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Abstract 

When reading a text in school, the goal is both text comprehension and text retention. We examined 

the effects of the learning strategies summarization and factual retrieval practice on third and fourth 

grade pupils’ text comprehension and retention of factual knowledge from a text, using restudy as a 

control condition. The experiment was conducted in an authentic classroom setting, with teachers 

executing the experiment using original course materials. In 2016, 57 regular third and fourth grade 

pupils (M = 9.04 years old) read three different texts, and each applied three different learning 

strategies (summarization, retrieval practice and restudy, counterbalanced across texts) in subsequent 

practice sessions. After a two-week delay a final test was administered. The learning strategy 

summarization had a larger positive effect on text comprehension than factual retrieval practice, but 

had a similar effect compared to restudy. The learning strategy factual retrieval practice had a larger 

positive effect on text retention than both summarization and restudy. Implications for educational 

practice are discussed. 

 Keywords: retrieval practice, summarization, memory, reading comprehension, elementary 

education 
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Public Significance Statements 

 We show that, compared to factual retrieval practice, summarization and restudy have a 

larger positive effect on third and fourth grade pupils’ text comprehension in an authentic elementary 

classroom setting.  

The summarization effects were comparable to the more time-efficient learning strategy 

restudy, implying that for summarization to be beneficial at this age, a summary training is necessary 

to increase pupils’ summary quality. 

We show that, compared to summarization and restudy, factual retrieval practice is the most 

beneficial learning strategy for the retention of factual knowledge from a text in third and fourth 

grade pupils, and could therefore be implemented for this purpose in elementary school curricula. 
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In elementary education, important foundations are laid when it comes to reading and 

understanding text material. At the age of 8 to 14, a transition from learning basic reading skills to 

the ‘reading-for-learning’ stage takes place (Chall, 1983). Educators hope to achieve that, when 

studying a text, elementary school pupils will understand this text at a deep level (text 

comprehension) and will store its detailed facts (factual text retention), such as definitions, names 

and years in long-term memory (Kendeou et al., 2014; OECD, 1999). To reach these two different 

goals the learning strategy summarization is often advised in learning methods and instructed by 

elementary school teachers (National Reading Panel, 2000; NSW, 2022).  

Overall, literature supports the positive effect of writing a summary on both text retention 

(e.g., Friend, 2002; Westby et al., 2010; Wormeli, 2004) and text comprehension in different age 

groups (e.g., Nurhayati & Fitriana, 2018; Oded & Walters, 2001; Pakzadian & Rasekh, 2012; 

Rinehart et al., 1986; Taylor, 1982 and for a review see Stevens et al., 2018). However, despite 

positive results, these experiments often include extensive summarization training programs, that are 

not commonly used in authentic classroom settings. Therefore these studies do not represent 

authentic classroom research. Also, in most studies, the effect of summarization on text 

comprehension and text retention is compared to a restudy control condition. Despite the importance 

of this comparison, it would be interesting to compare summarization to other, more promising 

learning strategies, such as retrieval practice (i.e., retrieving to-be-learned information from 

memory).  

Especially in the case of retaining factual knowledge, retrieval practice shows robust positive 

effects in different domains and for all age groups (for reviews, see Adesope et al., 2017; Agarwal et 

al., 2021; Brod, 2021; Dunlosky et al., 2013). Although positive effects have been found for the 

retention of text materials in adolescents and adults (e.g. Agarwal, 2019; McDermott et al., 2014; 

Rowley & McCrudden, 2020), elementary school classroom research is scarce and limited to the 

domain of vocabulary learning (Goossens et al., 2014) and spelling (Jones et al., 2016; Karpicke et 
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al., 2016). Because effects of learning strategies can differ per age group, and elementary school 

pupils are known to struggle when learning strategies have to be applied effectively and efficiently 

(Brod, 2021), it is unclear if the positive effect on the retention of text material, found in older 

students, holds in elementary school pupils. Additionally, when it comes to the effect of retrieval 

practice on text comprehension, research is still in its infancy and is limited to middle school 

students and undergraduates, showing mixed results (e.g. Agarwal, 2019; Butler, 2010).  

Thus, a number of studies have examined the effects of the learning strategies summarization 

and retrieval practice on text comprehension and text retention. However, these experiments either 

did not represent a classroom situation (using extensive summarization training programs), were 

conducted with adolescents or adults (instead of elementary school pupils), or used a restudy control 

condition (instead of comparing two promising learning strategies). Therefore, we wanted to conduct 

a study that compared the effects of summarization and retrieval practice on the text comprehension 

and text retention of elementary school pupils in an authentic classroom setting.   

