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Abstract
Problem-solving tasks are a common part of many school subjects, but acquiring problem-solving
skills can be difficult. This study investigated the effectiveness of repeatedly prompting students to
retrieve prior knowledge while studying worked examples. It was studied whether prompting stepwise
retrieval during worked example study (retrieval condition) leads to higher performance on scaffolded
and isomorphic problem-solving tasks compared to only studying worked examples (control
condition). No effects of stepwise retrieval practice, positive or negative, were found on both the
scaffolded and isomorphic tasks. This indicates that adding retrieval prompts to worked example study
does not improve, nor hamper, the performance on problem-solving tasks, compared to regular worked
example study. Moreover, this study was conducted with pre-vocational education students and
findings suggest that our understanding of how these students learn may still be incomplete. This study
is a first step in the investigation of combining worked examples with (stepwise) retrieval practice.
Unexpectedly, it also provides insights for future research into the learning process of pre-vocational
education students during worked example study. Multiple directions for future research are
identified.
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Fostering the learning of problem-solving skills: Prompting stepwise retrieval during worked
examples

Problem-solving tasks are a common part of many school subjects, especially in the STEM
domain (science, technology, engineering, and mathematics) (Van Gog et al., 2019). During problem-
solving tasks, students are presented with a (well-structured) problem and must follow a procedure
that specifies the necessary actions to get from an initial state to a described goal state (Jonassen,
2000). Problem-solving tasks require the use of problem-solving skills. Problem-solving skills consist
of both procedural knowledge, understanding what actions to perform and how to execute them, and
conceptual knowledge, comprehending why to perform those actions (van Gog et al., 2019). To
acquire problem-solving skills, unguided practice of problem-solving tasks is a widely adopted
instructional approach in education (Yeo & Fasio, 2018). However, this instructional approach appears
to be ineffective (Sweller et al., 2011) as it creates difficulty for novice learners, as they have not yet
learned effective specific procedures to encounter the presented problem (Van Gog et al., 2019).
Numerous studies have demonstrated that using worked examples, that demonstrate the solution steps
applied to an example task, is more effective (resulting in enhanced learning outcomes) and more
efficient (requiring less effort and/or time investment) for the acquisition of problem-solving skills
compared to relying exclusively on unguided problem-solving practice (Paas, 1992; Sweller &
Cooper, 1985; Sweller et al., 1998; Van Gog et al., 2011).

Where worked examples are known for effectively learning procedural knowledge (such as
problem-solving skills), retrieval-based learning is known for effectively learning conceptual
knowledge (Yeo & Fasio, 2018), and improving the long-term retention of studied information
(Roediger & Butler, 2011). Retrieval practice, during which learners recall information from memory,
has been extensively researched and the testing effect, caused by retrieval practice, has proven to be
quite vigorous (Karpicke, 2017; Van Gog & Kester, 2012). However, when researching retrieval-based
learning aiming at the development of problem-solving skills, the testing effect seems to lack
applicability in that context (Adesope et al., 2017; Van Gog & Kester, 2012; Van Gog et al., 2015).

Nevertheless, given the significant impact of both example-based learning and retrieval practice, it is
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suggested to further explore how example-based learning and retrieval practice can complement each
other (Roelle, 2023). This study will therefore test whether it is effective to repeatedly stimulate
students to retrieve prior knowledge while studying worked examples.
Instructional Methods

Since unguided problem-solving practice appears not to be effective when acquiring problem-
solving skills (Sweller et al., 2011), research has been conducted into the use of different instructional
methods. Two prominent instructional methods are example-based learning and retrieval-based
learning (Adesope et al., 2017; Atkinson et al., 2000; Renkl, 2014; Rowland, 2014), each utilizing
distinct cognitive processes for knowledge acquisition and retention (Karpicke, 2017; Van Gog et al.,
2019).
Example-Based Learning

Extensive experimental research conducted in laboratory, educational, or professional training
settings have demonstrated the effectiveness of example-based learning when acquiring problem-
solving skills (Atkinson et al., 2000; Paas et al., 1998; Renkl, 2014, 2017; Sweller et al., 2011; van
Gog & Rummel, 2010). Example-based learning can take various forms, including worked examples
and modeling examples. Worked examples are learning tasks wherein an initial state, a desired goal
state, and solution steps are explicitly presented. Additionally, it emphasizes the problem-solving
process essential for achieving the goal (van Merriénboer & Kirschner, 2018). The effectiveness of
worked examples is known as the worked example effect (Sweller & Cooper, 1985; Sweller et al.,
1998). During modeling examples, students witness a live- or video demonstration of another person
solving the problem (van Gog et al., 2019). Worked examples and modeling examples can be
combined in a ‘hybrid’ form, in which written steps appear step-by-step during a video (Van Gog et
al., 2019)*. Research shows that both worked examples and modeling examples are equally effective
for acquiring problem-solving skills (Hoogerheide et al., 2014).

According to the Cognitive Load Theory, example-based learning is effective as it decreases

cognitive load due to the presentation of the necessary problem-solving strategy (e.g., during worked

! In this study, we employ worked examples in a hybrid form (where the written steps appear step-by-step in a
video).
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examples). Learners retain more cognitive capacity to create cognitive schemas about how to solve the
problem (Kalyuga et al., 2010; Sweller, 1988; Sweller et al., 1998). In contrast, when practicing
unguided problem-solving novices often use ineffective problem-solving strategies, which results in
high cognitive load and less cognitive capacity to create the necessary cognitive schemas (Van Gog et
al., 2019).

