium-impacts-outcomes-contrast: Spoken 
journal group with prompts 1, spoken journal group without prompts 1, 
written journal group without prompts − 1, rereading-plus-underlining 
group − 1, written journal group with prompts 0.

In the first contrast analysis, students’ post-test scores served as 
dependent variable. As predicted, the extended prompts-impacts-outcomes 
contrast was significant, F(1, 157) = 3.21, p = .038 (one-tailed), η2

p =

0.02 (small effect). Furthermore, the extended medium-impacts-outcomes 
contrast was also significant, F(1, 157) = 7.84, p = .003 (one-tailed), η2

p 

= 0.05 (small effect).
In the second contrast analysis, the repeated post-test scores repre

sented the dependent variable. As before, the extended prompts-impacts- 
outcomes contrast reached statistical significance, F(1, 137) = 4.22, p =
.021 (one-tailed), η2

p = 0.03 (small effect). Again, the extended medium- 
impacts-outcomes contrast was also significant, F(1, 137) = 7.90, p = .003 
(one-tailed), η2

p = 0.06 (medium effect).
These results show that the provision of prompts and, even some

what more markedly, the usage of the oral medium significantly 
improved students’ learning success in comparison with the rereading- 

Fig. 3. The effect of the prompts on the post-test scores with cognitive and metacognitive learning strategies as two simultaneous mediators 
Note. N = 130. The model was estimated using the mean of the students’ grades in Mathematics and German included as a covariate. All effect sizes are standardized 
effect sizes. The path c indicates the total effect while c’ indicates the direct effect. *p < .05, **p < .01.
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plus-underling-group and the unsupported written learning journal 
group. However, concerning the effect of the prompts, it should be 
acknowledged that the superiority of prompts was mainly due to the 
prompted spoken journal group rather than to the prompted written 
journal group (see Table 1 for the group means of the post-test and 
repeated post-test). At the same time, the rereading-plus-underlining 

group performed, as expected, on a similar level as did the written 
journal group without prompts support.

4. Discussion

The goal of this study was to investigate whether the positive effects 

Fig. 4. The effect of the medium on the post-test scores with cognitive and metacognitive learning strategies as two simultaneous mediators 
Note. N = 130. The model was estimated using the mean of the students’ grades in Mathematics and German included as a covariate. All effect sizes are standardized 
effect sizes. The path c indicates the total effect while c’ indicates the direct effect. *p < .05, **p < .01.

Fig. 5. The effect of the medium on the post-test scores with text length and cognitive learning strategies as two serial mediators 
Note. N = 130. The model was estimated using the mean of the students’ grades in Mathematics and German included as a covariate. All effect sizes are standardized 
effect sizes. The path c indicates the total effect while c’ indicates the direct effect. *p < .05, **p < .01.

Fig. 6. The effect of the medium on the post-test scores with text length and metacognitive learning strategies as two serial mediators. 
Note. N = 130. The model was estimated using the mean of the students’ grades in Mathematics and German included as a covariate. All effect sizes are standardized 
effect sizes. The path c indicates the total effect while c’ indicates the direct effect. *p < .05., **p < .01.
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of prompts on learning strategy use and learning outcomes previously 
found with university students could be replicated with secondary stu
dents. Additionally, we investigated how the production medium 
(written vs. spoken) influences the effectiveness of learning journals. In 
particular, we tested whether a facilitation effect of the oral medium 
would occur with regard to the text length of the learning journal entries 
and the extent of enacted learning strategies. As a consequence, superior 
learning outcomes should result from spoken as compared with written 
learning journals.

