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Abstract: Self-regulated learning (SRL) requires learners’ active participation, i.e., they need to acti-
vate cognitive and metacognitive learning strategies. These strategies can be activated and supported
by using cognitive and metacognitive prompts. Extensive research concerning the effects of prompts
on SRL is necessary to determine connections between these two concepts. Our study investigates
the effects of cognitive and metacognitive activities—i.e., prompts—on learning performance dur-
ing SRL. Therefore, we developed three types of learning environments that use different types of
prompts—cognitive or metacognitive prompts—or no prompts. Moreover, we also used a question-
naire to examine prior knowledge and post-knowledge. Pre- and post-tests show that self-confidence
in prior knowledge has a significant effect on self-confidence in post-knowledge, cognitive prompts
reduce extrinsic motivation, and knowing how to use cognitive learning strategies enables using
cognitive prompts more effectively. These results are partially in line with existing research findings
on the effects of prompts in SRL.
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1. Introduction

The following study incorporates three different fields: self-regulated learning, learn-
ing strategies, and prompts. Due to the rise in digital learning technologies, self-regulated
learning has gained significant importance, especially over the last three years [1]. Schools
and universities were forced to switch to online teaching, and learners had to adapt to these
changes. Consequently, learner autonomy and the regulation of learning processes became
integral parts of learners’ skill set [2]. When it comes to learning strategies, using cognitive
and metacognitive strategies improves learning outcomes [2,3]. However, research in
this field shows inconsistent results. For instance, different cognitive learning strategies,
emotions, and motivation can also have contradictory effects on learning results [3–5].
Therefore, we aim at contributing to this research field in order to reduce this divergence of
findings and to provide further insight into self-regulated learning.

Research on cognitive and metacognitive learning strategies provides accurate and
deep understanding of how individuals acquire and retain knowledge [6]. Cognitive learn-
ing strategies refer to techniques and approaches that learners use to process information,
such as summarizing, note-taking, and elaboration [3]. In contrast, metacognitive learning
strategies involve learners’ awareness and control of their own cognitive processes, such as
planning, monitoring, and evaluating their own learning [7]. Understanding how learners
use these strategies also improves teaching practices and educational interventions [8]. For
instance, Broadbent and Poon [7] discovered positive connections between metacognitive
strategies and academic achievement. Moreover, research on cognitive and metacogni-
tive strategies can help individuals to become more self-aware and reflect on their own
learning processes, leading to better learning outcomes [3]. Predicated on these findings,
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we aim at investigating learners’ use of cognitive and metacognitive learning strategies in
self-regulated learning scenarios by providing cognitive and metacognitive prompts.

Based on cognitive and metacognitive learning strategies, cognitive and metacognitive
prompts can be used to improve learning, especially when it comes to online learning sce-
narios [9]. Moreover, cognitive and metacognitive prompts facilitate learning and promote
problem-solving strategies [10]. Cognitive prompts are prompts that guide learners to use
specific cognitive strategies, such as asking questions or making connections between ideas.
Metacognitive prompts encourage learners to regulate and reflect on their own learning
processes, such as setting goals or monitoring their progress. For instance, using cognitive
and metacognitive prompts improves learning outcomes, motivation for learning, and
self-efficacy [8]. Research also suggests that cognitive and metacognitive prompts activate
cognitive and metacognitive learning strategies [11]. These theoretical examinations and
research findings form the basis of our investigation into self-regulated learning with
cognitive and metacognitive prompts.

2. Theoretical Framework

Based on current literature, the following section provides an overview of factors in-
fluencing self-regulated learning. In addition to learners’ characteristics, we also show that
using cognitive and metacognitive strategies as well as integrating prompts can promote
the efficacy of self-regulated learning.

2.1. Self-Regulated Learning

Self-regulated learning (SRL) is a key competence of successful learning in digital
learning environments [12]. It is a dynamic process characterized by the active partici-
pation of learners. During self-regulated learning, individuals need to activate cognitive
and metacognitive strategies and be aware of their prior knowledge and skills [7,13,14].
Self-regulated individuals are able to plan their learning, to set goals, and to autonomously
acquire new information [5,15]. Former research in this domain [16,17] shows that indi-
viduals who are able to monitor and regulate their cognition, motivation, and behavior
are more likely to engage in deep learning processes and demonstrate higher academic
achievement than learners with low self-regulation skills [18]

In order to determine how behavioral, motivational, and cognitive components inter-
act, several models for SRL have been developed. A widely cited framework in the domain
of SRL is the 3-phase model of Zimmerman [19]. As the name suggests, the model assumes
that one’s SRL is organized in three phases: forethought, performance, and self-reflection.
During the forethought phase, learners analyze the learning content, plan their learning
behavior, and set goals for the current learning task. Based on their prior knowledge, learn-
ers make assumptions about how efficiently they can solve the task and which cognitive
and metacognitive strategies are necessary to control learning. Furthermore, motivational
beliefs towards the learning task are determined in this phase. During the performance
phase, actual SRL takes place. To stay concentrated, learners need to increase their atten-
tional control and use cognitive and metacognitive strategies. The performance phase is
generally followed by a self-reflection phase where learners reflect on their performance
and ensure that they understand the learning content. Depending on their learning success,
decisions regarding further learning actions are made [19,20].