Text Retention and Text Comprehension 

To remember and to understand a text, are two different things (Kintsch, 1994). First, 

remembering a text means that the reader is able to reproduce information that was described in the 

text (Kintsch, 1994). Text retention is referred to as the retention of factual knowledge that can be 

found verbatim within the text, such as names, dates, examples and definitions (Kendeou et al., 2014; 

OECD, 1999). Second, understanding a text implies that a reader is able to use the information that is 

provided by the text in other ways than just for reproduction (Kintsch, 1994). To understand a text in 

a way that the learner is able to answer questions and verify statements about it or paraphrase it, 

several levels of comprehension have to be successfully completed (Kintsch, 1988, 1994; Van Dijk 

& Kintsch,1983). Kintsch tried to capture these levels in his prominent Construction-Integration 

model of text comprehension (Kintsch, 1988; McNamara & Magliano, 2009). In this theory, Kintsch 

(1988, 1994) distinguishes the text-base and the situation model. The text-base model includes text 



STRATEGIES FOR TEXT LEARNING  6 
 

 
 

information and the relation between propositions in the text. The situation model includes the 

integration of the text’s information with the readers’ background knowledge (Kintsch, 1994; 

McNamara & Magliano, 2009; Meyer & Ray, 2011; Van Dijk & Kintsch, 1983). Within these two 

models, different levels of understanding occur. There is a more superficial state of understanding as 

in reproducing a relation between propositions in a text (the text-based level) and a deeper level of 

understanding in which such relations are linked to prior knowledge and lead to a level of 

understanding beyond the information that was made explicit in the text itself (Kintsch, 1994).  

Summarization 

There are two ways to write a summary. If writing a summary encourages a learner to 

integrate new knowledge into prior knowledge, thereby facilitating deeper understanding and 

prompting a learner to construct something meaningful that goes beyond the information that is 

given in the text, it counts as a generative learning strategy (Brod, 2021). A summarization strategy 

to execute the procedure of paraphrasing and condensing the text, in which the main thoughts of a 

text are transformed to a shorter version is known as the rule-based summarizing strategy (Brown et 

al., 1981). This second method of summarization is suitable for elementary school students in the 

lower grades of elementary education, given their stage of reading and writing development (CED-

groep, 2022; Chall, 1983; Christie, 2010). Following this strategy, first, the reader deletes all trivial 

material unnecessary to understanding. Second, redundant material is deleted. Third, superordinate 

terms are used for lists or examples, and finally a topic sentence is selected or invented if missing in 

the text. Because of the focus on the main thoughts, concepts and interrelationships of a text, it can 

be expected that writing a summary leads to greater text comprehension (Marzano et al., 2001; Oded 

& Walters, 2001). This statement is supported by several experimental studies showing positive 

effects of summarization on text comprehension in adolescents (e.g., Nurhayati & Fitriana, 2018; 

Oded & Walters, 2001; Pakzadian & Rasekh, 2012), and also in elementary school pupils (e.g., 

Rinehart et al., 1986; Taylor, 1982).  
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As for text retention, it is argued that writing a summary is effective for memorising 

information from a text (e.g., Westby et al., 2010; Wormeli, 2004). However, it is questionable 

whether this effect remains when the retention of factual information is the goal, because, when 

writing a summary a reader focusses on capturing the main thoughts of a text instead of memorising 

the facts and details (Brown et al., 1983; Hagaman et al., 2016; Hidi & Anderson, 1986; Oded & 

Walters, 2001). It is plausible that, during this process, factual knowledge, such as names and 

definitions, is more likely to be forgotten. Therefore, it might be expected that the positive effect of 

summarization remains absent when the retention of factual knowledge is the goal. This hypothesis 

is supported by an experiment with undergraduates that found no advantage of the learning strategy 

summarization on factual text retention compared to the learning strategy restudy (Spirgel & 

Delaney, 2014). Additionally, Mok and Chan (2016) compared the learning strategy summarization 

with the learning strategy retrieval practice, showing an advantage for retrieval practice on the text 

retention of 12-14 year old students with low test anxiety. Hence, for the retention of factual 

knowledge from a text, it is questionable whether the often-used learning strategy summarization is 

beneficial compared to other learning strategies, such as restudy or factual retrieval practice, when 

tested in an authentic elementary school setting.  

Retrieval Practice 

Positive effects of retrieval practice on the retention of factual knowledge from text materials 

have been found in middle school students (e.g., McDaniel et al., 2013; McDermott, 2014; Rowley 