4.1. Summary of contributions

A first contribution of our study is the partial replication and dif
ferentiation of prior findings on the impact of prompts on learning 
outcomes through learning journals. Our results indicate that prompts 
boosted the use of metacognitive strategies and increased metacognitive 
strategy use, in turn, mediated learning success in the post-test, but only 
indirectly via cognitive strategies (see subsection 3.6 and Appendix, 
Fig. 7 and Fig. 8). This finding that metacognitive strategies triggered 
cognitive strategies is also in line with the cyclical model of self- 
regulated learning by learning journals (see Fig. 2, and Nückles et al., 
2009). It nicely aligns with the studies by Roelle et al. (2017), who 
showed that metacognitive processes set the stage for cognitive pro
cesses. The authors found that learners who received metacognitive 
prompts first, followed by cognitive prompts, performed better 
regarding learning processes and learning outcomes than learners who 
received the cognitive prompts before the metacognitive prompts. 
Regarding the effectiveness of metacognitive prompts, we also observed 
a facilitating effect of the oral medium, meaning that the prompted use 
of metacognitive strategies was more pronounced in the spoken journal 
condition than in the written condition.

However, contrary to our expectations, we observed no increase in 
the use of cognitive strategies due to prompts and, consequently, no 
effect on learning outcomes. This failure of prompts to increase cogni
tive strategy use might be due to the combination of cognitive and 
metacognitive prompts adopted from Nückles et al. (2009). This com
bination comprised only one organization and one elaboration prompt, 
while there were four metacognitive prompts, that is, two monitoring 
and two planning-of-remedial-strategy prompts. Hence, the number of 
prompts was balanced with regard to the types of processes, according to 
Nückles et al.’s (2009, 2020) model of self-regulated learning by journal 
writing (see Fig. 2), but not with regard to the ratio of cognitive and 
metacognitive prompts (i.e., two cognitive vs. four metacognitive 
prompts). Accordingly, a possible explanation for why cognitive 
prompts were ineffective in the present study is that the high school 
students, who were considerably younger and less experienced learners 
than the university students in the Nückles et al. (2009) study, probably 
paid more attention to the more salient metacognitive prompts than to 
the less salient cognitive prompts. Thus, to improve the application of 
cognitive prompts by high school students, future studies should use a 
more balanced ratio of cognitive and metacognitive prompts. Addi
tionally, as in the study by Hübner et al. (2010), the execution of the 
prompted learning strategies could be illustrated by presenting a 
learning journal example, and their utility could be highlighted by 
providing more detailed metastrategic information on the strategies 
(so-called “informed prompting”, see Hübner et al., 2010) than was 
provided in the introduction to learning journals of the prompted groups 
in the present study (see Appendix B).

This study is the first to scrutinize the role of the production medium 
in learning journals. A key contribution of this study is that the oral 
medium significantly facilitated both text production and the applica
tion of powerful learning strategies, outperforming the written medium 
with large effects. This improvement in learning processes consequently 
enhanced learning outcomes; students producing oral journal entries 
surpassed those with written journals showing small-to-medium effects. 
Mediation analyses reinforced these results, indicating that cognitive 

and metacognitive learning strategies are pivotal in explaining the me
dium’s effect on learning outcomes.

We argue that this effect stems from the lower production and 
formulation costs associated with speaking than with writing (Clark & 
Brennan, 1991), making it easier for students to apply beneficial 
cognitive and metacognitive learning strategies. Consistent with this 
assumption, our serial mediation analyses showed that it was indeed the 
facilitated production of text in the oral medium that explained the more 
pronounced use of cognitive and metacognitive learning strategies (see 
Figs. 5 and 6). At the same time, if the text length of the journal entries 
was controlled for, the positive effect of the oral medium on learning 
outcomes disappeared. This provides further support for the assumption 
of facilitated text production as enabling condition for cognitive and 
metacognitive learning processes. Hence, there is no effect of the me
dium as such. Rather than this, production and formulation costs denote 
aspects of the cultural uses associated with the written and the oral 
medium.

On the other hand, it remains unclear whether the advantages of the 
oral medium were due to reduced production costs, reduced formulation 
costs, or a combination of both. As stated before, we do not think that the 
written medium is inherently less productive than the oral medium. 
Nevertheless, school-based writing socialization (at least in Germany) 
typically emphasizes formal standards, strongly focusing on orthog
raphy and grammar, as well as teaching rhetorical genres. Accordingly, 
high school students are taught to write well-structured texts focusing on 
linguistic and rhetorical clarity. Therefore, they may be more familiar 
with the use of writing as a tool for communicating than with its use as a 
tool for learning and thinking (epistemic use).

