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Chapter 1

Introduction 

This chapter describes the problem statement and the theoretical foundations of 

this thesis. First, the central problem statement is presented. Second, the central 

concepts of this dissertation are described both from a theoretical and an empirical 

point of view. At the end of the chapter the main research questions and an over-

view of the dissertation are presented. 
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Chapter 1

Learning from expository texts is an important activity for all students at all levels of education. 
When one looks at what students actually do when studying expository texts for an upcoming 
test, it becomes clear that they apply techniques such as restudying the material a number of 
times (Carpenter & DeLosh, 2006; Kang, McDermott, & Roediger, 2007) or highlighting parts of 
the material (Bell & Limber, 2010; Gurung, Weidert, & Jeske, 2010). Furthermore, when students 
are asked to indicate when they think they will learn most from texts, restudying is very often 
reported (Carpenter & DeLosh, 2006). The fact that students use such techniques stems from 
the inherent characteristics of these techniques. Restudying a text or highlighting text parts 
is quite simple and seems very logical. After initial studying, no big time investments are 
needed to apply or learn to apply these techniques and often a training in how to apply these 
techniques is not necessary (Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013). Also, the 
logic sounds impeccable. If studying one time is good, then studying something twice ‘must’ 
be better. If you want to remember certain things, then it ‘must’ be good to make those things 
salient by highlighting or underlining. Despite the presumed logic and attractiveness, research 
shows that these techniques are not very effective (see Dunlosky et al., 2013 for an overview) 
in terms of achieving learning goals. In other words, although techniques such as restudying 
and highlighting are most used by students (Roediger & Karpicke, 2006a), they are not the best 
techniques for studying and learning from expository texts. Research has taught us that there 
are more effective techniques to learn from expository text; techniques that stimulate retrieval 
of information from memory which enhance long-term retention (see Roediger & Butler, 2011; 
Roediger & Karpicke, 2006a for an overview). Taking into account that most students appear to 
be unaware on the one hand of the ineffectiveness of the techniques that they use and on the 
other hand of the effectiveness of retrieval practice as a learning technique, it is important that 
students are actively guided in using more effective techniques when studying expository texts. 
  The first aim of this dissertation is to investigate different retrieval practice techniques, 
identifying how they can influence learning from expository texts (i.e., increase long-term 
retention). Second, it investigates if and how retrieval practice can contribute to students’ 
insight in their own learning from texts so as to help them both better judge their own learning 
(i.e., monitoring) as well as help them guide their future study behaviors (i.e., study regulation). 
Before the experimental studies in this dissertation are presented, this chapter provides an 
introduction to the cognitive architecture of human memory related to learning from texts. 
Then, an overview of research on the effects of retrieval practice techniques on learning from 
expository texts is presented along with research on the effects of retrieval practice techniques 
on monitoring accuracy and study regulation. Finally, the main research questions and an 
overview of the remaining chapters in this dissertation are presented. 
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Cognitive Architecture and Memory Processes

Current theories of human memory are based on the information processing view (e.g., Ashcraft 
& Radvansky, 2010) which states that the human memory system can be compared with an 
information processing device. The memory system consists of three main structures: sensory 
memory, working memory (i.e., short-term memory; STM) and long-term memory (LTM). 
Information is picked up from the environment and enters sensory memory. Then the information 
is transformed in such a way that the information can be processed by STM. In STM a small, 
limited amount of information that is readily available can be stored. Important information 
processed in STM is encoded, meaning that a memory representation of the information is 
formed that eventually is stored in LTM (e.g., Tulving & Thomson, 1973). When it comes to text 
materials, semantic encoding takes place. The information in the text has a particular meaning 
and this meaning is given during semantic encoding in the form of a memory trace (i.e., a neural 
pathway consisting of an arrangement of linked neurons) and as such the information can be 
remembered and stored in LTM. This LTM plays an important role in learning from texts because 
long-term retention of information stored in LTM is an important goal when studying texts. 

Figure 1.1. Model of information processing.

Retrieval plays an important role in long-term information retention. Retrieval – the opposite 
of storage where information that has been processed in STM/WM is moved to LTM – refers to 
actively moving information from LTM back to STM/WM. During the act of retrieval, memory 
traces which are formed during the encoding process are reactivated and strengthened and this 
positively influences long-term (i.e., delayed) retention of the information (e.g., Roediger & Butler, 
2011; Roediger & Karpicke, 2006a). When a student is asked or stimulated to retrieve information 
from LTM, a search process in LTM for the to be retrieved information starts. Then information 
is selected and the learner examines this information in STM before deciding if it was the 
desired information (s)he was looking for. If this question can be answered with ‘yes’, the search 
process ends here. If this question is answered with ‘no’, the search for the desired information 
is repeated. An important characteristic of retrieval is that each subsequent successful retrieval 
attempt results in stronger memory traces. Furthermore, because the retrieval attempt changes 
memory by strengthening the memory traces, the information becomes more accessible in 
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the future (see Roediger & Karpicke, 2006a for an overview). Therefore the act of retrieval (i.e., 
retrieval practice) is seen as an important technique to support learning from texts. 

Retrieval Practice: Direct Effects

The effects of retrieval on the improvement of long-term retention have been studied extensively 
(see Roediger & Butler, 2011; Roediger & Karpicke, 2006a for an overview). These studies focused 
on so called direct effects of retrieval practice on learning (Karpicke & Grimaldi, 2012) which 
means that retrieval practice through testing is investigated as a technique to strengthen 
memory traces and as a result also improve long-term retention (e.g., Roediger & Butler 2011; 
Roediger & Karpicke, 2006a). This effect of retrieval practice on the improvement of long-term 
retention mainly applies to better future recall of previously tested information. 
  Elaborative processing is considered to be at the basis of the positive effect of retrieval 
practice after studying a text on learning from a text. Elaborative processing emphasizes the 
strength of retrieval practice by comparing the learning from a text after retrieval practice 
(e.g., via testing) with rereading (i.e., restudying) a text. The elaborative processing explanation 
comprises two important underlying ideas. First, when retrieval practice follows studying a text, 
the processing of the text is more elaborate than in a situation where studying a text is followed 
by restudying this text. In other words, the retrieval attempt builds more retrieval pathways (i.e., 
memory traces) which can be used during future retrieval attempts as compared to restudying 
the material (Bjork, 1975; Glover, 1989; Whitten & Leonard, 1980). The fact that information in the 
text is processed in two different ways when retrieval practice is applied (i.e., first studying the 
material, then attempting retrieval), leads to more cues in memory that are associated with the 
to be retrieved information as compared to processing the information twice in the same way 
(i.e., studying and restudying the material) (Carpenter & DeLosh, 2006). 
  Second, after studying and restudying a text, a learner will not be able to make a distinction 
between information (s)he remembers and information (s)he does not remember. This means 
that only information belonging to the text itself is available. In contrast, if studying a text is 
followed by retrieval practice, the cues (e.g., the questions posed) become connected with the 
to be retrieved information from the text. Both the retrieval practice cues and the search process 
in memory for the desired information are processed (e.g., Kuo & Hirshman, 1997). As such, the 
text material becomes more distinctive because a student can distinguish between information 
remembered (i.e., can be retrieved) and information not remembered (i.e., cannot be retrieved). 
This increases long-term retention of the information as compared to only studying and 
restudying the information in the text (Carpenter & DeLosh, 2006; McDaniel, DeLosh, & Merrit, 
2000). 
  In addition to the effects of elaborative processing explanation, research shows that a 
certain match (i.e., alignment) between the encoding phase where the information from a 
text is processed and the retrieval practice phase where information is retrieved from memory, 
positively influences future retrieval (Butler, 2010). This transfer appropriate processing principle 
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(TAP; Thomas & McDaniel, 2007) holds that when cognitive activities used for encoding the 
information during studying and the cognitive activities required for retrieval coincide, retention 
of the text is improved. 

Research on the Direct Effects of Retrieval Practice

Most research on the direct effects of retrieval practice on learning from expository texts has 
focused on the consolidation of factual knowledge from the text to reach the learning goal 
remembering what was in the text (Krathwohl, 2002). In such research, factual knowledge 
questions are offered as retrieval cue after studying a text (e.g., Carpenter, Pashler, & Vul, 2006; 
McDaniel, Roediger, & McDermott, 2007; Roediger & Karpicke, 2006b). Although the consolidation 
of factual knowledge is important, it is not the only type of knowledge that students have to 
acquire. Conceptual knowledge (i.e., knowledge that focuses on interrelationships between 
basic information elements in a text to place them in a larger structure (Krathwohl, 2002)) is also 
very important. Because expository texts in education often contain many interrelationships 
between basic information elements, it is questionable as to whether and to what extent 
retrieval practice can contribute to the consolidation of conceptual knowledge. Furthermore, 
at this moment little is known about how retrieval practice by stimulating the consolidation of 
conceptual knowledge cannot only help remembering from, but also understanding a studied 
text. This topic is addressed in this thesis.
  Second, when the effects of retrieval practice on learning from expository texts are studied, 
retrieval practice is primarily investigated by using some kind of cued retrieval attempt, such 
as answering short-answer questions (e.g., Carpenter, Pashler, & Vul, 2006; Cerdán, Gil, & Vidal-
Abarca, 2011; Frase, 1967; McCrudden & Schraw, 2007; McDaniel, Roediger, & McDermott, 2007; 
Roediger & Karpicke, 2006b; Rothkopf, 1966; Rothkopf & Bisbicos, 1967). Furthermore, the main 
focus is on the effects of retrieval practice on future retrieval of previously retrieved information. 
During cued retrieval, a learner is stimulated to focus on the retrieval of specific information 
from memory (Agarwal, Karpicke, Kang, Roediger, & McDermott, 2008). The retrieval cues (i.e., 
questions) are used to search for that information in memory in order to answer the questions 
(Rouet, 2006). This process of cued retrieval results in intentional learning, the specific cues guide 
the retrieval process. All other information in the text is, by definition, considered to be incidental. 
When students can restudy a text after retrieval practice, it is assumed that the result of the 
previous retrieval attempt guides this restudying and the focus is primarily on the information 
belonging to the cued recall prompt. This means that there is a strong cue (i.e., recall prompt) 
target (i.e., answer to the prompt) connection and this facilitates retention and future retrieval 
of previously retrieved information. 
  A different retrieval practice technique which is used to investigate the effects on learning 
from expository text is free recall. As compared to a cued recall attempt, free recall can be seen 
as a goal-free task (Van Merriënboer, Kirschner, & Kester, 2003). Students do not receive specific 
cues to guide the retrieval attempt and as a result, they do not have a concrete idea of the kind 
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of information that will be tested after a delay. The learning that results from a free recall attempt 
can be characterized as incidental. During a restudying phase, there is a less strong connection 
between cue and target because there are no specific cued recall prompts to which an answer 
should be found in memory. As a result, when students are required to retrieve new information 
after a delay, applying free recall might be a better retrieval practice technique. 
  An important question for both theory and practice which is still unanswered is to what 
extent retrieval techniques can contribute to students’ abilities to retrieve not only previously 
tested information but also new information after a delay when studying expository texts. 
Although prior research already addressed this issue by instructing students to answer both 
repeated questions (i.e., previously retrieved information) after a delay as well as novel questions 
(i.e., previously non-retrieved information) about the studied materials (Butler, 2010), the text 
used in this study consisted of different text paragraphs, each about another subject and the 
novel questions were thus all about different content. In other words, Butler (2010) used several 
different texts. Nungester and Duchastel (1982) also introduced novel questions in a test after 
a delay. However, these questions were about previously retrieved information (i.e., rephrased 
questions) and not about completely new information in the text. Because students need to 
be able to successfully take tests after studying expository text materials, it is necessary to 
gain insight in how different retrieval practice techniques help prepare them for an upcoming 
test which consists both of repeated as well as novel questions. Here the theory related to 
TAP is also relevant. While research shows that aligning study (i.e., encoding) and retrieval 
processes contributes to future retrieval of the same information, it is still unclear to what 
extent TAP might also contribute to future retrieval of new information. Therefore the current 
dissertation investigates what techniques are more effective in terms of future retrieval of both 
previously retrieved information and previously non-retrieved information; that is intentional 
and incidental information and it also investigates the role of TAP. To address these issues more 
realistic educational materials covering one central theme with interrelationships between 
different text paragraphs and novel questions about previously non-tested information were 
used. 

Retrieval Practice: Indirect Effects

When investigating learning from expository texts, the focus on outcomes (e.g., test 
performances) is important. However, besides results, the processes leading to those results 
are also important. In addition to the direct effects of retrieval practice on learning from texts, 
Karpicke and Grimaldi (2012) stated that retrieval practice can also have an indirect effect on 
learning. After studying a text and performing retrieval practice (e.g., by answering questions or 
free recall), a student also receives information or feedback about his/her knowledge of a text; 
whether (s)he has mastered or understood the text. As a result, this information can be used 
by them to help them to adapt their processing techniques or can be used to make decisions 
about future learning activities related to the text such as whether there is a need to review a 
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not yet mastered text (Pyc & Rawson, 2010). This is especially the case when students have the 
opportunity to restudy the text or text paragraphs after performing retrieval practice. 
  The central concept underlying the indirect effects of retrieval practice on learning from 
expository texts is metacognition. This concept was first used by Flavell (1976) and was described 
as: ‘I am engaging in metacognition if I notice that I am having more trouble learning A than 
B; or if it strikes me that I should double check C before accepting it as a fact (p. 232)’. After the 
introduction of this concept, Nelson and Narens (1990) proposed a theoretical framework for 
metacognition (see Figure 1.2). 
 

Figure 1.2.  Theoretical framework of metacognition. Adapted from Nelson & Narens (1990).

In this framework the relation between the meta-level (i.e., metacognition) and the object-
level (cognition) is depicted. It makes clear that metacognition is influenced by cognition 
through monitoring and that cognition is influenced by metacognition through regulation. The 
metacognitive processes of monitoring and regulation are required to learn from expository texts.
  When studying, a student needs to develop a clear representation of what (s)he knows 
and what (s)he does not know (e.g., Nelson & Narens, 1994) by monitoring her/his own 
learning progress. The accuracy of monitoring predicts learning outcomes and is therefore 
very important. After monitoring, the learning progress can be regulated in order to reduce the 
discrepancy between the perceived current level of learning and the formulated learning goals 
(e.g., Dunlosky & Ariel, 2011; Nelson & Narens, 1990; Thiede & Dunlosky, 1999) to optimize test 
performance or academic achievement (Ertmer & Newby, 1996; Thiede, Anderson, & Therriault, 
2003). When applying these concepts to learning from expository texts, monitoring refers to 
the process of checking what is remembered or understood from the text and what is not. 
The quality of monitoring is often measured by asking students to make judgments of learning 

(JOLs), future test performance for the studied text is predicted and these judgments can then 
be related to the actual performance on a test (Anderson & Thiede, 2008; Metcalfe & Finn, 2008; 
Thiede, Anderson, & Therriault, 2003; Thiede, Dunlosky, Griffin, & Wiley, 2005). The representation 
that follows from monitoring the current state of learning, must then be used to make a restudy 
decision: restudying the text or several text paragraphs or moving on to a different text/text 
paragraph. 
  While the effects of retrieval practice on learning from text have been extensively studied, 
little has been done on its effect on monitoring and regulation. According to cue-utilization 
(Koriat, 1997), a learner uses information in the text, infers cues from this information, and then 
makes judgements (i.e., JOLs). Cues can be intrinsic, extrinsic, or mnemonic (see Table 1.1) and 
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the different types of cues provide different information to predict future performance (Koriat, 
1997). 

Table 1.1  Intrinsic, extrinsic and mnemonic cues within the cue-utilization framework (Koriat, 1997) 

Type of cue Definition and example

Intrinsic Inherent characteristics of the study material (e.g., interrelatedness of different text paragraphs)

Extrinsic Applied encoding activities (e.g., deep or superficial information processing) 

 Learning conditions (e.g., number of times information has been studied) 

Mnemonic Internal cues giving a student necessary information needed to make JOLs

 (e.g., experienced ease of processing of presented material, check for the extent to which information retrieved 

 during previous recall attempts is remembered)

Intrinsic and extrinsic cues can directly influence JOLs but they can also indirectly influence JOLs 
via the mnemonic cues. These mnemonic cues are susceptible to both intrinsic and extrinsic 
cues which means that for example, the interrelatedness of different text paragraphs (i.e., 
intrinsic cue) and the number of times information has been studied (i.e., extrinsic cue) provide 
the student with information on which his/her subjective experience about memory or learning 
can be based (i.e., mnemonic cue). Because mnemonic cues require that students actively check 
their memory on the extent to which information from the text is mastered yet, mnemonic 
cues are considered to be the most diagnostic cues to use when judging learning. This means 
that mnemonic cues can lead to more accurate JOLs as compared to the use of the other types 
of cues. These cues can be used to make JOLs. In addition, a certain match (TAP) between the 
text providing cues for the learner and the eventual test situation is required to ensure cue 
diagnosticity; only then a student can consult the right cues before making JOLs (e.g., Van Loon, 
De Bruin, Van Gog, Van Merriënboer, & Dunlosky, 2014). 

Research on the Indirect Effects of Retrieval Practice 

Research on improving monitoring accuracy and regulation when studying expository texts 
has focused on generation techniques. Such techniques have been found to positively influence 
monitoring accuracy and often also regulation and their strength can be explained by the cue-
utilization framework (Koriat, 1997). Examples of techniques in expository texts which have 
been studied are: generating keywords (Thiede, Anderson, & Therriault, 2003), completing 
diagrams (Van Loon et al., 2014), and making summaries (Thiede & Anderson, 2003). Applied 
after studying a text, these techniques provide students with diagnostic cues (i.e., mnemonic 
cues that can be used to make JOLs) and insight in what they do or do not yet understand. The 
student can use mnemonic cues to question him/herself as to how difficult it was to generate 
information for the performed task. An important prerequisite for the effectiveness of generation 
techniques is that they are carried out after a delay (i.e., delayed-generation effect, Thiede et al., 
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2009), as this ensures using information from LTM. It is this LTM information that is also required 
when completing a future test (Thiede et al., 2005) and, thus, both the generation task and the 
eventual test rely on using information from LTM. 
  Only recently has retrieval practice been considered an example of a generation technique 
that can be applied to improve monitoring accuracy and study regulation (Little & McDaniel, 
2015). Retrieval practice requires searching for information in memory in order to retrieve (i.e., 
generate) it and after this retrieval attempt, a student can diagnose his/her learning because 
insight is gained in what could or could not be retrieved. This information can then be used 
to make restudy decisions. Retrieval practice also directs students’ attention toward relevant 
information in the text (i.e., information that will be part of an upcoming test) which positively 
influences monitoring accuracy (Thomas & McDaniel, 2007). When the retrieval practice task and 
the final test are identical, more diagnostic cues become available to make JOLs. This means that 
requiring retrieval practice after studying a text as well as in an upcoming test helps improve 
monitoring accuracy and guides restudy decisions. 
  Despite the positive influence of retrieval practice on monitoring accuracy and regulation, 
most students do not perform retrieval practice on their own (Karpicke, Butler, & Roediger, 2009; 
Kornell & Bjork, 2007). Even more problematic, students seem unaware of the positive effects 
of retrieval practice on learning (Dirkx, 2014). This shows the necessity of actively stimulating 
students to carry out retrieval practice to provide themselves with mnemonic cues that they 
can use to predict future performance and to make a match between the task and upcoming 
test. It is unclear to what extent retrieval practice leads to better monitoring accuracy and study 
regulation as compared to a preferred study technique by students: restudying. Furthermore, 
research has mainly focused on text materials with short paragraphs, each on a different topic 
which is often unique from the previous paragraph. Such texts make it easy for students to 
distinguish between the text segments when judging future performance and making restudy 
decisions. However, such texts are not the texts used in most schools. Texts used in normal 
textbooks are often comprised of interdependent paragraphs in interdependent sections. 
These texts expect students to build a situation model (Kintsch, 1998) and different text parts 
or paragraphs all refer to one general theme. As such, these texts can be classified as more 
complex as compared to texts in which different themes are discussed or with clearly defined 
topics because they require students to be able to discriminate between less well learned and 
better learned text paragraphs which are all about one topic. This dissertation also studies how 
retrieval practice techniques can contribute to the improvement of monitoring accuracy and 
restudy decisions when studying more complex interdependent expository texts. 
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Research Questions

The aim of this dissertation is to build on the effects of retrieval on learning from expository 
text and to further investigate the direct and indirect effects to answer the following research 
questions: 
 • How can retrieval practice be used as technique to improve both delayed retrieval of 
  previously tested and non-tested information when studying expository texts? 
 • How can retrieval practice be used as technique to improve students’ monitoring 
  accuracy and study regulation when studying expository texts?

To answer the research questions, four different experimental studies were conducted. 
Chapter 2 describes an experiment in secondary education that focuses on the effects of 
two different retrieval practice techniques (i.e., answering conceptual knowledge questions 
or free recall) applied after initial text study to reach the learning goals remembering and 
understanding. It was expected that students are most often not aware of the positive effects of 
retrieval practice on learning from expository text. Furthermore, it was expected that answering 
conceptual knowledge questions would lead to a better performance on repeated conceptual 
knowledge questions. Finally, it was expected that free recall would lead to a better performance 
on novel questions about previously non-questioned information (i.e., both factual questions 
and inference questions) because of the incidental learning that arises from this retrieval 
practice technique.
  Chapter 3 presents an experiment on question-based guidance to optimize text retention. 
It is investigated how answering different types of questions during and after studying a text 
influences the acquisition and retention of both questioned and non-questioned information 
as opposed to studying and retrieving the text without questions. It is expected that answering 
questions during studying leads to a better performance on the same questions after studying 
as compared to answering a different type of questions during studying or studying without 
question-based guidance. Second, it is expected that answering questions during studying 
followed by answering the same questions after studying leads to a better performance on 
these same questions as compared to studying and retrieving with another type of questions or 
without question-based guidance. Finally, it is expected that question-based guidance during 
studying and retrieving leads to a better performance after a one-week delay on novel questions 
as compared to studying and retrieving without question-based guidance. 
  Chapter 4 presents an experiment in which the effects of retrieval practice as compared to 
restudying and making Sudoku puzzles on students’ monitoring accuracy and restudy decisions 
after studying a text with short paragraphs, each on a different topic without interrelationships 
between the different text parts, are investigated. It is expected that students’ monitoring 
accuracy and restudy decisions after performing free recall are better as compared to the 
accuracy and decisions after restudying the text making Sudoku puzzles. 
  Chapter 5 describes an experiment on the effects of common study techniques in secondary 
education (i.e., answering cued recall questions and performing free recall) and performing an 
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text-unrelated task (making Sudoku puzzles) on students’ monitoring accuracy and restudy 
decisions. As compared to chapter 4, the experiment in chapter 5 makes use of a realistic, 
interdependent educational expository text. It is expected that students’ monitoring accuracy 
and restudy decisions after retrieval practice (i.e., answering cued recall questions or applying 
free recall) is better as compared to the accuracy and decisions after making Sudoku puzzles. 
Chapter 6 provides an overview of the main findings of the presented studies in this dissertation. 
Then, the findings are discussed in terms of implications for both theory and practice. Finally, 
limitations and directions for future research in the field are presented. 
 

 
 

.
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Chapter 2

Effects of Retrieval Practice Techniques on Secondary 
School Students’ Test Performance when Learning 
from Expository Text 

 Abstract

In this research it was investigated how two different retrieval practice techniques 

could contribute to the acquisition of conceptual knowledge to reach the learning 

goals remembering and understanding. Secondary school students performed cued 

recall (i.e., by answering conceptual knowledge questions), free recall or restudied 

the text after initial studying and before restudying an expository text. It was found 

that students are most often not aware of the positive effects of retrieval practice on 

learning from expository text. Furthermore, in a final test consisting of conceptual 

knowledge questions, factual knowledge questions and inference questions after a 

one-week delay, no positive effects of retrieval practice as compared to restudying 

were found. With regard to remembering of conceptual knowledge, it was found that 

retrieval practice by answering conceptual knowledge questions did not lead to bet-

ter performance on these questions in the test as compared to free recall. With regard 

to remembering of factual knowledge, retrieval practice by free recall led to a better 

performance on factual knowledge test-questions about previously non-questioned 

information as compared to answering conceptual knowledge questions. However, 

retrieval was very low. With regard to understanding of conceptual knowledge, it 

was found that retrieval practice by free recall as compared to answering conceptual 

knowledge questions did not lead to a better performance on inference test-questi-

ons. It can be concluded that providing students with retrieval practice techniques 

that can contribute to the acquisition of conceptual knowledge does not automa-

tically help to reach the learning goals remembering and understanding. A lack of 

awareness of the positive effects of retrieval practice techniques as well as little expe-

rience in applying such techniques seems to contribute to this finding. 
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Students can apply different techniques to learn from expository text (e.g., rereading, highligh-
ting, summarizing, reciting et cetera; see Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013 
for an overview). These techniques are not equally effective in terms of text retention or text 
comprehension and often students cannot distinguish between effective and ineffective tech-
niques. Techniques such as rereading or highlighting, for example, are classified as not very 
effective, but are preferred by students (Roediger & Karpicke, 2006a). Moreover, students report 
learning most from texts after restudying (Carpenter & DeLosh, 2006) even though this is not 
an effective strategy. More effective techniques to learn from text are techniques that stimulate 
retrieval (Roediger & Karpicke, 2006a), but both university students (Karpicke, Butler, & Roediger, 
2009; Kornell & Bjork, 2007) and secondary school students (Dirkx, 2014) are often not aware of 
the positive influence of retrieval on learning. Since most students appear not to be inclined to 
choose the most effective study techniques, it is necessary that students are actively stimulated 
to do so to help them learn from expository text. 