& McCrudden, 2020), college students and undergraduates (e.g., Agarwal, 2019; Butler, 2010; Chan 

et al., 2006; McDaniel, 2009; Roediger & Karpicke, 2006). The effect of retrieval practice on factual 

text retention has not yet been investigated in an elementary school classroom setting (for a review 

see Agarwal et al., 2021). However, because of positive effects found in other domains of authentic 

elementary school settings (e.g. Goossens et al., 2014; Jones et al., 2016; Karpicke et al., 2016), it 

might be expected that these positive effects generalize to the domain of learning from text materials.  
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As for text comprehension, mixed results have been found for retrieval practice in 

experiments with adolescents that investigated possible transfer effects of factual retrieval practice 

questions (e.g., Agarwal, 2019; Butler, 2010; Chan et al., 2006; Karpicke & Blunt, 2011; McDaniel 

et al., 2013). For example, undergraduates that practiced with factual retrieval questions to retain 

knowledge from text material, scored better on a one-week delayed test with new inferential 

questions about that text (Butler, 2010). It has to be mentioned that, in this experiment the factual 

retrieval questions were highly related to the new inferential questions. Other experiments 

contradicted this effect (e.g., Agarwal, 2019; McDaniel et al., 2013). For instance, practicing with 

factual definition questions did not improve the answers of middle school students on questions 

where these definitions had to be applied (McDaniel et al., 2013). Also, Agarwal (experiment 1 and 

2, 2019) found that factual quizzes for college students had no positive effect on higher-order 

questions about that same text, even though the questions were related. However, in Agarwal’s third 

experiment (2019) a positive effect of mixed quizzes (quizzes that contained both factual and higher-

order questions), compared to purely higher order quizzes, was found on final test higher-order 

questions for sixth grade students. From these findings it can be argued that the factual questions did 

have some kind of transfer effect. Unfortunately, this experiment did not include a condition in 

which only factual questions were used.  

It is plausible to expect that practicing with pure factual retention questions, not paying any 

attention to the main thoughts of a text, will not enhance text comprehension. However, it remains 

unclear if recalling factual knowledge from a text contributes to understanding that knowledge at a 

level that inferences can be made to enhance text comprehension (Nguyen & McDaniel, 2016).  

As described above, when learning from text materials, text comprehension and text retention 

are two learning goals to keep in mind. It is however unclear which learning strategy is best used to 

reach each of these goals in an authentic elementary school setting. Therefore we examined the 

following research question: What is the effect of the learning strategies summarization, factual 
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retrieval practice and restudy (control condition) on third and fourth grade pupils’ text 

comprehension and text retention?  

Due to the focus of summarization on capturing the main thoughts of a text, which promotes 

a deeper understanding (Marzano et al., 2001; Oded & Walters, 2001), and the emphasis of factual 

retrieval practice on retaining factual knowledge derived from a text (Adesope et al., 2017; Agarwal 

et al., 2021; Dunlosky et al., 2013), the research question was accompanied by the following two 

hypotheses: (1) The learning strategy summarization has a larger effect on third and fourth grade 

pupils’ text comprehension than the learning strategies retrieval practice and restudy, and (2) the 

learning strategy retrieval practice has a larger effect on third and fourth grade pupils’ text retention 

than the learning strategies summarization and restudy. 

Method 

Design  

In this experiment a within-subjects design was used. After an initial learning phase, 

participants practiced the content of three different texts using three different learning strategies. To 

reduce chances of bias caused by a within-design (e.g., carry-over effects), learning strategies were 

counterbalanced across texts (see Table 1). The first independent variable ‘learning strategy’ was 

manipulated within-subjects and had three levels: retrieval practice, summarization and restudy 

(control condition). The second independent variable ‘test type’ had two levels: comprehension 

questions and factual retention questions. The dependent variable was the test score on the 

comprehension questions and the factual retention questions in the final test. This final test was 

administered two weeks after the last practice session. Additionally, during practice sessions, the 

performance on retrieval practice tests and the quality of summaries were measured. For a schematic 

overview of the design see Table 2. 
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Participants 

Based on a power calculation (G*power, version 3.1.9.7) with an effect size of Cohen’s f 0.25 

(Cohen, 1988), a power of 95%, 45 participants had to be recruited. The effect size was based on 

similar effect sizes found for retrieval practice compared to restudy (e.g. Rowland, 2014), 

summarization compared to restudy (e.g. Stevens et al., 2019), and summarization compared to 

retrieval practice and restudy (Mok & Chan, 2016). Therefore, the parents of 76 third and fourth 

grade pupils of a regular Dutch elementary school were approached. The school had a school-weight 

of ‘zero’ (Mulder & Meijnen, 2013), which implies that, based on the socioeconomic status of 

parents, no educational disadvantage is to be expected. By means of an informed consent, parents 

were asked to give permission for the pupil’s participation. Only the data of pupils that participated 

in all sessions were analyzed. Two parents did not give consent and 17 pupils were absent during one 

or more sessions. This resulted in a sample size of 57 pupils, 33 boys (57,9%) and 24 girls (42,1%), 

with an average age of 9.04 (SD = 0.63).    

Materials 

Texts 

 The three texts used in this experiment were selected from ‘Nieuwsbegrip’, a Dutch learning 

method for reading comprehension (CED-groep, 2022). Since 2006, this is a widely used method in 

Dutch elementary schools. We selected three A-level texts from this method, representing an A2 

CEF language level and a 156-186 CLIB-score (a score to represent the degree of difficulty 

regarding text understanding), which is suitable for third and fourth grade pupils (CED-groep, 2022). 