Such writing socialization may foster a problematic mindset that 
hinders high school students from effectively implementing the genre- 
free principle in journal writing (Nückles et al., 2020). Implementing 
the genre-free principle means that students should focus on deepening 
and monitoring their comprehension of the subject matter (i.e., invest
ing mental effort in germane processing) rather than directing their 
attention to formal and rhetorical aspects of the text (i.e., investing 
mental effort in extraneous processing, see Nückles et al., 2020). It is 
possible that our introduction to learning journals was too brief and 
ineffective in order to modify the students’ expectations of having to 
meet formal and rhetorical standards when writing a journal entry. 
Indeed, only slide 2 of the introductory presentation discussed the 
genre-free principle (see Appendix B).

On the other hand, there is experimental evidence that, even in un
dergraduate students, typing on a keyboard requires more mental effort 
than handwriting and therefore has a negative impact on performance of 
other concurrent cognitive processes in working memory (see Bouriga & 
Olive, 2021). Therefore, it is likely that the facilitative effect of the 
spoken learning journal task was not only due to lower formulation costs 
attributed to the oral medium but probably also to the lower production 
costs as compared with the task of typing a learning journal entry on a 
keyboard.

Accordingly, future research should investigate the relative impact of 
the actual formulation and production costs that resulted in a facilitation 
effect of the oral medium, on the one hand, and hindered the students, 
on the other hand, to more effectively use the written medium as a 
beneficial tool for thinking and learning. For example, it would be 
interesting to repeat the present study with participants who are highly 
proficient at typing on a keyboard. If the same superiority of the oral 
medium over the written medium was observed, this would indicate that 
the higher formulation costs attributed to the written medium are the 
hindering factor. Another avenue of research is to improve our current 
intervention in order to teach high-school students more effectively how 
to use journal writing as a tool for thinking and learning. The goal would 
be to help students use the written medium in the same way as they are 
able to use the oral medium.
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4.2. Theoretical implications

One major theoretical implication refers to Reigeluth and Stein’s 
(1983) distinction between embedded and detached strategy activators. 
An embedded strategy activator encourages learners to use a cognitive 
strategy without the learners being aware that they are, in fact, using 
that strategy. In this study, the oral medium acted as such an embedded 
strategy activator, leading students to tacitly increase their use of 
cognitive and metacognitive strategies. We simultaneously imple
mented detached strategy activators in the form of prompts. A detached 
strategy activator explicitly directs learners to employ specific desired 
cognitive or metacognitive strategies (see Reigeluth & Stein, 1983). 
Whereas the oral medium evidently was an effective embedded strategy 
activator, the prompts proved to be rather ineffective detached strategy 
activators, at least with regard to the activation of cognitive learning 
strategies. It is possible that, in addition to the lower salience of the 
cognitive prompts, the high-school students’ attentional resources 
available for consciously processing the cognitive prompts were not 
sufficient due to the novelty of the learning journal method and the 
complexity of the learning content. On the other hand, attending to the 
metacognitive prompts as a detached strategy activator was easier for 
the high-school students to realize. Indeed, the metacognitive prompts 
and the medium interacted strongly, boosting the use of metacognitive 
strategies especially in the oral medium (see subsection 3.2). Hence, our 
study nicely illustrates how detached and embedded strategy activators 
in the sense of Reigeluth and Stein (1983) interact in a generative 
learning environment.