Nevertheless, the benefits of worked example practice appear to be moderated by the retention
interval. The retention interval hypothesis describes the observation that the worked example effect is
consistently more noticeable in immediate problem-solving tests compared to delayed tests (Leahy et
al., 2015; van Gog & Kester, 2012; van Gog et al., 2015; van Gog et al., 2006). Retrieval practice is
often used for long-term retention of information, which therefore might support performance on
delayed testing (Kapricke, 2017).

Retrieval Practice

Retrieval-based learning is effective for learning conceptual knowledge (Yeo & Fasio, 2018)
and improving long-term retention of studied information (Roediger & Butler, 2011). Retrieval
practice refers to learners actively retrieving information from memory and has various formats, such
as quizzing or self-testing (Karpicke, 2017). The act of retrieving information activates pre-existing
cognitive schemas and updates them with new information (Hinze et al., 2013). Retrieving
information requires mental effort and is considered a desirable difficulty (Bjork & Bjork, 1992). The
retrieval process and required mental effort strengthen the memory of the information (Dudai, 2012;
Dudai et al., 2015). Ultimately it improves long-term retention more so than restudying (Roediger &
Butler, 2011; Roediger & Karpicke, 2006a). This effect of improved long-term retention is also
referred to as the festing effect. The testing effect has been extensively researched with educational
materials such as word lists (Wheeler et al., 2003), and multimedia lessons (Johnson & Mayer, 2009),
and has proven to be quite vigorous (Karpicke, 2017; Van Gog & Kester, 2012). A meta-analysis
showed consistent and robust testing effects across studies, with moderate effect sizes (Adesope et al.,
2017).

However, when researching learning tasks aiming at the development of problem-solving

skills, the testing effect appears not to apply (Huang et al., 2023; Leahy et al., 2015; Van Gog &
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Kester, 2012; Van Gog & Sweller, 2015; Van Gog et al., 2015). In the study by Van Gog and
colleagues (2015), they compared worked example study and retrieval practice. In the retrieval
condition, participants were asked to study a worked example and recall the worked example in the
next round. In the worked example condition, participants did not retrieve the information but
restudied worked examples. The retrieval condition did not outperform the worked example condition
on the problem-solving tasks, which indicated that there was no testing effect. A possible explanation
for this result could be that participants struggled with retrieval because they received no feedback on
the retrieved information. However, Huang and colleagues (2023) found that providing feedback on
the retrieved information did not improve learning problem-solving skills. In their study, participants
received four worked example — problem pairs. Feedback was given (in the form of presenting the
problem-solving steps) either after completing all four pairs or after the completion of two pairs. They
found no effect of retrieval practice (with feedback) on learning problem-solving skills.

Note though, that in both Van Gog and colleagues (2015), and Huang and colleagues (2023),
participants needed to retrieve the full worked example. This might be cognitively demanding, as the
worked examples consist of several steps and successful retrieval of later steps depends on successful
retrieval of earlier steps. Hence, to make the retrieval less demanding, a solution might be to have
students engage in stepwise retrieval. Indeed, research in vocabulary learning showed that instructing
students to engage in retrieval before presenting the answer options improved students’ retrieval and
subsequent learning (Van den Broek et al., 2023). This method of using a stepwise display of
information to foster retrieval could also be applied to worked example practice, to scaffold the
retrieval of the worked example. Moreover, stepwise display provides immediate feedback on the
retrieved information, in contrast to the study of Huang and colleagues (2023), where feedback was
given only after two or more retrieval actions.

The Present Study

The present study aimed to investigate the effectiveness of repeatedly stimulating students to
retrieve prior knowledge while studying worked examples. By doing so, this study answered the
question of whether the combination of worked example study and retrieval practice would yield an

effective instructional method to enhance student learning of problem-solving skills (Roelle et al.,
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2023). To this end, pre-vocational secondary education students were assigned to a stepwise retrieval
condition or a worked example (control) condition. The stepwise retrieval condition featured prompts
during worked example study, which prompted students to retrieve the next step of the procedure. The
control condition received worked examples without prompts for retrieval. The following research
questions, sub-questions, and hypotheses were addressed:

RQ: Does prompting stepwise retrieval during worked example study lead to higher

performance on problem-solving tasks compared to only studying worked examples?

SQ1: Does prompting stepwise retrieval during worked example study lead to higher
performance on scaffolded problem-solving tasks compared to only studying worked
examples?

SQ2: Does prompting stepwise retrieval during worked examples lead to higher
performance on isomorphic problem-solving tasks compared to only studying worked
examples?

Based on the results of Van den Broek and colleagues (2023), it is expected that the prompted
retrieval condition will outperform the control condition in both the isomorphic and transfer tasks.
Moreover, because scaffolded tasks rely less on retrieval (Van Gog & Kester, 2012), it is expected that
the difference in performance, between the retrieval and control condition, on the scaffolded tasks will
be smaller, yet still favor the retrieval condition. Furthermore, retrieval practice is allegedly more
effortful than the restudy of worked examples (Bjork, 1994), potentially resulting in the retrieval
condition experiencing higher invested mental effort than the control condition. To explore this, the

invested mental effort of both conditions was measured.

Method
During the data collection, it became apparent that the materials, instruments, and setup of the
experiment did not fully align with the target group. Therefore, halfway through the data collection,
the decision was made to adjust the materials and procedure, resulting in two waves of data collection.