Text 1 ‘Flood disaster’ consists of 353 words, text 2 ‘Self-driving trucks’ of 374 words and text 3 

‘The rise of the 3D printer’ of 372 words. All three texts were divided into 5 paragraphs with a 

heading. To prevent pupils from having studied the texts before, the texts were selected from the 

method’s archive.  

Summaries 
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 For each text, a high-quality summary (expert summary) was made as prescribed by the 

comprehension method, based on the rule-based summarization strategy (Brown et al., 1981; 

Marzano et al., 2001). Each text consisted of five paragraphs. The expert summary consisted of the 

five headings of each paragraph containing two or three main thoughts (sentences) per paragraph, 

selected by the second researcher. The thoughts were directly converted from the text by 

paraphrasing or condensing the text. From pupils at the age of 8 to 10 years old, it can be expected 

that their reading and writing skills have reached the stage in which they are able to produce this 

form of summary (Chall, 1983; Christie, 2010). 

Tests 

 For each of the three texts, the second author developed a written final test with 15 questions 

(ten factual retention questions and five comprehension questions). The goal of these questions was 

to measure the effect of the learning strategies on text-based comprehension and text-based retention. 

To measure text-based comprehension, bridging inference and sorting questions were used (see 

Thiede et al., 2012), to which the answer could be found in the text. Bridging inference questions are 

questions that deal with specific information that addresses the underlying text structure. Two 

examples of inference questions from the test about the flood disaster were: “Can you describe what 

the flooded land looked like?” and “Can you name a difference and a similarity between a dike and a 

storm surge barrier?”. Sorting questions are questions that measure the relations that students have 

found in the text, and have integrated into their long-term memory (McNamara et al., 1996). For 

these sorting questions, the pupils needed to determine to which paragraph a statement belonged. For 

example, the ‘Flood disaster’ text contained a paragraph with the heading ‘Prevention’. In this 

paragraph, the reader received information about preventing flood disasters from happening. The 

corresponding sorting questing gave the following text-based statements, which participants had to 

place back in the right category: “Such a disaster should never happen again. The dikes along the sea 

and the rivers were strengthened. People also built dams and storm surge barriers.”. Participants 
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could choose from the categories: Introduction, Storm, Help, Prevent and Future. These categories 

represented the headings of the five paragraphs from the text. In this case the category ‘Prevent’ was 

the right answer.  

To measure factual text retention, it was made sure that the answer to a question could be 

found verbatim in the text. The ten factual retention questions referred to objective knowledge, such 

as names, dates, examples and definitions, and were short-answer questions. Two examples of 

factual retention questions about the flood disaster were: “In what year did the flood disaster take 

place?” and “What is a storm surge barrier?”. These ten retention questions were used for both the 

retrieval practice sessions and the final retention test.  

Procedure 

Prior to the study, a pilot was conducted with a group of 10 pupils, who did not participate in 

the experiment. The second author observed and analyzed how much time students needed to read 

the texts and complete the assignments. The scheduled times, based on the times indicated in the 

learning method (CED-groep, 2022), were sufficient (10 minutes for the restudy sessions, 15 minutes 

for the retrieval practice sessions and 20 minutes for the summarization sessions), therefore no 

adjustments were made. Additionally, this group of students read the text ‘Flood disaster’ and 

practiced with the retrieval practice strategy. As a result of this pilot, several retention and 

comprehension questions were adapted.  

The experiment was conducted in three existing third and fourth grade classrooms of 

elementary education. Three teachers in three different classrooms read the same text out loud. 

Afterwards, in each classroom, pupils performed three practice sessions using a different learning 

strategy for each text (summarization, retrieval practice and restudy). Three practice sessions were 

chosen, because when learning from text materials distributed practice is advised (for a review see 

Cepeda et al., 2006). In the summarization and retrieval practice conditions, feedback was given to 

mimic the authentic way of teaching, and because of its moderating effect on learning (Kornell et al., 
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2009; Lipko-Speed et al., 2014; Marsh et al., 2012; Pashler et al., 2005). To ensure that the same 

procedure was used during the practice sessions across groups, each group received scripted 

instructions from their teacher, under supervision of the second author.  