Our research further advances the theoretical understanding of the 
medium’s impact on generative learning processes and outcomes. In 
current research on learning by explaining, the social presence hy
pothesis has been a prevalent idea used to elucidate the superiority of 
the oral medium over the written medium (Hoogerheide et al., 2016; 
Jacob et al., 2020; Lachner et al., 2022). Our examination of learning 
journals presents an alternative or complementary perspective to this 
hypothesis because learning journals are, by definition, devoid of an 
audience. Thus, in our introductory presentation to learning journals 
(see Appendix B), we compared learning journals with a personal diary 
in which the learners enter into an ongoing conversation with them
selves. Consequently, in generating a learning journal – be it in written 
or spoken format –, social presence (i.e., the feeling of writing or talking 
to an audience) should be either completely absent or at most play a 
minor role. Nevertheless, in our study, we still noted a significant effect 
in favor of the oral medium. This observation calls for a different 
theoretical explanation for the medium effect in learning-by-explaining: 
Students benefit from learning-by-explaining in the oral medium more 
than in the written medium not because of the raised social presence but 
mainly because of the lower production and formulation costs attributed 
to speaking compared with writing (Clark & Brennan, 1991). Similar to 
the demand of writing a learning journal entry, students confronted with 
a learning-by-explaining task might perceive the demand to write an 
explanation for someone else as a linguistic and rhetorical challenge, 
leading them to focus more on linguistic and rhetorical clarity than on 
the deep processing of the learning content. On the other hand, in pro
ducing an oral explanation, the demands regarding linguistic and 
rhetorical clarity are perceived as lower.

Of course, it cannot be ruled out that in our present study, a certain 
degree of social presence was induced by the experimental setting, due 
to the presence of the experimenter and participants’ expectation that 
their texts or voice recordings would be read or listened to. However, the 
crucial question is whether recording oral text on a tablet evokes more 
social presence (i.e., students had the impression that they were 
speaking to the experimenter rather than to themselves) than typing a 
text into a laptop. This question is beyond the scope of the present study 
and needs to be addressed by future research. Similarly, future research 
on the role of the medium in learning-by-explaining could focus on the 
role of the production and formulation costs in addition to social 

presence.

4.3. Practical implications

Our study suggests that oral learning journals may be an effective 
alternative to written journals in educational settings, particularly in 
contexts where learning journals are an occasional follow-up activity. 
Oral journals could offer advantages in terms of efficiency and motiva
tion, potentially making them a more appealing option for students. 
While our study did not explicitly measure motivational factors, our data 
showed that speaking in a journal produced text four times longer than 
when writing, given the same learning time. This could make oral 
journals particularly suitable for younger students who may find writing 
challenging and time-consuming. However, this hypothesis warrants 
systematic investigation.

In the light of new AI-based technologies, oral learning journals 
could be a good alternative to written learning journals because oral 
learning journals do not (or not so strongly) entice students to outsource 
the learning task to a large language model. From a teacher’s perspec
tive, oral learning journals could be a way to encourage students to 
actually produce the learning journal themselves because they have to 
speak about the content personally. This consideration could also be an 
interesting starting point for future research. Conversely, written 
learning journals may be more appropriate for long-term use such as 
exam preparation because of their ease of review. This benefit extends to 
teachers using journals as a diagnostic tool, while reviewability limita
tions, especially for the oral medium, could potentially be mitigated by 
emerging technologies such as speech-to-text tools and automated 
summary generation. Empirical studies in this field would be invaluable. 
Another promising area of research is exploring the combined use of 
written and oral media in learning journals.

4.4. Study limitations

The present study showed that prompted learning journals and, in 
particular, spoken learnings journals yielded superior learning outcomes 
than a learning method which the high-school students supposedly were 
more familiar with, that is, rereading and underlining the text on which 
the video-lecture was based. Nevertheless, the high-school students’ 
post-test performance was generally rather low in all experimental 
groups (on average 42 % of the maximum achievable score for the post- 
test, and 35 % for the repeated post-test). We explain this low perfor
mance by the fact that the learning content, that is, the video lecture on 
Cognitive Load Theory, was more challenging for the high school stu
dents than we had expected. The generally low performance on the prior 
knowledge test (on average 27 % of the maximum achievable score) 
supports this conclusion. On the other hand, a recent study by Endres 
et al. (2024) used the same video lecture (originally developed by 
Nückles et al., 2009) as learning content. Admittedly, the learning 
methods investigated in that study (“constructive retrieval”, example 
generation) differ from the learning journal method, but the learning 
outcomes were quite similar to those achieved in our study (45.11 % on 
average in Endres et al.’s comprehension test). Given that the partici
pants in Endres et al.’s study were university undergraduates, the out
comes achieved by our high-school students are not that bad.