Research Design
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This study employed a between-subjects design with condition (retrieval versus control) as the
between-subjects factor and post-test performance as the dependent variable. The post-test consists of
scaffolded tasks and isomorphic tasks.

Participants

An a priori power analysis indicated a total sample size of 102 participants (51 in each
condition) to achieve a power of 0.80 at a medium effect size of Cohen’s d = 0.5 for an independent #-
test.

Participants were recruited by approaching schools within the personal network. Participation
was unpaid. 114 Dutch pre-vocational secondary education (vmbo) students from the same school
participated in this study (wave 1: n = 54; wave 2: n = 60). 31 Participants needed to be excluded due
to various reasons, including, failure to report their random ID (see below; wave 1: n = 3), no consent
for data use (wave 1: n = 7), severe disruptions during data collection (wave 1: n = 16), and failure to
finish in time (wave 2: n = 5). This left 28 participants in wave 1 and 55 participants in wave 2. In
wave 1 the age ranged from 13 to 15 years (M = 13.7, SD = .670). 18 males (64.3 %), and 10 females
(35.7 %). In wave 2 the age ranged from 13 to 16 years (M = 13.8, SD = .696). 28 males (50.9 %), 26
females (47.3 %), and 1 that identified as other than male or female (1.8 %). Participants were
randomly assigned to either the prompted stepwise retrieval group (wave 1: n = 17; wave 2: n = 30) or
the control group (wave 1: n = 11; wave 2: n = 25).

Ethical Approval

The study was approved by the Ethical Review Board of the Faculty of Social and Behavioral
Sciences (FETC), Utrecht University, file number 24-0480. Two weeks before the experiment, passive
parental consent was obtained. During wave 1, student consent about data usage was obtained at the
start of the experiment. Since the materials were part of the curriculum, all students had to participate
irrespective of consent. However, this procedure led to significant confusion among students and
caused significant disruption. After consulting with the FETC, it was decided to omit the active
consent of students in wave 2. A new protocol was approved, file number 24-0277.

All digital data was stored on Yoda, a data management service that helps to securely manage

research data and is recommended by Utrecht University (Utrecht University, n.d.). The paper post-
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tests were scanned and stored along with the rest of the data. The paper versions will be destroyed four
weeks after approval of the master thesis.
Materials and Instruments

The materials focused on learning to apply the balance method (balans methode) employed for
solving mathematical equations.
Prior Knowledge Test

Because the material concerns curriculum content that has yet to be covered, it is assumed that
students possess no prior knowledge about the subject, except for general mathematical knowledge
required to comprehend the new content. To verify this assumption, the prior knowledge test
comprised 2 questions about the basic understanding of the addition of variables within a formula
(e.g., please condense the following formula to the shortest possible version,; 33d + 12d = g). To
check whether the prior knowledge was accurate, the answers on the pre-test were categorized into the
following categories: correct answer, wrong answer, and wrong answer due to mistakes with negative
numbers.

During wave 1, confusion and frustration among the students caused by the pre-test were
observed, despite clear explanations regarding the purpose of asking questions before the instruction
(e.g., to activate your prior knowledge, we now ask you to fill in 2 questions). To reduce disruptions
and optimize the procedure, it was decided not to conduct a pre-test during wave 2.

Worked Examples

For the acquisition of knowledge about the balance method, three worked examples were
created based on the method Modern Mathematics (Moderne Wiskunde), in collaboration with a
didactical content expert. A hybrid form of worked examples was utilized, wherein a video
demonstrated step-by-step explanations, provided by a female voiceover. Because research shows that
retrieval practice is effective when information is retrieved multiple times (Karpicke, 2017), three
worked examples are used. For wave 1, the total video duration was 10.40 minutes (video 1: 6.02
minutes; video 2: 2.26 minutes; video 3: 2.12 minutes). For wave 2, the length of the videos was

reduced as students in wave 1 indicated that the length of the videos was too long, and students
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showed a loss of concentration during the videos. Video duration, therefore, was reduced to 6.47

minutes (video 1: 3.24; video 2: 2.05; video 3: 1.47).

During the original worked examples, instruction was given about how to solve an equation

within 4 steps. A preliminary check of the performance revealed that the tasks were overly

challenging. To simplify the tasks, it was decided to reduce the number of steps in the worked

examples from 4 to 3. Consequently, adjustments were made to the instruction worked example videos

(e.g., the number of steps on the post-it and the removal of the scale). Figure 1 shows an impression of

how the worked examples looked and how they differ between waves 1 and 2.

Figure 1

Screenshots of the Worked Example Videos (Left: Wave 1; Right: Wave 2)
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Prompted Stepwise Retrieval

The prompted stepwise retrieval condition watched the same worked examples as the control

condition. For the retrieval condition, there were pauses during the second and third worked examples.

The pauses were right before each next step of the procedure became visible. A prompt appeared

asking students ‘ What will be the next step?’, after which they wrote down their answer in Qualtrics.

The prompts aimed to encourage students to retrieve the procedural steps of the balance method (e.g.,

step 1: remove all individual numbers on the left part of the equation). Prompts appeared in each

worked example 4 times (a total of 8 prompts).
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A preliminary check showed that students struggled with retrieval of the steps. It also was
observed that students perceived the prompts as confusing. They often inquired whether they were
required to solve a part of the equation. The didactical expert indicated that students find it challenging
to recall the procedural steps and more often recall the executive step (the actual computation e.g., - 8
on both sides). To direct students more towards retrieving the procedural step, images of the section of
the video where the procedural steps were mentioned were added. An example of this can be seen in
Figure 2. The prompt was adjusted to ‘Think about what the next step will be. Fill in what should be
written on the dotted line’.