Similar to the model by Zimmerman [19] the Dual Processing Model of Boekaerts [21–23]
distinguishes between three phases of self-regulation: regulation of the self (choosing goals
and resources), regulation of the learning process (using metacognitive knowledge and
skills to direct one’s learning), and regulation of the processing modes (choosing cognitive
strategies). To control knowledge processing, learners use their learning experience and
choose appropriate cognitive strategies to reach their learning goal. To stay focused, learners
need to regulate and control their learning processes using metacognitive strategies. In
addition to the regulation of the self and the learning processes, the third level of the model is
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concerned with learners’ motivational resources. During SRL, individuals need to motivate
themselves to pursue their learning goals.

However, while the 3-phase model of Zimmerman [19] is more static in nature, in
the model of Boekaerts [21] the order of self-regulation processes is not fixed and can be
changed depending on the learning task. The choice of goals and resources can also be
placed at the beginning of the self-regulation process, since learners’ motivation is of central
importance to actively engage in learning [24,25].

In sum, these models show that individuals need to engage in various controlling,
regulation, and monitoring processes during SRL. However, it has been stated that learners
can face difficulties to regulate their learning [26,27]. Reasons for difficulties in regulating
their learning processes can be learners’ individual characteristics or the learning environ-
ment. Following the model of good information processing [28], learning can be influenced
by interindividual or intraindividual differences. Interindividual differences refer to the
fact that learners differ in their learning activities and their learning success. Intraindivid-
ual differences describe variations in the performance of a single learner. Consequently,
individual performance can be influenced by various factors such as the time it takes to
complete a task or the content-related learning settings [29,30]. Hasselhorn et al. [31] and
Bosch et al. [32] showed that intraindividual as well as interindividual factors need to
interact in a positive way to enable successful learning. This might be even more important
in SRL situations where learners engage in cognitive, metacognitive, and motivational
control processes. In order to define the conditions of successful SRL, situational factors
and individual learning prerequisites are highlighted.

2.1.1. Motivation

Learners’ motivation is a central aspect of successful SRL. It determines students’
engagement in a learning experience and whether the learned information is stored in
long-term memory [33,34]. However, learning motivation can be influenced by various
aspects. For instance, learners’ motivational orientation—i.e., their intrinsic and extrinsic
motivation—is one of these aspects. Intrinsic motivation means that learning is generally
driven by learners’ inherent interest and enjoyment of task completion and their internal sat-
isfaction. In contrast, extrinsic motivation means that learners engage in learning for other
reasons such as rewards or punishment [35,36]. Kotera et al. [12,37] as well as Froiland [38]
point out the significant role of intrinsic motivation in terms of learning engagement and
academic achievement. The Expectancy–Value Theory of Eccles and Wigfield [39] also
showed that task value, perceived self-efficacy, anticipated effort, and task difficulty play a
major role in learners’ motivation. Confronted with a learning task, individuals weigh the
costs—invested time and effort—against the values of task completion [40,41]. Whether
learners feel capable of solving a task depends on their prior knowledge and their academic
self-concept. In general, academic self-concept is an evaluative self-concept of a learner that
is determined by past academic achievement. Consequently, it affects subsequent academic
achievement through students’ engagement [14,42].

2.1.2. Cognitive Load

Cognitive aspects can also influence the success of SRL. For instance, Cognitive Load
Theory (CLT) is concerned with humans’ cognitive architecture [43–45]. It assumes that
new information needs to be processed in working memory before it is stored in long-term
memory. Long-term memory is defined as nearly unlimited information storage, and
the processing capacity of working memory is limited [43]. That is, if a task exceeds a
learner’s cognitive processing capacity, learning is affected negatively. CLT postulates three
categories of cognitive load in order to characterize the demands imposed on working
memory: intrinsic cognitive load (ICL), extraneous cognitive load (ECL), and germane
cognitive load (GCL). ICL is determined by the number of interacting elements of a task
and learners’ prior knowledge. In contrast, ECL describes a learning-irrelevant type of
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load. GCL is concerned with the connection of new information with long-term memory
representations and describes actual learning [46].

When using digital learning environments, students are confronted with various infor-
mation resources; hence, Cognitive-Affective Theory of Learning with Media (CATLM; [47])
assumes that cognitive and motivational resources need to be regulated to prevent cogni-
tive overload. Grafe [48] as well as Arnold et al. [49] showed that scaffolding encourages
learners to activate cognitive and metacognitive strategies, leading to reduced cognitive
load. However, prompts can also have negative effects. For example, Berthold et al. [6]
found out that using prompts can cause cognitive overload. This might be due to the fact
that the cognitive load is already increased during SRL. That is, learners have to process
new information, plan their actions, and control their learning behavior. Scaffolds also
need to be processed in working memory. Therefore, it is possible that instead of triggering
metacognitive activation, using prompts exceeds learners’ cognitive capacities and impedes
learning [6]. Element interactivity and established knowledge in long-term memory influ-
ence the perceived cognitive load. Consequently, learners’ prior knowledge is central for
successful SRL.