At the same time, it is likely that the considerably raised enactment 
of cognitive and metacognitive learning strategies especially in the 
spoken journal conditions did not fully payoff in improved learning 
outcomes. This is likely because the learning journal method was novel 
for the students in our study. Therefore, the pattern of substantially 
increased strategy use, on the one hand, and rather modest performance 
on the outcome-test, on the other hand, may reflect a so-called utiliza
tion deficiency (Hübner et al., 2010; Miller, 2000). Thus, it is possible 
that with more practice in creating learning journal entries (students 
created only one entry in the present study), learning success might 
increase considerably because the students would have to invest less 
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mental effort in executing the learning method (see Hübner et al., 2010) 
and could better concentrate on comprehending the learning content.

The fact that the students in our study apparently had only little prior 
knowledge about the content of the lecture video further explains the 
low Cronbach’s alpha of the prior knowledge test. If one knows little 
about a topic, one is likely to answer topic related questions rather by 
guessing than by retrieval of systematic knowledge from long term 
memory which should result in low inter-correlations of the test items. 
As a result, the prior knowledge test score was a worse predictor of 
students’ performance on the post-test than the students’ grades in 
Mathematics and German. Consequently, we used the mean of the 
grades in Mathematics and German as covariate in our analyses of 
variance instead of the prior knowledge test (see section 3).

A potential limitation refers to our decision to administer the post- 
test not directly at the end of the learning phase but one day later. 
Hence, students could have made some effort to gather further infor
mation on the lecture content. This limitation also applies to the 
repeated post-test one week later. We nonetheless decided for this pro
cedure because the experimental session on the first day lasted 110 min. 
Therefore, administering the 45-min post-test directly afterwards would 
have probably been overwhelming for the students. To check whether 
the students had continued studying the learning content after the 
experimental session, we asked them the next day. As only four out of 
163 participants affirmed our question and these four participants were 
unsystematically distributed across conditions, we are optimistic that no 
systematic bias in our performance measures resulted from the delayed 
test administration. Furthermore, the use of delayed tests without 
further experimental control is common practice and also appreciated in 
lasting learning research, as, for instance, in research on the testing ef
fect and interleaved practice (e.g., Agarwal et al., 2021; Endres et al., 
2024; Roediger & Karpicke, 2006; Schweppe et al., 2025).

In the present study, we found a significant interaction effect of the 
prompts and the production medium with regard to metacognitive 
strategies: Students were apparently better able to implement meta
cognitive prompts by articulating monitoring and planning of remedial 
strategies in speaking than in writing a learning journal. However, this 
finding does not necessarily imply that written journal students instead 
implemented the metacognitive prompts rather tacitly and monitored 
their understanding silently without externalizing their metacognitive 
processes completely in the written text. Here, learning journals as an 
approach to assessing learning processes come to a limit. Indeed, in our 
studies, we can only analyze and rely on what the students externalized 
and articulated in a text –be it a written or spoken text. In other words, 
what people silently think to themselves beyond their externalized text 
remains elusive and therefore in the realm of speculation.

Given that the students in the present study produced an initial 
learning journal entry from memory and revised and complemented this 
text with the help of the lecture text, one may regard this procedure as a 
confounding of retrieval practice and generative learning and thus as a 
limitation of the study. However, we adopted this procedure from 
Nückles et al. (2009) because our study focused on self-regulated 
learning and not on retrieval practice. Hence, producing a learning 
journal entry from memory is an authentic self-regulated learning situ
ation in which students, for instance, attend a class or lecture and back 
home they start to reflect on what they found interesting or what made 
sense to them and were therefore able to remember. In cases where 
students became stuck in an impasse, they would likely wish to consult 
further materials, such as the lecture text that the teacher had made 
available to them. Hence, in deciding on this procedure of having stu
dents produce an initial draft from memory and subsequently revise it 
with the lecture text, we prioritized the external (ecological) validity of 
the learning situation at the expense of the internal validity. However, it 
would be interesting to systematically investigate how a closed-book 
versus open-book setting influences the quality of journal entries and 
learning outcomes.