Study Techniques Stimulating Retrieval 

Ample research shows that retrieval practice aids text retention (see Roediger & Karpicke, 2006a 
for an overview). Generally, this is referred to as the testing-effect which holds that retrieval ena-
bles future retrieval of information and enhances performance on a test after a delay compared 
to rereading. Most research on the testing effect focused on the positive effects of retrieval prac-
tice in the form of answering factual knowledge questions after a delay (e.g., Carpenter, Pash-
ler, & Vul, 2006; McDaniel, Roediger, & McDermott, 2007; Roediger & Karpicke, 2006b). From this 
research, it can be concluded that retrieval practice is a good technique to consolidate factual 
knowledge and reach the learning goal remembering (Krathwohl, 2002). In Krathwohl’s adapta-
tion of Bloom’s cumulative taxonomy of learning goals, remembering is the first learning goal fol-
lowed by understanding, applying, analyzing, evaluating and creating. Moreover, besides factual 
knowledge, Krathwohl (2002) defines the knowledge types conceptual knowledge (i.e., interrela-
tionships among basic information elements), procedural knowledge (i.e., how to do things) and 
metacognitive knowledge (i.e., knowledge and awareness of your own cognition). 
  Next to the acquisition of factual knowledge, the acquisition of conceptual, procedural 
and metacognitive knowledge is important in today’s education. Although retrieval practice 
has shown to positively influence the retention of factual knowledge, little is still known about 
how retrieval practice can influence the retention of these other types of knowledge. There is 
already some promising research showing that retrieval practice in the form of answering pro-
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cedural knowledge questions after reading a text positively influences retention of this know-
ledge when the same questions are offered after a one-week delay (Dirkx, Kester, & Kirschner, 
2014). Other research, however, shows that retrieval practice in the form of problem solving after 
studying worked examples does not lead to better retention, understanding or application of 
procedural knowledge (Van Gog & Kester, 2012; Van Gog, Kester, Dirkx, Hoogerheide, Boerboom, 
& Verkoeijen, 2015). Still little research is available on how retrieval practice can contribute to 
the retention or even understanding or application of metacognitive knowledge or conceptual 
knowledge.
  The current research focuses on two different retrieval practice techniques that can con-
tribute to the acquisition of conceptual knowledge to reach the learning goals remembering 
and understanding. First, we investigated retrieval practice through cued recall by answering 
conceptual knowledge questions after reading a text (e.g., Cerdan, Gil, & Vidal-Abarca, 2011; 
Frase, 1967; McCrudden & Schraw, 2007; Rothkopf, 1966; Rothkopf & Bisbicos, 1967). These are 
questions that ask for a combination of different parts of text information, often by paraphrasing 
the information in the text (Krathwohl, 2002). Second, we investigated retrieval practice through 
free recall (e.g., McDaniel, Howard, & Einstein, 2009; Roediger & Karpicke, 2006a), which requires 
retrieval of all remembered information elements in the text in one’s own words. It was investi-
gated how the retrieval practice techniques applied after reading and before rereading an ex-
pository help reach the learning goals remembering measured by factual knowledge questions 
(i.e., questions asking for literal statements from the text) and conceptual knowledge questions 
and understanding measured by inference questions (i.e., questions asking for inferring from the 
textual information).  
  Below the underlying processes of retrieval practice are described before presenting the 
research questions and hypotheses for the current study.

Retrieval Practice: Direct Effects

Retrieval practice after initial text studying can have a direct effect on learning (Karpicke & Gri-
maldi, 2012). It strengthens memory traces which positively influences long-term (i.e., delayed) 
retention (e.g., Roediger & Butler, 2011; Roediger & Karpicke, 2006a) which is an important goal 
in education.
  A widely used explanation for how and why retrieval practice after studying has a stron-
ger effect on learning as compared to only restudying is the elaborative processing explanation, 
which focuses on what happens during retrieval after reading. The first rationale for this expla-
nation is that studying followed by retrieval leads to more elaborative processing and more 
retrieval routes which can be used at a later time (Bjork, 1975) than studying followed by restu-
dying (Glover, 1989; Whitten & Leonard, 1980). If information is processed in two different ways 
(i.e., reading and retrieval) as opposed to two similar ways (i.e., reading and rereading), more 
cues are associated with the target information (Carpenter & DeLosh, 2006). The consequence 
of this is that information processed in two different ways has a stronger memory trace and can 
be better retrieved on a later test. 
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The second rationale underlying the elaborative processing view is that simply studying and 
restudying information relies on relational information. No distinction can be made between 
information that is remembered or not. However, studying followed by retrieval practice makes 
the material more distinctive and retrieved information can be distinguished from information 
in the preceding processing (i.e., study) phase. The act of retrieval enables the connection of 
retrieval cues with to be retrieved information. As a result, item-specific features for this infor-
mation (i.e., the cues and the subsequent search processes in memory) are processed (e.g., Kuo 
& Hirshman, 1997). As compared to non-distinctive material (i.e., information which is only read), 
distinctive material with specific features (i.e., information which is retrieved) is better remem-
bered (McDaniel, DeLosh, & Merrit, 2000). In other words, after retrieval practice both relational 
information (which is related to reading) and specific information (which is related to testing) 
are available and as a result retrieval practice leads to better long-term retention as compared 
to rereading (Carpenter & DeLosh, 2006). 
  To sum up, research has shown that retrieval practice leads to storage of information in 
long-term memory and results in a strong memory representation (Roediger & Karpicke, 2006a) 
which increases the likelihood of successfully retrieving the information after a delay (Carpenter, 
Pashler, & Vul, 2006; Roediger & Karpicke, 2006a). As a result, it can be expected that both answe-
ring conceptual knowledge questions and applying free recall after initial text study will lead to 
better remembering information from expository text as compared to restudying the text after 
initial study. However, empirical evidence that supports these expectations has been found for 
retrieval practice in the form of free recall or retrieval practice in the form of answering factual 
knowledge questions (e.g., McDaniel, Howard, & Einstein, 2009; Roediger & Karpicke, 2006a) in 
order to reach the learning goal remembering. 
  There might be differential effects of retrieval practice in the form of answering factual 
knowledge questions, retrieval practice in the form of answering conceptual knowledge ques-
tions or retrieval practice in the form of free recall on reaching the learning goals remembe-
ring and understanding. First, successfully answering factual or conceptual questions during 
retrieval practice benefits the retention of the answers to these questions. So, answering factual 
questions during retrieval practice benefits performance on the same factual questions during 
a test and answering conceptual questions during retrieval practice benefits performance on 
the same conceptual questions during a test and helps to reach the learning goal remembering.  
  Second, answering conceptual knowledge questions as compared to answering factual 
knowledge questions results in paraphrasing and combining bits of information from the text. 
In other words, students are stimulated to formulate answers to the questions in their own 
words (i.e., paraphrasing) and several concepts need to be combined to answer the questions. 
This means that asking conceptual knowledge questions may not only stimulate pure remem-
bering of information but may also help to reach the learning goal understanding (Krathwohl, 
2002). So, answering conceptual questions during retrieval practice might lead to better per-
formance on inference questions (i.e., to reach the learning goal understanding) on a test as 
compared to answering factual knowledge questions during retrieval practice. 
  Third, an important difference between cued recall in the form of answering questions and 



24

Retrieval as a Cognitive and Metacognitive Study Technique to Learn from Expository Text 

free recall is that for free recall no specific cues are available to retrieve information from the text. 
So after retrieval practice in the form of free recall, the performance on answering questions 
during a test depends on what has been retrieved during practice. The more test-relevant infor-
mation is retrieved during practice, the better the performance on the test. Furthermore, free 
recall as a retrieval practice technique also requires paraphrasing information from the studied 
text and combining information parts and thus might also help to reach understanding (Krath-
wohl, 2002). 
  However, when understanding is the learning goal, it might be possible that free recall is a 
better technique than answering conceptual knowledge questions because it requires a higher 
level of understanding a text to paraphrase information from the studied text without specific 
cues that structure and guide the act of retrieval. 
  To sum up, although it can be argued that both answering conceptual knowledge questi-
ons and free recall can positively influence future test performance, cued recall (i.e., answering 
conceptual knowledge questions) is expected to lead to higher test performance on identical 
conceptual knowledge questions as compared to free recall while free recall is expected to lead 
to higher test performance on factual knowledge questions and inference questions than cued 
recall. 

Retrieval Practice: Indirect Effects

Retrieval can also have an indirect effect on learning. When retrieval practice follows initial rea-
ding, the student is provided with information or feedback about his/her knowledge of a text. 
This information, if necessary, can be used to change processing strategies or to decide how to 
allocate study time in subsequent learning activities (Pyc & Rawson, 2010). 
  When factual knowledge questions or conceptual knowledge questions are offered as a 
retrieval practice technique, students are stimulated to focus on retrieval of specific information 
from memory (Agarwal, Karpicke, Kang, Roediger, & McDermott, 2008) and to search for infor-
mation in memory to answer the questions (Rouet, 2006). These retrieval activities and the lear-
ning that results from it can be characterized as intentional (i.e., goal-directed) because students 
receive specific cues to retrieve information. When the text is restudied after retrieval practice, 
it is assumed that the result of the previous retrieval attempt guides this restudying. This means 
that during restudying the focus is primarily on the information needed to answer the questions 
because of a strong cue (i.e., question) – target (i.e., answer) connection. As a result, it is expec-
ted that answering the same questions in a test after a delay is enabled. 
  The intentional or goal-directed learning that results from answering questions raises the 
question to what extent retrieval of not earlier questioned knowledge can be enhanced. When 
during retrieval practice questions need to be answered, it can be argued that answering diffe-
rent questions about previously non-questioned information at the test will be difficult (Hamaker, 
1986; Chan, McDermott, & Roediger, 2006) because when restudying the text there will be a strong 
focus on the information belonging to the questions that were asked during retrieval practice.
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Free recall as a retrieval practice technique can be defined as a goal-free task (Van Merriënboer, 
Kirschner, & Kester, 2003). No specific cues are provided to give students an indication of the 
kind of information which will be tested afterwards and this retrieval activity and the learning 
that results from it can be characterized as primarily incidental. When a restudy phase follows 
free recall, the restudy behavior will be guided by the free recall attempt and not by specific 
cues provided in questions. Research has already shown that when answering questions is fol-
lowed by a rereading phase, students are inclined to focus longer on information that belongs 
to the questions as compared to other information in the text (Dirkx, Thoma, Kester, & Kirschner, 
2015). The results of a free recall attempt are less specific which suggests that during restudy 
students might be inclined to focus on information that was not retrieved during free recall. As a 
result, it can be expected that when remembering new information is the goal, free recall before 
restudying a text is a better preparation as compared to answering cued recall questions. No 
specific search in the text for a cue-target connection will be made for free recall, enabling that 
students can also focus on other information in the text. 

The Current Study

In the current study, it is investigated how retrieval practice after initial text study and before 
restudying an expository text influences learning from text. Three different conditions (see Ta-
ble 2.1) are investigated to answer the following research questions. First, it is investigated by 
a questionnaire on deep approaches to learning if retrieval practice techniques are used by 
students when studying expository texts and if they think that retrieval practice is an effective 
technique to learn from expository text [Q1]. Then it is investigated if retrieval practice – by 
answering conceptual knowledge questions or free recall – as compared to restudying leads to 
better test performance after a one-week delay in general [Q2]. Third, it is investigated if retrieval 
practice – by answering conceptual knowledge questions – leads to a better performance on 
the same conceptual knowledge questions in the test (i.e., remembering of conceptual know-
ledge) after a one-week delay as compared to free recall [Q3]. Fourth, it is investigated if retrieval 
practice by free recall leads to a better performance on factual knowledge test-questions about 
previously non-questioned information (i.e., remembering of factual knowledge) after a one-
week delay as compared to retrieval practice by answering conceptual knowledge questions 
[Q4]. Finally, it is investigated if retrieval practice by free recall leads to a better performance on 
inference test-questions (i.e., understanding conceptual knowledge) after a one-week delay as 
compared to retrieval practice by answering conceptual knowledge questions [Q5]. 
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Table 2.1  The three conditions

Study Practice phase  Restudy

Studying the text Answering conceptual knowledge questions Studying the text

Studying the text Performing free recall Studying the text

Studying the text Restudying Studying the text

  

  Regarding the research questions the following hypotheses are formulated. First, it was 
expected that the questionnaire would show that students are most often not aware of the 
positive effects of retrieval practice on learning from expository text [H1]. Second, based on 
prior research, it was expected that retrieval practice in general would lead to better test per-
formance after a one-week delay as compared to rereading [H2]. Third, it was expected that 
retrieval practice by answering conceptual knowledge questions would lead to a better per-
formance on the same conceptual knowledge questions in the test (i.e., remembering of con-
ceptual knowledge) after a one week delay as compared to retrieval practice by free recall [H3]. 
Because of the lack of specific instructions and guidance to retrieve information from memory 
and the incidental learning that arises from free recall, we expected that retrieval practice by 
free recall would lead to a better performance on factual knowledge questions about previously 
non-questioned information (i.e., remembering of factual knowledge) in the test as compared 
to retrieval practice by answering conceptual knowledge questions [H4]. Finally, we hypothe-
sized that retrieval practice by free recall would help to reach the learning goal understanding 
more than answering conceptual knowledge questions and thus leads to a better performance 
on inference questions in the test [H5]. 

 

Method

Participants
A total of 104 Dutch students following pre-university, secondary education (46 males and 58 
females) participated in this study. These students were randomly assigned to one of three con-
ditions. In the Question condition, (n = 35) students answered conceptual knowledge questions 
during retrieval practice after initial study. In the Free recall condition, (n = 36) students perfor-
med free recall during retrieval practice after initial study. In the Restudy (control) condition, (n 
= 33) students restudied the text after initial study.

Materials
  Prior-knowledge test. To determine the students’ prior knowledge of the industrial revolu-
tion in the Netherlands (the topic of the to-be-learned text), a 14 item multiple-choice, paper-
and-pencil test was developed. The items had four answering options (e.g., Question: ‘What was 

(among others) a socialistic goal during the upcoming industrial development?’ Answer options: ‘Ac-

quiring universal suffrage’, ‘Acquiring economic superiority’, ‘Supporting manufacturers’, ‘Supporting 
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female labourers’. Correct answer: ‘Acquiring universal suffrage’). For each correctly answered item, 
students received 1 point, resulting in a maximum score of 14 points on this test. The correct 
answers to the questions were presented to the students afterwards.
  Survey ‘deep approaches to learning’. In order to measure the extent to which students 
perform in-depth processing activities during studying expository texts, the survey ‘deep ap-
proaches to learning’ (DLV’95) was administered (Schouwenburg & Schilder, 1996). It consisted 
of 24, 5-point Likert scale items, divided into three different subscales. The first subscale ‘critical 

studying (9 items) had a Cronbach’s alpha of .78. Items on this subscale referred to the extent to 
which students focus on the texts’ line of argumentation or the ability to discriminate between 
important and less important information. The subscale ‘broadening context’ (8 items) had a 
Cronbach’s alpha of .76. Items in this subscale referred to students’ additional activities perfor-
med during studying such as thinking of questions or examples. The last subscale, ‘searching for 

structure’ (7 items) had a Cronbach’s alpha of .63. The items in this subscale referred to activities 
like using titles and (sub)headings in order to capture the structure of the text. For each partici-
pant, scores for the different subscales were calculated. This resulted in a maximum score of 45 
for ‘critical reading’, a maximum score of 40 for ‘broadening context’ and a maximum score of 35 
for the subscale ‘searching for structure’.
  Open answer question ‘favourite study technique. To identify students’ favourite study tech-
nique an open answer question was added to the survey. The question asked students: ‘What 

kind of study technique do you prefer most when studying difficult expository texts?’. To score the 
answers to the question, different categories were used (see Table 2.2). These categories were 
based on the categories in a survey previously used among US university students (Karpicke et 
al., 2009) and secondary school students (Dirkx, 2014). 

Table 2.2  Response categories open answer question survey

Category Examples

(Re)studying Studying (more than once) the text, studying notes, studying summary

Taking notes Taking notes, note down important concepts, writing a summary

Retrieval of information  Making assignments, answering questions, self-testing

Thinking of examples Linking ideas in the text, thinking of examples

Underlining and highlighting Underlining, highlighting

Note: the answers of 4 students were excluded from the analyses because of ambiguity. 

  Text. A 1088 word, Dutch text consisting of 92 idea units on the industrial revolution in the 
Netherlands was used. The Flesch-Douma reading ease score of 66.59 (Staphorsius & Sanders, 
2008) indicates an average difficulty for the participants’ educational level, which means that 
the text was neither too easy nor too difficult for the participants. The text was based on Dutch 
secondary education history textbooks and it consisted of five paragraphs. The first paragraph 
- ‘Industrial revolution’ (222 words) - focused on the changes in society that led to the speedy 
development of industry in general. Paragraph 2 on ‘The nineteenth century in the Netherlands’ 
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(219 words) focused on specific changes in the Netherlands related to industry. Paragraph 3 
on ‘The social issue’ was about the weak position of laborers and manufacturers’ (226 words) 
strong influence on society during the industrial revolution. In paragraph 4, entitled the ‘Rise of 
industry in Maastricht’ (189 words), the focus was on industry in Maastricht (a city in the South 
of the Netherlands) and the role of Petrus Regout, the founder of pottery industry. The final pa-
ragraph - ‘Circumstances’ (232 words) - focused on laborers’ poor accommodations and working 
conditions.
  Questions. For each of the five text paragraphs, two conceptual knowledge questions were 
formulated. These questions were used as retrieval cues after initial reading. Students had to 
combine different parts of information from the text paragraph which could be paraphrased to 
answer the questions (e.g., Question: ‘What were the consequences of the industrialisation in the 

nineteenth century in the Netherlands for the position of merchants and manufacturers’? Answer: 

‘they earned a lot of money, created jobs for many labourers and took over the most important role in 

politics from the absolute king’). 
  Free recall. Students in the free recall condition were instructed to recall in their own words 
(i.e., paraphrase) as many remembered information elements from the text as possible and to 
write them down. 
  Final test. The final test consisted of 22 short-answer questions (ten factual knowledge ques-
tions (i.e., new for all participants), ten conceptual knowledge questions (i.e., these were identi-
cal to the questions used in the question condition during retrieval practice), and two inference 
questions (i.e., new for all participants)). Factual knowledge questions were based on literal facts 
in the text (e.g., Question: ‘Who formulated the law against child labour in 1874’? Answer: ‘Samuel 

van Houten’). The inference questions required students to infer text information based on a 
table or picture (e.g., Question: ‘Give an example from the column ‘citizens’ in the table which shows 

that the industrial revolution really started’ Answer: ‘At the end of the 18th century the number of 

citizens in the city increased enormously’). Two independent raters scored 20% of the conceptual 
knowledge questions and the inference questions in the final test. For the conceptual know-
ledge questions the interrater reliability was r = .95 (intraclass correlation). For the inference 
questions the interrater reliability was r = .94 (intraclass correlation). 
  Filler task. Sudoku puzzles consisting of a 9x9 grid divided in 9 different 3x3 sub-grids were 
used as filler task. Students had to fill each of the 3x3 sub-grids. Digits from 1 to 9 had to be used 
in order to fill each column, each row and each sub-grid with all the digits. 

Procedure
One week prior to the experimental part of the study, students answered the multiple-choice 
questions of the prior knowledge test during 15 minutes. After that, the correct answers on the 
questions were presented in order to make sure all students had the same knowledge before 
the experimental session started. Students also completed the survey ‘deep approaches to le-
arning’ (5 minutes). 
  After a week, the experimental session consisting of a study phase, a practice phase, and 
a restudy phase took place. The students received all materials for this session in an envelope. 
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They had 15 minutes to perform each of the phases: the study, practice and restudy phases. 
During the initial study phase, all students received the instruction to simply read the text to 
learn. Next, they were instructed to work on the filler task for 2 minutes after returning all mate-
rials to the envelope. After putting the filler task aside, the students were instructed to start the 
practice phase. After 15 minutes all materials had to be returned to the envelope and students 
again worked on the filler task for 2 minutes. During the restudy phase, all students were instruc-
ted to restudy the text.
  One week after the experimental session, the final test was administered. All students had 
35 minutes to answer ten conceptual knowledge questions, ten factual knowledge questions 
and two inference questions.

Scoring
The text consisted of 92 idea units and the conceptual knowledge questions targeted a sub-
set of 35 idea units, that is, each question targeted between one and six idea units. For each 
correctly retrieved idea unit from this subset during the practice phase or on the final test all 
students received 1 point. 
  The factual knowledge questions in the final test targeted ten facts. All students received 1 
point for each correctly retrieved fact, resulting in a maximum score of 10. 
  The answers to the inference questions were scored separately. students received 1 point 
for each correctly answered question, resulting in a maximum score of 2.

Results

A significance level of .05 was used for all statistical tests. The means and standard deviations 
for the retrieved target idea units in the final test (i.e., the answers to the conceptual knowledge 
questions), the factual knowledge questions and the inference questions are displayed in Table 
2.3. The descriptive statistics for the subscales of the survey on ‘deep approaches to learning’ 
and for the open answer question in the survey respectively are displayed in Tables 2.4 and 2.5.

Table 2.3  Descriptive statistics for the final test (N = 104)

 Questions (n = 35) Free recall (n = 36) Restudy (n = 33)

 M % SD M % SD M % SD

Conceptual knowledge questions  8.34 23.84 2.93 8.06 23.02 1.80 8.06 23.03 2.73

(max = 35)

Factual knowledge questions  0.09 0.86 0.28 0.28 2.78 0.51 0.09 0.91 0.29

(max = 10)

Inference questions (max = 2) 1.13 56.50 0.57 1.29 64.50 0.47 1.26 63.00 0.51



30

Retrieval as a Cognitive and Metacognitive Study Technique to Learn from Expository Text 

Table 2.4  Descriptive statistics for the survey on deep approaches to learning (N = 97)

  Questions (n = 32) Free recall (n = 33) Restudy (n = 32)

Critical studying (max = 45) M(SD) 27.72 (4.27) 28.82 (3.92) 27.22 (3.70)

Broadening context (max = 40) M(SD) 22.59 (5.52) 21.70 (6.09) 21.19 (6.45)

Searching for structure (max = 35) M(SD) 15.91 (4.99) 15.06 (4.14) 16.09 (4.61)

Table 2.5  Results open answer question survey (N = 88)

Technique Absolute number Percentage

(Re)studying 49 55.7%

Taking notes 23 26.1%

Retrieval of information  8 9.1%

Thinking of examples 6 6.8%

Underlining and highlighting 2 2.3%

Prior-Knowledge Test
A one-way ANOVA showed no significant differences in scores on the prior-knowledge test 
between the different conditions in the study, F(2,94) = .41, p = .665. The level of prior know-
ledge of the students in the Question condition (M = 7.59, SD = 2.34), the Free recall condition 
(M = 7.55, SD = 1.37) and the Restudy condition (M = 7.94, SD = 1.87) was comparable. 

Practice Phase
Looking at the subset of target idea units for the conceptual knowledge questions, an inde-
pendent t-test revealed that students in the Question condition (M = 10.01, SD = 4.30) did not 
retrieve more target idea units than students in the Free recall condition (M = 8.19, SD = 3.81) 
during the practice phase t(1,69) = 1.89, p = .063. 

Final Test
  Subscales survey ‘deep approaches to learning’. To test the first hypothesis [H1] the subscales 
of the survey on ‘deep approaches to learning’ were analysed. For the subscale ‘critical studying 
scores for students in all conditions were somewhat above mean (27.22 to 28.82 on scale from 
9 to a maximum of 45). A Pearson’s r was computed to assess the relationship between ‘critical 
studying and the number of retrieved idea units for the conceptual knowledge questions in 
the final test. There was no correlation between the two variables (r = .020, n = 97, p = .844). 
Second, scores on the subscale ‘broadening context’ were also somewhat above mean (21.19 to 
22.59 on a scale from 7 to a maximum of 40). A Pearson’s r was computed to assess the relati-
onship between ‘broadening context’ and the number of retrieved idea units for the conceptual 
knowledge questions in the final test. Also here, no correlation was found between the two 
variables (r = .119, n = 97, p = .246). Finally, scores on the subscale ‘searching for structure’ were 
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all somewhat below mean (15.06 to 16.09 on a scale of 5 to a maximum of 35). A Pearson’s r 
was computed to assess the relationship between ‘searching for structure’ and the number of 
retrieved idea units for the conceptual knowledge questions in the final test. There was again 
no correlation between the two variables (r = .075, n = 97, p = .463). It can be concluded that 
there was no correlation between students’ reported in-depth processing activities and their 
actual performance on the final test. It has to be noted here that Cronbach’s alpha for this last 
subscale was .63 which was quite low. The results from this subscale should be interpreted with 
caution because the internal consistency of this scale is not optimal; the different items do not 
all contribute optimally to the concept ‘searching for structure’. 
  Open answer question ‘favourite study technique’. Results for the open answer question in 
the survey asking for students’ favourite study technique show that most students prefer to stu-
dy or restudy a text when studying difficult texts (55.7%). Taking notes was preferred by 26.1% 
of the students. Results also show that more active processing techniques are less preferred (i.e., 
retrieval of information (9.1%) and thinking of examples (6.8%). Underlining and highlighting 
text was not mentioned very often as a favourite study technique (2.3%). 
  Conceptual knowledge questions. To test hypotheses [H2] and [H3], planned comparisons 
were conducted. The first planned comparison (retrieval vs. rereading, [H2]) showed that there 
was no significant difference between the two retrieval conditions and the Restudy condition, 
t(101) = 0.26, p = .795. The second planned comparison (Question condition vs. Free recall con-
dition, [H3]) showed no significant differences between these two conditions, t(101) = -.48, p = 
.633. 
  Remembered and forgotten information. An independent sample t-test showed a signifi-
cant effect of condition on the number of remembered idea units belonging to the conceptual 
knowledge questions (t(69) = 2.36, p = .021, d = .57). Students in the Question condition re-
membered significantly more of the earlier retrieved idea units than students in the Free recall 
condition (M = 56.04%; SD = 20.22; = 44.18%, SD = 22.01 respectively; see Figures 2.1 and 2.2). 

Figure 2.1  Percentage of items remembered and forgotten for the Question condition.
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Figure 2.2  Percentage of items remembered and forgotten for the Free recall condition.

  Factual knowledge questions. To test hypotheses [H2] and [H4], planned comparisons were 
conducted. The first planned comparison (retrieval vs. rereading, [H2]) showed that there was 
no significant difference in the score on factual knowledge questions between the two retrieval 
conditions and the Restudy condition, t(101) = 1.13, p = .261. The second planned comparison 
(Free recall condition vs. Question condition) did show a significant difference: Students in the 
Free recall condition answered more factual knowledge questions correctly as compared to 
students in the Question condition, t(101) = 2.12, p = .036, Cohen’s d = 0.42.
  Inference questions. To test hypotheses [H2] and [H5], planned comparisons were conduc-
ted. The first planned comparison (retrieval vs. restudy, [H2]) showed that there was no signifi-
cant difference between the two retrieval conditions and the Restudy condition, t(101) = -.51, p 
= .614. The second planned comparison (Free recall condition vs. Question condition, [H5]) also 
showed no significant differences, t(101) = 1.36, p = .179.
   Correlation between the factual knowledge questions and the inference questions. As 
Krathwohl’s adaptation of Bloom’s cumulative taxonomy (2002) suggests that the learning goals 
are cumulative, a correlation between scores for the factual knowledge questions and the infe-
rence questions can be expected. Therefore, a Pearson’s r was computed to assess the relations-
hip between the scores for the factual knowledge questions and the inference questions. There 
was no correlation between the two variables (r = -.117, n = 104, p = .238).