 In the summarization condition, the teacher provided an instruction lesson (10 minutes) on 

how to write a summary, derived from the reading comprehension method’s manual (CED-groep, 

2022). A sample text (‘Airport Schiphol has existed for 100 years’) and the digital whiteboard were 

used to model an expert summary. After this modelling session, the pupils received the experimental 

text and read it for 10 minutes. Then, they independently started making a summary of the 

experimental text, according to the rule-based summarization strategy (Brown et al., 1981; Marzano 

et al., 2001). They underlined important words and sentences before writing a summary on a blank 

sheet. During this process the text could be consulted. After 20 minutes, the teacher provided 

classroom feedback (10 minutes), by showing the text’s expert summary on the digital whiteboard, 

so pupils could compare their own selected sentences to the expert idea units. To limit the difference 

in time on task and to mimic the spaced practice in the retrieval practice group, two additional 

practice sessions were also given in the summary group. During these two practice sessions the 

pupils once more restudied the text (10 minutes) and made a new summary on a blank sheet (20 

minutes). At the end of these sessions again classroom feedback was provided (10 minutes).  

In the retrieval practice condition, pupils restudied the text for 10 minutes, and thereafter 

received 10 retention questions on factual knowledge, that were equal to the 10 final test retention 

questions. They had 15 minutes to answer these questions. This test was followed by a 10-minute 

feedback session for the group as a whole, in which the teacher used the digital whiteboard to 

provide the right answers to the questions. The students checked their work and had the opportunity 

to ask questions. During the second and third practice session, the text was no longer consulted. The 

pupils only received the same 10 questions as in practice session one, followed by a feedback 

session.  
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 In the restudy condition (control condition), pupils independently reread and restudied the 

text for 10 minutes. A time frame of 10 minutes was chosen, because within this time frame pupils 

were able to at least reread the text twice. No additional time was given, as research shows that 

additional reading sessions show diminishing efficiency (Rothkopf, 1968). Also, giving additional 

time would not represent an authentic classroom situation. For this classroom design, the 10-minute 

time frame was expected to generate optimal effects for the rereading condition. 

Two weeks after the last practice session the final test was administered. This test existed of 

two pages. The questions on the first page (10 retention questions and 4 comprehension questions) 

had to be completed and handed in before the pupils received the second page with the last 

comprehension question (the sorting question). This was done because the sorting question might 

give away answers to the previous questions. A maximum of 25 minutes was allowed for taking the 

test. When finished, pupils received a puzzle sheet so as not to disturb other pupils.  

This procedure was repeated for all three texts. The total experiment lasted six weeks and 

included three instruction moments, nine practice sessions and three final test moments (see Table 2). 

Data-scoring 

Separate scoring forms were designed for the comprehension and factual retention questions. 

For each correct answered comprehension question, pupils could score 1 (partially correct answer) or 

2 (completely correct answer), with a maximum of 10. For each correct answered retention question, 

pupils received a score of 1, with a maximum of 10. Spelling or grammatical errors were ignored.  

To determine whether the quality of pupils’ retrieval practice answers and pupils’ summaries 

improved during practice sessions, data from the practice sessions were collected. The retention 

questions from the practice sessions were scored in the same way as the final test questions. For the 

data-analysis, scores were converted to percentages. To score the quality of the summaries, the 

expert summary (described in the material section) was divided into idea units. The score of the 
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quality of the pupil’s summary was expressed as the percentage of these idea units that appeared in 

the summary.  

The second author and an independent assessor scored 12.3% of the retention questions from 

the practice sessions; 12.3% of the summary idea units; 11.7% of the final retention questions and 

11.7% of the final comprehension questions. The inter-rater correlation between the two assessors 

was respectively: 0.98, 0.96, 1,00 and 0.96, using Cohen’s Kappa as an effect size (Cohen, 1960). 

Because of the high agreement, the second author scored the remaining tests. 

The final retention questions and the final comprehension questions were controlled for 

content validity. The internal consistency of both the retention questions (α = .86) and the 

comprehension questions (α = .76) indicate a reliable measure.  

Transparency and Openness 

We report how we determined our sample size, all data exclusions, all manipulations, and all 

measures in the study, and follow JARS (Kazak, 2018). The ethical criteria of an Institutional 

Review Board in the south of the Netherlands regarding information, recruitment, privacy and data 

storage were met. All data and research materials were collected in 2016 and are available at the 

DANS Easy repository, https://doi.org/10.17026/dans-2br-sj3y. Data were analysed using IBM SPSS 

Statistics (Version 27, 2020). This study’s design and its analysis were not pre-registered. 

Results 

Results of the Final Tests 

To analyze our research question about the effect of summarization, retrieval practice and 

restudy on text comprehension and factual text retention, two Repeated Measures ANOVAs were 

conducted. One with the independent variable ‘learning strategy’ and the dependent variable ‘test 

score comprehension’, and one with the independent variable ‘learning strategy’ and the dependent 

variable ‘test score retention’. The independent variable had three levels: summarization, retrieval 
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practice and restudy. For the Repeated Measures ANOVA on the comprehension questions, the 

assumption of sphericity was met. The Repeated measures ANOVA on the text comprehension 

questions showed a statistically significant effect of learning strategy, F(2,112) = 7.77, p < .001, 𝜂  = 

.12. This is a medium-large effect according to Cohen’s threshold values for effect sizes (Cohen, 

1988). A post hoc test revealed that, on the comprehension questions, there was no statistically 

significant difference between the learning strategies summarization (M = 39.65, SD = 23.60) and 

restudy (M = 37.37, SD = 26.89), p = 1.00. The effect of the learning strategy retrieval practice (M = 

27.19, SD = 18.67) was significantly smaller than the effect of the learning strategies summarization, 

p < .001, and restudy, p = .011. Figure 1 represents these results.  