5. Conclusion

The present study illustrates the importance of externalizing one’s 
thoughts for the effectiveness of generative learning (i.e., “externaliza
tion principle”, see Nückles et al., 2020). This study demonstrates the 
facilitating effect of the oral medium in helping students articulate their 
ideas and thereby execute cognitive and metacognitive learning strate
gies that deepen their understanding and improve their long-term 
retention of subject matter. For instructional designers, our results 
illustrate how the text production medium can act as an embedded 
strategy activator and can be combined with detached strategy activa
tors, such as prompts (Reigeluth & Stein, 1983), to support cognitive and 
metacognitive strategy use. Recently, large language models have 
developed enormous capabilities for generating all possible types of 
texts, making it easy for students to delegate their thinking to machines. 
Faced with this temptation, it remains an ever-important mission for 
educators to encourage and empower students to articulate and criti
cally reflect on their own thoughts in a self-regulated way. This study 
suggests ways to achieve this crucial educational goal.
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Wäschle, K., Gebhardt, A., Oberbusch, E. M., & Nückles, N. (2015). Journal writing in 
science: Effects on comprehension, interest, and critical reflection. Journal of Writing 
Research, 7, 41–64. https://doi.org/10.17239/jowr-2015.07.01.03

Zeeb, H., Bürgermeister, A., Saalbach, H., Renkl, A., & Glogger-Frey, I. (2023). Effects of 
a digital support tool on student teachers’ knowledge about, assessment of, and 
feedback on self-regulated learning. Unterrichtswissenschaft. https://doi.org/ 
10.1007/s42010-023-00184-z

Zimmerman, B. J. (2008). Investigating self-regulation and motivation: Historical 
background, methodological developments, and future prospects. American 
Educational Research Journal, 45, 166–183. https://doi.org/10.3102/ 
0002831207312909

F. Luft et al.                                                                                                                                                                                                                                      Learning and Instruction 101 (2025) 102250 