2.1.3. Prior Knowledge

Prior knowledge influences how much effort a learner needs to invest to solve a task. If
task-related information has already been stored in long-term memory, learners with more
prior knowledge can integrate the new learning content in already established memory
schemes. However, learners with little or no prior knowledge cannot rely on long-term
memory schemes, hence, the cognitive load imposed by the same task is high [24,45].
For example, Bannert [27] and Taub et al. [50] discovered that especially learners with
little prior knowledge have problems integrating scaffolds in their learning process. This
might be due to the fact that the participants of the study did not have enough working
memory capacity to process cognitive and metacognitive scaffolds during learning [51]. In
contrast, Kapa [52] showed that learners with less prior knowledge rely more on prompts to
regulate learning than learners with more prior knowledge. Studies show divergent results
concerning the use of metacognitive scaffolds by learners with little prior knowledge. For
instance, learners with more prior knowledge generally demonstrate more self-reflective
and monitoring behavior and are more likely to use learning strategies [53]. In sum,
the regulation of motivational, behavioral, and cognitive processes seems to be central
for successful SRL. However, Schumacher and Ifenthaler [54] demonstrate that learners
struggle to self-regulate learning without guidance. Learning strategies are an effective
means to control learning processes; hence, cognitive and metacognitive strategies are
presented in the following paragraph.

2.2. Learning Strategies

Self-regulated learning is gaining importance in modern societies due to changes in
the education system, such as the increasing use of digital technologies. For example,
information is not presented exclusively by teachers. Instead, it is acquired in autonomous
learning environments. In order to control and regulate learning behavior, learners need
to use various learning strategies [55–57]. Theobald et al. [5] distinguish three types of
learning strategies: cognitive strategies, metacognitive strategies, and resource management
strategies. While resource-oriented strategies are applied to regulate and maintain the
learning process, cognitive and metacognitive strategies are directly influenced by the
learning content [31,58,59]. Our study focuses on the effects of cognitive and metacognitive
activities on learning performance during SRL; consequently, strategies to support these
processes are highlighted.

2.2.1. Cognitive Learning Strategies

Cognitive strategies can help learners to identify, acquire, and process new infor-
mation and to integrate it in established knowledge structures. Three different types of
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cognitive strategies are distinguished: elaboration strategies, organization strategies, and
retry strategies [60]. First, elaboration strategies help learners to integrate new information
in long-term memory representations. These strategies aim at finding analogies between
new content and learners’ prior knowledge [58]. Second, organization strategies enable
making complex information more accessible for learning. Learners break down complex
tasks by paraphrasing the learning content. They also draw paper–pencil schemes or
diagrams to identify central arguments or dates. Graphical representations help relate
important information in order to establish new memory schemes and to engage in deep
learning processes [61]. Third, retry strategies are applied to restudy the learning content
and to strengthen the integration of new information in already established knowledge
schemes [5,13,25,62].

2.2.2. Metacognitive Learning Strategies

In contrast to cognitive strategies, metacognitive strategies are applied to control the
learning process. Metacognitive strategies include planning and control strategies. They
focus on individuals’ abilities to plan, control, and regulate cognitive processes. While
planning strategies are generally applied before actual learning begins, control strategies
help learners to stay in control of their learning process. During learning, individuals
engage in controlling behavior by reflecting on their learning behavior and evaluating
whether they understand the content. Hence, controlling processes are often followed by
regulation strategies. These strategies help learners to adapt their learning behavior in order
to achieve certain learning objectives [63–66]. In conclusion, cognitive and metacognitive
strategies are important for successful learning. However, Schuster [67] showed that using
these strategies can be problematic. In SRL scenarios, these difficulties can be explained by
interindividual differences such as learning motivation and prior knowledge. However, as
learners’ motivation and prior knowledge change, depending on the learning domain and
the study setting, supporting the use of cognitive and metacognitive strategies is important.

2.2.3. Indirect and Direct Support

There are various ways to enhance the use of learning strategies. Learners’ experience
in using those strategies determines which type of support they need. If they have not
yet established a repertoire of metacognitive and cognitive strategies, direct support is
necessary [64]. That is, learning strategies are explained and learners receive instructions
on how and when to use them [66]. Although this process is very time consuming, Carreti
et al. [68] found positive effects of direct learning support on learners’ planning skills,
text comprehension, and metacognitive control. In contrast to direct support, indirect
methods support individuals in using strategies they already know [69,70]. For instance,
prompts are used to script learners’ behavior during the learning process. According to
Zumbach et al. [10], scaffolding students’ behavior by using prompts is an effective strategy
to foster learning. Consequently, different types of prompts, their use, and their influence
on cognitive and metacognitive factors are discussed.