Discussion

This research studied how retrieval practice after initial study and before restudying an exposi-
tory text influences learning from text. More specifically, it was investigated how two different 
retrieval practice techniques could contribute to the acquisition of conceptual knowledge to 
reach the learning goals remembering and understanding. 
  Regarding the first hypothesis [H1], it was expected that students are most often not aware 
of the positive effects of retrieval practice on learning from expository text. This was indeed the 
case. The survey (Schouwenburg & Schilder, 1996) investigated to what extent students perform 
in depth study strategies related to ‘critical reading’, ‘broadening context’ and ‘searching for struc-

ture’ in a text. Overall, the results from the three subscales show that students do not often use 
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in-depth processing techniques when studying texts, students scored quite low on the three 
subscales. Furthermore, the results of the open answer question ‘What kind of study technique do 

you prefer most when studying difficult expository texts?’ have shown that most students prefer to 
use techniques such as simply studying or restudying a text, which can be characterized as inef-
fective (Roediger & Karpicke, 2006a). The more effective retrieval activities were only reported by 
a small number of students. 
  The findings from the survey are in line with previous research which showed that university 
students (Karpicke, Butler, & Roediger, 2009; Kornell & Bjork, 2007) as well as secondary school 
students (Dirkx, 2014) are often not aware of the positive effects of retrieval practice on learning. 
The findings from the survey can also be used as a clarification for the fact that the results of the 
current study are not in line with the theoretically formulated hypotheses. 
  Regarding the second hypothesis, it was expected that retrieval practice would lead to bet-
ter test performance after a one-week delay as compared to rereading [H2]. In contrast to [H2], 
retrieval practice as compared to restudy after initial study did not have an effect on the scores 
for conceptual knowledge questions, factual knowledge questions and the inference questions 
in the final test and as such did not contribute to reaching the learning goals remembering and 
understanding. Students in the retrieval practice conditions retrieved almost the same number 
of idea units for the conceptual knowledge questions as compared to students in the Restudy 
condition. This means that [H2] could not be confirmed for test performance on the conceptual 
knowledge questions. 
  Also no difference was found between the retrieval practice conditions and the Restudy 
condition for performance on the factual knowledge questions. Students in the retrieval prac-
tice conditions scored almost as high on the factual knowledge questions as students in the 
Restudy condition. It has to be noted that scores for the factual knowledge questions were very 
low, indicating a floor effect. [H2] could not be confirmed for test performance on the factual 
knowledge questions.
  Finally, for the inference questions no difference was found between the retrieval practice 
conditions and the Restudy condition. Students in the retrieval practice conditions scored al-
most as high on these questions as students in the Restudy condition. [H2] could not be confir-
med for test performance on the inference questions. 
  The results of the manipulation in the practice phase provide a clarification for not finding 
effects of retrieval practice on test performance. Students in both retrieval practice conditions 
retrieved less than one third of the target idea units in the text, the mean scores were quite low. 
This pattern of results was also visible in the final test. Scores on the different types of questi-
ons did not differ between the retrieval practice conditions and the Rereading condition. This 
means that there was no testing-effect (Roediger & Karpicke, 2006a). A possible clarification for 
not finding a testing-effect as well as a relatively high performance of students in the Restudy 
condition is that students in the Restudy condition could restudy the text after initial study. They 
were exposed more to the text than students in the retrieval practice conditions which could 
have led to better retention. 
  Because of a lack of a testing-effect, it can be questioned to what extent effects regarding 



34

Retrieval as a Cognitive and Metacognitive Study Technique to Learn from Expository Text 

our specific hypotheses could still be expected. According to our third hypotheses, it was ex-
pected that answering conceptual knowledge questions would lead to a better performance 
on the same questions in a test after a delay as compared to free recall [H3]. In contrast to [H3], 
students in the Question condition did not outperform students in the Free recall condition 
on the conceptual knowledge questions during the test, which means that their retention (i.e., 
remembering) was not better. Although it was expected based on the testing-effect that ans-
wering test questions that were identical to the questions during retrieval practice would lead 
to a higher performance on these test questions (Roediger & Karpicke, 2006a), the hypothesis 
could not be confirmed. Important to note is that although overall recall scores for both the 
Question condition and the Free recall condition were quite low and no significant differences 
were found between these conditions for the conceptual knowledge questions, it was found 
that students in the Question condition were able to remember more information. Once they 
retrieved target idea units during the practice phase, they remembered more of these idea 
units if the same cues are used after a delay (i.e., the same conceptual knowledge questions) as 
compared to students in the Free recall condition. This is an indication of the fact that intentio-
nal retrieval of information can lead to remembering if the same cues are offered after a delay 
(Agarwal et al., 2008; Bjork, 1975).
  Furthermore, it was expected that retrieval practice by free recall better helps to reach the 
learning goal remembering as compared to answering conceptual knowledge questions and 
thus leads to a better performance on factual knowledge questions in the test [H4]. A difference 
was found in favour of the Free recall condition for the factual knowledge questions [H4], but 
scores on these questions were very low. This means that it has to be concluded that although 
the results are in line with the expectation based on the incidental nature of free recall and the 
resulting focus on other information in the text during rereading, the results have to be inter-
preted with caution because of the floor effect. 
  Finally, the last hypothesis [H5] was that retrieval practice by free recall better helps to reach 
the learning goal understanding as compared to answering conceptual knowledge questions 
and thus leads to a better performance on inference questions in the test. The results show no 
differences between the two retrieval practice techniques in their effects on inference questi-
ons. Here the results from the analysis regarding the correlation between scores for the factual 
knowledge questions and the inference questions are useful. The results show that here was no 
correlation between the two variables. This means that the cumulative nature of learning goals 
from the taxonomy used in this study (Krathwohl, 2002) is not found in the data. 
  A first important implication of this study is that although ample research shows positive 
effects of retrieval practice on learning (e.g., Butler, 2010; Carpenter, Pashler, & Vul, 2006; McDa-
niel, Roediger, & McDermott; Roediger & Karpicke, 2006b), this was not the case in the current 
study. The majority of prior studies on the effects of retrieval practice on learning focused pri-
marily on stimulating the acquisition of factual knowledge and the learning goal remembering. 
The current study tried to extend these findings by focusing on the acquisition of conceptual 
knowledge and the learning goals remembering and understanding. Although there is some 
research available that shows positive effects of retrieval practice by offering both factual and 
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conceptual knowledge questions on transfer (i.e., reaching learning goals such as understan-
ding) (Butler, 2010) there are several important differences with our study. 
  First, participants in the study of Butler (2010) were undergraduate psychology students 
while in this study participants were secondary school students. Differences in cognitive capa-
cities might have contributed to differences in results. Second, in the current study participants 
were only confronted once with a retrieval practice task whereas participants in Butler’s (2010) 
study were allowed to take several tests on the material. As a result, these students were more 
trained in performing a retrieval practice task and were probably better prepared for an upco-
ming test as compared to the students in the current study. A last important difference between 
this study and the study of Butler (2010) was that the text used in the current study was about 
one theme, which means that the different text paragraphs as well as the questions all referred 
to the industrial revolution. In contrast, in the study of Butler (2010) the six texts that were used 
were all about a different topic. As a result, it can be that for participants in the current study it 
was more difficult to answer question in the test if, for example, they had difficulties with the 
subject or difficulties in distinguishing between questions. 
  Another important implication of the current study is that students’ retrieval practice perfor-
mance in both retrieval conditions is still not optimal and they are also not aware of the positive 
effects of retrieval techniques on future retrieval. To further investigate the expected advantages 
of retrieval practice as compared to restudy, future research should possibly aim at more and 
better instructions already during the initial study phase to help students in processing the 
text. This might prepare students better for subsequent retrieval tasks which possibly leads to 
more positive effects of these retrieval practice techniques on delayed retention. Therefore, it is 
recommended to do more research on how students’ study process can be optimized in order 
to profit from retrieval practice techniques. Research has already suggested that a lack of clear 
instructions during studying hampers effective reading (McNamara, 2004) because no specific 
information is present which helps students to guide study behavior during studying (Thiede, 
Anderson, & Therriault, 2003). Only if clear instructions are offered during studying, students can 
focus on important information in the text which positively influences studying (McCrudden & 
Schraw, 2007) and perhaps also retrieval. 
Finally, it would be good to investigate how students can be trained as well as motivated to 
make more use of proven effective retrieval practice techniques. Only if students can effectively 
make use of these techniques, positive effects of retrieval practice on learning can be expected. 
  It can be concluded from this study that answering conceptual knowledge questions, per-
forming free recall and restudying text does not lead to differences in the acquisition of con-
ceptual knowledge to reach the learning goals remembering and understanding. The results of 
the study show that students do not prefer to use retrieval practice techniques when studying 
expository texts. It is important to take this into account when trying to translate findings from 
the literature on effective learning techniques to the educational practice.
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Optimizing Text Retention: Effects of Offering
Question-Based Guidance During and After Reading 

Abstract
This research studies how to effectively guide students to focus on important fac-

tual information in an expository text to optimize retention. It builds on studies 

showing that question-based guidance both during and after reading helps stu-

dents acquire and retain questioned information. However, effects of question-

based guidance on acquisition and retention of non-questioned text information 

remain equivocal. This study investigates the effects of answering verbatim, single 

and/or multiple-fact questions during (i.e., with the text available) and after rea-

ding (i.e., without the text available) a text on the acquisition and retention of both 

questioned and non-questioned information as opposed to reading and retrieving 

the text without questions. Results showed that answering single- or multiple-fact 

questions during reading leads to better retention of questioned information both 

directly after reading and after a one-week delay compared to the no-question 

condition. For non-questioned information, question-based guidance helped lea-

ners acquire and retain more than reading and retrieving without question-based 

guidance. 

This chapter is based upon:

Reijners, P. B. G., Kester, L., Wetzels, S. A. J., Camp, G., & Kirschner, P. A. Optimizing Text Retention: The Effects of 

Offering Question-Based Guidance During and After Reading. Manuscript submitted for publication.
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Students at all levels are often required to read and process large amounts of expository texts. 
When studying texts on their own, students often think they will learn best by rereading it a 
number of times (Carpenter & DeLosh, 2006; Kang, McDermott, & Roediger, 2007; Karpicke, But-
ler, & Roediger, 2009). Research, however, has shown that simply studying a text rarely leads to 
increased retention of the information (i.e., facts) presented in the text (Dirkx, Kester, & Kirschner, 
2014; Leopold & Leutner, 2002; see Roediger & Karpicke, 2006b for an overview). It is known 
since the 1970s (see Hamaker, 1986 for a review; Rothkopf, 1966) that learning techniques to 
which additional activities are added – such as answering questions embedded in textual mate-
rials – make the study process more active and positively influence text retention as opposed to 
simple restudying. However, students need guidance in order to properly engage in active and 
effective reading and rereading (McNamara, 2004). In addition, McCrudden and Schraw (2007) 
found that guidance is needed to help students study a text with a specific focus on important 
information and that this guidance influences both the study process and the learning product. 

The current study investigates whether guidance in the form of single-fact or multiple-fact 
verbatim questions helps students acquire and retain important factual information from an 
expository text. This study not only investigates if answering questions helps students acquire 
and retain the questioned information but also its effect on the acquisition and retention of non-

questioned information in the text. Prior research has already shown some promising results that 
students can benefit from testing (i.e., answering questions) when acquiring new information. 
However, the available results are constrained to the effects of answering questions on the abi-
lity to answer new questions which are based on previously tested information (Nungester & 
Duchastel, 1982) or the acquisition and retention of what was questioned in the text (Chan, Mc-
Dermott, & Roediger, 2006). No clear results are available related to the acquisition and retention 
of non-questioned information (i.e., previously not retrieved) in the text, especially information 
not directly related to earlier questioned information. Although there is a study that introduced 
completely new and non-related questions in a test (Butler, 2010), this study differs from the fo-
cus in the present study. Butler (2010) made use of different texts, each referring to a new theme 
and subject. The present study tries to investigate the effects of guidance on the acquisition and 
retention of non-questioned information in a coherent expository text, which is a realistic text 
often used in education. 
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Question-based Guidance During Studying 

Questions, often referred to as adjunct questions (Rothkopf, 1966) have been shown to positi-
vely influence learning from text (Cerdán, Gil, & Vidal-Abarca, 2011; Frase, 1967; McCrudden & 
Schraw, 2007; Rothkopf, 1966; Rothkopf & Bisbicos, 1967). The general results of this research is 
that the position of the questions in relation to the text and the type of question that is posed 
have an influence on what information is learned from the text.

Research on questions as learning guidance has shown that they positively affect test per-
formance when placed after a relevant text section (i.e., adjunct post-questions; Anderson & 
Biddle, 1975). When the questions are placed after a text section, students first have to study 
the whole section because they do not know in advance what information will be relevant 
for answering a question (Andre, 1987; Andre, Mueller, Womack, Smid, & Tuttle, 1980). Such a 
study process can considered to be incidental learning or unplanned learning. Students study 
the text with no specific learning goal in mind and randomly pick up information from the 
text as they study according to their own insights as to what is important. When questions are 
placed before a relevant text paragraph (i.e., adjunct pre-questions; Anderson & Biddle, 1975), 
students primarily search for answers in the paragraph while reading. Such a study process is 
referred to as intentional learning, which is considered to be goal-directed learning. Students 
study the text with a specific goal in mind, namely, finding the answers to the questions posed 
and, thus, possibly ignoring other important information. So, while pre-questions only seem 
to affect intentional learning, post-questions affect both incidental and intentional learning. 
This difference is important for educational practice because incidental learning might better 
prepare students to answer unfamiliar test questions about the text (and thus also to transfer 
what has been studied to questions and problems outside of the school) while intentional lear-
ning might better prepare students to answer familiar test questions about the text. This study 
uses post-questions to allow for incidental and intentional learning from the text. In the current 
study ‘questions during reading’ thus refers to questions offered after a relevant text paragraph 
during the process of studying the text (i.e., with the text available). 

In addition to the influence of question position, research has shown that different types 
of post-questions can affect the study and learning process (Andre & Thieman, 1988; Carrier & 
Fautsch-Patridge, 1981). Often a distinction is made between lower order (i.e., verbatim recall) 
and higher order (i.e., comprehension and application) questions. The research reported on in 
this article focuses on lower order, verbatim questions. Such questions are factual in nature and 
require literal statements from the original text as answers. According to Bloom (in Krathwohl, 
2002), these verbatim questions relate to the cognitive process of remembering where a stu-
dent extracts verbatim information from a text. Once the verbatim information is extracted, the 
student will be able to retrieve it again (i.e., remember it) when answering questions (Goldman 
& Durán, 1988). The amount of information needed to answer verbatim questions can range 
from single words for single-fact questions (e.g., names, years) to multiple words for multiple-fact 

questions (e.g., descriptions of definitions, principles or procedures). Furthermore, the type of 
question can help students decide what kind of information is important in the text (i.e., mathe-
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magenic learning behavior, Rothkopf, 1966). So, single-fact questions might better prepare stu-
dents to answer single-fact test questions while multiple-fact questions might better prepare 
students to answer multiple-fact test questions.

Information processing research supports this latter notion (McDaniel, Friedman, & Bourne, 
1978; Morris, Bransford, & Franks, 1977). Hamilton’s (1986) review of the effect of adjunct ques-
tions found that the effects of adjunct questions only occur when there is proper alignment of 
encoding and retrieval processes; that is, overlap between encoding and retrieval processes po-
sitively influences performance (Butler, 2010). This suggests that aligning the cognitive activities 
used for encoding during reading with those required for retrieving will improve text retention. 
This so called transfer appropriate processing (TAP; Thomas & McDaniel, 2007) mechanism holds 
that the effectiveness of generative study activities depends on the correspondence between 
study processes and retrieval practice activities (Thomas & McDaniel, 2007). 

Question-based Guidance After Studying

Answering questions from memory after studying plays an important role in retaining informa-
tion from text (Roediger & Karpicke, 2006a) and helps students regulate their learning (Thiede 
& Dunlosky, 1999). Research has shown that successfully retrieving information from memory 
changes the information representation in memory such that the information can better be 
recalled in the future (e.g., Bjork, 1975). In turn, retrieval practice of the information has been 
found to enhance retention and meaningful learning (Karpicke, 2012). Questions posed after 
studying without the text available in a test-like situation serve a retrieval practice function. In the 
current study, ‘questions after reading’ thus refers to questions offered to the students after they 
have read the text (i.e., without the text available). By answering these questions, students are 
required to retrieve specific information from their memory which was acquired earlier, promo-
ting the long-term retention of the retrieved information (Agarwal, Karpicke, Kang, Roediger, & 
McDermott,, 2008; Goldman & Durán, 1988). Retrieved information is better stored in long-term 
memory (i.e., retrieval leads to knowledge consolidation), and results in a stronger memory repre-
sentation compared to restudied information (Roediger & Karpicke, 2006a). This phenomenon 
which is known as the testing effect (Carpenter, Pashler, & Vul, 2006; Roediger & Karpicke, 2006a) 
holds that when students answer questions after reading, the likelihood of successfully answe-
ring the same questions after a delay is increased (i.e., increased intentional learning). Once the 
information to answer a question is retrieved, the memory path is strengthened which facili-
tates future retrieval of this information (Bjork & Bjork, 1992). 

In the literature, different explanations can be found for the testing effect or for the effecti-
veness of retrieval practice as compared to restudy. One such explanation is elaborative proces-
sing. This explanation holds that retrieval is effective because the act of retrieval (i.e., searching 
for target information in memory) creates more distinctive ways leading to the target informa-
tion than restudy, where no search for target information is performed (Glover, 1989; Whitten & 
Leonard, 1980). More specifically, information that is read and then retrieved is processed in two 
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different ways while information that is read and reread is processed twice, but in the same way. 
The different types of processing involved in studying and retrieving result in more cues asso-
ciated with the target information as compared to reading and rereading (Carpenter & DeLosh, 
2006). Therefore, retrieving information leads to more effective retrieval routes that can be used 
at a later time (Bjork, 1975). Furthermore, it was found that if cues during studying and retrieving 
are different instead of similar, it was more likely that information was retrieved at a later time 
(McDaniel & Masson, 1985). This was also found in research on the effects of testing on later 
retrieval of related, non-tested information (Chan, McDermott, & Roediger, 2006) where delayed 
retrieval of related information was enhanced when students were exposed to a previous retrie-
val situation. It is important for education to investigate if these positive effects of initial retrieval 
practice by cues (i.e., questions) can contribute to enhanced retrieval of non-related information 
as well. It should be noted here that in the current study, the non-tested information is not 
related to the tested information with respect to content, but that it does belong to the same 
cognitive category. New questions are lower order, verbatim questions as well. This is relevant 
for educational practice because repeatedly and successfully answering (i.e., retrieving target 
information) the same questions (i.e., cues) is not the only goal in education. Students should 
also be prepared to answer new, not yet encountered questions in an assessment (Mayer, 2002; 
Mayer & Wittrock, 1996).

Asking a question not only helps students retrieve specific information from texts. It can 
also provide students with information on the state of their learning (Thiede & Dunlosky, 1999). 
This in turn can help them to better regulate their learning (e.g., Karpicke & Roediger, 2007; Pyc 
& Rawson, 2010; Rothkopf, 1966) as such questions provide students with specific cues for mo-
nitoring their current state of learning (e.g., “I know the answer to this question” or “I don’t know 
the answer to this question”). This monitoring is an important activity for students to effectively 
regulate their study behavior in preparation for an upcoming test (De Bruin, Thiede, Camp, & 
Redford, 2011; Thiede, Anderson, & Therriault, 2003; Thiede & Dunlosky, 1999). Based on the mo-
nitoring process students can adapt their study behaviour. Based on a previous retrieval practice 
situation and students’ adapted study behavior after monitoring their learning, not only retrieval 
of related material from the text might be enhanced, but also delayed retrieval of unrelated 
non-questioned information.

The Current Study

The current study investigates question-based guidance to optimize text retention. Four formats 
of question-based guidance (see Table 3.1) along with a ‘no guidance’ format were compared to 
answer the following three research questions. 

• What is the effect of answering single-fact or multiple-fact post-questions during 
 studying on immediate retention of the questioned information (i.e., is retention 
 enhanced or worsened)?
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• How does alignment between answering single-fact or multiple-fact post-questions 
 during studying and answering single-fact or multiple-fact questions after studying 
 respectively, affect the delayed retention of the questioned information? 
• What is the effect of question-based guidance on the delayed retrieval of non-
 questioned information (i.e., is retention enhanced or worsened)?

Table 3.1  The four formats of question-based guidance

Guidance format Question-based guidance during studying Question-based guidance after studying

SS format Answering single-fact post-questions Answering single-fact questions

MM format Answering single-fact post-questions Answering multiple-fact questions

MS format Answering multiple-fact post-questions Answering single-fact questions

MM format Answering multiple-fact post-questions Answering multiple-fact questions

Based on the notions of intentional learning and transfer appropriate processing, the fol-
lowing hypotheses are formulated. First, answering single-fact post-questions (i.e., questions 
placed after a relevant text section) during studying (i.e., with the text available) leads to better 
performance on the same type of questions immediately after studying (i.e, retrieval practice 
without the text available) than answering multiple-fact post-questions during studying or stu-
dying without question-based guidance [H1a] and answering multiple-fact post-questions (i.e., 
questions placed after a relevant text section) during studying (i.e., with the text available) leads 
to better performance on the same questions immediately after studying (i.e., retrieval practice 
without the text available) than answering single-fact post-questions during studying or stu-
dying without question-based guidance [H1b]. Second, answering single-fact post-questions 
(i.e., questions placed after a relevant text section) during studying (i.e., with the text available) 
followed by answering the same questions immediately after studying without the text avai-
lable (i.e., the SS format) leads to better performance on the same questions after a one-week 
delay than studying and retrieving with the other question-based guidance formats or without 
the question-based guidance [H2a] and answering multiple-fact post-questions (i.e., questions 
placed after a relevant text section) during studying (i.e., with the text available) followed by 
answering the same questions after studying without the text available (i.e., the MM format) 
leads to better performance on the same questions after a one-week delay than studying and 
retrieving with the other question-based guidance formats or without the question-based 
guidance [H2b]. 

Since guidance in the form of questions stimulates students to actively and effectively enga-
ge in processing the text and aids their regulatory processes, a final prediction is that studying 
and retrieving with question-based guidance followed by restudying leads to better delayed 
performance on new questions than studying and retrieving without question-based guidance 
[H3]. 
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Method

Participants
A total of 131 first-year Psychology and Pedagogical Sciences university students at a large 

Flemish university (125 females and 6 males which is representative for the population; mean 
age = 18.56 years, SD = .99) participated in this study as part of their normal course require-
ments. The students were informed of the research and gave their explicit consent.

Materials
Prior-knowledge test. A paper-and-pencil test was developed to determine the students’ 

prior knowledge of the industrial revolution in the Netherlands; the topic of the to-be-learned 
text. The test consisted of 14 multiple-choice items with 4 answering options (e.g., Question: 
‘When did the industry in the Netherlands really start?’ Correct answer: ‘In the 19th century’). Stu-
dents received 1 point for each item answered correctly, resulting in a maximum score of 14. 

Text. A 1088 word, Dutch language text on the industrial revolution in the Netherlands was 
used. The text length is normal with respect to typical Dutch history textbooks used in secon-
dary education. Based on the Flesch-Douma reading ease formula, the text had a readability 
score of 66.59 indicating average difficulty for the educational level of the participants (Hoog-
teijling, 1967). In other words, the text was neither too easy nor too difficult for them. The text 
was based on history textbooks used in Dutch secondary education and was divided into five 
paragraphs. Paragraph 1 (222 words) - ‘Industrial revolution’ - focused on the changes in society 
that led to the speedy development of industry in general. Paragraph 2 (219 words) on ‘The 
19th century in the Netherlands’ focused on specific changes in the Netherlands in relation to 
industry. Paragraph 3 (226 words) on ‘The social issue’ was about the weak position of labourers 
and the strong influence of manufacturers during the industrial revolution. Paragraph 4 (189 
words) - ‘Rise of industry in Maastricht’ - dealt with industry in Maastricht (a city in the south of 
the Netherlands) and the role of Petrus Regout, a famous founder of pottery industry. The final 
paragraph (232 words) - ‘Circumstances’ - focused on the poor accommodations and working 
conditions of labourers. 

The text contained 92 idea units. An idea unit refers to a short part of the text containing 
an important piece of information regarding the topic of the text (e.g., ‘The nineteenth century is 

often referred to as the period of citizens and steam-engines’). 
Question-based guidance. Five single-fact post-questions and five multiple-fact post-ques-

tions were formulated; one of each for each text paragraph. Single-fact questions were based 
on single literal facts in the text (e.g., Question: ‘What was the key word for the socialists’? Answer: 
‘Equality’). Multiple-fact questions were based on multiple literal concepts in the text. To answer 
these questions, students had to combine different idea units contained in a section that could 
be paraphrased (e.g., Question: ‘How can the role of Petrus Regout as employer be characterised’? 
Answer: ‘He paid a lot attention to his employees, paid them fair wages, and morally supported 

them); thus three literal facts in the text.
During reading (i.e., with the text available), these questions were placed after a text para-



 45

Chapter 3Chapter 2

graph and served as adjunct post-questions to stimulate the encoding of text information. After 
studying (i.e., without the text available), they were used as retrieval practice cues. 

Statements. Single-fact and multiple-fact statements that mirrored the questions were used 
to equalise exposure to the material for all groups and they were studied after answering the 
questions after initial text studying. Single-fact statements combined questions and answers to 
the original verbatim questions. An example of a single-fact statement based on the correspon-
ding single-fact question just described was: ‘Equality is a key word for the socialists’. Analogously, 
verbatim, multiple-fact statements were developed.

Final test. The final test consisted of 20 short-answer questions; 10 verbatim single-fact 
and 10 verbatim multiple-fact. Half of each type of question was identical to the questions 
used during and after studying and were, thus, repeated questions for students in the question-
based guidance conditions but new questions for students who did not receive question-based 
guidance. The other half consisted of novel questions for all participants in all conditions. Thus, 
the final test contained five repeated single-fact questions (though new for students in the 
condition without question-based guidance), five new single-fact questions (new for all), five 
repeated multiple-fact questions (though new for students in the condition without question-
based guidance), and five new multiple-fact questions (new for all). The answers to the repeated 
questions were scored in the same way as after text studying, in idea units. 

Distracter task. Sudoku puzzles were used as a distracter task. These puzzles consist of a 9x9 
grid divided in 3x3 sub-grids. The objective is to fill each of the nine 3x3 sub-grids that compose 
the grid. Digits from 1 to 9 had to be used so that each column, each row and each sub-grid 
contained all the digits only once. 