14 

https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1007/s11251-024-09693-5
https://doi.org/10.1016/j.learninstruc.2007.09.007
https://doi.org/10.1007/s11145-021-10137-6
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref5
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref5
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref5
https://doi.org/10.1080/027027100278310
https://doi.org/10.1037/10096-006
https://doi.org/10.1037/10096-006
https://doi.org/10.1016/j.learninstruc.2024.101974
https://doi.org/10.1007/s10648-015-9348-9
https://doi.org/10.1007/s10648-015-9348-9
https://doi.org/10.1207/S15328031US0201_03
https://doi.org/10.1207/S15328031US0201_03
https://doi.org/10.1348/978185409X421129
https://doi.org/10.1007/978-94-011-0657-3_12
https://doi.org/10.1007/978-94-011-0657-3_12
https://doi.org/10.1007/s11251-024-09671-x
https://doi.org/10.1007/s11251-024-09671-x
https://doi.org/10.1024/1010-0652.23.2.95
https://doi.org/10.1037/a0026683
https://doi.org/10.1007/s42010-019-00042-x
https://doi.org/10.1007/s42010-019-00042-x
https://doi.org/10.1037/t67625-000
https://doi.org/10.1016/j.learninstruc.2008.12.001
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref18
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref18
https://doi.org/10.1016/j.cedpsych.2016.02.005
https://doi.org/10.1016/j.cedpsych.2016.02.005
https://doi.org/10.2378/peu2020.art09d
https://doi.org/10.1016/j.learninstruc.2020.101344
https://doi.org/10.1016/j.learninstruc.2020.101344
https://doi.org/10.1023/A:1021913217147
https://doi.org/10.1023/A:1021913217147
https://doi.org/10.1007/s10648-021-09643-4
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref24
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref24
https://doi.org/10.1016/0959-4752(95)00010-Z
https://doi.org/10.1111/1467-8624.00205
https://doi.org/10.1111/1467-8624.00205
https://doi.org/10.1007/s11251-009-9106-9
https://doi.org/10.1007/s11251-009-9106-9
https://doi.org/10.1016/j.learninstruc.2008.05.002
https://doi.org/10.1016/j.learninstruc.2008.05.002
https://doi.org/10.1007/s10648-020-09541-1
https://doi.org/10.1007/s10648-020-09541-1
https://doi.org/10.1080/1358165042000186271
https://doi.org/10.1080/1358165042000186271
https://doi.org/10.2378/peu2022.art21d
https://doi.org/10.2378/peu2022.art21d
https://doi.org/10.4324/9780203824283
https://doi.org/10.4324/9780203824283
https://doi.org/10.1007/s10648-024-09845-6
https://doi.org/10.1007/s10648-024-09845-6
https://doi.org/10.1017/9781108235631.022
https://doi.org/10.1017/9781108235631.022
https://doi.org/10.1111/j.1467-9280.2006.01693.x
https://doi.org/10.1111/j.1467-9280.2006.01693.x
https://doi.org/10.1007/s10648-023-09810-9
https://doi.org/10.1155/2012/751625
https://doi.org/10.1016/j.learninstruc.2016.11.009
https://doi.org/10.1016/j.learninstruc.2016.11.009
https://doi.org/10.1111/j.1756-8765.2008.01011.x
https://doi.org/10.1111/j.1756-8765.2008.01011.x
https://doi.org/10.1155/2012/319463
https://doi.org/10.1037/edu0000917
https://doi.org/10.1037/edu0000917
https://doi.org/10.1016/j.chb.2005.01.002
https://doi.org/10.1007/s10648-019-09465-5
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref44
http://refhub.elsevier.com/S0959-4752(25)00174-4/sref44
https://doi.org/10.1016/j.learninstruc.2013.09.005
https://doi.org/10.17239/jowr-2015.07.01.03
https://doi.org/10.1007/s42010-023-00184-z
https://doi.org/10.1007/s42010-023-00184-z
https://doi.org/10.3102/0002831207312909
https://doi.org/10.3102/0002831207312909

	Writing or speaking? The role of the production medium in the effectiveness of learning journals
	1 Introduction
	1.1 The potential of learning journals to foster cognitive and metacognitive learning processes
	1.2 Using prompts to support self-regulated learning by learning journals
	1.3 The moderating role of the medium in the effectiveness of learning journals
	1.4 The present study
	1.4.1 Research questions and hypotheses


	2 Method
	2.1 Participants and design
	2.2 Materials
	2.2.1 Lecture video
	2.2.2 Prior knowledge test
	2.2.3 Comprehension-post-test and repeated post-test

	2.3 Procedure
	2.4 Assessment of learning strategies elicited in the learning journals
	2.4.1 Rating of cognitive learning strategy use
	2.4.2 Coding of metacognitive learning strategy use


	3 Results
	3.1 Preliminary analyses
	3.2 Effects of the prompts and the medium on learning strategies in the journal entries
	3.3 Effects of the medium on text length
	3.4 The effects of prompts and medium on learning outcomes
	3.5 Tests of the learning-strategies-as-mediator hypotheses
	3.6 Additional mediator analyses
	3.7 Contrast analyses including the rereading-plus-underlining control group

	4 Discussion
	4.1 Summary of contributions
	4.2 Theoretical implications
	4.3 Practical implications
	4.4 Study limitations

	5 Conclusion
	CRediT authorship contribution statement
	Brief statement about research interests of the authors
	Declaration of generative AI and AI-assisted technologies in the writing process’
	Appendix A Supplementary data
	Data availability
	References


