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Abstract 

Learners can adopt generative learning strategies to transform learning from instructional 

videos from a passive to an active learning experience, which has proven to increase learning. 

However, it remains an open question if enriching videos with multiple generative learning 

strategies further enhances learning and if so, how these strategies should best be sequenced. 

The purpose of the present study was to examine whether engaging in multiple generative 

learning strategies (self-explanation and retrieval practice) rather than a single strategy would 

increase learning from instructional videos. Additionally, this study examined whether the 

sequence of self-explanation and retrieval practice (SE-RP vs. RP-SE) affected learning. A 

between-subjects design was used where 155 Dutch secondary vocational education students 

were randomly assigned to a RP-RP, SE-SE, RP-SE, or SE-RP condition. Participants 

watched an instructional video and subsequently completed a retrieval practice or self-

explanation task. After completing the task, participants watched the video again and 

completed another retrieval practice or self-explanation task. After approximately one week, 

95 participants completed a delayed posttest that measured their retention, comprehension, 

and transfer. Findings showed no significant effects of the use multiple generative learning 

strategies or sequencing of retrieval practice and self-explaining on students’ learning 

outcomes.  

 Keywords: generative learning, video learning, sequencing, retrieval practice, self-

explaining 
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Is two better than one? Effects of sequencing different generative learning strategies on 

learning from instructional videos. 

Based on constructivism, learning can be considered a generative activity where 

learners actively construct meaning from the learning material and integrate this new 

information with their prior knowledge (Fiorella & Mayer, 2016; Wittrock, 2010). To foster 

generative learning, learners can adopt generative learning strategies which consist of various 

activities that stimulate learners to make sense of the learning material and go beyond the 

presented information (Brod, 2020). Previous studies on generative learning emphasized the 

need for future research to explore the effects of sequencing different generative learning 

strategies (Fiorella & Mayer, 2016; Lachner et al., 2021). Further investigation is important to 

enhance the effectiveness of generative learning strategies by understanding how different 

strategies affect learning in particular phases of knowledge acquisition and to explore 

interactions among strategies across different contexts (Fiorella & Mayer, 2016; Lachner et 

al., 2021).  

Two of the most used generative learning strategies are self-explanation and retrieval 

practice, both have been well-studied and demonstrated to positively affect learning (e.g., 

Bisra et al., 2018; Karpicke et al., 2014). However, it remains an open question if using both 

of these generative learning strategies further increases learning, since self-explanation and 

retrieval practice engage learners in different forms of cognitive processing. Yet, the amount 

of research on combining these generative learning strategies remains scarce (Larsen et al., 

2013; Roelle & Nückles, 2019). Therefore, this study adheres to the previously mentioned call 

for additional research on sequencing different generative learning strategies, which may 

contribute to the extension of generative learning theory with regards to the effects and use of 

multiple learning strategies. Furthermore, this study may impact practice by providing 
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educators with practical implications on how to use multiple generative learning strategies to 

enhance learning.  

This study examined the effects of sequencing generative learning strategies in a video 

learning context, since the use and popularity of instructional videos in education grew 

rapidly over the past years (De Koning et al., 2018; Poquet et al., 2018). Additionally, 

incorporating a generative learning strategy transforms learning from instructional videos 

from a passive to an active learning experience, which has proven to foster the effectiveness 

of video learning (e.g., Fiorella et al., 2020; Kleiman et al., 2019; Mayer et al., 2020). 

However, it remains an open question if enriching videos with multiple generative learning 

strategies further enhances learning and if so, how these strategies should best be sequenced 

when learning from videos.  

The next paragraph first describes the effects of retrieval practice and self-explanation 

on learning and the theory behind these strategies. Additionally, the use of multiple generative 

strategies and their sequence will be discussed.   

Effects of Retrieval Practice or Self-Explaining on Learning Outcomes   

 Retrieval practice refers to the process of deliberately recalling information from 

memory (Roediger & Butler, 2011). Previous research on retrieval practice has shown that 

actively retrieving information from memory enhances long-term memory retention and 

knowledge transfer (e.g., Bae et al., 2019; Butler, 2010; Roediger & Butler, 2011). 

Furthermore, meta-analysis revealed a medium effect size (g = 0.50, p < .001) of retrieval 

practice on learning (Rowland, 2014). Moreover, retrieval practice not only promotes 

retention of the practiced material itself, but also enhances learning of subsequent materials 

(Kliegl & Bäuml, 2021). Two types of retrieval practice tasks can be distinguished: targeted 

retrieval (specific short-answer tasks) and holistic retrieval (unspecific free-recall tasks). 

Being more specific, targeted retrieval tasks lead to greater retention of targeted information 
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from the learning material, whereas free-recall tasks lead to better retention of non-targeted 

information relevant to the learning material (Endres et al., 2020). Lastly, retrieval practice 

can be performed in oral or written form, however there is no evidence that the effectiveness 

differs between these retrieval practice modes (Putnam & Roediger, 2013).  

Additionally, while the amount of studies on retrieval practice in learning from 

instructional videos remains limited, previous research in this domain has shown promising 

results (Kleiman et al., 2019; Van der Zee et al., 2018). For example, Kleiman et al. (2019) 

conducted an experiment where 40 medical students were assigned to either a retrieval 

practice condition or a standard practice condition while watching several video clips. Results 

indicated that students who engaged in retrieval practice showed significant better long-term 

retention and recall than the standard practice group (Kleiman et al., 2019).  

Theoretical explanations of retrieval practice mainly describe the effects on human 

memory. Retrieving information from long-term memory may foster learning through a 

consolidation function, by strengthening memory traces which enhances the accessibility of 

the targeted knowledge (Carpenter, 2009; Roediger & Butler, 2011). According to elaborative 

retrieval theory, retrieval practice activates related knowledge in semantic memory, which 

supports the development of new retrieval cues that serve as additional memory traces for the 

targeted knowledge (Carpenter, 2009; Endres & Renkl, 2015). Furthermore, retrieval effort 

theories suggest that the difficulty or effort induced by retrieval practice positively affects 

reprocessing of memory traces, with more effort leading to stronger memory traces (Pyc & 

Rawson, 2009; Rowland, 2014). The concept of retrieval effort might also explain why 

retrieval practice seems more effective in delayed testing than in immediate testing after 

initial study, as learners have to exert more effort to retrieve information with delayed testing 

(Roediger & Butler, 2011). However, an important boundary condition for retrieval practice is 

the amount of successful retrieval, since the benefits of retrieval practice remain limited when 
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learners cannot successfully retrieve the targeted information (Kang et al., 2007). 