To check whether the retrieved information in the retrieval condition was accurate,
participants wrote down their retrieved answers during the pauses. The answers were categorized into
the following categories: wrong answer, ‘I don’t know’ or “?’, identification of the executive step (e.g.,
-8), the new equation after executing the step (e.g., /a = 2), the right procedural step (e.g., convert to a

single letter), and the previous step.

Figure 2

Example of the Image Shown to Students during the Worked Example Retrieval (Wave 2)

1. Haallinks alle losse getallen weg

2. Reken om naar 1 letter
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Mental Effort Rating

The invested mental effort was assessed using Paas’s (1992) nine-point subjective rating scale,
ranging from 1 (very, very low effort) to 9 (very, very high effort).
Retrieval Check

During wave 2, a retrieval check was conducted to investigate whether both conditions
differed in retrieval performance (e.g., retrieval success). The check consisted of three questions and
asked students to retrieve the three steps of the balance methods shown in the worked examples (e.g.,
think back to the instruction. What was step 3 of the balance method? Write it down). The question
was supported by an image of the post-it on which the procedural steps appeared during the instruction
video to clarify to the students that we wanted them to name the procedural step instead of the

executive step. Figure 3 shows an example of an image shown during the retrieval check.

Figure 3

Example of the Image Shown during the Retrieval Check Questions

Post-test
To align with the target group, paper-based post-tests were administered. Given the audience’s
lack of prior experience with computer-based mathematical tasks and to prevent potential increases in

difficulty, tasks were presented in the traditional handwritten format familiar to them.
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The post-test contained two scaffolded problem-solving tasks and three isomorphic tasks. In
the scaffolded tasks used for wave 1, the first step was given, and students had to execute step 1 and
retrieve and execute the other three steps. The three isomorphic tasks had a similar problem-solving
procedure as the worked examples, but different surface features (e.g., the values and variables of the
equation). The exact values of the example procedure no longer apply to the new task, and therefore
participants must perform the necessary calculations themselves (Van Gog & Kester, 2012). Due to the
restricted time available, and the characteristics of the target group, no transfer tasks were included in
the experiment to avoid frustration and cognitive overload among the students. Internal consistency of
the post-test was measured using Cronbach’s alpha and was excellent for wave 1 (o =.96) and high
for wave 2 (o = .86).

A preliminary check indicated that the level of the tasks was too high for the students and the
high levels of frustration observed during the experiment supported this indication. The following
adjustments were made for the materials of wave 2. For all tasks (scaffolded and isomorphic),
equations were simplified to have no decimal or negative outcomes. Moreover, the level of scaffolding
was increased on the scaffolded tasks. Previously, the scaffolded tasks presented step 1 and students
had to execute step 1 and retrieve and execute (part of) steps 2 and 3. In the adjusted materials the
highest scaffolded task presented steps 1 and 2 leaving students to execute step 2 and retrieve and
execute step 3. Figure 4 shows the scaffolded tasks of wave 1 and Figure 5 shows the adjusted

scaffolded tasks used for wave 2.
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Figure 4

Scaffolded Tasks for Wave 1
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Procedure

Two weeks before the experiment parental consent was obtained, and students were informed
about the experiment. The study was conducted during the regular classroom hours of the participants
(50 min.). The tables and chairs in the classroom were arranged in an examination layout to prevent
students from collaborating during the experiment.

At the start of the experiment, students were orally briefed on the research objectives, and it
was communicated to the students that participation or outcomes of this experiment would have no
academic consequences (e.g., impact on their grades). Moreover, students were told that asking
questions during the experiment about the mathematical content was not allowed. Following this,
students were able to ask questions about the experiment and clarify any misconceptions.
Subsequently, students independently accessed Qualtrics on their laptops. Upon accessing Qualtrics,
the verbally conveyed information was reiterated in written form. After which informed consent was
taken. Subsequently, participants filled in demographic information and a prior knowledge test, after
which they entered the worked example phase. Students were randomly assigned to one of the two
conditions. For all worked examples, written instructions were provided to the students, stating that
they were not allowed to pause the videos or watch them at an increased speed and were only allowed
to watch the videos once. Qualtrics was set up so that the ‘next page’ button would only appear once
the entire video had been viewed. All conditions viewed the first worked example. The control
condition then viewed the two remaining worked examples after which they entered the invested
mental effort rating. The retrieval practice condition started with the adjusted worked examples after
the first worked example. Each time a retrieval prompt was given during the worked examples,
participants needed to write down their retrieved answers in the text box on the screen. After the two
worked examples with stepwise retrieval, they also started the invested mental effort rating. After the
mental effort rating, all students progressed to the post-test phase. They were provided with a random
ID number via Qualtrics, which they recorded on their paper answer sheet, enabling later linkage
between the Qualtrics data and responses. The post-test was completed on paper. Despite instructions
to the contrary, many students asked questions during the post-test. When it was indicated that

questions could not be answered, high levels of frustration often ensued. To address this, the
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researcher instead adopted a coaching approach, providing the following instruction in response to a
question about the content ‘Let’s calmly go over the questions together (researcher reads the question
aloud). What do you remember about the videos? Write that down, you can do it!’. This often resulted
in students completing the assignment independently. At the end of the experiment, participants were
thanked for their participation.