For the Repeated Measures ANOVA on the retention questions, the assumption of sphericity 

was violated, χ2(2, N = 57) = 8.21, p = .017, ε = .90, therefore a Huyn-Feldt correction was applied 

(Huyn & Feldt, 1976). The Repeated measures ANOVA on the text retention questions showed a 

statistically significant effect of learning strategy, F(1.81,101.30) = 42.31, p < .001, 𝜂  = .43. This is 

a large effect according to Cohen’s threshold values for effect sizes (Cohen, 1988). A post hoc test 

revealed that, on the retention questions, the effect of the learning strategy retrieval practice (M = 

79.83, SD = 23.03) was significantly larger than the effect of the learning strategies summarization 

(M = 46.14, SD = 27.44), p < .001, and restudy (M = 46.32, SD = 32.71), p < .001. There was no 

statistically significant difference between the learning strategies summarization and restudy, p = 

1.00. Figure 1 represents these results. 

Results of the Summary Quality During Practice Sessions 

The percentage of correct idea units reproduced in a pupil’s summary represented the quality 

of the summary. Table 3 shows the quality of the summaries expressed in percentages. To compare 

the quality of the summaries over time, a Repeated Measures ANOVA was conducted. Because the 

assumption of sphericity was violated, χ2(2, N = 57) = 7.24, p = .027, ε = .92, a Huyn-Feldt 

correction was applied (Huyn & Feldt, 1976). A significant effect was found for the quality of the 
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summaries, F(1.84,102.76) = 32.79, p < .001, 𝜂  = .37. This is a large effect according to Cohen’s 

threshold values for effect sizes (Cohen, 1988). Table 3 shows the increase over time. A post hoc test 

revealed that the quality of the summaries in the third practice session (M = 49.05, SD = 21.58) was 

significantly higher than the quality of the summaries in the second (M = 38.69, SD = 20.70), p 

<.001, and the first practice session (M = 28.07, SD = 19.09), p < .001). The quality of the 

summaries in the second practice session was significantly higher than the quality of the summaries 

in the first practice session (p < .001). There was a 21% increase of summary quality between the 

first and the last practice session.  

Additionally, the score on the third summary is a significant predictor of the score on the 

comprehension test. We tested the impact of an idea unit being included in the third summary on the 

final comprehension test score (raw score, with a maximum of 10). The predicted increase in 

comprehension is .50 per included idea unit in the third summary (β = .50; t(55) = 5,40; p < .001). 

The score on the third summary also explains a significant portion of the variance in the 

comprehension test score (R2 = .35, F(1.55) = 29,18; p < .001).   

Results of Retrieval Practice Scores 

Table 3 presents the test scores of the retrieval practice sessions and the final retention test 

expressed in percentages. To compare the scores between practice sessions and the final retention 

test, a Repeated Measures ANOVA was conducted. Because the assumption of sphericity was 

violated, χ2(5, N = 57) = 38.85, p < .001, ε = .71, a Greenhouse-Geisser correction was applied 

(Greenhouse & Geisser, 1959). A significant difference was found between the scores in the retrieval 

practice sessions, F(2.13,119.25) = 57.43, p < .001, 𝜂  = .51. This is a large effect according to 

Cohen’s threshold values for effect sizes (Cohen, 1988). Table 3 shows the increase over time. A 

post hoc test revealed that the test scores in the third practice session (M = 77.19, SD = 25.20) were 

significantly higher than the test scores in the second (M = 63.51, SD = 26.76), p < .001, and the first 

practice session (M = 47.37, SD = 29.49), p < .001. The test scores of the second practice session 
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were significantly higher than the test scores of the first practice session, p < .001. Finally, there was 

no statistically significant difference between the test scores on the third practice session and the 

final retention test (M = 79.83, SD = 23.03 percent), p = 1.00. There was a 30% increase in test 

scores between the first and the last practice session.  

Discussion  

This research examined the effects of summarization and factual retrieval practice on text 

comprehension and text retention in an authentic elementary school setting, using a restudy control 

condition. Teachers executed the experiment and used authentic course materials. Below, the effects 

on text comprehension and text retention are discussed separately. 