Additionally, repeatedly using the same retrieval practice episode induces better memory 

retention than a single retrieval practice session (Latimier et al., 2021).  

A strategy that includes some retrieval practice, yet goes further than merely retrieving 

information is self-explanation. Self-explaining is defined as generating explanations to 

oneself based on both the given information as well as inferences that go beyond this 

information (Rittle-Johnson & Loehr, 2017). A recent meta-analysis on self-explanation has 

shown a medium effect size of self-explaining on learning outcomes (g = 0.55, p < .001) 

across a range of subject domains (Bisra et al., 2018). Research on self-explaining while 

learning from videos has shown similar positive effects of self-explanation on learning 

(Fiorella et al., 2020; Lawson & Mayer, 2021; Pi et al., 2021). For example, Fiorella et al. 

(2020) conducted an experiment where 196 college students watched a video lesson and 

engaged in either self-explaining, drawing, or rewatching after each part of the lesson. 

Significant medium to large effect sizes were found for self-explaining on retention and 

transfer compared to the other conditions (Fiorella et al., 2020).  

The cognitive processes behind self-explanation not only consist of retrieval practice, 

but also of knowledge organization and knowledge integration (Fiorella & Mayer, 2015). The 

amount of retrieval practice while self-explaining depends on the availability of the learning 

materials while explaining. When learners do not have access to the learning materials, they 

must first retrieve the material from memory before they can explain it to oneself (Hiller et 

al., 2020). Furthermore, by self-explaining learners integrate information within the learning 

material and organize this new information by connecting it with their prior knowledge and 

existing mental models (Chi, 2000; Roy & Chi, 2005). Consequently, self-explanation aids 

learners in recognizing discrepancies between new information and their prior knowledge in 

order to revise inaccurate mental models (Wylie & Chi, 2014).  
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Several factors influence the effectiveness of self-explaining. Some studies have 

shown that the beneficial effects of self-explaining may be enhanced when students receive 

training on how to use the self-explanation strategy effectively (Dunlosky et al., 2013).  

Moreover, the modality of the explanations (written vs. oral) affects students’ knowledge 

acquisition. Specifically, written explanations support the process of knowledge organization 

and, in turn, students’ conceptual knowledge and oral explanations promote students’ 

elaborative processes and transfer of knowledge (Lachner et al., 2018). Furthermore, the 

timing of self-explaining during the study phase affects its effectiveness. A study by Lachner 

et al. (2020) examined whether the timing of explaining affected students’ learning and found 

that explaining early in the study phase improved learning compared to explaining at the end 

of the study phase. A possible explanation for this finding is that explaining early in the study 

phase enables learners to recognize potential knowledge gaps, which they can repair during 

the remaining study phase (Lachner et al., 2020).  

In sum, research has shown that retrieval practice mainly benefits long-term memory 

retention through a consolidation function. While self-explanation goes beyond mere retrieval 

and additionally aids comprehension and transfer by integrating and organizing the learning 

material with existing prior knowledge.  

Using Multiple Generative Learning Strategies  

 Although available research has mainly examined the effects of generative strategies 

in isolation, there are reasons to believe that using two generative strategies in a learning 

sequence would be even more effective than repeatedly using a single strategy. Previous 

research on using different generative learning strategies has shown that pairing strategies that 

serve unique cognitive processes may further enhance deep learning (Fiorella & Kuhlmann, 

2020). For instance, self-explanation promotes knowledge organization and integration, which 

fosters comprehension and transfer (Bisra et al., 2018; Fiorella & Mayer, 2016). Whereas 
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retrieval practice supports the process of retrieving information and mainly promotes retention 

(Roediger & Butler, 2011). Using self-explanation and retrieval practice in a learning 

sequence might allow learners to experience the direct and indirect benefits of both these 

strategies. In that case, retrieval practice might consolidate the elaborated mental models that 

were formed during self-explanation and promote retention of this knowledge over a longer 

period of time (Rittle-Johnson & Loehr, 2017).  

 So far, the limited research on using multiple generative learning strategies has mainly 

focused on using strategies simultaneously (e.g., Fiorella & Kuhlmann, 2020; Larsen et al., 

2013; Roelle & Nückles, 2019). For example, a study by Larsen et al. (2013) examined testing 

and self-explaining among 47 university students. They found that participants in the ‘testing 

with self-explaining’ condition showed better learning outcomes during the initial study phase 

than participants in the ‘testing without explanations’ condition and the ‘restudy with and 

without self-explaining’ conditions.  

Sequencing Multiple Generative Learning Strategies 

 Nevertheless, the efficacy of using multiple generative strategies rather than one might 

depend on the order in which the strategies are used. Firstly, to generate correct self-

explanations learners should possess some prior knowledge (Renkl, 2014). According to 

elaborative retrieval theory, retrieval practice activates related knowledge in memory and 

encodes this along with the targeted information, which creates multiple memory traces to 

access this information in the future (Carpenter, 2009). Therefore, a retrieval practice (RP) – 

self-explanation (SE) sequence between study phases would allow learners to access and 

expand relevant prior knowledge through retrieval, before engaging in self-explanation. A 

self-explanation (SE) – retrieval practice (RP) sequence would likely hinder the generating of 

self-explanations by a lack of prior knowledge, which would in turn lead to low-quality 

mental representations of the learning material (Hiller et al., 2020). Consolidating these 
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deficient mental representations in a subsequent retrieval practice activity would offer few 

benefits in terms of learning outcomes.  

 Contrarily, self-explaining might especially benefit learners early in the study phase 

when they lack high-quality mental representations, because generative processing increases 

the coherence of learners’ mental representations and their integration with prior knowledge 

(Roelle & Nückles, 2019). At the end of the study phase, learners likely possess high-quality 

mental representations. Therefore, in a RP-SE sequence, self-explanation might be redundant 

since this strategy mainly focuses on the formation of high-quality mental representations and 

those are likely present at the end of the study phase (Roelle & Nückles, 2019). A SE-RP 

sequence would allow learners to first form high-quality mental representations through 

generative processing, presumably also because this enables learners to recognize potential 

knowledge gaps which they can repair during the remaining study phase (Lachner et al., 

2020). Furthermore, it might be possible that learners are more able to detect knowledge gaps 

after self-explaining than after retrieval practice, since learners receive relatively sparse 

feedback about knowledge gaps in a free-recall task (Endres et al., 2020). Therefore, in a SE-

RP sequence, retrieval practice might be more beneficial at the end of the study phase, 

because a subsequent retrieval practice activity would consolidate the high-quality mental 

representations that learners formed as a result of self-explaining (Roelle & Nückles, 2019).  