As described, it became apparent during the data collection that the materials, instruments, and
setup of the experiment did not fully align with the target group. Therefore, the following adjustments
were made in the procedure for wave 2. The informed consent and prior knowledge test were
discontinued, and a retrieval check for all conditions was added (after the mental effort rating). Figures
6 and 7 show a schematic overview of the procedure for waves 1 and 2. Red indicates that an element
was only applicable during wave 1 (and removed during wave 2), and blue indicates an element that

was only applicable during wave 2.

Figure 6

Schematic Overview of the Procedure Wave 1
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Figure 7

Schematic Overview of the Procedure Wave 2
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Data Analysis
Scoring Post-test

Problem-solving accuracy on the post-test tasks was scored by assigning 1 point for each
correctly retrieved and executed step in the problem-solving process. Depending on the nature of the
task (e.g., scaffolded, or isomorphic) a maximum of 4 points per task was assigned. For the 2
scaffolded tasks and the 3 isomorphic tasks, a sum score for each participant was calculated resulting
in a scaffolded score and an isomorphic score. To ensure the reliability of the scores, two independent
raters (the first author and another master’s student) scored 20% of the participants and Cohen’s kappa
was calculated, resulting in a moderate agreement for wave 1: k = .447, p = .004, and a substantial
agreement for wave 2: k = .686, p <.001.
Data Analysis

SPSS Statistics 29 will be used to conduct all analyses. In case of normally distributed data,
independent #-tests will be conducted with condition as independent variable and post-test
performance as dependent variable. In case of violation of assumptions, non-parametric Mann-

Whitney U tests will be used instead.

Results
Table 1 shows the descriptive statistics of the scaffolded and isomorphic items per condition
for waves 1 and 2. The variables ‘test performance’ on the scaffolded items and isomorphic items were
not normally distributed for both conditions and both waves as evidenced by Shapiro-Wilk tests (all
p’s <.007). Hence the non-normal distribution, the Mann-Whitney U test was used as a nonparametric
alternative. As an effect size for the Mann-Whitney U Test » was used (Clark-Carter, 2009). For all

analyses, a significance level of 0.05 was used.
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Table 1
Mean, SD Median, and Range of the Post-test Scores) on the Scaffolded and Isomorphic Tasks per
Condition for Wave 1 and 2.
Control Retrieval
M SD Med Range M SD Med Range
Wave 1
Pretest (0-2) 1.0 0.7 1.5 00-1.5 0.5 0.7 0.0 0.0-1.5
Scaffolded 2.0 2.5 1.0 0-7 1.8 2.6 0.0 0-7
items (0-8)
Isomorphic 34 4.2 1.0 0-10 1.8 3.8 0.0 0-12
items (0-12)
Mental effort 5.5 2.1 6.0 2-9 6.8 2.6 8.0 1-9
(1-9)
Wave 2
Scaffolded 4.6 0.8 5.0 2-5 4.5 1.3 5.0 0-5
items (0-5)
Isomorphic 6.0 2.9 7.0 0-9 59 2.2 6.0 0-8
items (0-9)
Mental effort 4.9 2.0 5.0 1-9 52 2.1 5.0 1-9

(1-9)

Note. Wave 1: Control condition: (n = 11); Retrieval condition (n = 17). Wave 2: Control condition (n = 25); Retrieval Condition (n = 30).

SQ1: Performance on Scaffolded Items

A Mann-Whitney U test indicated that there were no significant differences between the

performance on the scaffolded items for the control condition and retrieval condition in wave 1 (U =

83.50, z=-.50, n =28, p=.618, »=".09). This test was repeated for wave 2, and again, no significant

differences were found between the performance on the scaffolded items for the control condition and
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retrieval condition (U =365.50, z =-.24, n =55, p = .811, r = .24). These findings suggest that adding
retrieval prompts to worked example study does not improve, nor hamper, the performance on
scaffolded problem-solving tasks compared to regular worked example study.
SQ2: Performance on Isomorphic Items

A Mann-Whitney U test indicated that there were no significant differences between the
performance on the isomorphic items for the control condition and retrieval condition in wave 1 (U =
69.50, z=-1.28, n =28, p =.200, r = .03). This test was repeated for wave 2, and again, no significant
differences were found between the performance on the isomorphic items for the control condition and
retrieval condition (U =319.50, z =-.96, n =55, p = .338, » =".13). These findings suggest that adding
retrieval prompts to worked example study does not improve, nor hamper, the performance on
isomorphic problem-solving tasks compared to regular worked example study.
Mental Effort

An independent samples #-test was used to investigate differences in the average mental effort
reported by the participants of wave 1 between the control condition and the retrieval condition. The #-
test did not reveal a significant difference, #(26) =-1.39, p = .176. This test was repeated for wave 2,
and again, revealed no significant difference in average mental effort between the control condition
and the retrieval condition #(53) = -.45, p = .654. These findings suggest that adding retrieval prompts
to worked examples study does not increase nor decrease the mental effort during worked example
study.
Additional Explorative Analyses
Pre-test

During wave 1 a pre-test was conducted. Table 2 shows the frequencies of the answer options
per condition. The frequencies show that on Q1 50% of the answers were right, and 50% were wrong.
During Q2, no students answered the question correctly (right answer 0%). Moreover, 39.3% of all
incorrect answers to Q2 resulted from students making errors with negative numbers.