Design and Procedure
The multiple-choice prior-knowledge test was administered at least 1 week prior to the experi-
mental session to minimise retention effects. Students had 15 minutes to answer the questions. 
After collecting the test, feedback on the questions was given by presenting the correct answers 
to make sure all students received the same information before taking part in the experimental 
session. 

One week later, students took part in the learning session. They were randomly assigned to 
one of five conditions. In the Single-Single (SS) condition (n = 29) students answered single-
fact questions during and after studying. In the Single-Multiple (SM) condition (n = 27) students 
answered single-fact questions during studying and multiple-fact questions after studying. In 
the Multiple-Single (MS) condition (n = 28) students answered multiple-fact questions during 
studying and single-fact questions after studying. In the Multiple-Multiple (MM) condition (n 
= 22) students answered multiple-fact questions during and after studying. Students in the no 
guidance (NG) condition (n = 25) did not answer questions during studying and performed free 
recall after initial study, that is, they were asked to recall all information elements that they could 
remember from the text and to write them down. In this way study time was equal for all groups.

During initial study (15 minutes), all students first received the instruction to read the text. 
At the end of the text, students in the question conditions were instructed to open an envelope 
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with five short-answer questions. Students in the SS and SM conditions received single-fact 
questions and students in the MS and MM conditions received multiple-fact questions. They 
were allowed to use the text to help them answer the questions. Students in the NG condition 
did not receive additional instructions but continued reading the text. After a signal by the 
experimenter, all students were instructed to return all materials to the envelope and work on 
the filler task for 2 minutes. After this, they were instructed to continue to the next phase, which 
lasted 15 minutes. Depending on the condition, five single-fact questions and five multiple-fact 
statements (SS and MS conditions) or five multiple-fact questions and five single-fact state-
ments (SM and MM conditions) were presented. Questions had to be answered by the students 
and the statements had to be studied. Students in the conditions SS and MM received transfer 
appropriate questions (i.e., the same type as during reading) while students in the SM and MS 
conditions received non transfer appropriate questions (i.e., the type of questions differed from 
those during reading). Students in the NG condition were instructed to recall all they could 
remember from the text and write that down. Then, students again worked on the distracter 
task for 2 minutes. In the final learning phase (15 minutes), all students were asked to restudy 
the text. 

The final test was administered one week after the experimental session. Students were 
given 30 minutes to answer the 20-item final test.

Scoring
The answers to the questions were scored in idea units. Four subsets of idea units were made. 
The first subset included idea units targeted by the single-fact questions that were presented 
during and after studying. Students received 1 point for each correctly retrieved idea unit. The 
maximum score for the five questions was 5 because each repeated single-fact question tar-
geted one idea unit. Subset two included idea units targeted by the new single-fact questions 
in the final test. Here again the maximum score was 5 because each new single-fact question 
targeted one idea unit. Subset 3 included idea units targeted by the multiple-fact questions that 
were presented during and after reading. The maximum score for the five questions was 15 be-
cause each repeated description question targeted between one and four idea units. Subset 4 
included idea units targeted by the new multiple-fact questions in the final test. The maximum 
score for the five questions was 20 because each new multiple-fact question targeted between 
three and six idea units. 

For both new single-fact and new multiple-fact questions on the final test, the number 
of recalled idea units for these new questions retrieved directly after reading was calculated. 
Students in the NG condition were not restricted in retrieving information from the text after 
reading and thus also retrieved information belonging to subset 2 or subset 4. Although they 
were not explicitly asked to do so, participants in the conditions with questions also sometimes 
retrieved information from subset 2 or 4, but to a lesser degree. If an idea unit belonging to sub-
set 2 or 4 was retrieved after reading, no points were given for this recalled idea unit when it was 
also retrieved in the final test. Therefore, the test score for new idea units was solely based on 
idea units not previously retrieved. Thus, the final test scores for the new single-fact questions 
and the multiple-fact questions consisted of the sum of correctly retrieved idea units that were 
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only retrieved on the final test. As a result, the final test scores for the new single-fact questions 
and the multiple-fact questions were free from the unpredictable influence of retrieval practice 
directly after studying.

Results

For all statistical tests, a significance level of .05 was maintained. Means, percentages and 
standard deviations of the prior-knowledge test and retrieved idea units after text study (i.e., re-
peated single-fact questions, new, single-fact questions, repeated, multiple-fact questions and 
new, multiple-fact questions) are displayed in Table 3.2. Means, percentages and standard devi-
ations of retrieved idea units regarding repeated verbatim, single-fact questions and repeated 
verbatim, multiple-fact questions in the final test are displayed in Table 3.3. Means, percentages 
and standard deviations of idea units regarding new verbatim, single-fact questions and new 
verbatim, multiple-fact questions only retrieved during the final test are displayed in Table 3.4. 
Two independent raters scored 20% of the final tests; interrater reliability was r = .93 (intraclass 
correlation).

Table 3.2  Descriptive statistics for the practice phase (N = 131)

  Single-Single  Single-Multiple Multiple-Single Multiple-Multiple Free Recall

  (SS, n = 29) (SM, n = 27) (MS, n = 28) (MM, n = 22) (FR, n = 25)
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Table 3.3  Descriptive statistics for the repeated questions in the final test (N = 131)

  Single-Single  Single-Multiple Multiple-Single Multiple-Multiple Free Recall

  (SS, n = 29) (SM, n = 27) (MS, n = 28) (MM, n = 22) (FR, n = 25)

 

Table 3.4  Descriptive statistics of suddenly retrieved idea units in the final test (N = 131)

  Single-Single  Single-Multiple Multiple-Single Multiple-Multiple Free Recall

  (SS, n = 29) (SM, n = 27) (MS, n = 28) (MM, n = 22) (FR, n = 25)

Prior-Knowledge Test
An ANOVA showed no significant differences in prior-knowledge-test scores for the dif-

ferent conditions; F(4,126) = 2.12, p = .082.

Immediate Performance on Questions After Studying
Repeated single-fact questions. A one-way ANOVA showed a significant effect of condition 

on retrieved idea units for single-fact questions after reading (F(4,126) = 47.61, p = .000, η
p

2 = 
.602). Tukey HSD post-hoc analyses showed that students in the SS condition retrieved signifi-
cantly more idea units for single-fact questions and performed better than students in the SM 
condition (p = .000), MS condition (p = .000), MM condition (p = .000) and NG condition (p = 
.000). The hypothesis [H1a] that answering, single-fact questions during studying (SS condition) 
would lead to significantly better recall of idea units on the same single-fact questions after 
studyingη than the other conditions was, thus, confirmed.

Repeated multiple-fact questions. A one-way ANOVA showed a significant effect of condi-
tion on retrieved idea units for multiple-fact questions after studying (F(4,126) = 106.38, p = .000, 
η

p
2 = .772.). Tukey HSD post-hoc analyses showed that students in the MM condition retrieved 

significantly more idea units for the multiple-fact questions and performed better than students 
in the SS condition (p = .000), SM condition (p = .000), MS condition (p = .000) and NG condition 
(p = .000). The hypothesis [H1b] that answering, multiple-fact questions during studying (MM 
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condition) would lead to significantly better recall of idea units on the same multiple-fact ques-
tions after studying than the other conditions was, thus, confirmed. 

Test Performance on Repeated Questions
Repeated single-fact questions. A one-way ANOVA showed a significant main effect of con-

dition on retrieved idea units for the subset of repeated, single-fact questions in the final test 
(F(4,126) = 5.57, p = .000, η

p
2= .150). Tukey HSD post-hoc analyses showed that students in the SS 

condition retrieved significantly more of the questioned idea units and performed better than 
students in the MS condition (p = .004), MM condition (p = .009) and NG condition (p = .000). 
Students in the SS condition did not retrieve significantly more of the questioned idea units 
than students in the SM condition (p = .092), though this was ‘marginally significant’ in the same 
direction. The hypothesis [H2a] that answering single-fact questions during studying followed 
by answering the same questions immediately after studying (i.e., the SS format) would lead to 
better performance on the same questions after a 1 week delay than studying and retrieving 
with the other question-based guidance formats or without the guidance was, for the most 
part, confirmed. 

Repeated multiple-fact questions. A one-way ANOVA showed a significant main effect of 
condition on retrieved idea units for the subset of repeated, multiple-fact questions in the final 
test (F(4,126) = 4.13, p = .004, η

p
2 = .116). Tukey HSD post-hoc analyses showed that students in 

the MM condition retrieved significantly more of the questioned idea units and performed bet-
ter than students in the SM condition (p = .002) and NG condition (p = .018). Students in the MM 
condition did not significantly retrieve more of the questioned idea units than students in the SS 
condition (p = .089) and MS condition (p = .108). The hypothesis [H2b] that answering multiple-
fact questions during studying followed by answering the same questions after studying (i.e., 
the MM format) would lead to better performance on the same questions after a one-week 
delay than studying and retrieving with the other question-based guidance formats or without 
the guidance was partially confirmed.

 
Test Performance on Novel Questions

New, single-fact questions. A one-way ANOVA showed no significant main effect of condi-
tion on the final test score of new, single-fact questions (F(4,126) = 1.68, p = .159). However, it 
was also investigated whether the conditions with questions (SS, SM, MS and MM) differed from 
the NG condition [H3]. Therefore simple contrasts were used. These contrasts showed that stu-
dents in the SS, MS and MM conditions scored significantly higher on new single-fact questions 
than students in the NG condition (p = .046, p = .049, and p = .023 respectively). Only students 
in the SM condition did not score significantly higher on these questions than students in the 
NG condition (p = .107). Thus, for the final test score of new, single-fact questions, the hypothesis 
[H3] that studying and retrieving with question-based guidance followed by restudying leads to 
a better delayed performance on new questions than studying and retrieving without question-
based guidance was largely confirmed.



50

Retrieval as a Cognitive and Metacognitive Study Technique to Learn from Expository Text 

New, multiple-fact questions. A one-way ANOVA showed a significant main effect of condition 
on the final test score of new, multiple-fact questions (F(4,126) = 15.21, p = .000). Furthermore, 
to investigate the differences between the four conditions with questions (SS, SM, MS and MM) 
and the NG condition, simple contrasts were then used. These contrasts showed that students 
in the SS, MS, and MM conditions scored significantly higher on new multiple-fact questions 
than students in the NG condition (p = .000, p = .000, p = .002 respectively). Only students in 
the SM condition did not score significantly higher on these questions compared to students in 
the NG condition (p = .229). Thus, just as the results on the single-fact questions, these results 
largely confirmed hypothesis [H3] that studying and retrieving with question-based guidance 
followed by restudying leads to a better delayed performance on new questions than studying 
and retrieving without question-based guidance.

Discussion

This research studied question-based guidance to optimize text retention. Four formats of ques-
tion-based guidance and a no guidance (control) format were tested. First, as expected, the re-
sults showed that answering single-fact post-questions during studying (i.e., with the text avai-
lable) led to a better performance on the same single-fact questions after studying without the 
text available (i.e., SS condition) than answering multiple-fact post-questions during studying 
or studying without question-based guidance [H1a]. In addition, also as expected, answering 
multiple-fact post-questions during studying (i.e., with the text available) led to a better perfor-
mance on the same multiple-fact questions after studying without the text available (i.e., MM 
condition) than answering single-fact post-questions during studying or reading without ques-
tion-based guidance [H1b]. Thus, it can be concluded that answering post-questions during 
studying facilitates intentional learning and enhances subsequent retrieval performance. The 
results corroborate the notion of transfer appropriate processing. 

Second, aligning single-fact post-questions during and after studying (i.e., SS condition) led 
to a better delayed performance on the same single-fact post-questions than aligning the multi-
ple-fact post-questions (i.e., MM condition), studying with multiple-fact questions and retrieving 
with single-fact questions (i.e., MS condition) and studying and retrieving without questions (i.e., 
NG condition). No differences between the aligned SS condition and studying with single-fact 
post-questions and retrieving with multiple-fact post-questions (i.e., SM condition) were found. 
These results are largely in line with [H2a]. A similar pattern is found for the guidance based 
on the multiple-fact questions. Aligning multiple-fact post-questions during and after studying 
(i.e., MM condition) led to a better delayed performance on the same multiple-fact questions 
than studying with the single-fact questions and retrieving with multiple-fact questions (i.e., SM 
condition) or studying and retrieving without questions (i.e., NG condition). No differences were 
found between the MM, SS and MS conditions. These results are partially in line with hypothesis 
[H2b]. Again, the results provide evidence for intentional learning and transfer appropriate pro-
cessing, however, the evidence is not completely conclusive. 
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In general, the pattern that arises from these results regarding the second hypothesis is that 
retrieval practice seemed to contribute less to long-term retention than encoding since the SS 
and SM conditions did not differ in performance on the delayed repeated single-fact questions 
and the MM and MS conditions did not differ in performance on the delayed repeated multiple-
fact questions. However, for performance on the delayed repeated multiple-fact questions, the 
SS condition broke with this pattern and yielded unexpectedly high results. While it seems that 
retrieval practice per se does not increase long-term retention, it seems that the different retrie-
val activities, here single-fact retrieval or multiple-fact retrieval, may have affected the restudy 
process in different ways. Students who studied a text with a specific type of question possibly 
regulated their study behavior in a way that matched the question type during subsequent stu-
dy activities (i.e., Thiede & Dunlosky, 1999). This could mean that retrieval practice by single-fact 
questions prompts students to restudy the text after retrieval with more attention to the specific 
factual details in the text than retrieval by multiple-fact questions. This more detailed restudy 
might have helped students who retrieved single-facts after reading to also retrieve facts on the 
multiple-fact questions given to them after a delay. This is supported by the results that show 
that the SS and MS conditions did not significantly differ from the MM condition. 

The last hypothesis was that studying and retrieving with question-based guidance would 
lead to better delayed performance on new single-fact questions and new multiple-fact ques-
tions than studying and retrieving without question-based guidance. Results showed that stu-
dents in the question-based guidance conditions, except for those in the SM condition, were 
able to retrieve more not previously recalled idea units on the final test compared to students in 
the condition without question-based guidance. This is largely in line with [H3]. 

The results regarding this last hypothesis showed that the pattern formed by the mean 
amount of recalled information for new single- and multiple-fact questions was in line with the 
expectations (respectively: the SM condition (35.56%) and the free recall condition (24.80%) and 
the SM condition (14.82%) and the free recall condition (11.80%)). Nevertheless, the SM condi-
tion did not help students answer new questions to a significant degree. This might be due to 
the fact that only in this condition students could not profit from transfer appropriate proces-
sing or detailed restudy as prompted by the single-fact questions. 

Generally, the results show that if there is alignment between study and retrieval practice 
activities, then the immediate and delayed recall of information is positively influenced. These 
findings concur with research on transfer appropriate processing (Thomas & McDaniel, 2007) 
which states that the effectiveness of generative study activities depends on the extent to 
which there is correspondence between processes required by the study activity and the acti-
vities required for retrieval practice. Therefore, the findings on repeated questions contribute to 
earlier research that has shown that answering questions during a study phase strengthens the 
memory path and enhances future retrieval (Bjork & Bjork, 1992; Karpicke, 2012).

Regarding non-questioned information (i.e., previously not retrieved), it can be concluded 
that question-based guidance helped students process the text more effectively. This confir-
med the outcomes of McNamara’s study (2004) and is also in line with Chan, McDermott and 
Roediger (2006) who found that prior testing (i.e., answering questions) helps students retrieve 
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non-questioned information as well, especially when there are opportunities to restudy mate-
rial before the test takes place. Apparently, the guidance might have helped students focus on 
important information in the text, which in the end positively influenced learning from the text 
(McCrudden & Schraw, 2007) and as such has also enabled retrieval of new information. In ad-
dition, the question-based guidance might have facilitated students’ self-regulation processes 
during restudying, so that they could profit more from this activity than students who did not 
receive guidance.

To further investigate the underlying process during restudying and why not all question-
based guidance conditions differed significantly from the unguided condition for performance 
on new questions, other research methods could be used. Eye tracking could be such a method. 
Research using this method has already shown that questions help students focus on relevant 
and important information in the text after taking a test (Dirkx, 2014). Eye tracking can thus be 
a useful tool to gain insight in the effect of offering different types of questions during and after 
studying on performance. Furthermore, research on students’ indication of learning after stu-
dying a text (i.e., making judgments of learning) and performing different retrieval practice ac-
tivities as well as research on students’ subsequent restudy decisions could contribute to more 
insight in the underlying processes of guided versus non-guided learning situations. 

An important implication for educational practice is that the results of this study show that 
question-based guidance generally not only stimulates retention of questioned information but 
also retention of previously non-questioned information. Tests in education often contain new 
questions to test if students have remembered the textual information they studied. The fact 
that answering questions during and after studying the material helps to prepare students for 
an upcoming text advocates for offering question-based guidance during the learning process. 

To conclude, this study shows that offering students question-based guidance generally po-
sitively influences their learning and prepares them better for a future test with new questions. 
An important implication for educational practice is, thus, that question-based guidance works 
better than studying and retrieving without question-based guidance. 
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The Effect of Retrieval Practice on Secondary School 
Students’ Absolute Monitoring and Regulation Accuracy 

Abstract
This research builds on studies showing that generation techniques can provide 

diagnostic cues in order to improve monitoring accuracy measured by judgments 

of learning (JOLs) and study regulation for expository text. It is focused on retrieval 

practice as a generation technique. Secondary school students performed memory 

retrieval, restudied the text or made Sudoku puzzles (control condition) after text 

studying and then gave a JOL and made restudy decisions. Results showed that 

memory retrieval leads to less overestimation (i.e., better monitoring accuracy) than 

performing a text-unrelated task. No differences were found between retrieval and 

restudying. For study regulation, restudying leads to better restudy decisions than 

performing a text-unrelated task. Furthermore, participants’ mean JOLs after perfor-

ming retrieval and restudying were lower for text sections selected for restudy as 

compared to JOLs for non-selected text sections, indicating a good study regula-

tion. Results are discussed within the cue-utilization framework.

This chapter is based upon: 

Reijners, P. B. G., Kester, L., Camp, G., De Bruin, A. B. H., & Kirschner, P. A. Effects of Retrieval on Secondary School 

Students’ Absolute Monitoring and Regulation Accuracy. Manuscript submitted for publication. 



54

Retrieval as a Cognitive and Metacognitive Study Technique to Learn from Expository Text 



 55

Chapter 4

Learning from expository texts requires the ongoing metacognitive processes of monitoring 
and regulation. Monitoring refers to the necessity of developing a clear representation of what 
is known and what is not known (e.g., Nelson & Narens, 1994). To measure monitoring quality, 
students are asked to make judgments of learning (JOLs) by predicting future test performance 
for the studied text. Next, these JOLs can be related to actual performance (e.g., Anderson & 
Thiede, 2008; Metcalfe & Finn, 2008; Thiede, Anderson, & Therriault, 2003; Thiede, Dunlosky, Grif-
fin, & Wiley, 2005). Second, after monitoring the current state of learning (i.e., by providing JOLs), 
this representation must be used to decide whether to restudy the text or move on to a different 
passage. This process is referred to as study regulation (e.g., Dunlosky & Ariel, 2011). 

Monitoring accuracy for texts is often very low, the average correlation between judgments 
and text comprehension across 57 studies was only .27 (Maki, 1998; Thiede, Griffin, Wiley, & 
Redford, 2009) and as a result, accurate study regulation is difficult. Students seem unable to ac-
curately judge their memory for text, because they do not use appropriate information or cues 
to base their judgments on (Koriat, 1997). This suggests the necessity of creating situations in 
which diagnostic cues become available after studying text materials to improve monitoring ac-
curacy and regulation. The current study investigates whether the act of memory retrieval may 
serve as such a diagnostic cue that can improve monitoring accuracy. The effects of retrieval 
practice on learning from text have been widely investigated, showing that the act of retrieval 
strengthens memory traces, which enables future retrieval of information and positively influen-
ces test performance. This is referred to as the testing-effect (see Roediger & Karpicke, 2006a for 
an overview). There is reason to assume that retrieval practice can also be used as a technique 
to stimulate monitoring and regulation. The current research investigates this assumption from 
the cue-utilization framework (Koriat, 1997). 

Cue-Utilization and Cue Diagnosticity

The cue-utilization framework holds that when making JOLs, a student uses information in the 
text to infer cues from it to base their judgements on. Cues are not directly observable but they 
need to be derived (i.e., inferred) from the studied material and as such JOLs are inferential. Cues 
can be intrinsic, extrinsic or mnemonic and they differentially provide information to predict 
future performance (i.e., recall) (Koriat, 1997). Intrinsic cues refer to inherent characteristics of 
the study material that provide information about the nature of the material (e.g., the extent 
to which different text parts such as paragraphs are interrelated). Extrinsic cues refer to applied 
encoding activities (e.g., if information is processed superficially or deep) by a student or lear-
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ning conditions (e.g., the number of times information has been studied). Both intrinsic and 
extrinsic cues can directly influence JOLs but they can also indirectly influence JOLs via the 
last category of cues, mnemonic cues. These mnemonic cues refer to internal cues that give a 
student necessary information to make JOLs. Examples are the experienced ease of processing 
of presented material (Benjamin & Bjork, 1996) and a check for the extent to which informa-
tion retrieved during previous recall attempts is remembered (Mazzoni & Cornoldi, 1993). The 
strength of mnemonic cues lies in their susceptibility for intrinsic and extrinsic cues. This means 
that for example the extent to which different text parts such as paragraphs are interrelated 
(i.e., intrinsic cue) and the number of times information has been studied (i.e., extrinsic cue) lead 
to information that can be used by a student to form his/her subjective experience about his/
her memory or learning (i.e., mnemonic cue). As a result JOLs can be made based on these cues.

Important to note is that because JOLs are inferential, the eventual degree of accuracy de-
pends on the relationship between the cues used by a student and the final test situation (e.g., 
Van Loon, De Bruin, Van Gog, Van Merriënboer, & Dunlosky, 2014). In other words, a certain 
match between the material (e.g., a text) providing cues for the student and the test situation 
is necessary, so that the right (i.e., diagnostic) cues need to be consulted before making JOLs 
(Koriat, 1997). This is defined as cue diagnosticity.

In the past years, different techniques such as making summaries (Thiede & Anderson, 
2003), completing diagrams (Van Loon et al., 2014), generating keywords (Thiede, Anderson, 
& Therriault, 2003) or sentences (Van Loon, De Bruin, Van Gog, & Van Merriënboer, 2013) have 
been found to improve monitoring accuracy for learning from text by providing students with 
diagnostic, metacognitive cues. These techniques are often referred to as generation techniques 
and the strength and positive effects of these techniques on monitoring and regulation can 
be clarified from the cue-utilization framework (e.g., Koriat, 1997). For example, self-generating 
summaries or diagrams after studying helps students to retrieve conceptual knowledge from 
their long-term memory of the text (Thiede, Anderson, & Therriault, 2003; Thiede et al., 2005). 
These tasks might confront them with what they do or do not understand or master yet. Gene-
ration tasks can thus be seen as self-tests that provide students with diagnostic cues that can 
be used after studying material and before predicting future test performance. As a result, the 
student can use mnemonic cues and he/she can question himself/herself how difficult it was 
to generate the summary or diagram. The positive effects of generation tasks on monitoring 
accuracy are limited to situations where generation tasks are completed after a delay, which is 
called the delayed-generation effect (Thiede et al., 2009). A delay between studying the material 
and the generation task ensures the use of information from long-term memory instead of more 
superficial information from working memory. This long-term memory information is also re-
quired when completing a future test (Thiede et al, 2005). This means that both the generation 
task and the test rely on using information from long-term memory. 
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Retrieval Practice as a Generation Technique

Retrieval practice requires generation of conceptual knowledge and can thus be seen as ano-
ther example of a generation technique, relying on the same underlying mechanisms as other 
generation techniques. This means that the relationship between retrieval practice and accu-
rate monitoring can be explained within the cue-utilization framework (Koriat, 1997). When re-
trieval practice follows reading, the student is stimulated to search for information in memory 
that needs to be retrieved (i.e., generated). After this retrieval attempt, the student gains insight 
in what he/she was able or unable to retrieve. In other words, the student can diagnose his/
her learning. As a result, mnemonic cues are available and these cues have been shown to be 
diagnostic (Koriat, 1997). If they are used properly by the student, monitoring accuracy can be 
improved. Furthermore, it is suggested that directing the students’ attention during a task to-
ward relevant information (i.e., information that will be part of a future test) positively influences 
monitoring accuracy (Thomas & McDaniel, 2007). This means that if there is a match between 
the performed task and the test, monitoring and regulation will be more accurate because the 
student has more information about what will be tested after a delay, which is referred to as 

transfer appropriate processing (Thomas & McDaniel, 2007). Because the performed task (i.e., re-
trieval of key concepts) is identical to the final test (i.e., the same retrieval task), more diagnostic 
cues become available to make judgments and cue diagnosticity is thus ensured. Therefore it is 
hypothesized that stimulating retrieval practice after studying and requiring retrieval in a future 
test will help to improve monitoring accuracy. 

When studying texts on their own, most students do not perform retrieval practice. Both 
university students (Karpicke, Butler, & Roediger, 2009; Kornell & Bjork, 2007) and secondary 
school students (Dirkx, 2014) are unaware of the positive effects of retrieval on learning. If stu-
dents are not actively stimulated to perform retrieval, they are not confronted with what they 
can or cannot retrieve from memory. No mnemonic cues become available that can be used 
to predict future performance. Also, no match is available between the task and the future test 
which reduces the chance of accurate monitoring and regulation. This raises the question what 
happens if students are actively stimulated to use retrieval after initial text studying and how 
this influences their monitoring accuracy and study regulation. Whereas much research has 
already focused on the effects of retrieval practice on test performance from within the testing-
effect paradigm (Roediger & Karpicke, 2006a), only recently retrieval practice has been consi-
dered as a generation technique that might also contribute to the improvement of monitoring 
accuracy and study regulation (Little & McDaniel, 2015). The current study therefore further in-
vestigated the effect of retrieval practice on monitoring accuracy and regulation by comparing 
it to a control condition in which a task is performed that is unrelated to the text (i.e., making 
Sudoku puzzles). 

Research on the effects of retrieval practice on learning from text often includes a restudy 
condition. This is a logical comparison condition seen from a cognitive perspective (e.g., Roe-
diger & Karpicke, 2006a). Furthermore, research shows that restudying is a frequently reported 
learning technique by students studying expository text (Dirkx, 2014; Dunlosky, Rawson, Marsh, 
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Nathan, & Willingham, 2013) and it thus closely mirrors daily practice for studying expository 
text. Therefore, a restudy condition was also added to the current research. Because restudy 
requires no generation, it could be hypothesised that restudying leads to less mnemonic cues 
on which judgments can be based (i.e., no retrieval takes place), which would lead to the ex-
pectation that monitoring accuracy and regulation would be better in the retrieval practice 
condition. However, it could also be argued that restudying the text after initial study enables 
students to study the text again and as a result helps them to a certain extent in diagnosing 
easy or more difficult text parts, resulting in intrinsic cues (Koriat, 1997). These cues can be used 
to predict future performance, but they may not be as diagnostic as cues that become available 
after a generation task. Taken together, the differences between retrieval practice and restudy 
regarding monitoring accuracy and regulation was analysed exploratory. A restudy condition 
that more closely mimics what happens in an educational setting than a pure control condition 
was also added to the current study.