The Present Study 

Given the need for additional research on the effects of using multiple generative 

learning strategies in a learning sequence, this study examined the effects of self-explanation 

and retrieval practice in secondary vocational education students while learning from 

instructional videos. Both generative learning strategies have shown to be suitable and 

effective for students in this age group (Brod, 2020). Additionally, existing studies mainly 

examined the use of multiple strategies simultaneously. Since the use of multiple strategies 
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simultaneously can pose too much cognitive load (cf. cognitive load theory) and different 

strategies are beneficial for distinct phases of learning (Fiorella & Mayer, 2016), this study 

focuses on the use of multiple strategies consecutively. The primary research question was 

whether engaging in multiple generative learning strategies rather than a single strategy would 

increase learning from instructional videos. Effects on retention, comprehension, and transfer 

were measured on a delayed posttest to investigate the effects on learning outcomes. Previous 

research has shown that learners who employ multiple generative learning strategies produce 

better learning outcomes, because different strategies serve unique cognitive processes that 

enhance learning (Fiorella & Kuhlmann, 2020; Koh et al., 2018; Rittle-Johnson & Loehr, 

2017). Contrarily, other studies did not find beneficial effects of using multiple strategies 

rather than a single learning strategy (Roelle & Nückles, 2019; Waldeyer et al., 2020). 

Additionally, since every generative learning strategy comes with a cost, for example more 

time or cognitive demands (Bisra et al, 2018; Rittle-Johnson & Loehr, 2017), use of multiple 

strategies might provide learners with double the costs which might negatively impact their 

learning outcomes. However, it is also possible that a variance in learning strategies increases 

learners’ academic achievement and keeps them motivated during learning (Magen-Nagar & 

Cohen, 2017). Therefore, no hypothesis on the use of multiple strategies rather than a single 

strategy was formed. Additionally, this study examined whether the sequence of self-

explanation and retrieval practice (SE-RP vs. RP-SE) affected learning. Since different 

theories contradict one another and previous research is limited, this was approached as an 

open question and no hypothesis was formed. Furthermore, based on the cognitive processes 

involved, one might expect that self-explaining (SE-SE) improves higher order learning such 

as comprehension and transfer, whereas retrieval practice (RP-RP) mainly promotes lower 

order learning such as retention.  
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Furthermore, effects on perceived mental effort were measured because previous 

research has shown that perceived mental effort influences students’ learning strategy 

decisions (Hui et al., 2022). Additionally, effects on metacomprehension accuracy were 

explored to obtain more information on students’ metacognitive processes (Gutierrez de 

Blume, 2022). Lastly, learning enjoyment and self-efficacy were also measured, since these 

are important components of motivation and therefore they influence students’ learning 

strategy decisions and willingness to use a certain strategy (Chan et al., 2012; Sadi & Uyar, 

2013). Since the analyses of the abovementioned variables were explorative, no hypotheses 

were formed.  

Method 

Participants and Design 

Participants were Dutch secondary vocational education students. In the experiment a 

total of 155 students (83 male, 72 female) with a mean age of 20.12 (SD = 4.07) participated. 

Of those 155 students, 95 students (50 male, 45 female) with a mean age of 19.68 (SD = 3.97) 

completed the delayed posttest. G*Power analysis revealed that in order to detect a medium 

effect size with 80% power (α = .05), a minimum of 128 total participants was required (Faul 

et al., 2007). A medium effect size was used for the power analysis since this effect size is the 

threshold of educational relevance (Hattie, 2009). This study employed a between-subjects 

design with four conditions in order to compare the effects of using multiple strategies and 

sequencing on retention, comprehension, and transfer across the different groups. Participants 

were randomly assigned to either a RP-RP, SE-SE, RP-SE, or SE-RP condition, see Table 1. 

Participants had little to no prior knowledge on the subject of the video, since this was not 

covered in their curriculum. Participation in the experiment was voluntary and no 

compensation was provided.  
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Table 1 

Distribution of Participants Among Conditions  

  N 

  Experiment Delayed posttest 

Condition RP-RP 40 25 

 SE-SE 38 22 

 RP-SE 38 23 

 SE-RP 39 25 

Total  155 95 

 

Materials 

 The materials for this study consisted of a video on the pollination of plants, a retrieval 

practice task, a self-explanation task, five questionnaires to measure several constructs, and a 

delayed posttest. All materials were presented via Qualtrics in Dutch, as this was the native 

language of most participants. 

Prior Knowledge Questionnaire 

A questionnaire rather than a pretest was used to measure prior knowledge to avoid a 

testing effect, where the act of taking a test enhances later performance (Roediger & Butler, 

2011). The prior knowledge questionnaire asked participants to rate their prior knowledge on 

the pollination of plants on a 5-point Likert scale, with 1 representing ‘very low’ and 5 

representing ‘very high’. Additionally, the questionnaire included five statements relating to 

knowledge about pollination, where students had to mark the statements that applied to them. 

Examples of these statements include: “I know exactly what the pollination of plants is.” and 

“I know exactly which processes are required for the pollination of plants.”. Cronbach’s alpha 

for the prior knowledge questionnaire was α = .76, which is considered acceptable reliability 

(Tavakol & Dennick, 2011).  
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Instructional Video 

Participants watched an instructional video about the pollination of plants (see Figure 

1), with a duration of 3 minutes and 51 seconds. The video showed the reproductive organs of 

plants, different methods plants use to spread pollen, and the two types of pollination. The 

video was completely narrated by a teacher with a detailed explanation of the process of 

pollination.  

Figure 1 

Screenshot from the Instructional Video about Pollination

  

Learning Tasks 

 The retrieval practice task consisted of a free-recall prompt where participants were 

instructed to write down everything they remembered about the contents of the video. The 

self-explanation task included a prompt that directed participants to generate a written 

explanation based on what they learned from the video about pollination.  