To test whether both conditions in wave 1 differed significantly in pre-knowledge an

independent samples ¢-test was used. The #-test was statistically non-significant #26) = 1.62, p = .827.
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this indicates that there were no significant differences in pre-knowledge between the conditions in

wave 1.

Table 2

Frequencies of Answer Options on Q1 and Q2 Pre-test Wave 1

Control (n = 11) Retrieval (n = 17) Total (n = 28)
Count % within Count % within Count % within
condition condition condition
Ql
Wrong answer 4 36.4 10 58.8 14 50.0
Right answer 7 63.6 7 41.2 14 50.0
Q2
Wrong answer 4 36.4 13 76.5 17 60.7
Wrong answer due 7 63.6 4 23.5 11 393
to + - mistake
Right answer 0 0 0 0 0 0

Retrieval Performance
To evaluate the quality of the retrieval, the retrieval answers from the retrieval condition were

categorized. Table 3 shows the frequencies of each category for all 6 retrieval questions.
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Table 3

Frequency and Percentages of Answers of Retrieval Condition on Retrieval Questions

Wave 1 Wave 2

Total % Total %

frequency frequency
Wrong answer 58 42.65 65 36.11
‘I don’t know’ or “?’ 43 31.62 19 10.56
Executive step 7 5.15 37 20.56
New equation 12 8.82 4 2.22
Right answer 15 11.03 49 27.22
Previous step 1 0.74 6 3.33
Total 136 100 180 100

Post-test Retrieval

During wave 2 a post-test retrieval check was conducted. To evaluate the retrieval

performance of both conditions on the post-test, the answers were categorized. Table 4 shows the

frequencies of each answer category for all 3 retrieval questions split for conditions.

21



PROMPTING STEPWISE RETRIEVAL DURING WORKED EXAMPLES 22

Table 4

Frequency and Percentages of Answers on Post-test Retrieval Check

Control condition Retrieval condition

Total % Total %

frequency frequency
Wrong answer 33 44.00 65 36.11
‘I don’t know’ or “?’ 12 31.62 19 10.56
Executive step 3 5.15 37 20.56
New equation 0 8.82 4 2.22
Right answer 15 11.03 49 27.22
Previous step 27 0.74 6 3.33
Total 75 100 180 100

Discussion

This study investigated the effectiveness of repeatedly prompting students to retrieve prior
knowledge while studying worked examples. It was studied whether prompting stepwise retrieval
during worked example study leads to higher performance on scaffolded and isomorphic problem-
solving tasks compared to only studying worked examples.

SQ1: Differences in Performance on Scaffolded Items

The results of this study indicate that there is no significant difference in problem-solving
accuracy between the different conditions on the scaffolded items for both waves. This indicates that
prompting stepwise retrieval during worked example study does not improve (nor hamper) the
performance on scaffolded problem-solving tasks compared to regular worked example study.

SQ2: Differences in Performance on Isomorphic Items

Results also indicate that there is no significant difference in problem-solving accuracy
between the different conditions on the isomorphic items for both waves. This indicates that prompting
stepwise retrieval during worked example study does not improve (nor hamper) the performance on

isomorphic problem-solving tasks compared to regular worked example study.
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RQ: Differences in Performance

It was expected that the retrieval condition would outperform the control condition on both the
scaffolded and isomorphic items, which would mean that retrieval practice enhances the learning of
problem-solving skills during worked example study. By segmenting the retrieval into steps instead of
retrieving the entire worked example, we aimed to make the retrieval process less demanding.
Although retrieval without feedback can be effective (Roediger & Butler, 2011), based on Van den
Broek and colleagues (2023), we expected that the immediate feedback students would receive on
their attempt to retrieve the procedural step would enhance performance. Nevertheless, as mentioned
above, no effects of stepwise retrieval practice, positive or negative, were found. This indicates that
adding retrieval prompts to worked example study does not improve nor hamper the performance on
problem-solving tasks compared to when no prompts are included (regular worked example study).

Several possible explanations could give insight into the absence of effect. On the scaffolded
tasks, the scaffolding reduces the intrinsic load of the task by showing part of the worked example;
students no longer must retrieve and execute all steps but only one or two. Therefore, scaffolded tasks
rely less on retrieval. This could explain why the retrieval condition did not outperform the control
condition on the scaffolded tasks. In contrast to scaffolded tasks, isomorphic tasks require more
retrieval (Van Gog & Kester, 2012). However, the isomorphic tasks followed the scaffolded tasks. It
may be that the scaffolded task (which shows part of the procedure) functioned as a retrieval practice.
This might have helped the control condition to refresh their memory of the procedure due to this
additional retrieval opportunity. Indeed, it was observed during the experiment that (some) students
used the scaffolded task as a guide for the isomorphic tasks.

Moreover, an influential factor during retrieval practice is the retention interval (Agarwal et
al., 2017). The time between initial retrieval practice and the final test impacts retention. Restudying
improves short-term retention, whereas retrieval practice improves long-term retention (Karpicke &
Roediger, 2007; Roediger & Karpicke, 2006a). During this experiment, students were tested
immediately after studying the worked examples. Therefore, it might be that the control condition

(who only restudied the worked examples) profited more from the restudy than the retrieval condition
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benefited from the retrieval practice. Future research could explore how delayed testing (and therefore
more emphasis on long-term retention) would impact the performance of both conditions.