The Effects of Summarization and Factual Retrieval Practice on Text Comprehension 

In our study, the effect of summarization on text comprehension was stronger compared to 

retrieval practice using factual knowledge questions. However, there was no benefit for 

summarization compared to the learning strategy restudy (control condition). The stronger effect of 

summarization and restudy on text comprehension compared to retrieval practice is in line with the 

theory that writing a summary or restudying a text increases a reader’s focus on the main thoughts of 

that text, allowing the reader to establish causal, logical and explanatory relations between different 

parts of the text, which leads to better text comprehension (Kintsch, 1988; Marzano et al., 2001; 

Wade-Stein & Kintsch, 2004). This positive effect on text comprehension may not occur when using 

factual retrieval questions, because the focus of the reader shifts from the main thoughts and the 

interrelationships in the text, to the text’s facts and details.  

The limited effect of factual retrieval practice on text comprehension is in line with previous 

research with adolescents by Agarwal (2019) and McDaniel et al. (2013), who found no benefit of 

factual retrieval practice on higher-order or application questions. However, in his first and second 

experiment, Butler (2010) did find a positive effect of factual retrieval practice questions on new 

inferential questions in undergraduate students. The contrast between our results and Butler’s (2010) 
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findings could be explained by a difference in the level of relatedness between our retention 

questions and our comprehension questions administered in the final test. In Butler’s (2010) 

experiments, factual retention questions that were practiced with, were highly related to the final test 

inference questions, while in our study retention questions and comprehension questions were not 

related. Hence, our findings do not necessarily imply that retrieval practice in general does not aid 

text comprehension. If, during practice sessions, retention questions are used that are highly related 

to final test inference questions or retention questions are used that focus on interrelationships in a 

text, these questions may very well enhance a pupil’s text comprehension, as supported by research 

in adolescents (e.g., Agarwal, 2019; Butler, 2010).  

The absence of a significant difference between the effect of the learning strategies 

summarization and restudy on text comprehension is noteworthy. The extra effort to describe the 

main thoughts of a text that is necessary to produce a summary did not lead to better text 

comprehension than simply restudying the text. An explanation for this finding might lie in the 

quality of the summaries that pupils at this age can produce. Although, the quality of the summaries, 

written after three summarization practice sessions, was positively correlated with the scores on the 

final test comprehension questions, on average, our participants only managed to include half of the 

idea units in their summaries. These findings show that pupils of this age struggle to make the high-

quality summary that is needed to gain positive effects on text comprehension. This finding is in line 

with research of Brown et al. (1983), showing that younger pupils struggle to write a high-quality 

summary, compared to college students and high school students. Brown et al. (1983) argue that the 

possibility to write a high-quality summary is age-related, because it is not just a result of retention, 

but requires judgment, effort, knowledge, and strategies. Third and fourth grade elementary school 

pupils may lack the metacognitive skills to be aware of the structure and the relatedness of ideas 

within a text (Baker & Brown, 1984; Gogtay et al., 2004), and are therefore not able to write the 

high-quality summary needed to improve text comprehension. These arguments are supported by 
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research of Brod (2021), in which it is argued that, compared to older students, elementary school 

pupils are less able to apply learning strategies effectively and efficiently due to a limited 

development of their metacognitive skills. These findings imply that training programs to increase a 

pupils’ summary quality may be necessary for the learning strategy summarization to be beneficial 

compared to the learning strategy restudy.   

The Effects of Summarization and Factual Retrieval Practice on Text Retention 

In the current experiment, retrieval practice was a more effective learning strategy than 

summarization and restudy to retain factual knowledge from a text. These results indicate that pupils 

practicing with factual retrieval practice questions may have placed a stronger emphasis on the 

factual knowledge in the text, whereas pupils that wrote a summary or restudied the text focused on 

the main thoughts of that text instead of on the facts and details (Brown et al., 1983; Hagaman et al., 

2016; Hidi & Anderson, 1986; Oded & Walters, 2001). These results are also in line with previous 

findings in other fields of elementary education, where retrieval practice led to better retention of 

factual knowledge compared to restudy (Goossens et al., 2014; Jones et al., 2016; Karpicke et al., 

2016). 

It could be argued that the advantage of retrieval practice compared to restudy was caused by 

the greater amount of time on task in the retrieval practice sessions (10 minutes of restudy versus 25 

minutes of retrieval practice). However, during the summarization practice sessions, pupils also 

restudied the text for 10 minutes, but additionally wrote a summary for 20 minutes, and finally 

received feedback for 10 minutes (40 minutes for summarization versus 25 minutes for retrieval 

practice). Despite this disadvantage of 15 minutes in terms of time on task, practice with factual 

retrieval questions still had a larger effect on text retention. This shows that giving additional time 

did not lead to better performance. Also given the fact that adding reading sessions show diminishing 

efficiency (Rothkopf, 1968), it is unlikely that the difference between the effects of retrieval practice 

and restudy was caused by the difference in time on task. 
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Future Research and Limitations 

We suggested that the relatively low impact of writing a summary compared to restudy on 

text comprehension could be explained by the poor quality of pupils’ summaries. It is possible that 

summarization may be more effective than restudy when this quality is enhanced. Therefore, it 

would be interesting to investigate if training programs, such as the ‘structure strategy’ training of 

Meyer (for a review see Meyer & Ray, 2011), can be used to improve the quality of elementary 

school pupils' summaries and thereby their text comprehension in an authentic classroom setting. 