Posttest 

 The delayed posttest consisted of 19 questions in total, of which 13 were open-ended 

questions and six multiple choice questions. The posttest intended to measure retention, 

comprehension, and transfer. A total of seven items measured retention, such as: ‘Name the 
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two methods plants use to disperse pollen’. Furthermore, five items measured comprehension 

with questions such as: ‘Explain why wind-pollinated flowers produce more pollen than 

insect-pollinated flowers’. Lastly, seven items measured transfer by requiring participants to 

apply the knowledge they gained from the video to a new situation. For example, participants 

were asked to explain why a single fruit tree in a garden did not bear any fruit. This question 

was not directly discussed in the video about pollination, but participants could use the 

knowledge they gained from the video to answer this question correctly. While Cronbach’s 

alpha for the total posttest was α = .80, which is considered acceptable, reliability for retention 

(α = .65), comprehension (α = .61), and transfer (α = .54) was questionable (Tavakol & 

Dennick, 2011). Moreover, removal of items for these variables would not lead to higher 

reliability.  

Additionally, a Confirmatory Factor Analysis (CFA) was conducted to determine 

construct validity. Results showed that the CFA model with the factors retention, 

comprehension, and transfer did not fit well with the data. The Chi-square goodness-of-fit test 

was significant (p < .001) and the fit indices were insufficient (CFI =0.795; TLI = 0.765; 

RMSEA = 0.069). Thus, Exploratory Factor Analysis (EFA) was conducted to identify the 

underlying structure of the measured variables. The model with three factors was non-

significant, which means it fitted the data (p = .469). However, inspection of factor loadings 

did not show any logical theoretical structure of the items. Therefore, interpretation of these 

three factors was not possible and the original intended constructs were used for the 

remainder of this study.  

Perceived Mental Effort 

Perceived mental effort was measured by asking participants to indicate how much 

mental effort they had invested after watching each video and learning task on a 9-point 

Likert scale ranging from 1 ‘very, very low effort’ to 9 ‘very, very high effort’. This scale was 
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developed by Paas (1992) and has shown consistent reliability, with reliability coefficients 

ranging from ≥ .82 – .93 (Van Gog & Paas, 2008). 

Metacomprehension Accuracy 

 To measure metacomprehension accuracy, participants were asked to make 

judgements of learning about their expected performance on the posttest (for example, see 

Lachner et al., 2020). Participants were asked to estimate how many questions they would 

answer correctly on the posttest, ranging from 0 to 30. Metacomprehension accuracy was 

operationalized in terms of bias.  

Learning Enjoyment 

Learning enjoyment was measured by asking participants to indicate how much 

enjoyment they experienced during the learning tasks on a 9-point Likert scale ranging from 1 

‘very, very low enjoyment to 9 ‘very, very high enjoyment’ (Hoogerheide et al., 2019). 

Self-Efficacy 

Self-efficacy was also measured on a 9-point Likert scale, asking participants to rate 

their confidence about their knowledge on the pollination of plants (cf. Bandura, 2006; see 

also Hoogerheide et al., 2016), on a scale ranging from 1 ‘very, very low confidence’ to 9 

‘very, very high confidence’. 

Procedure 

 First, a pilot study of the experiment was carried out with 17 students that represented 

the target group. After conducting the pilot study, some changes were made to improve the 

design of the study. For example, the instructions and questioning were further clarified. 

Additionally, because some students experienced technical difficulties with the automatic 

timer in Qualtrics, it was decided that the researcher would keep track of time during the 

learning tasks.  
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Subsequently, the experiment was conducted at participants’ school using laptops. See 

Figure 2 for an overview of the study’s procedure. To protect participants’ identities, all 

participants received a de-identified participant number that was used throughout the 

experiment. First, the experimenter provided a plenary introduction to the study and 

instructions to access Qualtrics. When the participants accessed Qualtrics, they received an 

informative letter and the opportunity to provide informed consent. Next, participants 

completed the prior knowledge questionnaire and watched the video on pollination for the 

first time. Participants were instructed to watch the video alone and to use headphones to 

minimize distractions. Subsequently, participants had 4 minutes to complete either a retrieval 

practice task or a self-explanation task. During the learning tasks, participants did not have 

access to the learning materials. For the self-explaining task, participants were instructed to 

explain everything they could remember about the contents of the video as if they were 

explaining it to a fellow student who had no knowledge on plant pollination. For the retrieval 

practice task, participants were instructed to write down everything they could remember 

about the contents of the video. Participants in both conditions were instructed to write up 

their descriptions as complete as possible. After completing the learning task, participants 

watched the video for the second time. Participants then performed the final retrieval practice 

or self-explanation task for 4 minutes. During the whole experiment, participants had to 

indicate their perceived mental effort after each video and learning task. Additionally, after 

completing the final learning task participants reported how much enjoyment they 

experienced while working on the learning tasks and how confident they felt about their 

knowledge on pollination. The total duration of the experiment was approximately 30 

minutes.  

After one week participants completed a posttest (10 min) to measure their retention, 

comprehension, and transfer. Beforehand, participants provided a judgement of learning. For 
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the posttest, participants were instructed to answer the questions independently and not to use 

any other resources than their own memory. Due to mandatory school holidays and 

quarantines some students (n = 10) had to complete the posttest online and some students (n = 

11) completed the posttest in more or fewer days than the intended one-week delay between 

the experiment and posttest.  

Figure 2 

Overview of the Study Procedure for all Conditions. 

 

Data Analysis 

 The total score for self-reported prior knowledge ranged from 1 to 10 and was 

computed by adding the score on the Likert-scale (range 1 to 5) and one point for each 

marked statement about participants’ prior knowledge (range 0 to 5). To compute total scores 

for retention, comprehension, and transfer, participants received one point for each correctly 

answered question or part of a question. Scores for retention, comprehension, and transfer 

ranged from 0 to 10 and thus the total posttest score ranged from 0 to 30. Two raters scored 

approximately 20% of the posttests using an answer model. Inter-rater reliability was 

excellent for retention, ICC = 0.99; comprehension, ICC = 0.93; and transfer, ICC = 0.99 

(Koo & Li, 2016). Therefore, only one rater coded the remaining posttests. Additionally, 

scores for metacomprehension accuracy bias were computed. Due to an error in the answer 

option of the question on metacomprehension accuracy, some participants did not report a 

correct value. These answers (n = 10) could not be used and were treated as missing values. 
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Metacomprehension accuracy bias was computed for the remaining sample (n = 85) by 

calculating the difference between the estimated number of correct questions and the actual 

number of correct questions. Positive values indicated overestimation of performance, 

negative values indicated underestimation of performance, and values of zero showed 

accurate judgement of learning. 