The Current Study

To investigate the influence of retrieval on students’ monitoring accuracy and study regulation, 
the current study focuses on absolute monitoring accuracy. The absolute monitoring accuracy 
or calibration gives information about the bias, which refers to the correctness of the estima-
tion (i.e., JOLs) and the amount of overestimation (i.e., judging future performance higher than 
actual performance) and underestimation (i.e., judging future performance lower than actual 
performance). This information is important because it gives insight in how retrieval practice 
provides cues that contribute to JOLs and to what extent students are able to make correct esti-
mations of performance. More concrete, calculating absolute monitoring leads to an indication 
of the match between a students’ JOL based on the recall and the actual performance because 
given JOLs for a text paragraph are compared with test performance for the corresponding text 
paragraph. Furthermore, besides bias, another part of the absolute monitoring accuracy, the 
absolute deviation, gives an indication of the absolute magnitude of the difference between test 
performance and given JOLs. 

Regarding study regulation it is investigated how restudy decisions as an operationalisation 
of study regulation are influenced by retrieval practice. Therefore, it is measured if students can 
discriminate between less well and better learned text sections by investigating if there are dif-
ferences in mean JOLs for selected and unselected text paragraphs for restudy, both between 
subjects and within subjects. 

Based on the cue utilization framework, it is expected that retrieval practice after initial text 
study would lead to better absolute monitoring accuracy [H1] and restudy decisions [H2] as 
compared to performing a text-unrelated task (i.e., completing Sudoku puzzles). Furthermore, 
it was explored whether retrieval and rereading differently influence absolute monitoring ac-
curacy and restudy decisions. 
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Method

Participants
A total of 74 Dutch fourth grade students following pre-university secondary education (41 
males and 33 females) participated in this study. These students were randomly assigned to one 
of three conditions (see Table 4.1). In the Retrieval practice (RP) condition (n = 23), participants 
performed a free recall task after initial study. In the Restudy (R) condition (n = 25), participants 
restudied the text after initial reading. In the Control (C) condition (n = 26), participants com-
pleted Sudoku puzzles after studying. 

Table 4.1  Design of the study

Study phase Practice phase Judgment Restudy decision

Studying  Retrieval practice JOL Indication of restudy

Studying  Restudying JOL Indication of restudy

Studying  Sudoku puzzles (control) JOL Indication of restudy

Materials
Text. A 2054 word Dutch text about six history epochs was used (‘Hunters and Gatherers’ 

(336 words), ‘The Greek and the Romans’ (333 words), ‘Monks and Knights’ (351 words), ‘Regents 
and Monarchs’ (339 words), ‘Citizens and Steam engines’ (337 words), and ‘Television and Com-
puter’ (358 words)). The six paragraphs each consisted of three text parts referring to the topics 
time period, population and landscape (18 sections in total, average length = 113 words, SD 
= 8.39). Each part contained eight key concepts (144 key concepts in total. An example of the 
three text parts of the paragraph on ‘Hunters and Gatherers’ is presented in Appendix A. Except 
for a significant correlation between Flesch-Douma and JOL (r (18) = -.49, p = .039 (more difficult 
sections received lower JOL ratings) the recall performance, JOLs and final-test performance 
were not predicted by the coherence ratings, reading ease scores and the number of words. 

Procedure
All students were tested in a computer room in their school. After a short verbal instruction 
they were instructed to study the text paragraphs. The six text paragraphs were shown one by 
one on the screen for 2 minutes (12 minutes in total). Students were encouraged to study the 
paragraphs thoroughly because after a short delay a retention test would follow. 

After studying the text, students were randomly assigned to three different conditions (i.e., 
retrieval practice, restudy or control) for the practice phase. Participants in the Retrieval practice 
condition were instructed to retrieve as many key concepts as possible for the six text para-
graphs with three text parts each. All paragraph and text part headings were shown on the 
screen. Each heading was followed by a text box where retrieved key concepts could be ente-
red. There were 18 text boxes in total and students had 24 minutes to fill the boxes. Students in 
the Restudy condition were instructed to restudy the six text paragraphs with three text parts 
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each for 24 minutes. The whole text, including paragraph and text part headings, was shown on 
the screen and participants could scroll down the text. Finally, students in the Control condition 
were instructed to solve paper-and-pencil Sudoku puzzles for 24 minutes. 

The practice phase was followed by an instruction to make JOLs. First, students were remin-
ded of the upcoming retention test in which the headings (accompanied by text boxes) of the 
six text paragraphs would be shown on the screen in order to write down as many key concepts 
as they had remembered. Then, they were instructed to judge their own learning from the text 
by providing a judgment of learning (JOL) as a measure of monitoring accuracy. Students were 
reminded that each of the six text paragraphs contained three text parts (period, population 
and landscape). Furthermore, they were informed that each text part consisted of eight key 
concepts. The titles of each of the eighteen text parts were showed on the screen. Students 
were instructed to answer the question: ‘How many of the 8 key concepts in this text section do you 

think you can retrieve correctly from memory when completing a test?’. A nine-point scale was used 
ranging from 0 to 8 key concepts. 

After making JOLs, all students were instructed to indicate what text parts they wanted to 
restudy. Students indicated by a mouse click if they wanted to restudy the specific text part 
or not. The titles of the eighteen text parts were presented on one screen in a random order. 
Restudy did not actually take place, because this can unintentionally influence monitoring ac-
curacy (Kimball & Metcalfe, 2003). 

The restudy decisions were followed by a final free recall test. Six text boxes accompanied by 
the six text paragraph headings were shown on the screen. Students were instructed to write 
down as many key concepts as they could remember for each of the text passages. 
Students were given 20 minutes to perform the test.

After finishing the test, students were instructed to log out and they received a gift card of 
20 euros for their participation in the experiment. 

Scoring
Retrieval practice and final test performance. Scoring of individual items produced by stu-

dents was done in the same way in the practice phase and in the final test. A score of 1 was given 
for a complete, correctly retrieved key concept. A score of 0.5 was given for partially, correctly 
retrieved key concepts (i.e., if an important detail or example of a key concepts was lacking). As 
an example, the scoring protocol for the paragraph ‘Hunters and Gatherers’ is presented in Table 
A1 in Appendix A. Two independent raters scored 20% of both the retrieval practice task and the 
final test. Interrater reliability for the retrieval practice task was r .93 (intraclass correlation) and 
for the final test it was r = .96 (intraclass correlation). 

Absolute monitoring accuracy. First, to analyze the accuracy of JOLs, the bias was calculated 
for each of the eighteen text parts to get an indication of the amount of overestimation (positive 
scores), underestimation (negative scores) or correct performance estimation (zero deviation). 
The scores for the final test were subtracted from the given JOL. For each of the students a 
mean bias over the eighteen text sections was calculated in percentages (-100% ≤ bias ≤100%). 
Second, the absolute deviation was computed by calculating the square root of the squared bias 
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for each of the text parts for each student, again in percentages (0% ≤ bias ≤ 100%). A score of 0 
represented perfect monitoring accuracy, positive scores represented overestimation, negative 
scores represented underestimation. The accuracy of JOLs (bias and absolute deviation scores) 
was calculated for the retrieval practice phase as well as for the final test. 

Cue diagnosticity. To gain insight in the cue diagnosticity, it was calculated how much of the 
information matched (i.e., retrieved in both the practice phase and final test) and how much of 
the information did not match (i.e., retrieved in practice phase but not in final test). 

Restudy decisions. Restudy decisions (i.e., regulation accuracy) are analyzed based on the 
view of discrepancy reduction (e.g., Dunlosky & Hertzog, 1998; Dunlosky & Thiede, 1998; Thiede et 
al., 2003). This view holds that students will choose to restudy text parts they gave low JOLs (i.e., 
more difficult text sections) or text parts for which not much key concepts could be recalled. Lo-
wer JOLs combined with a restudy decision resulted in better (i.e., higher) accuracy; lower JOLs 
combined with a no-restudy decision resulted in a worse (i.e., lower) accuracy. This was similar 
for higher JOLs combined with a restudy decision (i.e., higher accuracy) and higher JOLs with a 
no-restudy decision (i.e., lower accuracy). It was analyzed how mean JOLs differ for selected text 
sections and unselected text parts between and within subjects to investigate if mean JOLs are 
lower for selected text sections as compared to mean JOLs for unselected text sections.

Results

The mean retrieval practice, JOL, mean absolute bias and deviation for retrieval practice, mean 
absolute bias and deviation for test performance, mean test performance and mean JOLs for 
selected and non-selected text sections, are presented in Table 4.2.

Table 4.2  Mean retrieval practice (range: 0 – 100%), mean JOL (range: 0 – 8 and range: 0 – 100%), mean ab-

solute bias and deviation retrieval practice (range: 0 – 100%), mean test performance (range: 0 – 100%), mean 

absolute bias and deviation test performance (range: 0 – 100%) and mean JOL for selected and non-selected 

text parts (range: 0 – 8)

 Retrieval practice Restudy Control (Sudoku)

 (n = 23) (n = 25) (n = 26)

RP (0 – 100%)  21.70  (6.52) -  -

JOL (0 – 8) 2.11  (0.63) 3.09  (1.31) 2.70 (1.28)

JOL (0 – 100%) 26.42  (7.93) 38.61 (16.43) 33.71 (16.05)

Abs. bias RP (0 – 100%) 11.47  (16.87) -  -

Abs. dev. RP (0 – 100%) 20.98  (10.92) -  -

TP (0 – 100%) 22.86  (6.99) 28.96 (10.06) 18.74 (7.97)

Abs. bias TP (0 – 100%) 3.41  (7.70) 9.65 (13.77) 14.97 (19.40)

Abs. dev. TP (0 – 100%) 15.55  (5.04) 19.04 (9.54) 22.85 (13.70)

Mean JOL selected parts 1.56  (1.03) 1.41 (1.71) 2.04 (1.64)

Mean JOL non-selected parts 2.31  (1.09) 2.97 (1.62) 2.29 (1.44)

RP = retrieval practice

TP = test performance
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Absolute Monitoring Accuracy
Mean JOL. A one-way ANOVA showed that there were significant differences in JOLs 

between the conditions, F(2,71) = 4.46, p = .015, η
p

2 = .112. Tukey HSD post-hoc analyses showed 
that students in the Retrieval practice condition gave significantly lower JOLs than students in the 
Restudy condition (p = .011). No differences were found in JOLs were found between students 
in the Retrieval practice condition and students in the Control condition (p = .179) and between 
students in the Restudy condition and students in the Control condition (p = .438).

Bias. A one-way ANOVA was conducted to test our first hypothesis concerning bias for the 
relationship between given JOLs and test performance. There were significant differences in 
bias (F(2,71) = 3.79, p = .027, η

p
2 = .096) between conditions. Tukey HSD post-hoc analyses sho-

wed that the bias for students in the Retrieval practice condition was significantly lower than 
the bias for students in the Control condition (p = .020). No significant differences in bias were 
found between students in the Retrieval practice condition and students in the Restudy condi-
tion (p = .310). and between students in the Restudy condition and students in the 
Control condition (p = .403).

It was investigated if students in the different conditions overestimated or underestimated 
their future test performance. Students in all conditions showed an overestimation (Retrieval 
practice: t(22) = 2.12, p = .045, Cohen’s d = 0.91; Restudy: t(24) = 3.51, p = .002, Cohen’s d = 1.43; 
Control: t(25) = 3.93, p = .001, Cohen’s d = 1.57). 

Absolute deviation. A one-way ANOVA was conducted to test our first hypothesis con-
cerning absolute deviation for the relationship between given JOLs and test performance. There 
were no significant differences in absolute deviation (F(2,71) = 0.69, p = .506). 

Cue Diagnosticity
There was a correspondence of 71.02% (SD = 12.62) between the retrieved information by the 
students in the Retrieval practice condition in the practice phase and in the final test (i.e., 71.02% 
was remembered). 28.98% (SD = 12.62) of the retrieved information in the practice phase was 
forgotten in the final test. This indicates a relatively good cue diagnosticity as the corresponden-
ce between retrieved information in the practice phase showed much overlap with the retrieved 
information in the final test. The gamma correlation (Nelson, 1984) between retrieval practice 
and JOLs was .44. This provides insight into cue utilization and shows that, when providing JOLs, 
students based these JOLs to a moderate extent on the retrieval practice. 

Restudy Decisions
To investigate the effects of retrieval practice on restudy decisions, it was analyzed whether the 
JOLs were related to restudy decisions by comparing mean JOLs for selected versus unselected 
text sections. A repeated measures ANOVA was conducted. First, no main effect was found for 
the between subject factor condition for text selection (F(2,71) = 0.42, p = .659). Second, for the 
within subject factor selection, a main effect was found (F(1,71) = 13.35, p <.001). Third, the re-
sults show that the interaction between condition and selection was nearly significant (F(2,71) 
= 2.77, p = .070). To investigate this interaction pattern further (see Figure 4.1), post-hoc analyses 
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were conducted on the difference between selected and non-selected text sections. The results 
of the Tukey HSD post-hoc analysis showed that there is a marginally significant difference for 
selected and non-selected text sections between scores for students in the Restudy condition 
and the Control group (p = .058). No significant differences for selected and non-selected text 
sections were found between scores for students in the Retrieval practice condition and the 
Restudy condition (p = .342) and between students in the Retrieval practice condition and the 
Control group (p = .667). 

To gain insight in how the manipulation worked for the different conditions, paired samples 
t-tests were conducted to investigate the differences in mean JOLs for selected and non-selec-
ted text sections within conditions. Results showed that for students in the Retrieval practice 
condition mean JOLs for selected text sections were significantly lower than for non-selected 
text parts 

(t(22) = -2.62, p = .016, Cohen’s d = -0.70). Mean JOLs for selected text sections were also 
significantly lower for selected versus non-selected text parts for students in the Restudy con-
dition (t(24) = -3.71, p = .001, Cohen’s d = -0.93). No significant differences were found between 
mean JOLs for selected text sections and non-selected text sections for students in the Control 
condition (t(25) = 0.55, p = .590). 

 
Figure 4.1  Mean JOLs for selected and non-selected texts for restudy for all conditions.

Final Test Performance
A one-way ANOVA showed significant differences between the conditions in final test perfor-
mance (F(2,71) = 9.37, p < .001, η

p
2 = .209). Tukey HSD post-hoc analyses showed that students 

in the Restudy condition performed significantly better on the final test than students in the 
Retrieval practice condition (p = .039) and students in the Control condition (p = .000). There 
were no significant differences between students in the Retrieval practice condition and the 
Control condition (p = .213).
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Discussion

This research studied the influence of retrieval after studying a structured history text on secon-
dary school students’ absolute monitoring accuracy (i.e., bias and deviation) and study regulation. 

First, regarding absolute monitoring accuracy, it was expected that students’ monitoring 
would be better when retrieval practice follows initial reading as compared to performing a 
text-unrelated task (i.e., completing Sudoku puzzles). In line with this hypothesis it was found 
that absolute bias was lowest for the Retrieval practice condition and it was significantly lower 
as compared to bias for participants in the Control condition. This is in line with earlier research 
on the effects of retrieval practice vs non-retrieval on monitoring accuracy when studying texts 
(e.g., Little & McDaniel, 2015). As compared to Little and McDaniel (2015), the current study 
investigated the promising effects of retrieval practice on monitoring accuracy in secondary 
school instead of in higher education. Furthermore, the focus in the current study was primarily 
on the expected differences between retrieval practice and performing a text-unrelated task 
because this is a logical comparison condition in research on the effects of retrieval on learning 
(Roediger & Karpicke, 2006a). Based on the results, the hypothesis can be confirmed for bias and 
corresponds with prior findings of Agarwal, Karpicke, Kang, Roediger, and McDermott (2008) 
and Roediger and Karpicke (2006a) showing that the process of testing delivers diagnostic cues 
(Koriat, 1997) which results in less inflated JOLs and thus more accurate judgments. 

No significant differences between the conditions were found for the absolute deviation. 
This means that the hypothesis cannot be confirmed for deviation. This can be the result of the 
fact that absolute deviation shows no negative and positive deviations but only the absolute 
magnitude of differences between given JOLs and test performance for a certain text section. 
Although differences between conditions can be found for bias which consists of positive and 
negative values, absolute deviation scores do not have to differ. This is in line with prior research 
of Baars, Van Gog, De Bruin, & Paas (2014). Although the results for bias and absolute deviation 
differ and thus using different measures of absolute monitoring accuracy can lead to difficulties 
in interpreting results, it can be argued that reporting both bias and absolute deviation enables 
investigating different elements of monitoring accuracy (Schraw, 2009). This gives more insight 
in how absolute monitoring is influenced by the different experimental conditions.

Because restudy is often used as a study technique in educational practice, it was also ex-
plored if there were differences in monitoring accuracy between the Retrieval practice condi-
tion and the Restudy condition. Although there were relatively big differences in both absolute 
bias (3.41% versus 9.65%) and absolute deviation (15.55% versus 19.04%) between the Retrieval 
practice condition and the Restudy condition, these differences were not significant. This was 
not in line with for example Little and McDaniel (2015), who found differences between retrieval 
practice and restudy in favor of retrieval. A possible clarification for not finding differences in 
the current study is that group sizes may still have been too small to detect significant differen-
ces. Furthermore, retrieval performance was not optimal, only 21.70% of the key concepts was 
retrieved during the retrieval practice task. This pattern was also visible in the final test, where 
the Restudy condition outperformed the Retrieval practice condition, which is not in line with 
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research that reports on the positive influence of retrieval on final test performance (Roediger 
& Karpicke, 2006a). Also important to note is that the relatively good accuracy of the Restudy 
condition is in line with prior research of Rawson, Dunlosky and Thiede (2000) who found im-
provements in metacomprehension for texts after multiple reading trials. This suggests that 
restudying the text does help students in judging future performance and as a result, it can 
be questioned if very large differences in monitoring accuracy between the Retrieval practice 
condition and the Restudy condition can still be expected.

Second, regarding study regulation, it was expected that students’ regulation would be bet-
ter after retrieval practice as compared to completing a text-unrelated task. Although a mar-
ginally significant interaction effect was found between condition and selection indicating a 
better selection for students in the Restudy condition as compared to students in the Control 
condition, no difference was found between the Retrieval practice condition and the Control 
condition. This can be clarified by the pattern of the results. Students in the Retrieval practice 
condition were not able to retrieve more than about 20% of the key concepts of the text which 
has led to quite low JOLs. It seems to be that based on the experienced difficulty of the retrieval 
practice task, even non-selected text sections for restudy were awarded with low JOLs resulting 
in no differences in selection between the Retrieval practice and Control condition. 

It was also investigated if participants within the conditions were able to base their restudy 
decisions on their JOLs. It becomes clear that for students in the Retrieval practice condition 
and the Restudy condition mean JOLs for selected text sections are significantly lower than 
mean JOLs for non-selected text sections. This indicates that in both conditions students use 
their JOLs when deciding what to restudy, that is, monitoring influences control of learning. In 
other words, students’ restudy decisions in the Retrieval practice and Restudy condition better 
matched their JOLs. This means that the hypothesis concerning study regulation could partially 
be confirmed here. Different studies have shown that better monitoring accuracy also leads to 
better regulation accuracy (e.g., Kornell & Metcalfe, 2006; Metcalfe, 2009; Thiede et al., 2003). In 
line with other research, study regulation was operationalized according to the discrepancy-

reduction model of regulation (Dunlosky & Hertzog, 1998; Dunlosky & Thiede, 1998; Thiede et al., 
2003) which holds that students would choose to restudy more difficult text sections with low 
provided JOLs or text sections for which not a lot of key concepts could be recalled. It seems 
that in the current study students in the Retrieval practice and Restudy condition indeed selec-
ted text sections for restudy when a low JOL was given. 

Third, regarding test performance, it was not clear what to expect. Although many studies 
show positive effects of retrieval on test performance (see Roediger & Karpicke, 2006a for an 
overview), it could be questioned if this is still the case if no corrective feedback is given after 
the retrieval attempt (Kang, McDermott, & Roediger, 2007) and if the final text takes place im-
mediately after the manipulation instead of after a delay. It was found that students in the Re-
study condition outperformed students in both the Retrieval practice condition and the Control 
condition. This means that no testing-effect was found (Roediger & Karpicke, 2006a) and that 
retrieval practice did not lead to better test performance as compared to restudying or perfor-
ming a text-unrelated task. The relatively high performance of students in the Restudy condition 
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can be clarified by the absence of corrective feedback in the retrieval practice condition as well 
as the moment at which the test was administered, namely immediately after the manipulation. 
Furthermore, students in the Restudy condition could restudy all text paragraphs and they were 
thus exposed more to the material which might have led to better retention. Interesting to note 
is that the profile of the data shows similarities with the results of Anderson and Thiede (2008) in 
their study on the effects of generated summaries on metacomprehension accuracy. Retrieval 
practice in the current study resulted in better monitoring accuracy (i.e., less bias) than perfor-
ming a text-unrelated task, but restudying the text led to better test performance as compared 
to retrieval practice. Anderson and Thiede (2008) found that generating summaries immediately 
after studying the text led to better test performance but delaying summaries led to better mo-
nitoring accuracy. This suggests that although monitoring accuracy can be improved by gene-
ration techniques, test performance is not automatically better for these generation conditions.  

In general, some remarks to the current study have to be made. First, results for all conditions 
show that mean JOLs for the text sections are quite low (26.42%, 38.61% and 33.7% respec-
tively for the Retrieval practice condition, the Restudy condition and the Control condition). 
This means that in all conditions students rated their learning from the studied text as not very 
good. This may have limited the effects of condition for both monitoring accuracy and study 
regulation, because there was less variance in bias and restudy selections. Furthermore, recall 
performance in the practice phase for participants in the Retrieval practice condition as well as 
recall performance on the final test for all conditions was very low. However, it can be argued 
that despite low recall cue diagnosticity was quite good (71.02% of the retrieved information in 
the practice phase by students in the Retrieval practice condition was remembered on the final 
test) and students based their JOLs to a moderate extent on retrieval practice (gamma correla-
tion was .44). As such, this is an indication that retrieval practice provides students optimal cues 
to base their judgments on (Koriat, 1997). 

To summarize, the current study investigated if retrieval practice delivers diagnostic cues 
that help to improve monitoring accuracy and study regulation. It can be concluded that as 
compared to performing a text-unrelated task, retrieval practice leads to less bias and over-
estimation and thus better, diagnostic cues and monitoring accuracy. As such, findings from 
the current study are in line with the cue utilization framework (Koriat, 1997). Future research 
should try to replicate these findings with larger sample sizes as well as different difficulty levels 
(e.g., more interdependency) of the text materials. Furthermore, it was found that although no 
differences for selection of text sections were found between the Retrieval practice condition 
and the Control condition, it was found that within the Retrieval practice condition and the 
Restudy condition the task (i.e., retrieval practice or rereading) after initial text studying helped 
students to match JOLs and selected text sections for restudy. That is, both retrieval practice and 
restudying lead to better study regulation. This means that as hypothesized retrieval practice 
has shown to be a good technique when it is aimed at both better monitoring accuracy as well 
as better study regulation. 
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The Effect of Retrieval Practice on Absolute Monitoring 
and Regulation Accuracy when Studying Interdependent 
Expository Texts

Abstract
Retrieval practice after studying an expository text has been shown to provide diagnostic 

cues that help improve monitoring accuracy measured by judgments of learning (JOLs) 

and study regulation. The materials and retrieval tasks used, however, were not a good 

representation of educational practice. This study focuses on more realistic educational 

material (i.e., an interdependent expository text instead of a very structured text). After 

studying an interdependent expository text, secondary school students performed me-

mory retrieval by answering cued recall questions, performing free recall or they perfor-

med a text-unrelated task (i.e., control condition solving Sudoku puzzles). They then gave 

JOLs for the different text paragraphs and made restudy decisions. Results showed that 

memory on a final recall test was not positively influenced by one of the retrieval practice 

techniques. Also, monitoring accuracy was not better after retrieval practice than after 

performing a text-unrelated task. Furthermore, no differences in monitoring accuracy 

were found between cued recall and free recall. With regard to study regulation, retrieval 

practice did not lead to better restudy decisions than performing a text-unrelated task. 

However, students’ mean JOLs after retrieval practice (i.e., for both cued recall questions 

and free recall) were lower (i.e., meaning that these text sections were judged as more 

difficult) for text paragraphs that were selected for restudy as compared to JOLs for non-

selected text sections, which indicates positive effects of retrieval practice on study regu-

lation. The results are discussed within the cue-utilization framework and theory about 

task complexity. 

This chapter is based upon: Reijners, P. B. G., Kester, L., Camp, G., De Bruin, A. B. H., & Kirschner, P. A. The Effect 

of Retrieval on Absolute Monitoring and Regulation Accuracy when studying Interdependent Expository Texts. 

Manuscript submitted for publication.
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To effectively learn from expository texts, the ongoing metacognitive processes of monitoring 
and regulation are essential. Monitoring refers to the development of a clear representation of 
memory for the text which gives students insight in what is known and what is not known 
(e.g., Nelson & Narens, 1990; Thiede & Dunlosky, 1999). Monitoring quality is often measured by 
asking students to predict future test performance in the form of judgments of learning (JOLs) 
for the studied texts. JOLs can then be related to the actual performance on a later test (e.g., 
Anderson & Thiede, 2008; Thiede, Anderson, & Therriault, 2003; Thiede, Dunlosky, Griffin, & Wiley, 
2005). Based on the outcome of the monitoring process, a student can effectively decide if a text 
or a part of a text needs to be restudied, which is referred to as regulation. This is usually mea-
sured by asking students to indicate which parts of a text need further study and these restudy 
decisions can then be related to JOLs (e.g., Bjork, Dunlosky, & Kornell, 2013; De Bruin & Van Gog, 
2012; Thiede & Dunlosky, 1999). 