2.3. Prompts

Research shows that prompting stimulates cognitive, metacognitive, and motivational
processes and positively influences learning [65]. The basis for using prompts is that
learners generally know about learning strategies but they fail to apply them. Prompts
can support learners’ knowledge acquisition and help them to regulate their learning
process [27,64]. They aim at triggering the activation of cognitive and metacognitive
learning strategies by directing learners’ attention towards relevant information [11,71]. Lin
et al. [72] distinguish three different types of prompts: process prompts, explicit prompts,
and structured prompts. In general, prompts activate acquisition and monitoring processes;
however, process prompts are useful in problem-oriented learning contexts. They support
learners’ monitoring and the reevaluation of learning process; therefore, process prompts
are of special interest in the present study. In this context, scaffolds can be short questions



Knowledge 2023, 3 282

aiming at directing learners’ attention towards efficient learning processes [73]. That is,
process prompts are indirect methods of learning support. In contrast, explicit prompts—
such as process models—encourage learners’ use of cognitive and metacognitive strategies.
Process models are based on the principle of model learning. Problem-solving models
guide learners through learning processes. Last, structured prompts can encourage learners
to visualize invisible processes. Scripting process display helps learners to visualize their
actions during the learning process and to react to chosen strategies. Depending on the
learning success, strategies can be maintained or study behavior can be readjusted to reach
the learning goal.

Effectiveness of Prompts

Positive effects of prompts on learning behavior and performance are shown in numer-
ous studies [54,65,74,75]. The present study focuses on the efficacy of prompts. Therefore,
we provide an overview of articles presenting the effects of cognitive and metacognitive
prompts on SRL, learning performance, and cognitive load. Furthermore, prerequisites
helping students to use scaffolds in order to enhance their learning behavior are highlighted.
Regarding the effects of prompts on learners’ self-regulation, Daumiller and Dresel [76]
showed that metacognitive prompts can positively influence motivation and enhance SRL
behavior. Dori et al. [77] showed that metacognitive scaffolds help learners engage in
monitoring activities and thus foster deep learning processes. This can increase knowledge
gain and improve long-term learning outcomes. The effects of prompts in virtual settings
are of central importance since learners need to self-regulate learning in digital learning
environments. For example, Castronovo et al. [78] and Engelmann et al. [79] investigated
the effects of metacognitive scaffolds on learning behavior in computer-based learning
environments. The results showed that in the experimental group, problem-solving skills
and engagement in deeper analysis of the learning content increased. Chen et al. [8] and
Kriegelstein et al. [80] examined the influence of cognitive and metacognitive prompts
on learners’ motivation and cognitive load. Both studies showed that using prompts has
positive effects on learners’ motivation. Moreover, scaffolding facilitates learning in dy-
namic environments and has positive effects on cognitive load. Regarding the influence
of cognitive and metacognitive prompts on cognitive load, Chen et al. [8] specified that
cognitive prompts did not cause significantly more mental load but did result in higher
mental efforts when compared with metacognitive prompts.

In sum, prompts positively influence learning behavior by supporting learners’ en-
gagement in deeper learning processes. However, Pieger and Bannert [81] as well as
Richey et al. [82] stress that using prompts is not equally beneficial for all learners. For
instance, Pieger and Bannert [81] showed that prompts are more beneficial for learners
with less learning experience. In contrast, Richey et al. [82] discovered that expert learners
are more likely to profit from scaffolds than novice learners. Regarding these divergent
results, the purpose of the present study was to examine the influence of prior knowledge,
learning motivation, and cognitive load on the efficacy of prompts.

2.4. Open Research Questions

This study sets out to examine the effects of prompts on learning performance as well
as motivational and cognitive processes. In addition, the influence of prior knowledge and
learners’ metacognitive strategy knowledge on the use of prompts was analyzed. That
is, we examined which type of prompt—cognitive or metacognitive—is more effective in
improving learning performance. Another objective of the study was to find out whether
factors such as prior knowledge, motivation, and metacognitive strategy knowledge in-
fluence the perceived cognitive load in prompt-based learning environments. Based on
previous research and literature [8,78,80], we assumed that learning with prompts leads
to better learning outcomes than learning without prompts (Hypothesis 1; see Figure 1).
We divided H1 into two sub-hypotheses (H1a, H1b). H1a assumed that the groups with
prompting show better learning outcomes than the control group. H1b stated that metacog-
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nitive prompting leads to better learning outcomes in comparison to cognitive prompting.
However, previous research showed that learners with less prior knowledge had difficul-
ties using scaffolds to support their learning processes [27,50]. Based on these findings,
we expected that learners with more prior knowledge would achieve better results in
the knowledge posttest (Hypothesis 2). We also examined the influence of scaffolds on
cognitive and motivational processes. As shown by Eccles and Wigfield [40], learners only
engage in solving a task if the costs of task completion do not exceed its values. Scaffolds
can help learners to regulate their learning behavior by directing their attention toward
effective learning behavior [73], so we expected prompts to have positive effects on mo-
tivation (Hypothesis 3) and cognitive load (Hypothesis 4). Finally, based on findings by
Zumbach et al. [10], we also assumed that using prompts is more effective for learners with
more metacognitive strategy knowledge than for learners with less metacognitive knowl-
edge (Hypothesis 5). All hypotheses correspond to previous research in this field [76,80,83].
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3. Material and Methods

The objective of the study was to examine the effects of cognitive and metacognitive scaffolds—
i.e., prompts—on motivation, cognitive load, and learning outcomes in a prompt-based learning
environment. We analyzed the effects of prior knowledge and knowledge on metacognitive
strategies on learning motivation, perceived cognitive load, and learning performance.