Results  

 All analyses were conducted with an alpha level of .05. For the analyses, two-way 

ANOVAs, one-way and two-way MANOVAs, and Kruskal-Wallis tests were used. For 

analyzing multiple dependent variables, MANOVAs were used instead of ANOVAs to avoid 

the increased risk of Type 1 error that can occur when analyzing related dependent variables 

(Meyers et al., 2016). Effect sizes were measured by partial η², interpreting values <.06 as 

small effects, values ranging from 0.06 to 0.14 as medium effects, and values > 0.14 as large 

effects (Cohen, 1988). Furthermore, all assumptions were checked following the guidelines of 

Field (2018) and any violations of assumptions were reported.  

Data for the preliminary analyses, retention, comprehension, transfer, total posttest, 

perceived mental effort, self-efficacy, and learning enjoyment were not normally distributed 

as assessed by conducting a Shapiro-Wilk test (p < .05). Therefore, skewness and kurtosis 

values were computed to determine if these violations of normality were cause for concern. 

Values for skewness and kurtosis should lie between -2 and +2 to be considered acceptable in 

order to prove normal distribution (George & Mallery, 2010). All variables showed 

acceptable skewness and kurtosis values. Therefore, since ANOVAs and two-way 

MANOVAs are also considered to be fairly robust to deviations from normality (Bray & 

Maxwell, 1985; Maxwell & Delaney, 2004; Weinfurt, 1995) and skewness and kurtosis 

values were generally acceptable, the analyses were conducted anyway. 
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Furthermore, data for the preliminary analyses, comprehension, transfer, total posttest, 

perceived mental effort, and learning enjoyment showed several univariate outliers. 

Therefore, raw data was examined for possible errors or inaccuracies, however no clear errors 

or causes were found. Additionally, z-scores were computed to determine if these outliers 

could be cause for concern. According to Field (2018), values of z-scores should lie between   

-3.29 and 3.29. Since none of the cases showed extreme z-scores on the dependent variables, 

outliers were not removed for further analyses. Additionally, data for perceived mental effort 

showed two multivariate outliers as assessed by computing Mahalanobis distance. Because 

scores for these two multivariate outliers were above the critical Chi-square value of 16.27 (α 

= .001), they were considered multivariate outliers (Tabachnick & Fidell, 2014). However, 

raw data did not show any errors or inaccuracies, so therefore the analysis for perceived 

mental effort was conducted with and without these multivariate outliers.  

Lastly, data for prior knowledge, retention, comprehension, transfer, and total posttest 

score violated the assumption of homogeneity of variances as assessed by conducting 

Levene's Test (p < .05). However, when group sizes are approximately the same size, which is 

the case, F tests are relatively insensitive to the violation of this assumption (Chen & Zhu, 

2001). Hence, the analyses were carried out anyway.  

Descriptive statistics of the study are presented in Table 2. The sample sizes that were 

used to compute the mean scores differed between variables, since some variables were 

measured during the experiment while other variables were measured during the delayed 

posttest. The table shows that descriptively, for the sample as a whole, test performance for 

retention, comprehension, and transfer did not approach a floor or ceiling effect and could be 

classified as moderate.  
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Table 2 

Descriptive Statistics for Study Variables 

 RP-RP SE-SE RP-SE SE-RP 

Retentiona (range 0 – 10) 4.20 (2.69) 4.14 (2.27) 4.52 (2.87) 4.92 (2.57) 

Comprehensiona (range 0 – 10) 3.64 (2.31) 3.32 (1.89) 3.43 (2.73) 4.00 (1.61) 

Transfera (range 0 – 10) 5.08 (1.58) 5.32 (1.09) 5.26 (1.82) 5.92 (1.19) 

Total score posttesta (range 0 – 30) 12.92 (5.69) 12.77 (4.13) 13.22 (6.45) 14.84 (3.88) 

Metacomprehension accuracy predictionb (range 0 – 

30) 

15.92 (5.20) 17.25 (7.50) 15.81 (5.52) 17.00 (3.92) 

Metacomprehension accuracy biasb (range -30 – 30) -3.00 (6.84) -4.25 (6.05) -2.67 (7.28) -1.47 (4.33) 

Mental effort after first videoc (range 1 – 9) 4.25 (1.84) 3.87 (2.02) 3.42 (2.06) 3.49 (1.90) 

Mental effort after first learning taskc (range 1 – 9) 4.48 (1.97) 4.76 (2.02) 4.63 (2.19) 4.13 (2.15) 

Mental effort after second videoc (range 1 – 9) 4.18 (1.84) 3.79 (2.16) 3.63 (1.84) 4.00 (1.95) 

Mental effort after second learning taskc (range 1 – 

9) 

4.37 (1.68) 4.47 (1.98) 4.63 (1.94) 4.62 (1.60) 

Self-efficacyc (range 1 – 9) 4.98 (1.64) 5.29 (1.84) 4.82 (1.89) 5.28 (2.00) 

Learning enjoymentc (range 1 – 9) 4.97 (1.56) 4.37 (1.87) 4.97 (2.11) 5.08 (1.77) 

a n = 95. b n = 85. c n = 155. 

 

Preliminary Analyses 

Several preliminary analyses were conducted to test whether the random assignment 

led to comparable conditions. First, differences between experimental conditions concerning 

prior knowledge were checked using a two-way ANOVA with the first learning task (RP vs. 

SE) and the second learning task (RP vs. SE) as between-subject factors. The analysis showed 

no significant main effects (First learning task: F(1, 91) = 1.29, p = .259, η²p = .014; Second 

learning task: F(1, 91) = 1.14, p = .288, η²p = .012) or interaction effect (F < 1). This indicated 

that there were no significant differences in prior knowledge between conditions before 

starting with the experiment.  
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Additionally, since some participants completed the posttest online, a one-way 

MANOVA was conducted with retention, comprehension, and transfer as the dependent 

variables to determine if there were any differences between participants who took the 

posttest online and participants who took the posttest at school. Results showed no significant 

differences between these participants, F(3, 91) = 0.02, p = .997, Wilks' Λ = .999, η²p = .001. 

This means that participants who completed the posttest online were comparable with 

participants who took the posttest at school and any potential effects of condition cannot be 

attributed to the way that participants took the test.  

Lastly, a one-way MANOVA was conducted to compare participants who had more or 

fewer days between the experiment and the posttest than other participants who had exactly 

one week between the experiment and the posttest. Results of the analysis showed that the 

differences between these participants on retention, comprehension, and transfer were non-

significant, F(12, 233) = 0.82, p = .628, Wilks' Λ = .896, η²p = .036. This indicated that the 

time between the experiment and the posttest did not affect participants’ achievement on the 

posttest. 