Research has shown that students’ monitoring accuracy for studied texts is often very low 
(e.g., Dunlosky, Rawson, & Middleton, 2005; Thiede, Griffin, Wiley, & Redford, 2009). An overview 
study by Maki (1998) showed that across 57 studies, the average correlation between judgments 
of learning and text comprehension was only .27. It can thus be concluded that monitoring the 
state of learning is very difficult and students are not able to effectively monitor their learning 
and as a result, it is not likely that study regulation or restudy decisions are adaptive (Bjork, 
Dunlosky, & Kornell, 2013). Inaccurate monitoring and regulation lead to suboptimal learning 
outcomes (e.g., test performance) and possibly underachievement (Dunlosky & Rawson, 2012). 
It is suggested that inaccurate monitoring and regulation are the result of using inappropriate 
cues to base judgments on (Koriat, 1997). This finding shows the necessity of helping students 
in inferring valid cues from the studied texts (Wiley, Griffin, & Thiede, 2008). Research indicates 
that certain instructions or techniques can help students to activate such cues about their cur-
rent state of learning (Nelson & Dunlosky, 1991).

The Cue-Utilization Framework 

The cue-utilization framework (Koriat, 1997) provides insight in the underlying processes of ma-
king JOLs and these processes can be applied to studying text materials. The key of the frame-
work holds that after studying a text, students use information in the text, cues are inferred from 
this information, and then these cues form the basis of judgments. The framework defines dif-
ferent types of cues. Intrinsic cues refer to characteristics of the text itself, such as the difficulty of 
the text based on the words used or the relationships between different text sections. Extrinsic 
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cues refer to applied encoding activities (e.g., deep or superficial processing) by a student or the 
learning conditions (e.g., the presentation time of the material, options for restudy). JOLs can be 
directly influenced by intrinsic and extrinsic cues, but they can also indirectly influence JOLs via 
mnemonic cues. These cues refer to a students’ internal cues that help to make JOLs, such as me-
mory for the result of previous recall attempts (Mazzoni & Cornoldi, 1993) or cue familiarity (Met-
calfe, Schwartz, & Joaquim, 1993). Mnemonic cues are susceptible to both intrinsic and extrinsic 
cues. For example, the number of words in the text (i.e., intrinsic cue) and the presentation time 
of the material (i.e., extrinsic cue) provide the student with information that can be used to form 
a subjective experience about memory or learning (i.e., mnemonic cue). Mnemonic cues are 
considered to be the most diagnostic, indicating that the use of mnemonic cues leads to more 
accurate JOLs as compared to other types of cues (Koriat, 1997). This stems from the fact that 
mnemonic cues require from students that they use intrinsic and extrinsic cues to actively check 
their memory on the extent to which information from the text is mastered yet.

The availability and use of mnemonic cues, however, is not the enough to infer good JOLs. 
Only when there is a certain match between the text itself providing intrinsic cues for the lear-
ner and the later test situation, (i.e., which is defined as cue diagnosticity) will a student be able 
to consult the proper, diagnostic cues in order to make JOLs. 

Generation Techniques

Research has shown that using generation techniques or carrying out generation tasks after 
studying a text such as making summaries (Thiede & Anderson, 2003), generating keywords 
(Thiede, Anderson, & Therriault, 2003) or generating sentences (Van Loon, De Bruin, Van Gog, & 
Van Merriënboer, 2013) gives students insight in what they do or do not understand. The gene-
ration task leads to a mental simulation of the task which informs him/her about the actual state 
of learning. In other words, the mental representation of the task is retrieved from memory and 
as such students can use mnemonic cues of a diagnostic, metacognitive nature (Koriat, 1997) to 
question themselves as to how difficult it was to perform the task and generate responses. This 
can contribute to the improvement of monitoring accuracy. 

A few recent studies demonstrate that retrieval practice can also be a promising genera-
tion technique to improve monitoring accuracy and study regulation (Reijners, Camp, De Bruin, 
Kester, & Kirschner, 2016; Little & McDaniel, 2015). These studies investigated if retrieval prac-
tice after studying a text can provide students with diagnostic, metacognitive cues. To answer 
this question, relatively simple text materials with clearly defined themes and no relationships 
between different text paragraphs or parts were used. In Reijners et al. (2016), for example, the 
text consisted of six text paragraphs and each paragraph handled a different history epoch. 
Within each text paragraph, the same three topics were discussed (i.e., period, population, and 
landscape). A similar structure for the materials was used by Little and McDaniel (2015). After 
retrieval practice (i.e., performing a free recall task), university students’ predictions of memory 
were more accurate than after a restudying task (Little & McDaniel, 2015). Furthermore, for se-
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condary school students there was less overestimation of predictions measured by JOLs than 
after performing a text-unrelated task (Reijners et al., 2016). Regarding regulation, restudy time 
for the students in Little and McDaniel’s (2015) study was allocated on the basis of the predicti-
ons. The secondary school students were able to discriminate between less and better learned 
text sections: mean JOLs after a retrieval practice task were higher for text sections that were not 
selected for restudy as compared to JOLs for selected text sections. 

Interdependent Texts and Retrieval Practice 

Although these positive effects of retrieval practice on metamemory are promising, the mate-
rials and the tasks used in these studies were not really representative of a real-life situation in 
the classroom. Students in secondary education are often required to study interdependent 
expository texts. Such texts expect students to build not only a surface model of the text (i.e., 
a memory representation of the exact words) but also a textbased model (i.e., encoding the 
semantic meaning of the text) and a situation model (i.e., generating causal and connective infe-
rences and an integration with prior knowledge) (Kintsch, 1998). Interdependency refers to the 
fact that different text paragraphs or parts show relationships and the text content of these text 
parts refers to one general theme. These texts can be classified as more complex as compared 
to texts with clearly defined topics or themes. Because such texts are often used in secondary 
education, it is questionable whether the available studies on retrieval practice as a technique 
to improve monitoring accuracy and regulation are ecologically valid. In other words, can re-
trieval practice also contribute to the improvement of monitoring accuracy and regulation for 
interdependent expository texts? 

First, research has shown that task complexity can negatively affect monitoring accuracy 
(e.g., Koriat, Lichtenstein, & Fisschoff, 1980; Lichtenstein & Fisschoff, 1977; Scheck & Nelson, 
2005). When JOLs are made after a more complex task (e.g., studying an interdependent text), 
students need to be able to differentiate between the different text parts while the text content 
of these text parts refers to one general theme. Fewer working memory resources are available 
to make judgments, which might influence the cues available for making these judgments after 
completing the task (e.g., Kostons, Van Gog, & Paas, 2009). It can be argued here that it is more 
difficult for students to accurately monitor performance and regulate study behavior after stu-
dying an interdependent text as compared to a text with clearly defined themes in the different 
text parts. 

Second, the majority of research on the effects of retrieval practice on learning from text 
focused on some type of cued recall, for example, in the form of answering short answer ques-
tions (e.g., Butler & Roediger, 2007; McDaniel, Anderson, Derbish, & Morrisette, 2007). Specific 
cues in the form of questions were given to guide the retrieval attempt (Agarwal, Karpicke, 
Kang, Roediger, & McDermott, 2008). When questions are used as a retrieval practice technique 
to generate information, students can use those questions and their own answers to decide 
how difficult it was to perform the task. However, answering short answer questions (i.e., cued 
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recall) is not necessarily the form of retrieval practice that students use when studying texts. In 
educational practice questions or other specific retrieval cues are not always available for stu-
dents to guide the retrieval attempt. Students have to test themselves about their knowledge 
or understanding of the text, often in the form of a free recall attempt where all remembered 
information elements from the text are recalled in one’s own words (e.g., McDaniel, Howard, & 
Einstein, 2009). This form of retrieval practice can be defined as a goal-free task (Van Merriën-
boer, Kirschner, & Kester, 2003), because search processes in long-term memory to retrieve infor-
mation are not specifically guided by cues or need to give a predetermined answer. As a result, 
it may be that judging what is or is not yet understood from the text is different after cued recall 
as compared to free recall. After cued recall, judgments may be based specifically on the suc-
cess in recalling a cue-target relation (i.e., Was I able to answer the question correctly?) whereas 
after free recall, judgments may be based more on an accessibility check (i.e., How much was I 
able to retrieve?). Although recent studies investigating the effects of retrieval practice on the 
improvement of monitoring accuracy and study regulation focused on free recall as a retrieval 
practice technique (Reijners, Camp, De Bruin, Kester, & Kirschner, 2016; Little & McDaniel, 2015), 
no comparison was made with cued recall as a retrieval practice technique. 

Therefore, the current study investigated whether retrieval can augment monitoring accu-
racy when interdependent text material is used [Q1] and if cued recall and free recall lead to 
differences in monitoring accuracy and study regulation [Q2]. Answering these questions might 
provide insight in the benefit of retrieval practice for monitoring accuracy in a representative 
educational setting.

The Current Study

Secondary school students studied interdependent text materials and then carried out either 
cued recall, free recall or a text-unrelated task (i.e., solving Sudoku puzzles). They then gave JOLs 
for the different text sections and made restudy decisions before taking a final test consisting of 
both true-false statements and cued recall questions. 

Regarding both absolute monitoring [H1a] and restudy decisions [H1b], it is expected based 
on the cue utilization framework that retrieval practice (i.e., both by answering cued recall ques-
tions and free recall) leads to better monitoring accuracy and restudy decisions as compared to 
a control group because retrieval leads to insight in what can or cannot be retrieved and gives 
students an indication of what needs to be restudied. However, compared to previous studies 
investigating the effect of retrieval practice on monitoring accuracy and regulation, a smaller 
effect size is expected. This is because the complexity of the task (i.e., interdependent expository 
text) can affect monitoring accuracy of items (e.g., a text section) leading to difficulties in accu-
rately judging future performance and making accurate restudy decisions, even after retrieval. 

Furthermore, this study investigates whether retrieval practice by answering cued recall 
questions or free recall as a retrieval technique that more closely mimics what students do 
when retrieving information, influences absolute monitoring accuracy and restudy decisions 
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differently. After performing cued recall, cue diagnosticity is higher than after performing free 
recall, because in the current study there is a 100% match between the retrieval practice task 
(i.e., answering cued recall questions) and the final test (i.e., answering the same cued recall 
questions). The match between the two retrieval tasks helps students consult the proper, diag-
nostic cues for making JOLs which results in better monitoring accuracy than after performing 
free recall as a retrieval practice task followed by answering cued recall questions in the final test 
(i.e., no match between the retrieval practice task and the final test) [H2a]. In addition, answering 
cued recall questions gives insight in what the student could retrieve as well as in what (s)he 
could not retrieve whereas performing free recall specifically leads to insight in what is retrieved. 
As a result, it is hypothesized that after retrieval practice by answering cued recall questions, 
students have a better insight in their learning progress which results in better restudy decisions 
than after performing free recall [H2b]. 

To analyze JOL accuracy, a distinction can be made between relative accuracy and absolute 
accuracy. Relative accuracy (i.e., by calculating Goodman – Kruskal Gamma correlations) is used 
frequently to investigate the relation between JOLs and performance in studies on the influ-
ence of generation techniques on the improvement of monitoring accuracy related to studying 
expository texts, (e.g., Thiede & Anderson, 2003; Thiede, Griffin, Wiley, & Anderson, 2010; Thiede 
et al., 2003). It provides insight in the extent to which students can discriminate between stu-
died text sections that are better or less well learned. However, the main focus of interest in 
the current study was to gain insight in how students can accurately judge how much they 
have learned. Therefore, the current study focused on absolute accuracy. This measure of ac-
curacy compares the JOL for a text section with the exact performance on the test for that text 
section. It gives information about the correctness of the estimation (i.e., JOLs) and the amount 
of overestimation and underestimation (i.e., judging future performance higher or lower than 
actual performance respectively). By calculating absolute monitoring, insight is gained in the 
match between a student’s JOL based on the act of retrieval and the actual performance. This is 
referred to as bias. Also the absolute deviation can be calculated to gain insight in the absolute 
magnitude of the difference between JOLs and test performance. 

With regard to restudy decisions as an operationalisation of study regulation, this study inves-
tigated if there are between and within subject differences in mean JOLs given for text sections 
that were selected for restudy and text sections that were not selected for restudy. This leads 
to insight in how students can discriminate between less well learned and better learned text 
sections. 

Method

Participants
A total of 76 Dutch students from third grade following pre-university secondary education 
participated in this study. These students were randomly assigned to one of three conditions 
(see Table 5.1). In the Cued recall (CR) condition, (n = 24) students answered questions after 
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reading. In the Free recall (FR) condition, (n = 25) students performed free recall. In the Control 
(C) condition, (n = 27) students worked on Sudoku puzzles after reading.

Table 5.1  Design of the study

Study phase Practice phase Judgment Restudy decision

Studying  Cued recall JOL Indication of restudy

Studying Free recall JOL Indication of restudy

Studying  Sudoku puzzles (control) JOL Indication of restudy

Materials
Text. A 2197 word Dutch text on the industrial revolution in England and the Netherlands 

was used. The text consisted of 139 idea units and was divided in seven text paragraphs (avera-
ge length = 313 words, SD = 10.88). The text content was based on history textbooks used in 
Dutch secondary education and consisted of seven interconnected paragraphs. The first section 
– ‘Big agricultural changes in England’ (317 words) – focused on economic changes in England 
that led to a transition to industry. The second section – ‘The development of industry and fac-
tories in England’ (309 words) – focused on the rapid rise of industry in England. Section 3 on 
‘Housing and working conditions in England during the development of industry’ (302 words) 
focused on laborers’ living conditions. The fourth section – ‘The rise of political parties and so-
cieties’ (312 words) – focused on the start of political parties during the industrial revolution. In 
section 5, entitled ‘The start of the industrial revolution with steam engines and factories in the 
Netherlands’ (302 words), the focus was on industrial developments in the Netherlands. Section 
6 on ‘Development of ceramic industry in Limburg, the Netherlands’ (319 words) focused on the 
rise of industry in Maastricht, a city in the south of the Netherlands. The final section – ‘Living 
and working conditions of laborers in Limburg, the Netherlands’ (333 words) – focused on life 
for laborers in the ceramic factories in Maastricht. The first text section, ‘Big agricultural changes 
in England’ is presented in Appendix B. 

Procedure
All students were tested in their school in a computer room. They were instructed to read the 
text after a short verbal instruction. The seven text paragraphs were shown all at once on a 
computer screen for 20 minutes. Students could scroll down the page. Students were instructed 
to read the text sections thoroughly, because a retention test would follow after a short delay.

Students were randomly assigned to one of the three experimental conditions after reading 
the text. Then an instruction to work on a paper-and-pencil filler task for 5 minutes was showed 
on the screen. After the filler task, students were instructed to start the practice phase on screen. 
Students in the Cued recall condition answered 14 cued recall questions (2 for each of the text 
sections). To answer the questions, the core information from each text section had to be under-
stood (for an example, see Appendix B). The questions were clustered for each text paragraph 
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and were accompanied by the paragraph headings. Answers to the questions could be entered 
in 14 text boxes. Two sets of questions were formulated in order to make counterbalancing in 
the final test possible to avoid effects of question difficulty. The first set of 14 questions (subset 
1) questioned 32 core idea units, the second set of 14 questions (subset 2) questioned 31 core 
idea units. Students had 25 minutes to fill in the text boxes. 

Students in the Free recall condition were instructed to write down as much as possible 
from the text they studied in 7 text boxes (in chronological order), one for each text section. 
Text boxes were accompanied by the paragraph headings. Students had 25 minutes to perform 
the task. Students in the Control condition were instructed to solve paper-and-pencil Sudoku 
puzzles for 25 minutes. 

After the practice phase, students were instructed to give JOLs. Before giving JOLs, students 
were reminded of the upcoming test. Then, students were instructed to judge their learning 
from the text they studied by providing a judgment of learning (JOL) as a measure of monitoring 
accuracy. The headings of the seven text paragraphs and a 6-point scale indicating percentages 
ranging from 0% to 100% (0% - 20% - 40% - 60% - 80% - 100%) were shown in random order on 
the screen accompanied by the following question: ‘Indicate by a mouse click for each of the text 

paragraph what percentage of the questions you think you will be able to answer correctly on the test’. 
After providing JOLs, all students were instructed to indicate what text paragraphs they wan-

ted to restudy. The titles of the seven text paragraphs were presented on one screen in random 
order and by a mouse click students indicated if they wanted to restudy the specific text section 
or not. Because monitoring accuracy could be unintentionally influenced by restudy, no real 
restudy took place (Kimball & Metcalfe, 2003).

Students’ restudy decisions were followed by the final test. This test first consisted of 56 true-
false statements. For each text section 8 statements were formulated. Two subsets of 28 state-
ments (4 for each text section) were made. Statements in both subsets were based on the cued 
recall questions, the questions were translated into statements (see Appendix B). By offering 
statements in the test, cues were not identical to the cues offered in the practice phase and as 
a result, characteristics of the questions could not disturb the effects as a confound. Students in 
the Cued recall condition first answered the ‘practiced statements’ (i.e., statements based on the 
subset of the cued recall questions answered in the practice phase) before answering the ‘non-
practiced statements’ (i.e., statements based on the other, non-answered subset of the cued re-
call questions in the practice phase). The two subsets were counterbalanced among students in 
the Free recall condition and the Control condition. Students could choose between the answer 
options ‘true’ or ‘false’ by a mouse click. 

Second, students were instructed to answer 14 cued recall questions and to enter their ans-
wers in 14 text boxes. Cued recall is a good representation of an open-answer test in education. 
Students in the Cued recall condition answered the same questions (i.e., the same subset) as the 
questions in the practice phase. The two subsets of cued recall questions were counterbalanced 
between the students in the other conditions. Students were given 30 minutes for the test. After 
finishing the test and logging out, students received a gift card of 20 euros for their participation 
in the experiment. 
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Scoring
Practice phase. In the practice phase, the answers to the cued recall questions for both sub-

set 1 and subset 2 were scored in idea units. Subset 1 targeted 32 idea units. Students received 
1 point for each correctly retrieved idea unit. The fourteen cued recall questions in subset 1 
targeted each between 1 and 4 idea units. The maximum score for the questions in subset 1 was 
32. Subset 2 targeted 31 idea units. Students again received 1 point for each correctly retrieved 
idea unit. The fourteen cued recall questions in subset 2 targeted each between 1 and 5 idea 
units. The maximum score for the questions in subset 2 was 31.

The free recall protocols were scored in the same way. Students’ retrieved idea units were 
matched with the target idea units for both subsets of idea units belonging to the cued recall 
questions. As a result, the number of retrieved idea units by students in both the Cued recall 
condition and the Free recall condition could be compared. When students retrieved an idea 
unit belonging to the target subset for the cued recall questions, 1 point was given. Here again 
the maximum score was 32 for subset 1 and 31 for subset 2. 

Final test. The maximum score for the true-false statements was 56, students received 1 
point for each correctly answered statement. The answers to the cued recall questions were 
again scored in idea units. Again 2 subsets were made. These subsets were identical to the sets 
used in the retrieval phase. The maximum score for subset 1 was 32, the maximum score for 
subset 2 was 31. 20% of the questions in the final test were scored by two independent raters. 
Interrater reliability for the first subset was r = .97 and interrater reliability for the second subset 
was r = .98 (intraclass correlation). As an example, the 8 true-false statements, 4 cued recall 
questions and the scoring protocol for the questions belonging to the first text section (‘Big 
agricultural changes in England) are presented in Appendix A. 

Absolute monitoring accuracy. To assess students’ accuracy of JOLs, both the bias and abso-
lute deviation scores were calculated for the practice phase as well as the cued recall questions 
in the final test. The true-false statements could not be matched with JOLs. Even if participants 
do not know the answer to a statement, they still have a 50% chance of choosing the correct 
answer, which blurs the relationship between JOLs and test performance. To gain insight in 
positive scores (i.e., overestimation), negative scores (i.e., underestimation) and correct perfor-
mance estimations (i.e., zero deviation) participants’ bias was calculated by subtracting the final 
test score for a text section from the JOL. Then a mean bias score in percentage was calculated 
for each of the participants (0% ≤ bias ≤ 100%). To gain insight in the absolute magnitude of 
difference between test performance and JOLs, the absolute deviation scores were calculated for 
each of the text sections by the square root of the squared bias before calculating a mean de-
viation score (0% ≤ deviation ≤ 100%). Positive and negative scores represented overestimation 
and underestimation respectively, a score of 0 represented perfect monitoring accuracy. The 
closer to zero the bias and deviation scores, the better the absolute monitoring was. 

Cue diagnosticity. The extent to which there was correspondence between the responses 
for the practice phase and the final test for students in the Cued recall condition and Free recall 
condition was calculated. In other words, how much of the information was retrieved in both 
the practice phase and final test (i.e., match) and how much of the information was retrieved in 
the practice phase but not in the final test (i.e., no match) was calculated. 
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Cue utilization. To investigate if students based their JOLs on the performed task during retrieval 
practice, cue utilization was also calculated for students in the Cued recall condition (i.e., there 
was a concrete match between the performed task in the practice phase and the JOLs) and 
participants in the Free recall condition (i.e., no concrete match between the performed task in 
the practice phase and the JOLs). 

Restudy decisions. To assess students’ restudy decisions (i.e., regulation accuracy) the abso-
lute regulation accuracy was calculated. Absolute regulation accuracy was defined according to 
the discrepancy reduction view (e.g., Dunlosky & Hertzog, 1998; Dunlosky & Thiede, 1998; Thiede 
et al., 2003), which states that more difficult text sections (i.e., given lower JOLs) or text sections 
for which retrieval was not very successful will be subject to restudy. Higher JOLs and a no-restu-
dy decision resulted in better (i.e., higher) accuracy; higher JOLs and a restudy decision resulted 
in poorer (i.e., lower) accuracy. This was similar for lower JOLs: a lower JOL and a no-restudy 
decision resulted in poorer (i.e., lower) accuracy; lower JOLs and a restudy decision resulted in 
better (i.e., higher) accuracy. To investigate if mean JOLs for selected text sections are lower as 
compared to mean JOLs for unselected text sections both between and within subjects how 
mean JOLs differ for selected and unselected text sections were analysed. 

Results

Table 5.2 shows the mean retrieval practice (i.e., cued recall and free recall), mean JOL, mean 
absolute bias and deviation for the practice phase (i.e., for the Cued recall and Free recall condi-
tion), mean absolute bias and deviation for test performance (i.e., for all three conditions), mean 
test performance and mean JOLs for selected and non-selected text sections. 
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Table 5.2  Mean retrieval practice (range: 0 – 100%), mean JOL (range: 0 – 100%), mean absolute bias and devi-

ation retrieval practice (range: 0 – 100%), mean test performance statements and questions (range: 0 – 100%), 

mean absolute bias and deviation statements (range: 0 – 100), mean absolute bias and deviation questions test 

performance (range: 0 – 100%) and mean JOL for selected and non-selected text sections (0 – 100%). 

 Cued recall (n = 24) Free recall (n = 25) Control (Sudoku) (n = 27)

RP* (0 – 100%)  33.02 (12.82) -  -

Overall (0 – 100%)   12.95 (7.34) -

JOL (0 – 100%) 49.05  (18.78) 45.60 (19.54) 44.23 (19.07)

Abs. bias RP (0 – 100%) 17.00 (22.51) 34.60 (17.36) -

Abs. dev. RP (0 – 100%) 32.64 (12.85) 35.27 (16.48) -

TP statements (0 – 100%) 55.43 (8.43) 55.29 (6.71) 55.56 (8.85)

TP questions (0 – 100%) 37.79 (13.10) 34.20 (11.87) 33.20 (10.22)

Abs. bias questions TP (0 – 100%) 5.29 (17.38) 6.23 (14.78) 6.22 (17.97)

Abs. dev. questions TP (0 – 100%) 28.67 (8.39) 28.61 (7.53) 27.38 (7.90)

Mean JOL selected sections 33.07 (22.47) 35.10 (18.14) 34.32 (23.33)

Mean JOL non-selected sections 55.18 (20.42) 50.76 (26.58) 42.86 (25.77)

RP = retrieval practice

TP = test performance 

NP = non-practiced

P = practiced

*Retrieval CR: n = 21, retrieval FR: n = 20. Because of technical issues the responses of 8 participants (3 in the Cued recall condition 

and 5 in the Free recall condition) were not logged. 

Retrieval Performance Practice Phase
An independent samples t-test showed significant differences in recall between the Cued recall 
condition and the Free recall condition in the practice phase. Because there were no differences 
between the two subsets of idea units, these were taken together in the analyses. Students in 
the Cued recall condition retrieved more core idea units belonging to the subsets as compared 
to participants in the Free recall condition (t(39) = 4.24, p <.001, Cohen’s d = 1.38).

 
Absolute Monitoring Accuracy 

Mean JOL. A one-way ANOVA showed no significant differences in JOLs between the three 
conditions (F(2,73) = 0.42, p = .658). 

Final cued recall test: Bias. To test the first hypothesis concerning bias for the cued recall 
questions, a one-way ANOVA was conducted. No differences between conditions in bias were 
found for the relationship between JOLs and final test performance (F(2,73) = 0.03, p = .975). 

To determine whether bias scores within conditions differed significantly from zero to in-
vestigate if students were able to make correct performance estimations these scores were 
calculated. Bias scores for students in the Cued recall condition were positive but did not differ 
significantly from zero (t(23) = 1.49, p = .149). Bias scores for students in the Free recall condition 
were positive and differed significantly from zero (t(24) = 2.11, p = .046, Cohen’s d = 0.86) which 
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indicates an overestimation of future test performance. Bias scores for students in the Control 
condition were positive but did not differ significantly from zero (t(26) = 1.80, p = .083, Cohen’s 
d = 0.71) indicating a tendency of overestimation.

Final cued recall test: Absolute deviation. To test the first hypothesis concerning absolute 
deviation for the cued recall questions, a one-way ANOVA was conducted as well. No differences 
between conditions in deviation were found for the relationship between JOLs and final test 
performance (F(2,73) = 0.22, p = .803).

Cue Diagnosticity
Because there were no differences between the idea unit subsets, cue diagnosticity was calcu-
lated for both subsets together. There was a correspondence of 80.58% (SD = 20.81) between 
the retrieved information by students in the Cued recall condition in the practice phase and the 
final test (i.e., 80.58% was remembered). A total of 21.84% (SD = 20.81) of the retrieved informa-
tion in the practice phase was forgotten in the final test. For students in the Free recall condition, 
62.83% (SD = 30.54) of the retrieved information in the practice phase was remembered in the 
final test, 37.17% (SD = 30.54) was forgotten. Students in the Cued recall condition did not re-
member more of the retrieved information as compared to students in the Free recall condition 
(t(37) = 1.86, p = .072).

As there was much overlap between information retrieved in the practice phase and infor-
mation retrieved in the final test, this indicates a relatively good cue diagnosticity. 

 
Cue Utilization
To gain insight into cue utilization, the gamma correlation (Nelson, 1984) between retrieval 
practice and JOLs was calculated for students in the Cued recall condition and the Free recall 
condition. This correlation for students in the Cued recall condition was .06 and for students in 
the Free recall condition this correlation was .26. Both correlations indicate that despite a rela-
tively good cue diagnosticity students hardly based their JOLs on the retrieval practice phase. 