3.1. Sample

A total of 100 learners (71 female, 29 male; mean age: M = 20.38; SD = 5.52) participated
in this study. No rewards were given. The participants were randomly assigned to
one of the three experimental conditions. Those three conditions were learning with
cognitive prompts, learning with metacognitive prompts, and learning without prompts.
Participation was voluntary, and all data were obtained anonymously. All participants
were advised about privacy and agreed to the terms and conditions of the study.
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3.2. Design

In our study, the presence or absence of prompts was included as a dependent variable.
That is, prompts were either present as metacognitive or cognitive prompts or there were
no prompts at all. The group without prompts functioned as the control group. Moreover,
all three learning sessions—i.e., the three different experimental conditions—were consis-
tent concerning content. They differed only regarding scaffolding, i.e., the prompts that
were used. The following variables were included in the study: academic self-concept,
extrinsic and intrinsic motivation, self-confidence in pre- and post-knowledge, and re-
sults in the knowledge-post-test. Control variables were assessed by questionnaires after
completion of the learning task. Covariates of the study were included based on the re-
sults of a correlation analyses with results of the knowledge-post-test and self-confidence
in post-knowledge as dependent variables. This process led to the following covariates:
results and self-confidence in knowledge in the knowledge pre-test, deep processing,
metacognitive monitoring and planning, cognitive elaboration, and germane and extrane-
ous cognitive load.

3.3. Material
Learning Environment

To test cognitive and metacognitive scaffolding, three different test conditions were
developed to which the participants were randomly assigned in a prompt-based learning
scenario. The learning environment was created using the online survey tool LimeSurvey.
First, the story of a fictional student called Clara was presented to all participants using
three videos and a written storyline. In the story, Clara experiences a drop in performance in
mathematics class. She makes assumptions about the reasons for the drop in performance.
In addition, statements and assumptions about the drop in performance made by her
mother and Clara’s mathematics teacher were provided. Next, a learning unit on attribution
theory based on the fictional scenario was implemented. This unit was different for each of
the three experimental groups. The learning task was divided into five sections. One group
was provided with cognitive prompts, the second group received metacognitive prompts,
and the last group did not receive any prompts. Then, participants in both experimental
groups were advised to take notes while they worked on the learning task. In addition,
text boxes for note taking were provided in the survey. This is an example of one of the
cognitive prompts that were provided: “Think about which of the following contents
you understood well/not well. What are attributions and control cognitions? What are
the differences that cause attributions between individuals?” In contrast, metacognitive
prompts were formulated as follows: “Are the previous contents clear to you? Write down
the most important terms and briefly explain what they mean.”

3.4. Instruments

For all scales, Cronbach’s alpha (α) was assessed and items were reduced when stated.
Prior knowledge and knowledge acquisition. In order to assess prior knowledge and

knowledge acquisition, we developed a test based on the learning environments’ objectives.
This test was implemented as an online questionnaire. It consisted of 14 single-choice
questions, i.e., four response options were given and participants had to choose the right
answer. Pre- and post-tests of the study were the same. Additionally, in the pre-test, the
option “I don’t know” was given. All correct answers were added up to an overall score.

Learning strategies. We used the LIST questionnaire to examine knowledge on learn-
ing strategies (Lernstrategien im Studium, i.e., learning strategies at university; [61]).
This questionnaire includes three scales assessing learners’ cognitive, metacognitive, and
resource-oriented learning strategies. We combined three subscales—two metacognitive
and one cognitive scale—to examine learners’ planning, monitoring, and elaboration strate-
gies. Planning was assessed using seven items (α = 0.79), for example, “Before I start to
learn, I plan the best way possible to handle the learning content.” Monitoring strategies
were investigated using four items (α = 0.71), for instance, “I ask myself questions about
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the learning content to make sure I understand everything.” One item had to be eliminated
from this subscale because of the deterioration of Cronbach’s alpha. Cognitive elaboration
strategies were measured using eight items (α = 0.79), such as, “I try to connect the learning
content to my own experiences.” All questionnaires used a 6-point Likert scale ranging
from 1 (completely agree) to 5 (completely disagree).

Academic self-concept. In order to assess academic self-concept as a control variable,
we used the SESSKO questionnaire developed by Dickhäuser et al. [84]. That is, we used
five items on a 5-point Likert scale ranging from 1 (completely disagree) to 5 (completely
agree) to measure learners’ general academic-self-concept (α = 0.80), e.g., “I am intelligent.”