Furthermore, the retrieval success during this experiment was low. Retrieval practice appears
to be most effective when retrieval success is high (Karpicke, 2017). However, results show that only
11.03% of the retrieval answers in wave 1, and 27.22% in wave 2, were successful. Most retrieval
answers were incorrect (wave 1: 42.65%; wave 2: 36.11%). Additionally, a large amount of retrieval
opportunities did not take place as students did not make a retrieval attempt (wave 1: 31.62%; wave 2:
10.56%). Therefore, the lack of significant difference in problem-solving accuracy between both
conditions on the tasks might be due to the low retrieval success rate.

Another alternative explanation for why there was no beneficial effect found of stepwise
retrieval when learning from worked examples is that there was a mismatch between what learners had
to retrieve during worked example study (i.e., retrieval of step) and what learners had to do during the
post-test (i.e., apply the steps). Solving isomorphic problem tasks requires more than just recall; they
also involve answer construction (Van Gog & Kester, 2012). It might be that the retrieval practice
supported only the retrieval of the procedure but not the answer construction, resulting in the retrieval
condition benefiting less from the retrieval practice. Moreover, to achieve effective answer
construction, students should focus on the procedure during the worked examples so that they can
build a cognitive schema, rather than on the exact values, as these do not apply to the isomorphic test
problems (Van Gog & Kester, 2012). It appears that some students in the retrieval condition struggled
to focus on the procedure and instead focused on the exact values in the worked examples (i.e., when
asked to retrieve the steps during the post-retrieval test 20.56% of wave 2 indicated the executive steps
instead of the procedural steps). Future research on how pre-vocational education students approach
learning from worked examples is therefore suggested.

Mental Effort

In both waves, there were no significant differences in mental effort between the conditions.
This is surprising since retrieval practice (retrieval condition) is assumed to require more mental effort
than just restudying (control condition) (Bjork, 1994). Possibly, students did not invest much effort

when having to retrieve information in the stepwise retrieval condition, which also corresponds to
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their low retrieval success. Another alternative explanation for not finding any differences in mental
effort between the control condition and stepwise retrieval condition might be that mental effort was
rated after completion of all worked examples instead of after each worked example. Indeed, research
has indicated that when multiple worked examples are provided and mental effort is measured after
the last example, the mental rating is largely influenced by the final worked example (Schmeck et al.,
2015). Future research therefore might investigate whether, and if so how, mental effort ratings change
when measuring in between worked examples.

Moreover, it might be that students struggled to discriminate between mental effort and
difficulty. Mental effort and difficulty appraisal are closely related (Hoch et al., 2023) and it might be
that students could not discriminate between these two based on the one-scale question of Paas (1992)
(see Klepsch et al., 2017). Therefore, future research could use a multiple-item scale to measure
mental effort to get a clear idea of mental effort during worked example study with retrieval practice.
Retrieval Performance

The retrieval success of the retrieval condition in both waves was measured. Midway through
the data collection, adjustments were made because the procedure and tasks did not fully align with
the target group. Modifications were made to the worked examples (e.g., shortened duration), post-test
tasks (e.g., reduction in number of steps), and the pre-test was removed (a detailed description of the
modifications can be found in the method section). It appears the adjustments to the materials from
wave 1 to wave 2 may have had positive effects on retrieval success in wave 2. During wave 2,
students gave the wrong answer less often (wave 1: 42.65%; wave 2: 36.11%) and indicated less often
that they could not retrieve (wave 1: 31.62%; wave 2: 10.56%). Moreover, the percentage of correct
answers was higher during wave 2 (wave 1: 11.03%; wave 2: 27.22%). It could be that the shortened
duration of the videos allowed students to longer maintain their focus. It could also be that the
reduction in the number of steps in the worked examples resulted in less intrinsic load and the
student’s working memory could process the procedure better. To gain more insight into which video
durations and number of procedural steps are effective for this student population, further research is
necessary.

Post-test Retrieval
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During wave 2, a post-test was conducted to evaluate the retrieval performance on both
conditions. When asked to retrieve the steps of the procedure, the retrieval condition was more
successful (see Table 4). These findings seem to suggest that even though there were no differences in
performance on the post-test tasks (performing the to-be-retrieved procedure), the retrieval condition
was better able to identify the procedural steps of the procedure. As mentioned above, completion of
an isomorphic problem-solving task requires more than just the retrieval of procedural steps, it also
requires answer construction. These findings can function as a starting point for future research to
investigate whether, and if so how, retrieval practice could support the answer construction process.
For instance, retrieval practice might encompass not only the procedural steps but also the executive
steps.

Practical Implications for Research in Pre-vocational Education

Pre-vocational education is a distinct pathway within Dutch secondary education. It is
considered the least advanced of the three tracks and aims to prepare students for vocational education.
The current findings showed that some students did not retrieve the procedural step (e.g., remove all
individual numbers on the left part of the equation) but the executive step (e.g., - 8 on both sides)
during the retrieval practice (wave 2: 20,56% - Table 3). This is not surprising as pre-vocational
education students are often highly practical and application-oriented (Van der Neut et al., 2005).
Moreover, it was observed during the experiment that students struggled with understanding the
importance of the procedure, as they often did not realize that the same procedural steps could be
applied to different examples. Students frequently approached a new example as entirely new and
regularly asked for clarification on which procedure to use for this new example, not realizing that the
explained procedure could be applied to a// examples. This aligns with research showing that pre-
vocational education students struggle with identifying, selecting, and processing (important)
information during learning (Van der Neut et al., 2005).