Learning Outcomes 

The effects of using multiple strategies and sequencing on retention, comprehension, 

and transfer were analyzed with a two-way MANOVA with first task (RP vs. SE) and second 

task (RP vs. SE) as between-subject factors. The interaction effect between first task and 

second task on the combined dependent variables was not statistically significant, F(3, 89) = 

0.75, p = .523, Wilks' Λ = .975, η²p = .025. Furthermore, the main effects of the first task and 

the second task were not statistically significant (First learning task: F(3, 89) = 0.88, p = .454, 

Wilks' Λ = .971, η²p = .029; Second learning task: F(3, 89) = 0.35, p = .791, Wilks' Λ = .988, 

η²p = .012). These results indicated that the amount of generative learning strategies (one vs. 
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two) and the order in which different strategies were used did not affect students’ retention, 

comprehension, and transfer.  

Furthermore, removal of the previously mentioned univariate outliers also did not lead 

to a significant interaction effect of first and second learning task, F(3, 87) = 1.04, p = .378, 

Wilks' Λ = .965, η²p = .035. Likewise, the main effect for first learning task was not 

significant without the univariate outliers, F(3, 87) = 0.91, p = .440, Wilks' Λ = .970, η²p = 

.030, nor for the second learning task, F(3, 87) = 0.34, p = .798, Wilks' Λ = .988, η²p = .012. 

 Since quality checks showed low reliability for the separate constructs of the posttest, 

whereas the total posttest score had acceptable reliability, it was explored whether effects of 

using multiple strategies or sequencing on the total posttest score could be found. A two-way 

ANOVA was conducted with the first and second learning task as between-subject factors and 

the total posttest score as the dependent variable. However, no significant interaction effect, 

F(1, 91) = 1.25, p = .267, η²p = .014, or main effects of first and second learning task were 

found (First learning task: F(1, 91) = 0.49, p = .487, η²p = .005; Second learning task: F(1, 91) 

= 0.70, p = .405, η²p = .008). This indicated that, in line with the previous analysis, the amount 

of generative learning strategies or the sequence in which these strategies were performed, did 

not affect students’ learning outcomes.   

Lastly, considering that several assumptions for the MANOVA were violated, a non-

parametric test was conducted to check for the robustness of the findings. Since SPSS does 

not offer non-parametric alternatives for a MANOVA or two-way ANOVA, three separate 

Kruskal-Wallis tests were conducted to determine if there were differences in retention, 

comprehension, and transfer scores between conditions. Results showed that there were no 

statistically significant differences between conditions in terms of retention, H(3) = 1.69, p = 

.639; comprehension, H(3) = 1.88, p = .597; and transfer, H(3) = 5.36, p = .148. 
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 To conclude, the lack of significant findings indicated that the groups did not differ on 

retention, comprehension, and transfer or the total posttest score. These results showed that 

the use of one or two generative learning strategies did not affect learning outcomes. 

Similarly, the sequence in which self-explanation and retrieval practice were performed did 

not affect students’ learning.    

Explorative Analyses 

Several explorative analyses were performed to determine if there were any effects of 

using multiple strategies or sequencing on perceived mental effort, self-efficacy, 

metacomprehension accuracy bias, and learning enjoyment. A two-way MANOVA was 

conducted to understand the effects of first learning task (RP vs. SE) and second learning task 

(RP vs. SE) on perceived mental effort scores. Perceived mental effort scores after the first 

and second learning task were used as dependent variables to see if participants experienced 

different levels of effort while using different strategies. Additionally, perceived mental effort 

after watching the video for the second time was used as a dependent variable to see if there 

were any carry-over effects from the strategies used prior to watching the video. Perceived 

mental effort after watching the video for the first time was not used as a dependent variable, 

since participants did not differ in prior knowledge and no manipulations were used in that 

stage of the experiment. Results of the analysis showed no significant interaction effect of 

first and second learning task (F < 1). Moreover, no significant effects of first learning task (F 

< 1), or second learning task, F(3, 149) = 2.16, p = .095, Wilks' Λ = .958, η²p = .042, were 

found. Removal of the previously mentioned multivariate outliers also did not lead to any 

significant findings. These results indicated that the groups did not experience different levels 

of perceived mental effort during the learning tasks or while watching the video for the 

second time.  



24 
 

 Furthermore, to explore if there were any differences between conditions regarding 

self-efficacy, a two-way ANOVA with first and second learning task as between-subject 

factors was conducted. Yet, no significant main effects of first learning task, F(1, 151) = 1.73, 

p = .190, η²p = .011, second learning task (F < 1), or interaction effect (F < 1) were found. 

This suggested that participants across conditions felt confident in their knowledge of the 

subject of the video in a comparable manner.  

To measure the effects of the first and second learning task on students’ 

metacomprehension accuracy bias, a two-way ANOVA was conducted with first and second 

learning task as between-subject factors. Results showed no significant main effects of first 

and second learning task (F < 1), or interaction effect, F(1, 81) = 1.28, p = .261, η²p = .016. 

This indicated that the use of one or two generative strategies and the sequence of these 

strategies did not affect the accuracy of students’ judgement of learning.  

Lastly, a two-way ANOVA was conducted to examine if the conditions differed 

regarding learning enjoyment. However, results showed no significant main effect of first 

learning task (F < 1), second learning task, F(1, 151) = 1.45, p = .230, η²p = .010, or 

interaction effect, F(1, 151) = 1.44, p = .232, η²p = .009. This means that participants across 

conditions experienced comparable levels of learning enjoyment.  

Discussion 

 The aim of the present study was to examine the effects of self-explanation and 

retrieval practice while learning from instructional videos in secondary vocational education 

students. More specifically, the purpose of this study was to examine the effects of using 

multiple rather than a single generative learning strategy and the sequence in which the two 

strategies were used, on students’ retention, comprehension, and transfer. Previous studies 

called for additional research on the effects of sequencing different generative learning 

strategies (Fiorella & Mayer, 2016; Lachner et al., 2021). Therefore, the present study aimed 
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to fill this gap in order to extent generative learning theory and provide practical implications 

on the use of multiple generative learning strategies.  

 Findings of this study showed no significant effects of using multiple generative 

learning strategies or the sequence of these strategies on retention, comprehension, or transfer 

as well as on the total posttest score. This means there was no difference in learning outcomes 

between students who either used one or two learning strategies or between students who 

performed self-explanation and retrieval practice in a different sequence. Similarly, no 

significant effects of using multiple generative learning strategies or the sequence of retrieval 

practice and self-explanation were found on self-efficacy, perceived mental effort, 

metacomprehension accuracy, or learning enjoyment. 