Restudy Decisions
A repeated measures ANOVA was used to analyze whether JOLs were related to students re-
study decisions by comparing the mean JOLs for selected versus unselected text paragraphs 
(see Figure 5.1). First, no main effect was found for the between subject factor ‘condition’ (i.e., 
Cued recall, Free recall or Control) for text selection (F(2,73) = 0.58, p = .564). Second, a main ef-
fect was found for the within subject factor ‘selection’ (i.e., levels ‘yes’ = selected for restudy; ‘no’ 
= not selected for restudy) (F(1,73) = 30.14, p = <.001, η

p
2 = .292). Third, the results show that the 

interaction between condition and selection was not significant (F2,73) = 1.96, p = .148). 
Because there was a main effect for selection, paired samples t-tests were conducted to 

gain more insight in the differences in mean JOLs for selected and non-selected text sections 
within conditions. Mean JOLs for selected text paragraphs were significantly lower than for non-
selected text parts for students in the Cued recall condition (t(23) = -4.91, p <.001, Cohen’s d 
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= -2.05). For students in the Free recall condition mean JOLs for selected text paragraphs were 
also significantly lower than for non-selected text paragraphs (t(24) = -3.50, p = .002, Cohen’s d = 
-1.43). For students in the Control condition no significant differences were found between mean 
JOLs for selected and non-selected text paragraphs (t(26) = -1.58, p = .127). 

 

Figure 5.1  Mean JOLs for selected and non-selected texts for restudy for all conditions.

Final Test Performance
A one-way ANOVAs showed no significant differences between the conditions in final test per-
formance for the statements (F(2,73) = 0.07, p = .993). A second one-way ANOVA showed also 
no significant differences between the conditions in final test performance for the cued recall 
questions (F(2,73) = 1.06, p = .352). 

Discussion

This study investigated whether the positive effects of post-learning retrieval practice on moni-
toring accuracy found in typical artificial texts would also occur when retrieval tasks and materi-
als were used that were more representative of an educational context. Therefore, this research 
studied whether different forms of retrieval practice (i.e., cued recall and free recall) can help to 
activate valid cues in order to improve monitoring accuracy and regulation using more realistic 
educational material (i.e., an interdependent expository text). 

Based on the cue utilization framework, it was hypothesized that retrieval practice (i.e., both 
by answering cued recall questions and free recall) would lead to better monitoring accuracy 
[H1a] and restudy decisions [H1b] as compared to performing a non-retrieval task (i.e., making 
Sudoku puzzles). The retrieval attempt helps to accurately judge future performance and gives 
an indication of what information in the text needs to be restudied. However, because of the 
task complexity (i.e., interdependent expository text) a smaller effect size was expected. 
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When focusing on the expected differences between the two retrieval practice conditions and 
the control condition for monitoring accuracy, no differences were found for bias (i.e., bias was 
not less for the retrieval practice conditions as compared to the control condition) and absolute 
deviation [H1a]. For study regulation [H1b], no interaction effect was found between condition 
and selection (i.e., selected or not selected). This means that students in the retrieval practice 
conditions were not better in selecting text sections for restudy as compared to students in the 
Control condition. Although it seemed that students within both retrieval practice conditions 
used their JOLs when making decisions about what to restudy because their mean JOLs for 
non-selected text paragraphs (i.e., no-restudy) were significantly higher than their mean JOLs 
for selected text paragraphs (i.e., restudy), the JOLs were not accurate. Therefore it cannot be 
concluded that retrieval practice led to better restudy decisions as compared to performing a 
text-unrelated task. 

Also differences between the two retrieval practice techniques were expected. With regard 
to monitoring accuracy [H2a], it was expected that retrieval practice by answering cued recall 
questions would result in better monitoring accuracy because of a high cue diagnosticity (i.e., a 
100% match between the retrieval practice task and the final test). With regard to restudy deci-
sions [H2b], it was expected that as compared to performing free recall, answering cued recall 
questions not only gives a student insight in what could be retrieved but also in what could not 
be retrieved which in turn helps to make better (i.e., more accurate) restudy decisions. 

When focusing on the expected differences between retrieval practice by answering cued 
recall questions or by performing free recall, no differences were found for bias or absolute de-
viation between the two retrieval practice conditions [H2a]. Furthermore, no differences were 
found between the two retrieval practice conditions with regard to study regulation [H2b].

The fact that no positive effect was found of retrieval practice as compared to non-retrieval 
on monitoring accuracy and study regulation, is not in line with prior research (Reijners et al., 
2016; Little and McDaniel, 2015). An important explanation for not finding positive effects on 
monitoring accuracy, is that different text materials were used here. Whereas earlier studies used 
very basic texts without interrelationships between different paragraphs, an interdependent 
expository text was used in this study. Although no direct comparison was made in this study 
between the effects of retrieval practice on monitoring and regulation for a basic and inter-
dependent text, the same procedures and methods to make JOLs after studying the text and 
restudy decisions were used as in the studies of Reijners et al., (2016), Little & McDaniel (2015) 
and the current study. This means that the specific characteristics of the interdependent text 
seem to have influenced the results. The interdependent text was more complex because of the 
interrelations between the different text sections. This means that it was difficult to discriminate 
between the different text sections. Because students were only allowed to make JOLs after 
finishing the whole retrieval practice task and they only answered 2 questions in the retrieval 
practice task for each of the text sections, it can be argued that it was difficult for participants to 
use the cues that became available after retrieval practice. This became visible in the low cue-
utilization. Characteristics of the retrieval practice task as well as the interdependency of the 
text have influenced the process of making JOLs (i.e., where being able to differentiate between 
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different text parts was required) and as a result also influenced monitoring accuracy (e.g., Ko-
riat, Lichtenstein, & Fisschoff, 1980; Lichtenstein & Fisschoff, 1977; Scheck & Nelson, 2005). It was, 
thus, difficult to accurately judge future performance and make accurate restudy decisions.

Furthermore, because the text here was interdependent, the JOL question was also slightly 
different from the question used in previous studies of Reijners et al., (2016) and Little and Mc-
Daniel (2015). In the previous studies, the question was very specific and asked students how 
many of the identified key concepts of each text section they thought they were able to retrieve 
correctly from memory on a test. In this study, the question was more global, asking students 
to indicate for each text section what percentage of the questions they thought they would be 
able to answer correctly on the test. Although this question more closely matches the characte-
ristics of the text (i.e., a more global question to judge knowledge for a text about one general 
theme), the fact that it was a less specific question could have led to difficulties in answering it.

The absence of an effect of retrieval practice as compared to non-retrieval on study regula-
tion can be explained by the fact that the outcomes of the monitoring process are related to the 
restudy decisions a learner makes based on the decision if information needs to be restudied 
or not (e.g., Dunlosky & Ariel, 2011). As a result, it can be questioned if differences for regulation 
between the retrieval practice conditions and the Control condition could still be expected 
when there are no differences found for absolute monitoring in this study. Although no effects 
were found for selection of text paragraphs, participants in the retrieval practice conditions 
were able to use the JOLs when making restudy decisions; mean JOLs for non-selected text 
paragraphs were significantly higher than mean JOLs for selected text paragraphs. This means 
that students in the retrieval practice conditions chose text paragraphs for restudy for which 
they gave low JOLs for these paragraphs and for the retrieval practice condition there was a bet-
ter match between JOLs and restudy decisions as compared to the Control condition. This is in 
line with research in which study regulation was operationalized according to the discrepancy-

reduction model of regulation (Dunlosky & Hertzog, 1998; Dunlosky & Thiede, 1998; Thiede et al., 
2003), which states that restudy choices are made based on the experienced difficulty of the 
material and the goal to reduce the distance between what is known and what is still unknown.   

Although differences for monitoring accuracy and study regulation were expected between 
the two retrieval practice conditions, no clear differences were found. This means that, despite 
the 100% match between the retrieval practice task and the final test indicating a good cue di-
agnosticity for students in the cued recall condition answering cued recall questions (i.e., a 100% 
match), this did not result in better monitoring accuracy and study regulation as compared to 
free recall. Here the results of the calculated cue diagnosticity for both retrieval practice con-
ditions are relevant. No differences were found between the two retrieval practice conditions 
which means that, despite the fact that for free recall there was no concrete match between 
the retrieval practice task and the final test, this has not led to worse cue diagnosticity. Besides 
cue diagnosticity, the cue utilization gamma correlation (Nelson, 1984) was calculated for both 
retrieval practice conditions. These correlations were only .06 and .26 for the Cued recall condi-
tion and the Free recall condition respectively. This indicates that JOLs were hardly based on the 
retrieval practice attempt. It can be concluded that in the current study retrieval practice, either 



 83

Chapter 5

by answering cued recall questions or by performing free recall, did not provide students with 
optimal cues for making JOLs. This can be due to task complexity (e.g., Koriat, Lichtenstein, & 
Fisschoff, 1980; Lichtenstein & Fisschoff, 1977; Scheck & Nelson, 2005) and the interdependency 
of the text combined with the procedure of this study in which students could only make JOLs 
after performing the whole retrieval practice task. Whereas prior studies on the effects of task 
complexity on monitoring and regulation focused on studying and retrieving items (i.e., infor-
mation parts) instead of an interdependent expository text, the same effects of task complexity 
could have influenced the results here. It could be that it was difficult for students to make 
good judgments based on the fact that it was difficult to make JOLs after performing the whole 
retrieval practice task. Even though there was a match for the cued recall condition between 
the performed task during retrieval practice and the task in the final test (i.e., transfer appropriate 

processing, Thomas & McDaniel, 2007) which would lead to more diagnostic cues to base judg-
ments on (Koriat, 1997), no improvements in monitoring accuracy were found. 

An explanation for the absence of a difference between the two retrieval practice conditi-
ons with regard to study regulation can again be found in the fact that monitoring is related 
to regulation (e.g., Dunlosky & Ariel, 2011). Because no differences were found for monitoring 
accuracy, it can be questioned if differences between retrieval practice by answering cued recall 
questions or by performing free recall for study regulation could still be expected. 

No clear expectations with regard to test performance were formulated. Many studies have 
shown that retrieval activities positively influence future test performance (see Roediger & Kar-
picke, 2006a for an overview), but in the current study no corrective feedback was given after re-
trieval practice and therefore it could be questioned if this positive effect could still be expected 
(Kang, McDermott, & Roediger, 2007). Furthermore, the final test took place immediately after 
the manipulation and research that reports on positive effects of retrieval practice on learning 
finds these results especially when a final test takes place after a delay. In this study no differen-
ces are found between the conditions for test performance which means that no testing-effect 
was found (Roediger & Karpicke, 2006a). This could have been the result of the complexity of 
the task and the materials used in this study. Retrieval practice scores were quite low and this 
was also the case for scores on the final test, which suggests that the task was experienced as 
difficult but also that the text for which information had to be retrieved was not very easy.

Some remarks about the current study have to be made. Recall performance for both re-
trieval practice conditions was quite low. This means that another possible explanation for not 
finding differences in bias in the current study is that retrieval performance was not optimal. 
Students in the Cued recall condition retrieved no more than 33.02% of the idea units (i.e., key 
concepts) in the questions and students in the Free recall condition retrieved only an average 
of 12.95% of the key concepts of the text. Almost the same pattern was found in the final test, 
slightly above one third of the idea units was retrieved by participants in all three conditions. 
These findings are not in line with prior research of Roediger & Karpicke (2006a) where positive 
effects of retrieval practice on final test performance were found. Second, the absence of dif-
ferences in absolute deviation can be a result of the fact that for these scores no negative and 
positive deviations but only the absolute magnitude of difference between test performance 



for a certain text section and the JOL for that text section are calculated. Although it is not unli-
kely that no differences in absolute deviation scores are found (Baars, Van Gog, De Bruin, & Paas, 
2014), the absence of differences between the retrieval practice conditions and the Control 
condition for bias raises the question if differences in absolute deviation can still be expected 
at all. Third, the lack of effects on monitoring accuracy has also influenced the effects on study 
regulation (i.e., restudy choices) (see Dunlosky & Ariel, 2011). 

To summarize, the effects of retrieval practice on delivering diagnostic cues when studying 
an interdependent expository text for the improvement of monitoring accuracy and study re-
gulation were investigated. It can be concluded that retrieval practice as compared to a Control 
condition did not lead to better monitoring accuracy. These findings are not in line with the cue 
utilization framework (Koriat, 1997), but it has to be noted that to the best of our knowledge this 
was the first study that investigated the effects of retrieval practice on monitoring with a more 
complex, interdependent expository text. Future research should focus more on these types of 
texts to investigate what is needed to help students when judging their learning for these edu-
cationally relevant texts. Furthermore, although there were no differences between the retrieval 
practice conditions and the Control condition for selected text sections (i.e., study regulation), 
students in both retrieval practice conditions were better able to decide which text parts should 
be selected for restudy. That is, the retrieval task seemed to help these students in regulating 
their learning. This means that no clear effects of retrieval practice on monitoring accuracy are 
found for an interdependent expository text but cue diagnosticity scores seem promising. Fi-
nally, more research is needed to unravel if and how different retrieval practice techniques can 
contribute to better monitoring accuracy and study regulation. 
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General Discussion
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The aim of this dissertation was to build on what is known about the effects of retrieval prac-
tice on learning from expository text, expanding it to include the direct and indirect effects of 
retrieval practice. Although the direct effects of retrieval practice on learning from expository 
text have been researched extensively, most research focused exclusively on the consolidation 
of factual knowledge, whereas consolidation of conceptual knowledge is also an important 
learning goal in education. Furthermore, when direct effects were measured, they were often 
investigated by cued retrieval techniques whereas cues are not always available when studying 
expository texts. Finally, most studies conducted on the direct effects did not investigate how 
retrieval practice could contribute to delayed retrieval of previously non-tested information. 
Therefore, the studies in this dissertation first investigated how retrieval practice could stimulate 
the consolidation of conceptual knowledge and not only remembering from, but also under-
standing of a studied text. In addition, it investigated how different retrieval practice techniques 
resulting in primarily intentional learning (i.e., cued retrieval) and incidental learning (i.e., free 
recall) influence test performance and to what extent the techniques not only prepare students 
to take a test about previously retrieved information (i.e., repeated questions), but also about 
previously non-retrieved information (i.e., novel questions). 

Second, retrieval practice could also have indirect effects on learning from expository text. 
These effects refer to the fact that generating information after studying a text by carrying out 
generation tasks, helps students diagnose their learning (i.e., monitoring learning) and subse-
quently make better decisions about future learning activities related to the text (i.e., regula-
ting study behavior). Although there has been research which has investigated the effects of 
completing generation tasks on monitoring and regulation for texts, retrieval practice has only 
recently been considered and investigated as another example of a generation technique that 
could contribute to the improvement of monitoring accuracy and restudy behavior. Further-
more, the limited number of studies investigating the indirect effects of retrieval practice did 
not focus on highly coherent, interdependent expository texts. Therefore, the studies in this dis-
sertation further investigated if retrieval practice can be used as technique to improve students’ 
monitoring accuracy and study regulation when studying different types of expository texts. To 
conclude, this resulted in the following research questions: 

• How can retrieval practice be used as technique to improve both delayed retrieval of 
 previously tested and non-tested information when studying expository texts? 
• How can retrieval practice be used as technique to improve students’ monitoring 
 accuracy and study regulation when studying expository texts?
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Overview of the Main Findings

The study presented in Chapter 2 focused on the first research question. It studied the effects 
of retrieval practice on delayed retrieval of previously tested and non-tested information by 
investigating how two different retrieval practice techniques (i.e., answering conceptual know-
ledge questions or free recall) could help secondary school students to reach the learning goals 
remembering and understanding information from a text. First, it was expected that students 
are most often not aware of the positive effects of retrieval practice on learning from expository 
text. Second, answering conceptual knowledge questions as compared to performing free re-
call was expected to lead to a better performance on the same (i.e., repeated) conceptual know-
ledge questions in a test after a delay because of transfer appropriate processing (TAP) (Thomas 
& McDaniel, 2007). Third, it was expected that performing free recall as compared to answering 
conceptual knowledge questions would lead to better performance on novel questions about 
previously non-questioned information because of the absence of intentional learning that ari-
ses from this retrieval practice technique. More specifically, free recall was expected to lead to 
better performance on both factual knowledge questions (i.e., remembering) and inference 
questions (i.e., understanding) about previously non-questioned information. 

In line with the first expectation, it appeared that students are often unaware of the positive 
effects of retrieval practice on learning from expository texts and have little experience applying 
retrieval practice techniques when studying expository texts. These findings are also in line with 
research among both university students (Karpicke, Butler, & Roediger, 2009; Kornell & Bjork, 
2007) and secondary school students (Dirkx, 2014). Contrary to the second expectation, retrieval 
practice by answering conceptual knowledge questions did not lead to better performance 
on the same conceptual knowledge questions in the test (i.e., remembering) as compared to 
free recall. For performance on factual knowledge, questions about previously non-questioned 
information, free recall as opposed to retrieval practice by answering conceptual knowledge 
questions led to better remembering of factual knowledge. This was in line with the expecta-
tion. Nevertheless, retrieval performance was very low. Finally, contrary to the expectation, with 
regard to conceptual understanding as measured by inference test-questions, retrieval practice 
by free recall did not lead to better performance as compared to retrieval practice by answering 
conceptual knowledge questions. Based on these findings, it can be concluded that simply 
providing students with retrieval practice techniques does not automatically lead to better per-
formance on a test. 

The main focus in Chapter 2 was on the use of retrieval practice techniques after studying 
an expository text. Students were instructed to study the text first and afterwards guidance 
was offered in the form of instructions to apply retrieval practice (i.e., by answering conceptual 
knowledge questions or by performing free recall) or students were instructed to reread the 
text. However, it remained unclear if offering students guidance only after studying the text 
is enough to help them profit from retrieval practice as retrieval performance was rather low. 
Maybe, students need guidance during initial study of the text to engage in effective study 
behavior that boosts retention (McNamara, 2004; McCrudden & Schraw, 2007). Therefore, the 
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study in Chapter 3 which was also based on the first research question in this dissertation in-
vestigated how first-year university students could be effectively guided to focus on important 
factual information in an expository text both during and after an initial study phase in order to 
optimize retention for both previously tested and non-tested information. In order to build on 
the results of Chapter 2, the same text was used in the study reported in Chapter 3. Guidance was 
offered in the form of single, and/or multiple-fact questions during (i.e., with the text available) 
and after reading (i.e., without the text available). Based on TAP (Thomas & McDaniel, 2007), it 
was expected that offering question-based guidance and aligning this guidance both during 
studying and retrieval practice, would lead to better immediate and delayed recall of the same 
information as compared to a situation in which no guidance was offered. Furthermore, it was 
expected that question-based guidance both during and after initial text study would stimulate 
students to actively and effectively engage in processing the text from the start and would aid 
their regulatory processes which, in turn, would result in better delayed performance on new 
questions in a test as compared to a situation without question-based guidance. 

In line with the expectations, the results showed that offering question-based guidance and 
aligning this guidance during reading and retrieval practice (i.e., TAP), positively influenced both 
immediate and delayed recall of information as compared to a situation in which no guidance 
was offered. This underlines the importance of correspondence between processes required by 
the study activity and activities required for retrieval. With regard to retrieval of previously non-
questioned information, question-based guidance helped students retrieve new information as 
well, which is in line with the expectations. It can be concluded that the offered guidance hel-
ped students to focus on important information in the text which positively influenced retrieval 
and learning from the text. In other words, in both studies on the direct effects of retrieval prac-
tice, students were provided with information about their knowledge for the text by performing 
a retrieval practice task. This form of feedback might have enabled students to make judgments 
about future performance on a test by checking if the information in the text is understood. 
Furthermore, the information about their knowledge for text could have helped them in making 
decisions about how to allocate study time in subsequent study activities and to focus on that 
important information in the text during restudying. 

These indirect effects of retrieval practice on learning from expository text were further in-
vestigated in the study reported on in Chapter 4 which focused on the second research question 
in this dissertation. Whereas research had already shown positive indirect effects of several ge-
neration techniques applied after text study, it remained unclear to what extent retrieval prac-
tice positively contributes to these indirect effects on learning from expository text. Therefore, 
this study investigated how retrieval practice after studying a text could provide students at the 
secondary school level with information about the text that would give them diagnostic cues 
to judge their own learning for the text. In other words, it was investigated if retrieval practice as 
compared to a text-unrelated task (i.e., solving Sudoku puzzles) could contribute to better mo-
nitoring accuracy measured by judgments of learning (JOLs). It was also investigated if applying 
retrieval practice would help students make better restudy decisions (i.e., study regulation) and 
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if students within the conditions were able to base their restudy decisions on their JOLs. Based 
on the cue-utilization framework (Koriat, 1997), it was expected that retrieval practice after stu-
dying a text would lead to both better monitoring accuracy and restudy decisions as compared 
to performing a text-unrelated task. Furthermore, it was explored whether retrieval practice and 
rereading after initial text study would differently influence absolute monitoring accuracy and 
restudy decisions. 

In line with the expectations, the results showed that the application of retrieval practice led 
to better monitoring accuracy; that is there was less overestimation of future performance than 
after performing a text-unrelated task. No differences were found between retrieval practice 
and rereading. With regard to study regulation, students’ restudy decisions were not better after 
retrieval practice as compared to after performing a text-unrelated task (i.e., solving Sudoku 
puzzles). This contradicted the expectation. However, the results indicated that after rereading 
as compared to performing a text-unrelated task, students seemed better in deciding what text 
parts should be restudied. For the retrieval practice condition mean JOLs were lower for text 
sections that were selected for restudy (i.e., judged as more difficult) than for text sections that 
were not selected for restudy (i.e., judged as less difficult). This was in line with the expectation. 
This was also found for students in the rereading condition. In general , the results from the stu-
dy presented in Chapter 4 are comparable with other studies reporting on the beneficial effects 
of generation tasks on both monitoring accuracy and study regulation (e.g., Thiede & Anderson, 
2003; Thiede, Anderson, & Therriault, 2003; Van Loon, De Bruin, Van Gog, & Van Merriënboer, 
2013; Van Loon, De Bruin, Van Gog, Van Merriënboer, & Dunlosky, 2014). Furthermore, the results 
were in line with the cue-utilization framework (Koriat, 1997) which states that students need 
mnemonic cues (i.e., considered to be very diagnostic) that result from performing a generation 
task in order to make accurate judgments about learning and to adequately regulate study be-
havior. However, the results for study regulation were not in line with the expectation. Rereading 
a text as compared to retrieval practice seemed to have helped students make better restudy 
decisions based on their JOLs. This could be clarified by the multiple reading trials which also 
seemed to contribute to insight in the state of learning with better study regulation as a result. 
Also with regard to monitoring accuracy, the differential effects of retrieval practice and rerea-
ding were explored. Although beforehand it was argued that retrieval practice would lead to 
better information about the extent to which the text was understood resulting in better moni-
toring accuracy, this was not found in this study. Restudying a text seemed to provide students 
with good information that they used to judge their learning. These results are in line with prior 
research of Rawson, Dunlosky, and Thiede (2000) who found that after multiple reading trials, 
metacomprehension (i.e., both monitoring accuracy and study regulation) for text improved.

Although the positive effects of retrieval practice on both monitoring accuracy and study 
regulation are promising, the materials used in the study reported in Chapter 4 were text mate-
rials with short paragraphs, each on a different topic without interrelationships between the dif-
ferent text parts, which raises questions about the ecological validity (Schmuckler, 2001) of the 
results. It was still unclear if these positive effects could still be found when changing the ma-
terials and the tasks. Therefore, to answer the second research question in this dissertation, the 
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study in Chapter 5 used more complex, highly coherent interdependent text materials which 
are more representative of a real-life situation in the classroom in secondary education. This 
study investigated the effects of different retrieval practice techniques (i.e., cued recall questions 
and free recall) on both monitoring accuracy and study regulation. It was expected that both 
retrieval practice techniques would lead to better monitoring accuracy and study regulation 
as compared to performing a text-unrelated task (i.e., solving Sudoku puzzles) and that cued 
recall questions would be better than free recall because of a 100% match between the retrieval 
practice task and the final test. 

The results showed that memory on a final recall test was not positively influenced by one of 
the retrieval practice techniques. In contrast to the expectation, retrieval practice as compared 
to performing a text-unrelated task (i.e., solving Sudoku puzzles) solving Sudoku puzzles after 
studying an interdependent text did not lead to better monitoring accuracy. Also, no differences 
in monitoring accuracy were found between the two retrieval practice techniques. Furthermo-
re, retrieval practice did not lead to better restudy decisions than performing a text-unrelated 
task which also contradicted the expectation. Although after retrieval practice students could 
differentiate better between text sections judged as more or less difficult than after performing 
a text-unrelated task, JOLs were not more accurate. Apparently, students did not seem able to 
use the cues that became available after performing the retrieval practice task. This means that 
it cannot be concluded that retrieval practice positively influenced both monitoring accuracy 
and study regulation. 

 
Theoretical Implications

The results presented in Chapter 2 in this dissertation show that simply introducing retrieval 
practice after studying an expository text does not automatically lead to better retention of 
both previously questioned and non-questioned information. These findings are not new. They 
match prior research indicating that the connectedness or coherence of study materials in-
fluence the proven benefits of retrieval practice or testing (De Jonge, Tabbers, & Rikers, 2015). 
In their study, students in the first experiment studied a highly coherent text and in a second 
experiment text coherence was disrupted from the materials and sentences were presented in 
a scrambled order. After studying the materials, half of the students in both experiments were 
assigned to a study condition and the other half to a testing condition. After this restudying or 
testing, a short-answer (i.e., fill-in-the-blank) test followed after a 5 minute retention interval and 
after a one week delay. The results in the first experiment with a highly coherent text showed 
no differences in the rate of forgetting between the study and testing condition. However, in 
experiment 2 where the coherence of the text was disrupted, students in a restudy condition 
showed a substantial rate of forgetting whereas students in a testing condition did not. These 
findings are clarified by the elaborative processing view (e.g., Carpenter & DeLosh, 2006). It is 
argued that the coherence of the text used in the first experiment served as a retrieval cue. As 
a result, the test that followed the learning phase (i.e., restudy or testing) might not have led to 
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additional processing relative to the processing that had already evolved from the cue support 
provided by elements of the text itself. In the second experiment, using non-coherent materials, 
no cue support from the materials itself was available which might have resulted in more ela-
borative processing. This implies that when coherent text materials are used - as is also the case 
in this dissertation - the positive effects of retrieval practice on test performance after a delay 
might be weaker than when more simple, less coherent text materials are used because of the 
absence of additional elaborative processing relative to the processing that results from the cue 
support of the elements in the text itself. 