Also, it could be interesting to investigate if certain mistakes in summaries are predictive of the score 

on comprehension questions. This could aid method developers in obtaining a deeper understanding 

of the areas that necessitate further practice to enhance the summarization skills of elementary school 

pupils. 

Additionally, the retention questions in our study were factual knowledge questions. In future 

research, it could be examined if other forms of retrieval practice questions could enhance the text 

comprehension of elementary school pupils, following up on previous research of Agarwal (2019), 

Butler (2010), Karpicke and Blunt (2011), and McDaniel et al. (2013).  

Finally, it is noteworthy that during the process of learning, often multiple goals have to be 

achieved. Therefore, in order to create an optimal learning environment it might be most effective to 

combine different learning strategies (see Roelle et al., 2022). In our study, when learning from text 

materials, the goal of text comprehension is enhanced by the learning strategies summarization and 

restudy, whereas the goal of text retention is enhanced by the learning strategy retrieval practice. 

Because of the importance of both goals, it might be most effective when different learning strategies 

are combined within one practice session. Hence, future research should investigate combinations of 

learning strategies to optimize learning. 
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Constraints on generality 

The results in our study are generalisable to 8-10 year-old pupils using texts with the same 

degree of difficulty as the texts we used in this research. Results may not be generalisable to other 

age groups because of a difference in reading stage and metacognitive skills.  

Conclusion  

This study demonstrated that in an authentic elementary school setting, even without 

extensive training, writing a summary had a larger positive effect on text comprehension compared 

to retrieving factual knowledge from a text. However, writing a summary did not have a larger effect 

on text comprehension than simply restudying that text. Thus, it is important for teachers to 

understand that writing a summary does not automatically improve text comprehension compared to 

the more time-efficient learning strategy restudy. To be effective, a summary may need to be of high 

quality, which appears to be difficult to achieve for pupils of this age. When it comes to factual text 

retention, answering factual questions about a text after initial reading proves more effective for 

pupils in retaining this knowledge for the long term than either writing a summary of the text or 

rereading it.  

In conclusion, this study demonstrates that a learning session often includes multiple goals. 

Based on our findings, it can be argued that employing diverse learning strategies is of importance 

for effectively achieving each individual goal.  
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Tables 
 
Table 1 

Counterbalancing of Strategies across Texts 

 First group Second group Third group 

Text 1: Flood disaster Restudy Summarization Retrieval Practice 

Text 2: Self-driving trucks Summarization Retrieval Practice Restudy 

Text 3: 3D Printers Retrieval Practice Restudy Summarization 

 

Table 2 

Distribution of Lesson (ls), Practice (ps) and Test Sessions 

Date Week 1 

Thursday 

Week 2 

Monday 

Week 2 

Thursday 

Week 3 

Monday 

Week 3 

Thursday 

Week 4 

Monday 

Week 4 

Thursday 

Week 5 

Thursday 

Week 6 

Thursday 

Activity Text 1 
ls and  
ps 1 

Text 1 
ps 2 

Text 1 
ps 3 
  

Text 2 
ps 2 

Text 2 
ps 3 

Text 3 
ps 2 

Text 3 
ps 3 

Test 
session 2, 
Text 2 

Test 
session 3, 
Text 3 
 

   Text 2 
ls 1 and 
ps 1 

 Text 3 
ls 1 and 
ps 1 

 Test 
session 1, 
Text 1 
 

  

 

Table 3 

The Mean Scores During the Retrieval Practice and Summarization Practice Sessions, Expressed in 

Percentages (SD in Parentheses). 

 Practice session 1 

(SD) 

Practice session 2 

(SD) 

Practice session 3 

(SD) 

Final Retention test 

(SD) 

Summarization 28.07 (19.09) 38.69 (20.70) 49.05 (21.58)  

Retrieval practice 47.37 (29.49) 63.51 (26.76) 77.19 (25.20) 79.83 (23.03) 
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Note. Summarization: The quality of the summary is expressed by the mean percentage of included idea units. Retrieval 

practice: The mean percentage of correct answers on the practice sessions tests is presented (SD in parentheses). 

 

 

Figures 

Figure 1 

Final Test Scores on Comprehension and Retention Questions 

 

Note. Significant differences (* p < 0.05, ** p < .001) between the learning strategies summarization, retrieval and 

restudy on the comprehension questions (left) and the retention questions (right). Test scores are in percentages. 