The finding that using two different strategies was not more effective for learning than 

using a single strategy is in line with prior studies by Roelle and Nuckles (2019; retrieval 

practice and explaining/giving examples) and Waldeyer et al. (2020; retrieval practice and 

explaining/giving examples). Yet, contrasts other studies by Fiorella and Kuhlmann (2020; 

drawing and teaching), Koh et al. (2018; retrieval practice and teaching), and Larsen et al. 

(2013; testing and self-explaining) that did find beneficial effects of using multiple generative 

learning strategies on learning outcomes. Additionally, the absence of an effect of sequencing 

learning strategies is consistent with the study by Fiorella et al. (2021), who found no effect of 

the sequence of explaining and drawing activities on learning outcomes. However, a recent 

study by Roelle et al. (2022)1 did find an effect of sequencing retrieval practice and example 

generation. More specifically, they found that students who performed retrieval practice 

before giving examples showed higher learning gains, experienced lower cognitive load, and 

needed less time-on-task. For a comprehensive overview of previous research on using 

multiple strategies or sequencing of different strategies, see Appendix A.  

 
1 The study by Roelle et al. (2022) was published when the present study was already conducted. Therefore, it 

was not mentioned in the Introduction section.   
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There are several possible explanations on why no significant effects of using multiple 

strategies or sequencing on learning outcomes were found. Firstly, one possible explanation 

lies in the extent to which different strategies differ in terms of cognitive processes that are 

triggered by a strategy. The present study used two learning strategies with different cognitive 

functions, with retrieval practice serving a consolidation function and self-explaining mainly 

supporting the construction of mental models (Roediger & Butler, 2011; Wylie & Chi, 2014). 

However, certain choices in the design of the experiment might have weakened the distinction 

between the two different learning tasks. More specifically, this study made use of free recall 

tasks as opposed to targeted retrieval tasks. Previous research showed that free recall leads to 

increased retention of broader non-targeted information, whereas targeted retrieval supports 

retention of targeted information from the learning contents (Endres et al., 2020). 

Furthermore, participants did not have access to the learning materials while performing the 

learning tasks. This is especially important for the self-explanation task, since the absence of 

the learning materials during the task automatically required participants to retrieve the 

contents of the video from their memory to generate their explanations. Therefore, the more 

elaborative nature of the free-recall task and the required retrieval practice for the self-

explanation task might have weakened the distinction between the two different learning 

tasks, which in turn made the conditions more similar. Using two strategies that are very 

similar might be comparable to repeatedly using a single strategy, which might explain the 

absence of a significant effect of using multiple strategies. Likewise, sequencing similar 

strategies might be comparable to repeatedly using the same strategy, because the same 

cognitive processes are stimulated throughout the entire learning sequence. In that case, the 

transition to a different strategy in the learning sequence might be indistinctive. This 

distinction between strategies would also explain why several previous studies (e.g. Fiorella 

& Kuhlmann, 2020; Larsen et al., 2013; Roelle et al., 2022) did find an effect of using 
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multiple strategies or sequencing, while others did not (see Appendix A). For example, 

Fiorella et al. (2021) did not find an effect of sequencing explaining and drawing tasks, which 

support the same cognitive processes, namely that of knowledge organization and integration. 

Whereas Roelle et al. (2022) did find a significant effect of sequencing on learning outcomes, 

and they used open-book example generation tasks, which support knowledge organization 

and integration, and more targeted recall cues, that serve a consolidation function. Therefore, 

the distinction between the cognitive processes induced by different strategies might serve as 

a potential boundary condition that has to be met, before the use of multiple strategies or 

sequencing has an effect on learning outcomes.  

Another possible explanation for the lack of significant findings, is that participants 

might have not succeeded in producing reasonable-quality explanations or successful retrieval 

attempts. Since participants’ answers were not scored, the quality of self-explanations and 

retrieval attempts remains unknown. However, the effectiveness of self-explaining depends 

on the quality of the explanations, yet students might have needed feedback or training to 

generate reasonable-quality explanations (e.g. Berthold et al., 2009; Lachner & Neuburg, 

2019; Rittle-Johnson & Loehr, 2017). Similarly, successful retrieval is critical for learning 

from retrieval practice, considering that the beneficial effects of retrieval practice decrease or 

disappear altogether when students do not retrieve the correct information (Roediger & 

Butler, 2011). Participants might have needed feedback on their retrieval attempts before they 

could successfully retrieve the correct information, since providing feedback on retrieval 

attempts not only enhances student performance, but also supports future successful retrieval 

attempts (Karpicke & Grimaldi, 2012; Roediger & Butler, 2011; Rowland, 2014). Therefore, 

the absence of feedback on participants’ answers to the learning tasks or the lack of training 

on how to use these learning strategies might have led to low-quality explanations and failed 
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retrieval attempts, which decreased the beneficial effects of these learning strategies on 

students’ learning across all conditions. 

Furthermore, the limited time between the study phase and learning tasks in this 

experiment might explain why there was no significant effect of retrieval practice on 

retention. According to retrieval practice theory, when the delay between the initial study 

phase and the retrieval phase is short, the temporal context remains comparable. This in turn 

limits the formation of distinctive context cues that can be used to retrieve the learning 

materials in the future (Karpicke et al., 2014). Therefore, the limited time between the study 

phase and learning tasks might have hindered the formation of retrieval cues. A lack of 

retrieval cues might have hampered the beneficial effects of retrieval practice on retention. 

Considering that retrieval practice was also necessary for students in the self-explanation 

condition, problems with retrieving relevant information prior to self-explaining might also 

explain why there was no significant effect of self-explaining on comprehension and transfer. 

Either because participants failed to retrieve the required information from memory or 

because this retrieval hurdle took a substantial amount of time (Hiller et al., 2020).  

Besides previously mentioned limitations in the design of the study (i.e., weak 

distinction between learning tasks, lack of scoring and feedback on explanations and retrieval 

attempts), there are methodological limitations to this study that might explain why no effects 

of using multiple strategies or sequencing on learning outcomes were found. First, the 

measurement instruments for retention (α = .65), comprehension (α = .61), and transfer (α = 

.54) showed low reliability (Field, 2018). Low reliability is problematic, considering that it 

generates scores that do not precisely reflect students’ true performance (Furr, 2021). 