Moreover, frustration was frequently observed during the experiment (particularly during
wave 1). The frustration may have arisen due to the difficulty level being too high or the videos being
too long (exceeding their concentration span). Frustration can lead to negative motivation among pre-

vocational education students (Van Steensel et al., 2013), which might hinder their learning. Research
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shows that pre-vocational education students need substantial support with (self-)regulation,
motivation, and concentration during learning (Hamstra & Van de Ende, 2006; Van der Neut et al.,
2005). Frustration was observed, for instance, during the pre-test in wave 1. Students expressed that
they were unhappy about being ‘tested’ before receiving any instruction (even though it was
communicated that the pre-test only served to gauge prior knowledge). It might be that students, due
to lack of prior instruction, perceived their resources as insufficient for the pre-test tasks, leading to
frustration as an expression of a potential threat state. The biopsychological model of challenge and
threat examines how individuals respond to tasks (Blascovich, 2008a). Before undertaking a task,
individuals assess the demands of the task (demand evaluation) and whether they possess the
necessary resources to effectively meet these demands (resource evaluation). A threat state occurs
when they perceive their resources as inadequate (Seery, 2011). Moreover, research shows that many
pre-vocational education students have limited success experiences in educational contexts (Hamstra
& Van de Ende, 2006). Future research into how pre-vocational education students evaluate their
resources and whether their history of limited educational success might influence their evaluation
(negatively) is recommended. This could contribute to a better understanding of how pre-vocational
education students can be encouraged to enter a challenge state rather than a potential threat state
while engaging in learning tasks.

Furthermore, during wave 1, students indicated that the example of the scale (part of the first
worked example) was not helpful (it was distracting and considered childish) (Figure 1 shows an
example of the scale). The example of the scale closely followed the mathematical teaching method
used by the school and therefore is also present in the students’ textbooks. Small-scale research in
language education indicates that students find it annoying and hindering when method developers
include examples or short texts that are not essential to the learning material (Toorenaar &
Rijlaarsdam, 2007). This may have also been the case with the scale example. Information that is not
essential can be perceived as extraneous load and research indicates that extraneous load hinders
learning (Sweller et al., 2019).

In conclusion, there is an urgent need to do more research within this population, to better

understand their learning process and how we can improve support in this regard. The above-



PROMPTING STEPWISE RETRIEVAL DURING WORKED EXAMPLES 28

mentioned could serve as a starting point for further research into how the learning of this population
is affected by their application-oriented nature, how affective elements (e.g., frustration) affect their
learning process, and which aspects of instructional material design hinder or help them.
Limitations and Strengths of this Study

Although these findings advance our understanding of the fostering of problem-solving skills
through prompting stepwise retrieval, it is important to note several potential limitations. As
mentioned above, it is possible that the scaffolded tasks served as a reminder, potentially masking
performance differences. Consequently, this may have resulted in an impure retrieval measurement.
Given the characteristics of the target group and their low frustration tolerance, it was not feasible to
eliminate the scaffolded tasks to prevent this issue. In future research, scaffolded tasks could be
handled differently (e.g., removed or counterbalanced). Furthermore, since the post-test was on paper,
students could look back at the scaffolded items to retrieve the procedure, potentially hindering pure
comparison between the control and retrieval conditions. However, administrating the post-test on
paper aligned with the target group, who were not accustomed to math tasks on the computer.
Moreover, the research setting differs from the actual educational setting. While students in
educational environments often practice a procedure with the explanation available (and with the
possibility to ask for guidance from the teacher), in this study, students were required to perform the
procedure immediately without access to the explanation or guidance.

Due to unanticipated procedural challenges during this experiment, the sample is divided into
two waves and is smaller than expected. Therefore, future research into prompting stepwise retrieval
during worked example study is recommended with a larger sample. Moreover, it is recommended to
conduct future research on stepwise retrieval during worked example study with upper general
education (havo) and pre-university education (vwo) students. This could give insight into if there are
potential differences in the effectiveness of prompted stepwise retrieval during worked example study,
between pre-vocational education and general/pre-university education students.

An important strength of this study is the target group involved. The pre-vocational secondary
education track constitutes a significant portion of our educational population; half of our third-year

secondary education students, 94.000 pre-vocational secondary education students in total (Ministerie
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van Volksgezondheid, Welzijn en Sport, 2021). This study takes a step towards understanding the use
of prompted retrieval practice during worked example study, as well as gaining insights into
conducting educational research within this population.

Conclusion

The purpose of the current study was to determine whether the learning of problem-solving
skills could be fostered by prompting stepwise retrieval practice during worked example study. This
study has identified no significant impact of prompted stepwise retrieval practice during worked
example study on the acquisition of problem-solving skills.

Due to the large amount of evidence on behalf of the effectiveness of retrieval practice, future
research on the combination of retrieval practice and worked examples is important. Research in
language education indicates that stepwise retrieval can indeed bring benefits (Van den Broek et al.,
2023). This study is a first step in exploring stepwise retrieval in the context of worked example study
and provides several starting points for future research into combining stepwise retrieval and worked
example study. Interestingly, and perhaps more importantly and surprisingly, this study has shown that
pre-vocational secondary education students are a highly interesting target group, with much to be
discovered about how these students learn. Therefore, it would be a promising future perspective to

involve this group in educational research with renewed interest and curiosity.
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Appendix A

Histograms used for visual inspection normality assumption
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Wave 1 — Isomorphic Items
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Wave 2- Scaffolded Items
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Wave 2 — Isomorphic Items
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Wave 1 — Mental effort
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