Motivation. In the pre-test, we integrated motivation as a dependent variable using
the Motivated Strategies for Learning Questionnaire (MLSQ; [85]). This self-evaluation
questionnaire consists of two subscales assessing learners’ motivational strategies and their
motivational orientation. We also used eight items to assess participants’ intrinsic (α = 0.83)
and extrinsic motivation (α = 0.91). A sample item for intrinsic motivation is “I prefer tasks
that require learning new things.” Extrinsic motivation was assessed using items such as
the following: “I try to get better grades than the rest of the students.” Each of the four items
was given twice but was slightly rephrased. Intrinsic motivation and extrinsic motivation
were rated on a 5-point Likert scale ranging from 1 (very often) to 5 (very rarely).

Cognitive load. To assess the cognitive load after completion of the learning task, we
used the Naïve Rating Questionnaire provided by Klepsch et al. [86]. This self-evaluation
questionnaire consists of three subscales measuring intrinsic (ICL; α = 0.77, e.g., “This task
was very complex.”), germane (GCL; α = 0.71, e.g., “For me, it was important to understand
the learning content.”), and extraneous cognitive load (ECL; α = 0.81; “During the task, it
was exhausting to find the important information.”) using a 5-point Likert scale ranging
from 1 (completely disagree) to 5 (completely agree). While ICL was measured by two
items, participants’ GCL and ECL were assessed using three items each.

Learning approaches. We also used the Revised Two-factor Learning Questionnaire
(R-LPQ-2F; [87] Chow & Chapman, 2018) to assess learning approaches as covariates. This
questionnaire consists of two subscales assessing deep and surface learning approaches.
Deep processing was assessed using four items (α = 0.69), e.g., “I try to link information
of different domains.” In contrast, surface processing was examined using seven items
(α = 0.70), e.g., “I generally restrict my study to what is specially set, as I think it is unneces-
sary to do anything extra.” One item was excluded due to the deterioration of Cronbach’s
alpha. The items were rated on a 5-point Likert-scale ranging from 1 (completely disagree)
to 5 (completely agree).

4. Results

First, we describe the descriptive results of our study. We conducted MANCOVA with
several covariates in order to analyze differences between the groups with prompts and the
control group. Then, we conducted further variance analyses for motivation, academic self-
concept, and cognitive load measures. The following paragraphs elaborate on correlative
results concerning learning strategies.

4.1. Descriptive Results

Descriptive results concerning prior knowledge and post-knowledge (Table 1) showed
successful learning. That is, comparing pre- and post-tests revealed a significant increase
in knowledge. This increase in knowledge occurred in all three groups, regardless of the
type of prompts used or their absence. The metacognitive prompts group showed post-
knowledge scores similar to those of the group without prompts. The cognitive prompts
group showed the highest scores of prior knowledge and post-knowledge. Self-confidence
in pre- and post-knowledge increased in all three groups. However, the cognitive-prompted
group demonstrated the highest level of post-knowledge certainty.
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Table 1. Descriptive date, inferential statistics, and correlations of dependent and control variables.

Measure No Prompts
(n = 37)

Cognitive Prompts
(n = 32)

Metacognitive Prompts
(n = 31)

Post-Knowledge
and Self-Confidence in

Post-Knowledge

M SD M SD M SD p ηp
2

Prior knowledge 2.24 2.63 4.03 3.10 2.55 2.47 0.07 0.06
Post-Knowledge 6.38 2.80 9.31 2.71 6.65 2.82 - -

Self-confidence in
Prior knowledge 1.92 1.21 2.47 1.27 1.71 0.82 0.01 0.16

Self-confidence in
Post-Knowledge 3.03 0.93 3.66 0.94 3.00 0.93 - -

Deep processing 4.06 0.59 3.77 0.72 3.73 0.79 0.44 0.02
Metacognitive

Planning 4.15 1.11 4.34 0.93 4.10 0.76 0.92 0.002

Metacognitive
Monitoring 4.07 1.16 4.16 1.00 4.31 0.97 0.07 0.06

Cognitive
Elaboration 4.36 0.93 4.39 0.72 4.12 0.87 0.57 0.01

Germane
Cognitive Load 3.92 0.90 4.13 0.91 3.77 0.71 0.95 0.001

Extraneous
Cognitive Load 2.49 1.01 2.19 0.98 2.55 1.06 0.005 0.112

Group - - - - - - 0.015 0.07
Intrinsic

Motivation 3.33 0.76 3.05 0.67 3.29 0.68 - -

Extrinsic
Motivation 3.30 1.02 2.89 1.04 3.51 0.74 - -

Academic
Self-Concept 4.13 0.54 4.24 0.34 4.00 0.45 - -

4.2. Post-Knowledge and Self-Confidence in Post-Knowledge

Here, a MANCOVA with post-knowledge and self-confidence in post-knowledge as
dependent variables was conducted. Covariates of the analysis were included based on
correlations between post-knowledge and the control variables. The covariates included in
the study were self-confidence in prior knowledge (correlation with post-knowledge:
r(100) = 0.31; p = 0.001), prior knowledge (r(100) = 0.38; p < 0.001), deep processing
(r(100) = 0.26; p = 0.01), metacognitive planning (r(100) = 0.18; p = 0.06), metacognitive
monitoring (r(100) = 0.18; p = 0.08), metacognitive elaboration (r(100) = 0.19; p = 0.06), GCL
(r(100) = 0.34; p = 0.001), and ECL (r(100) = −0.40; p < 0.001).