Furthermore, while the reliability of the total posttest was acceptable (α = .80), factor analysis 

showed problems with its validity. This suggests that the posttest was not suitable to measure 

the constructs of retention, comprehension, and transfer. Hence, if the posttest did not 
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measure the intended variables and the reliability of the measurements was also low, it seems 

sensible that no effects on learning outcomes were found.  

As for the practical implications, these findings suggest that teachers might not have to 

make use of two strategies rather than one or sequencing of strategies to increase student 

performance. However, the added value of generative learning strategies is already well-

established in literature (e.g. Fiorella & Mayer, 2016). Therefore, educators should encourage 

students to use generative learning strategies to enhance their learning. Furthermore, 

educators should especially incorporate generative learning strategies with instructional 

videos, because this transforms video learning into an active learning experience, which has 

proven to foster learning (e.g., Fiorella et al., 2020; Kleiman et al., 2019; Mayer et al., 2020). 

Regarding theoretical implications, these findings suggest there might be several boundary 

conditions that have to be met before the use of multiple strategies or sequencing of strategies 

affects learning. Future research should use generative learning tasks that clearly differ in 

underlying cognitive processes and take the quality of students’ answers on learning tasks into 

account by providing feedback or training on how to use a certain strategy. Furthermore, it 

would be interesting to investigate whether or not the time between the study phase and 

learning tasks affects the degree to which multiple strategies or sequencing are beneficial. 

More research is necessary to determine if these factors are indeed boundary conditions and 

before we can conclude that this is truly an addition to the theory on generative learning.  

In sum, this study did not provide evidence for the beneficial effects of the use of two 

rather than one generative learning strategies or the sequencing of retrieval practice and self-

explaining on students’ learning outcomes. However, findings of this study should be 

interpreted with caution due to several limitations in the design of the experiment and low 

reliability and validity of certain measurement instruments. Still, this study adhered to the call 

for further research on sequencing different generative strategies. Additionally, recent 
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research did show promising results regarding sequencing generative learning strategies. 

Therefore, future research is necessary to clarify possible boundary conditions and to examine 

the potential benefits of using multiple generative learning strategies and their sequence on 

learning.  
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Appendix A 

Authors Strategies Materials and participants Experimental design Effects on learning outcomes 

Fiorella & 

Kuhlmann 

(2020) 

Drawing and 

teaching 

Multimedia lesson on the human 

respiratory system, university 

students 

2 × 2 between-subjects design:  

drawing (with vs. without) vs.  

teaching (with vs. without) 

In the condition with both strategies, 

strategies were used simultaneously. 

 

• Retention: teaching + drawing > 

teaching (d = 0.96); teaching + 

drawing > drawing (d = 0.62); 

teaching + drawing > restudy (d = 

1.15); drawing > restudy (d = 0.64) 

• Transfer: teaching + drawing > 

teaching (d = 0.59); teaching + 

drawing > restudy (d = 1.34); drawing 

> restudy (d = 0.89); teaching > 

restudy (d = 0.76) 

 

Fiorella et al. 

(2021) 

Sequencing: 

drawing and 

explaining 

Multimedia lesson on the human 

respiratory system, university 

students 

2 × 1 between-subjects design:  

draw-then-explain vs. explain-then-draw  
• Explanation test: ns 

• Drawing test: ns 

• Transfer test: ns 

 

Koh et al. 

(2018) 

Retrieval practice 

(free recall) and 

teaching 

Multimedia lesson on the Doppler 

effect, university students 

4 x 1 between subjects design: control vs. 

retrieval practice vs. teaching (with 

teacher notes) vs. simultaneously using 

retrieval practice and 

teaching (without teacher notes) 

 

• Comprehension: retrieval + teaching > 

control (d = 0.84); retrieval > control 

(d = 0.91); retrieval + teaching > 

teaching (d = 0.58); retrieval > 

teaching (d = 0.65) 

Larsen et al. 

(2013) 

Testing and self-

explaining 

A teaching session that covered 

four clinical topics and four weekly 

learning sessions, university 

students 

4 x 1 between-subjects design: testing + 

self-explaining vs. testing vs. self-

explaining vs. restudy 

 

In the condition with both strategies, 

strategies were used simultaneously. 

 

• Retention and application: testing + 

self-explaining > self-explaining (d = 

0.70); testing > self-explaining (d = 

0.48); self-explaining > restudy (d = 

0.68) 

Roelle & 

Nückles (2019) 

Retrieval practice 

(free recall) and  

explaining/giving 

examples 

Experiment 1: expository text of 

high cohesion and elaboration, 

university students 

 

Experiment 2: expository text of 

low cohesion and elaboration, 

university students 

2 x 2 between-subjects design: retrieval 

practice (with vs. without) vs. 

explaining/giving examples (with vs. 

without)  

 

In the explaining/giving examples 

condition, an open-book format was used. 

Experiment 1:  

• Recognition: ns 

• Reproduction: ns 

• Comprehension: retrieval > restudy (d 

= 0.62) 

Experiment 2:  

• Reproduction: ns 
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Authors Strategies Materials and participants Experimental design Effects on learning outcomes 

   In the condition with both strategies, 

strategies were used simultaneously. 

 

• Comprehension: explaining/giving 

examples > explaining/giving 

examples with retrieval (d = 0.55) 

• Transfer: explaining/giving examples 

> explaining/giving examples with 

retrieval (d = 0.60) 

 

In both experiments, no effects of using 

multiple strategies were found. 

 

Roelle et al. 

(2022) 

Sequencing: 

retrieval practice 

(cued recall) and 

giving examples 

Expository text, university students 3 × 2 between-subjects design:  

sequence (retrieval-before-giving 

examples vs. 

giving examples-before-retrieval 

condition vs. restudy) vs.  

timing of the posttest (immediate vs. 

delayed) 

 

For the giving examples condition, an 

open-book format was used. 

 

• Learning gains cued recall: retrieval-

before-giving examples > giving 

examples-before-retrieval (d = 0.56); 

retrieval-before-giving examples > 

restudy (d = 1.59) 

• Learning gains example generation: ns 

Waldeyer et al. 

(2020) 

Retrieval practice 

(free recall) and 

explaining/giving 

examples 

Expository text, high school 

students 

 

2 x 1 between-subjects design: 

explaining/giving examples (open-book 

format) vs. simultaneously using retrieval 

practice and explaining/giving examples 

(closed-book format) 

 

In the condition with both strategies, 

strategies were used simultaneously. 

 

• Comprehension: ns 

 

No effects of using multiple strategies were 

found. 

 