Multivariate analysis showed significant effects of prior knowledge self-confidence
(F(2, 88) = 8.08, p = 0.001, ηp

2 = 0.16) and extraneous cognitive load (F(2, 88) = 5.58, p = 0.005,
ηp

2 = 112) on post-knowledge and self-confidence in post-knowledge. In contrast, we did
not find any significant effects of prior knowledge (F(2, 88) = 2.73, p = 0.07, ηp

2 = 0.06), deep
processing (F(2, 88) = 0.82, p = 0.44, ηp

2 = 0.02), metacognitive planning (F(2, 88) = 0.08,
p = 0.92, ηp

2 = 0.002), metacognitive monitoring (F(2, 88) = 2.70, p = 0.07, ηp
2 = 0.06),

cognitive elaboration (F(2, 88) = 0.56, p = 0.57, ηp
2 = 0.01), and germane cognitive load

(F(2, 88) = 0.05, p = 0.95, ηp
2 = 0.001). The grouping variable showed a significant main effect

(F(2, 88) = 3.17, p = 0.015, ηp
2 = 0.07). Concerning the univariate effects of self-confidence in

prior knowledge on self-confidence in post-knowledge (F(1, 89) = 16.23, p = 000, ηp
2 = 0.15)

and post-knowledge (F(1, 89) = 2.81, p = 0.10, ηp
2 = 0.03), we discovered a significant effect

on self-confidence in post-knowledge. The univariate effects of extraneous cognitive load
were significant for self-confidence in post-knowledge (F(1, 89) = 7.71, p = 0.007, ηp

2 = 0.08)
and post-knowledge (F(1, 89) = 7.33, p = 0.008, η2 = 0.08).

Regarding the univariate effects of the experimental conditions (cognitive prompts,
metacognitive prompts, and no prompts), we found significant effects on post-knowledge
(F(1, 89) = 6.71, p = 0.002, ηp

2 = 0.13) but not on self-confidence in post-knowledge
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(F(1, 89) = 1.12, p = 0.33, ηp
2 = 0.03). A comparison of groups’ post-knowledge showed no

significant differences (p = 0.58) between the metacognitive prompts group and the group
without prompts. However, the metacognitive prompts group and the cognitive prompts
group showed significant differences regarding post-knowledge (p = 0.005). The cognitive
prompts group and the group without prompts showed significant differences (p = 0.001)
in post-knowledge. In sum, the cognitive prompts group achieved significantly greater
learning success than the metacognitive prompts group (M = 6.65, SD = 2.82) and the group
without prompts.

4.3. Motivational Measures and Academic Self-Concept

In order to investigate differences between the three groups regarding motivational
measures (intrinsic and extrinsic) and academic self-concept, we conducted variance anal-
ysis. The multivariate results showed a significant difference between the three groups
(F(6, 192) = 3.14, p = 0.006, ηp

2 = 0.09). Univariate results showed a significant effect of
the grouping variable on extrinsic motivation (F(2, 97) = 3.49, p = 0.03, ηp

2 = 0.07) but no
significant effects on intrinsic motivation (F(2, 97) = 1.71, p = 0.19, ηp

2 = 0.03) and academic
self-concept (F(2, 97) = 2.11, p = 0.13, ηp

2 = 0.04). The cognitive prompts group reached
the lowest values of all three groups regarding extrinsic motivation. Moreover, differences
concerning the cognitive load between the three experimental groups were examined using
variance analysis. Here, the grouping variable served as the independent variable and the
cognitive load variables (intrinsic, germane, extraneous) functioned as dependent variables.
We could not find any significant main effect of the grouping variable on the cognitive load
measures (F(2, 97) = 0.70, p = 0.65, ηp

2 = 0.02). Thus, we could not establish any significant
univariate results.

4.4. Learning Strategies

Next, we used Spearman’s correlation in order to assess correlations between the use
of metacognitive and cognitive learning strategies (elaboration, planning, and regulation)
and the use of cognitive and metacognitive prompts. We discovered that the use of the
cognitive learning strategy of elaboration significantly correlated with the use of cognitive
prompts (r(32) = 0.34, p = 0.05). Correlations between the use of metacognitive learning
strategies, such as planning (r(31) = 0.03, p = 0.87) and regulation (r(31) = 0.34, p = 0.06),
and the use of metacognitive prompts were insignificant.

5. Discussion

We investigated the effects of prompts (cognitive, metacognitive, and no prompts) on
learning outcomes in a prompt-based learning environment (H1). The results showed that
cognitive and metacognitive prompting had positive effects on learning outcomes. In both
experimental groups, learners reached higher scores in post-knowledge tests in comparison
to prior knowledge tests. However, the control group also reached higher scores in the
post-knowledge test than in the prior knowledge test. Learners in the cognitive prompts
group showed the highest learning outcomes compared to the other two groups. The
metacognitive prompts group also showed an increase in learning outcomes, though group
comparisons did not show any significant differences. Zumbach et al. [10] showed similar
findings concerning group differences between prompted and non-prompted groups.
In sum, H1a and H1b cannot be supported; metacognitive prompting did not lead to
significantly better learning outcomes than learning with cognitive prompts or no prompts.
Moreover, we did not find any significant group differences regarding learning outcomes
in the post-knowledge test for all three groups. Therefore, we cannot confirm the findings
reported by Daumiller and Dresel [76]. We assume that the outcome of our study results
from assigning learners to different groups instead of allowing them to choose a group.
That is, they could not choose their preferred prompting group. Consequently, we assume
that eliminating individualized group choices automatically also led to eliminating learners’
personal preferences and strengths concerning learning strategies. Prompting was not
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coordinated with learners needs, which can be implemented in the classroom (e.g., [88])
but hardly in the course of an experiment.

Second, we expected learners with more prior knowledge to achieve better results
in the knowledge post-test (H2). However, we had to reject this hypothesis because
prior knowledge did not have a significant influence on post-knowledge. Further, prior
knowledge did not have a significant impact on self-confidence in post-knowledge. In short,
no significant effects were found regarding prior knowledge and post-knowledge scores.
However, self-confidence in prior knowledge did have a significant effect on self-confidence
in post knowledge. Consequently, our results did not support H2, though they are in line
with results reported by Richey and Nokes-Malach [82].

Third, we assumed that the use of prompts affects learners’ motivation (H3). Our find-
ings partially supported this assumption. That is, we did find significant group differences
regarding extrinsic motivation between the experimental groups and the control group,
but we did not find any group differences concerning intrinsic motivation and academic
self-concept. In short, descriptive results showed that the group provided with cognitive
prompts achieved the lowest values in extrinsic motivation.

Fourth, we investigated the differences of cognitive load measures (intrinsic, germane,
and extrinsic). However, we were not able to find any significant differences between the
groups. That is, prompts did not affect learners’ cognitive load; hence, H4 was rejected.
We suspect that deficiencies concerning the construction of the prompts led to these find-
ings. Even though we tested different prompts, the three conditions turned out to be too
similar and too easy for learners. Nevertheless, none of the three groups experienced the
experimental condition to be disruptive or distracting during the learning situation. On
the contrary, learners did not use the prompts as extensively as they should have. This
result corresponds with findings by Moser et al. [51], who discovered that prompts are only
effective when learners use them thoroughly.

Fifth, concerning the effectiveness of prompts, we assumed that prompts are more
effective for learners with more metacognitive strategy knowledge than for learners with
less metacognitive knowledge (H5). We found out that learners who already knew how
to use cognitive learning strategies could use cognitive prompts more effectively. How-
ever, knowing and using metacognitive learning strategies did not lead to more efficient
use of metacognitive prompts. Our results do not support the findings of Bannert and
Mengelkamp [65], who pointed out that learners with metacognitive learning strategies
were able to use metacognitive prompts successfully. For example, one learner in the
metacognitive prompts group commented, “I do not understand why I have to indicate
the stated concepts in my own words.” We assume that learners became frustrated while
working on the learning tasks and using metacognitive prompts. Consequently, alterations
or improvements regarding metacognitive prompts should be considered for future studies.
We also assume that cognitive prompts are more natural to the learning situation than
metacognitive prompts. Further, the group without prompting showed similar scores in
extrinsic motivation compared to the two prompted groups. Therefore, H5 was not fully
supported by the results of this study and was rejected.

These results show that further research in the field of learning with prompts is needed.
For instance, changes concerning the research design can contribute to a more diverse
approach as Zhang et al. [75] showed when they examined two groups using cognitive
and mixed prompts. Furthermore, time measurements in the learning environment show
which tasks learners spend more time on. Then, further prompts can be incorporated to
support the scaffolding of these tasks.

The implications of this study for classroom practices concern self-regulated learning
environments that are usually created within e-learning environments. Self-regulated
learning is a key element of lifelong learning and is relevant for students “to cope and
operate effectively within our technology rich and fast developing society” [89] (p. 115).
Modern teaching styles create learner-centered and explorative learning environments for
students, which call for fitting learning strategies used by learners. These strategies need
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to be used thoroughly to be successful. Hence, self-regulated leaning has to be instructed
and guided correctly by teachers so that learners can achieve better learning outcomes [51].
The findings from this study support this because implied scaffolding, similar to the use of
cognitive prompts, led to better learning outcomes.
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