However, the results presented in Chapter 3 in this dissertation indicate that taking into ac-
count some important prerequisites when studying coherent text materials enables students to 
retrieve the same or new information after a delay. Offering guidance in the form of answering 
short-answer questions during studying a text helps to improve immediate and delayed recall 
of previously questioned information. This means that students need instructions in a reading 
phase to direct their attention to important parts of the text. The same holds true for delayed 
retrieval of previously non-questioned information. In addition, a restudy phase after retrieval 
practice offers students the opportunity to use the retrieval practice phase and the performed 
task in this phase to decide how to restudy the text. When students are helped by offering them 
guidance in deciding what is important in the text, they can effectively restudy the text which 
enables future retrieval of previously non-questioned information. 

A third implication of the studies on the direct effects of retrieval practice on learning from 
expository text is that when guidance is offered both during and after reading a text, aligning 
this guidance is an important prerequisite in order to reach positive effects of retrieval practice 
on test performance. In other words, TAP plays an important role here. If the cognitive proces-
ses required during reading are in line with the cognitive processes required during retrieval, 
future recall of information is positively influenced. These findings match other research on TAP 
(Thomas & McDaniel, 2007). This also applies to the studies on the indirect effects of retrieval 
practice. A certain degree of match between the task performed after studying a text and a later 
test situation, which is defined as cue diagnosticity, makes it possible for students to consult 
mnemonic cues that are good indicators for making judgments of learning (JOLs). As a result, 
both monitoring accuracy and study regulation can be improved. 

A final implication from the studies on the indirect effects of retrieval practice is that even 
when there is a good match between the retrieval practice task and a later test, this good cue 
diagnosticity is not enough to ensure good monitoring accuracy and study regulation. The ex-
tent to which cues that become available after performing a retrieval practice task (i.e., cue-

utilization, Koriat, 1997) is an important prerequisite. The results of this dissertation show that 
good cue-utilization is not simple, especially when students are required to study interdepen-
dent, expository text materials (see Chapter 5). This implies that students experience difficulties 
in adequately ‘checking’ to what extent the studied materials are mastered yet and what needs 
to be restudied. 

Taken together, the studies on the direct and indirect effects of retrieval practice in this 
dissertation imply that offering students guidance in the form of a retrieval practice task pre-
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pares them for future retrieval of previously questioned information as well as previously non-
questioned information. Furthermore, performing retrieval practice seems to help students in 
diagnosing their current state of learning for a studied text as well as in making accurate restudy 
decisions. Although retrieval practice as a learning technique can thus be seen as a technique to 
effectively learn from expository text both in terms of test performance and insight in learning 
processes, a certain match between the retrieval practice task and the final test is essential in 
order to perform well on a test as well as to accurately monitor and regulate learning. 

 
Practical Implications

In addition to theoretical implications, several practical implications can be derived from the 
studies. First, to prepare students in secondary education for upcoming tests that include both 
repeated questions (i.e., about previously questioned information) and novel questions (i.e., 
about previously non-questioned information), some important prerequisites need to be taken 
into account. Specific instructions and guidance need to be offered both during the process of 
studying (i.e., when the text is available) as well as after studying (i.e., without the text present). 
More specifically, the studies on the direct effects of retrieval practice show that offering ques-
tions about important topics in a text helps students to focus when studying the texts which 
enables effective study behavior (e.g., retrieval activities). This means that instructions during 
initial study give students an idea about what is important in the text which structures their 
future study behavior. Instructions after studying in a test-like situation give them information 
about how well the text is remembered and/or understood. The combination of offering in-
structions during and after studying is a good way to help students engage in effective study 
behavior when learning from expository text is the goal. Aligning the instructions during and 
after studying (TAP, Thomas & McDaniel, 2007) is an additional prerequisite because this posi-
tively contributes to students’ preparation for a test. In other words, when the same questions 
are answered during and after studying a text, this contributes to better test performance after 
a delay on both previously answered questions and novel questions. 

Although offering specific instructions during and after studying a text in the form of ques-
tions positively contributes to future test performance, simply offering these instructions is not 
enough. This dissertation shows that students in secondary education are often not aware of 
the positive effects of retrieval practice on learning from expository texts. Furthermore, although 
students often rely on rereading texts or on making summaries (i.e., applying some kind of free 
recall), the results in the studies here show that these techniques do not optimally prepare them 
for future retrieval tasks. This lack of awareness about the positive effects of retrieval practice on 
learning from expository text seems to influence the eventual effectiveness of retrieval practice 
as a learning technique. In order to benefit more from the positive effects of retrieval practice, 
being aware of the effectiveness as well as proficiency in applying retrieval practice techniques 
are necessary. In other words, creating awareness among students about the relative benefits 
of retrieval practice as well as training them on how to make use of proven effective retrieval 
practice techniques are essential. 
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A third practical implication is that - with regard to the indirect effects of retrieval practice on le-
arning from expository text - offering specific instructions, for example in the form of questions, 
leads to mnemonic cues that are defined as the most diagnostic cues that help students jud-
ging their learning of the text and making accurate restudy decisions. However, students need 
to be trained and need to practice more in making accurate judgments about their learning. 
This is especially the case when confronted with more complex, highly coherent interdepen-
dent expository texts often used in educational practice. This type of texts requires students to 
be able to differentiate between different text sections within a larger text to adequately define 
the extent to which information is mastered yet. Only when judgments are more accurate, ef-
fective and efficient future study behavior can be ensured. 

In sum, the results from the studies on the direct and indirect effects of retrieval practice on 
learning from expository text imply that to benefit optimally from retrieval practice, awareness 
of the effectiveness is important. This awareness is necessary before students can actually use 
retrieval practice as a technique when studying expository text. Furthermore, because students 
are inclined to use less effective techniques (e.g., highlighting, rereading), it is recommended 
to train students in applying retrieval practice and to teach them how to make use of the cues 
that become available after text studying in order to make accurate JOLs and restudy decisions. 

Methodological Considerations and Future Research

Some methodological considerations need to be taken into account when interpreting the 
studies in this dissertation. First, investigating the direct and indirect effects of retrieval practice 
when learning from text is quite complex. Although direct effects have often been studied 
extensively in the past, this dissertation adds to prior findings that when text materials become 
more complex and are more coherent, the relative benefits of retrieval practice seem to be 
influenced by this coherence (see for example De Jonge, Tabbers, & Rikers, 2015). A limitation 
of the current dissertation is that only one type of final test (i.e., short-answer questions) was 
used to investigate the effects of retrieval practice on future test performance and the results 
are therefore limited to this test format. It is, thus, difficult to draw conclusions about the general 
effectiveness of retrieval practice as a learning technique for learning from coherent, expository 
texts. Future research should aim to investigate the effects of retrieval practice when studying 
coherent, expository text with different kinds of final tests (e.g., free recall) in order to identify the 
extent to which coherence as a factor plays a role in the effects of retrieval practice on learning 
from expository texts. 

Second, an important limitation is that in the studies reported in Chapter 2, 3, 4, and 5, only 
one text was used and in addition, the text was not the same in all studies. In Chapter 2 and 3 on 
the direct effects of retrieval practice the same text was used to allow building on the results of 
Chapter 2 in Chapter 3. However, because little was known about the indirect effects of retrieval 
practice on learning from text materials, in Chapter 4 a new, very elementary text was used. This 
enabled the investigation of whether if retrieval practice could contribute to monitoring and 
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regulation. In Chapter 5 the original text materials used in the studies on the direct effects of 
retrieval practice were used as a starting point and were revised to make the different text sec-
tions even more coherent to match the realistic school context. In future research it is advisable 
to include several texts in one study to increase the generalizability of the present results (e.g., 
Butler, Karpicke, & Roediger, 2007). Furthermore, the use of one text to investigate both the 
direct and indirect effects of retrieval practice is recommended to enhance the comparability 
of the results. 

Third, the study in Chapter 3 built on a combination of both the elaborative processing view 
(e.g., Glover, 1989) that provides explanations for the underlying mechanisms of retrieval prac-
tice as well as TAP (e.g., Morris, Bransford, & Franks, 1977; Thomas & McDaniel, 2007). Both views 
have been widely investigated and research has suggested that if the elaborative processing 
view is leading, performance on a final test would be best after an initial free recall test, followed 
by a final cued-recall test. If the TAP view is leading, performance on a final test would be best if 
there is much overlap between the initial test and the final test (e.g., Carpenter & DeLosh, 2006). 
Because both the ideas of elaborative processing and TAP are used to frame the study reported 
in Chapter 3, a limitation here is that it was difficult to disentangle if the positive effects of retrie-
val practice on test performance are primarily the result of the elaborative processing view or 
TAP. It is recommend to unravel these effects in future research. 

Fourth, in both studies on the indirect effects of retrieval practice the performed task during 
retrieval practice and the task performed in the final test is the same. In Chapter 4, in both the 
retrieval practice phase and in the final test students were instructed to perform free recall. In 
Chapter 5, students answered the same cued recall questions in the retrieval practice phase and in 
the final test. This can be defined as TAP or transfer appropriate monitoring (TAM) (i.e., TAP applied 
to the theory of metamemory). Because students base their judgments in both studies on the 
performed task during retrieval practice, it can be argued that the judgment better matches for 
students in the conditions where the retrieval practice task was identical to the final test as com-
pared to judgments of students in the conditions where there was no match with the final test. 

A limitation that stems from this set up is that better monitoring accuracy and study regu-
lation can be the result of a match between the retrieval practice task and the final test instead 
of the retrieval practice task itself. The results in this dissertation do not allow conclusions on to 
what extent the same positive effects of retrieval practice on monitoring and regulation would 
be found when the retrieval practice task was different from the final test. Although some re-
search findings related to TAM suggest that a match between the performed task during retrie-
val practice and the final test does not seem to be sufficient for achieving high accuracy levels 
and thus does not necessarily have a positive influence monitoring accuracy (Rawson, Dunlosky, 
& McDonald, 2002), more research is needed to investigate the relative effects of transfer ap-
propriate monitoring. This limitation here is an interesting topic for future research for which it 
is recommended to focus on a manipulation in which the comparison can be made between 
different levels of a match between the initial retrieval practice task and the final test. 

Finally, the studies on the indirect effects of retrieval practice on learning from expository 
text focused on gaining insight in how students can accurately judge how much they have le-
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arned and how they can match their restudy decisions accordingly based on these judgments. 
This is an important question to answer because when studying coherent text materials, stu-
dents need to be able to make accurate judgments about their answers to questions about the 
text. Questions for coherent text often include several idea units and it is therefore necessary 
that students learn to identify if they were able to answer the questions completely correct or 
only partially in order to prevent them from overestimating or underestimating performance. 
The results in the studies on the indirect effects already indicate that retrieval practice leads to 
less overestimation of performance and better restudy decisions (see Chapter 4). However, a 
limitation of the current dissertation is that no other measures of monitoring such as relative 
accuracy (Schraw, 2009) are included. Relative monitoring accuracy is indicated by a correlation 
between a learner’s performance and the JOL for a certain text section which can help deter-
mine the extent to which a learner can effectively discriminate between text sections in a text 
that are less or more likely to be recalled on a future test. This is also when studying coherent, 
interdependent expository text materials. Therefore, an interesting direction for further research 
is to investigate not only these effects of retrieval practice on absolute monitoring accuracy and 
restudy decisions but to focus on relative accuracy (Schraw, 2009) as well. 

Conclusion

The studies in this dissertation show that retrieval practice has beneficial effects on learning 
from expository text. Applying retrieval practice after initial text studying is not only beneficial 
for future retrieval of previously retrieved information, but also for future retrieval of new (i.e., 
previously not retrieved) information. The results also show that applying retrieval practice both 
during and after studying a text works better than simply applying retrieval practice only after 
initial study. In addition to these direct effects of retrieval practice on learning from expository 
text, the studies in this dissertation show that retrieval practice can also have positive indirect 
effects in terms of better monitoring accuracy and study regulation. As the results give rise to 
improving monitoring accuracy and study regulation, future research on the effects of retrieval 
practice on these indirect effects with more complex materials and other measures of accuracy 
is encouraged. 
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Hunters and Gatherers

Hunters and gatherers: period.
Hunters and gatherers lived in prehistory, this period was also called ‘past history’. The prehis-
tory starts already 250.000 years ago. The birth of Christ was seen as the end of the prehistory. 
An important characteristic of the prehistory is the fact that there are no written resources 
available from this period. The prehistory can be divided in three different time periods: the 
stone age, the bronze age and the iron age. All that we know about the prehistory stems from 
archaeological sites. Most of the time these are objects made by people, they are called arte-
facts. Sometimes archaeologists also find cremains of animals or people from the prehistory.

Hunters and gatherers: population.
In the earliest period of the prehistory hunters and gatherers lived on earth. In the period of 
hunters and gatherers there were still not much people living on earth. Hunters and gatherers 
often had no fixed whereabouts and they were also called nomads. Hunters and gatherers pri-
marily ate fruit and edible plants from the wild nature. Hunters and gatherers focused especi-
ally on the hunt for wild animals. In general hunters and gatherers did not get much children. 
In the period of hunters and gatherers there no class distinctions between people. The people 
in the period of hunters and gatherers believed in more than one God. 

Hunters and gatherers: landscape.
In the period of hunters and gatherers the landscape was often covered with ice. Because of 
the nomadism in the period of hunters and gatherers there was only temporary use of land. In 
the period of hunters and gatherers there was no use of waterways. Hunebeds were construc-
ted in the period of hunters and gatherers. There was absolutely no infrastructure in the period 
of hunters and gatherers. The hunters and gatherers lived in encampments. People hunted a 
lot for mammoths in the period of hunters and gatherers. An important cremain of the period 
of hunters and gatherers were cave paintings.
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Table A1  Scoring guide text paragraph ‘Hunters and Gatherers’

Section Fact Answer

Period 1  prehistory

 2  250.000 years ago

 3 ended at / till birth of Christ

 4 no written resources

 5 (three different time periods) stone age, bronze age, iron age: name 2

 6 archaeological sites

 7 objects made by people / artefacts 

 8 cremains of animals or people : name 2

Population 1 earliest period prehistory 

 2 still not much people on earth

 3 no fixed whereabouts / nomads

 4 fruit and edible plants: name 2

 5 hunt for wild animals 

 6 not much children

 7 no class distinctions

 8 believe in more than one God

Landscape 1 landscape often covered with ice

 2 temporary use of land

 3 no use of waterways

 4 construction of hunebeds

 5 no infrastructure

 6 encampments 

 7 hunt for mammoth

 8 cave paintings (cremains)

For all correctly retrieved facts students received 1 point. A slash mark means that students 
received 1 point for retrieval one of the information pieces. Retrieval of information within pa-
rentheses was not required. For the facts where ‘name 2’ is written, students received 1 point if 
they retrieved (at least) two of the information pieces. If less than two information pieces were 
retrieved, students received 0.5 point. For fact 5 in the section ‘Period’: if only one time period 
was retrieved, students received no points.
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‘Big agricultural changes in England’ 
Until 1800, most of the people were working in agriculture in all countries around the 

world. A lot of farmers strived for autarky. That is: they wanted to meet their own requirements 
as much as possible. As a consequence, industry and trading were only of modest importance. 
However, for a start in England, as of 1750 two important developments turned the economy 
upside down. New jobs were needed for a lot of people because of changes in agriculture and 
population growth. 

Landed property owners in England succeeded to appropriate bigger and bigger amounts 
of land. These lands were shared beforehand. At large, linked farms work could be done ef-
ficiently and as a consequence harvests increased. That is why more food became available. 
Furthermore, general health was positively influenced by these changes. This better general 
health leaded to a growth in population. At the same time, less people were needed for agri-
cultural work. Because of new production processes the productivity increased. As a conse-
quence, less people were needed for the production of food. A lot of laborers were looking for 
a job outside of agriculture. 

At advantageous sides in England, industry could remedy the situation. There was a proli-
feration of a lot of factories. Soon the limitations of hydroelectric power, often used until then, 
became visible. Factories could only work if there was enough very fast flowing water available 
for the waterwheel. However, this was very difficult so it was searched for an alternative. James 
Watt brought the solution. He improved the existing steam engine, a machine that develops 
propulsion through steam. He did this in a way that the machine became reliable enough to 
function well in the factories.
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Cued recall questions ‘Big agricultural changes in England’ 

Subset 1
1.     Big agricultural changes in England 

1. How can James Watt be related to the positive industrial development in England? 
  <textbox>

2. Why was the improvement of the health situation in England after 1750 not only a positive 
 development? 
 <textbox>

Scoring protocol recall questions ‘Big agricultural changes in England’

Subset 1
Question Idea units

1 - James Watt improved the existing steam engine
 - The machine became reliable enough to function well in the factories
2 - There was a growth in population
 - Less people were needed for agricultural work
 - A lot of laborers were looking for a job outside of agriculture

Statements ‘Big agricultural changes in England’

Statements subset 1 True False

1. James Watt invented the steam engine and as a result the factories in   x
 England became reliable   
2. Geographically seen, a lot of spots in England were appropriate for the  x
 first industry   
3. The population growth after 1750 in England led to more production in   x
 factories and as a result, there were more employment opportunities   
4. New production methods in agriculture after 1750 in England led to  x
 more production of food and as a result less laborers were needed   
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Subset 2
1.     Big agricultural changes in England 

1. Explain why there was not much industry and trading in England before 1750. 
  <textbox>

2. Why was the industry in England not really starting before James Watt brought his 
 important solution to industry? 
 <textbox>

Subset 2
Question Idea units

1 - Most of the people were working in agriculture
 - A lot of farmers wanted to meet their own requirements as much as 
  possible
2 - Factories could only work if there was enough very fast flowing water 
  available for the waterwheel
 - This was very difficult so it was searched for an alternative

For all correctly retrieved idea units participants received 1 point. A slash mark means that par-
ticipants received 1 point for retrieval one of the information pieces. If an incorrect idea unit 
was retrieved or the text box was blank, participants received no points.

Statements subset 2 True False
  
1. Industry and trading were the most important sources of income in   x  
 England before 1750   
2. In Japan, Iceland and Germany most people were farmers before 1800  x  
3. Hydroelectric power was a too unstable sources of energy for new  x
 factories in England   
4. The new steam engine was often not reliable enough for the industry   x
 in England   

For all correctly answered statements participants received 1 point. Participants received no 
points for incorrectly answered statements. 
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Students at all levels of education are required to study expository texts to learn from them. 
When students are asked what they actually do when studying such texts in order to prepare 
themselves for an upcoming test, they report applying techniques such as repeatedly studying 
a text (Carpenter & DeLosh, 2006; Kang, McDermott, & Roediger, 2007) or highlighting impor-
tant information parts in a text (Bell & Limber, 2010; Gurung, Weidert, & Jeske, 2010). Moreover, 
when students are asked what techniques are most effective they report the same (Carpenter 
& DeLosh, 2006). The fact that these techniques are often used by students and are seen as ef-
fective, stems from the fact that they are relatively easy to apply without large time investments 
or training. However, research shows that these techniques are not very effective in terms of 
performance on a test after a delay and are not the best techniques for studying and learning 
from expository text (see Dunlosky et al., 2013 for an overview). Research shows that techniques 
stimulating retrieval of information from memory, such as testing, are more effective because 
they enhance long-term retention of the information (see Roediger & Butler, 2011; Roediger & 
Karpicke, 2006a for an overview). Such techniques are seldom spontaneously used by students 
and their effectiveness is hardly recognized by them. Because most students seem to be una-
ware of the ineffectiveness of their preferred study techniques and the effectiveness of retrieval 
practice as a learning technique when studying expository texts, they need to be guided in 
using more effective techniques such as retrieval practice. 

Most studies on the effects of retrieval practice on learning from text focused on the direct 
effects (Karpicke & Grimaldi, 2012) of such practice, meaning that retrieval practice through, 
for example, testing is investigated as a technique strengthening memory traces and impro-
ving long-term retention (see Roediger & Butler, 2011; Roediger & Karpicke, 2006a for an over-
view). In these studies, retrieval practice has been shown to contribute to the consolidation 
of factual knowledge in a text. However, relatively little is known about how retrieval practice 
as a technique can contribute to the consolidation of conceptual knowledge from expository 
texts. Furthermore, the relative benefits of different retrieval practice techniques (i.e., cued recall 
versus free recall) in relation to future retrieval of previously tested and previously non-tested 
information from a text remain unclear. In addition to direct effects, retrieval practice can also 
have indirect effects on learning from expository text, referring to the fact that the application of 
retrieval practice can lead to insight in the current state of learning (i.e., monitoring) and neces-
sary future study behavior (i.e., study regulation). Although there is research available indicating 
that generation tasks help to improve students’ monitoring accuracy and restudy decisions, 
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the indirect effects of retrieval practice have received little attention in research until now. The 
aim of this dissertation is to investigate both the direct and indirect effects of retrieval practice 
related to learning from expository text. 

In Chapter 1 of the dissertation, the human cognitive architecture is described and the main 
memory processes are explained. Furthermore, this chapter provides an overview of current 
research on the direct and indirect effects of retrieval practice on learning from expository text. 
The chapter continues with an overview of the dissertation and it describes the different expe-
rimental studies and it ends with the following main research questions: 

• How can retrieval practice be used as technique to improve both delayed retrieval of 
  previously tested and non-tested information when studying expository texts? 
• How can retrieval practice be used as technique to improve students’ monitoring 
  accuracy and study regulation when studying expository texts?

Chapter 2 presents an experiment that focuses on the first research question and investi-
gates how two different retrieval practice techniques applied after initial text study could con-
tribute to the acquisition of conceptual knowledge to reach the learning goals remembering 
and understanding when studying an expository text. Furthermore, it investigates if retrieval 
practice techniques are used by students when studying expository texts and if they think that 
retrieval practice is an effective technique to learn from expository text. It was expected that 
students are most often not aware of the positive effects of retrieval practice on learning from 
expository text. With regard to performance on a test, it was expected that retrieval practice in 
general would lead to better performance after a one-week delay as compared to restudying. 
Retrieval practice by answering conceptual knowledge questions (i.e., intentional learning) was 
expected to lead to a better performance on the same conceptual knowledge questions in the 
test (i.e., remembering conceptual knowledge) as compared to performing free recall. Retrieval 
practice by free recall (i.e., incidental learning) was expected to lead to a better performance on 
factual knowledge questions (i.e., remembering of factual knowledge) and inference questions 
(i.e., understanding conceptual knowledge) about previously non-questioned information as 
compared to answering conceptual knowledge questions. A total of 104 students in secondary 
education participated in the study and they were randomly assigned to one of three con-
ditions: answering conceptual knowledge questions, performing free recall or restudying the 
text after initial text study. Results show that in line with the first expectation, students seem 
unaware of the positive effects of retrieval practice on learning from expository texts and they 
have little experience in applying such study techniques. Furthermore, contrary to the second 
expectation, answering conceptual knowledge questions (i.e., intentional learning) did not lead 
to better remembering measured by the same conceptual knowledge questions (i.e., remembe-
ring) in the final test as compared to free recall. Although performing free recall (i.e., incidental 
learning) led to better test performance on factual knowledge questions, retrieval performance 
was very low. Finally, free recall did not lead to better test performance on inference test-ques-
tions measuring conceptual understanding which is not in line with the expectation. Simply 



 115

Summary

providing students with retrieval practice techniques did not seem to lead automatically to 
better test performance. 

The study in presented in Chapter 2 only focuses on retrieval practice applied after text stu-
dying. However, it remained unclear if offering students guidance only after studying the text 
is enough to help them profit from retrieval practice as retrieval performance was rather low. 
Maybe, students need guidance during initial study of the text to engage in effective study 
behavior that boosts retention. Therefore, the second study on the direct effects of retrieval 
practice, presented in Chapter 3, examines the direct effects of retrieval practice in the form of 
answering different types of questions both during and after studying a text. It investigates how 
retrieval practice influences the acquisition and retention of questioned and non-questioned 
information as opposed to studying and retrieving the text without questions. It is expected 
that answering questions during studying leads to a better performance on the same questions 
(i.e., transfer appropriate processing; TAP) after studying as compared to answering a different 
type of questions during studying or studying without question-based guidance. Furthermore, 
it is expected that answering questions during studying followed by answering the same ques-
tions after studying leads to a better performance on these same questions as compared to 
studying and retrieving with another type of questions or without question-based guidance. 
Finally, question-based guidance during studying and retrieving is expected to lead to better 
performance after a one-week delay on novel questions as compared to studying and retrie-
ving without question-based guidance. A total of 131 first-year university students of a large 
Flemish university were assigned to one of five conditions (i.e., two question conditions in which 
questions are aligned during and after studying, two in which there is no alignment and a fifth 
condition performing free recall after initial studying). The results show that in line with the ex-
pectations, answering questions during and after studying (i.e., TAP) positively influences both 
immediate and delayed recall of information as compared to studying and retrieving the text 
without questions. Furthermore, it also enabled future retrieval of new information which is also 
in line with the expectation. Guidance in the form of questions seems to provide students with 
information about their knowledge for a text which positively influences future retrieval and 
learning from the text. 

The study presented in Chapter 4 focuses on the indirect effects of retrieval practice to ans-
wer the second research question in this dissertation to further investigate if retrieval practice 
can indeed provide students in secondary education with insight about knowledge for a text 
(i.e., monitoring). Furthermore, it investigates if retrieval practice can contribute to accurate re-
study behavior (i.e., study regulation). In other words, it was investigated if retrieval practice as 
compared to a text-unrelated task (i.e., solving Sudoku puzzles) could contribute to better mo-
nitoring accuracy measured by judgments of learning (JOLs). It was also investigated if applying 
retrieval practice would help students make better restudy decisions (i.e., study regulation) and 
if participants within the conditions were able to base their restudy decisions on their JOLs. 
Based on the cue-utilization framework, it was expected that retrieval practice after studying a 
text would provide students with more diagnostic cues that can be used to monitor and regu-
late learning leading to both better monitoring accuracy and restudy decisions as compared to 
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performing a text-unrelated task. Furthermore, it was explored whether retrieval practice and 
rereading after initial text study would differently influence absolute monitoring accuracy and 
restudy decisions. A total of 74 secondary school students were assigned to one of three con-
ditions: completing a retrieval practice task (i.e., free recall), restudying the text or performing 
a text-unrelated task (i.e., solving Sudoku puzzles). The results show that memory on a final 
test was better for students in the restudy condition as compared to memory for students in 
the other conditions. Furthermore, in line with the expectations, retrieval practice leads to bet-
ter monitoring accuracy. JOLs were more accurate and there was less overestimation of future 
performance as compared to performing a text-unrelated task. No differences between retrie-
val practice and restudying with regard to monitoring accuracy were found. Restudy decisions 
were not better after retrieval practice as compared to performing a text-unrelated task, which 
contradicts the expectations. However, the results indicate that restudying helps to decide what 
text parts should be restudied. In line with the expectations, after retrieval practice, mean JOLs 
were lower for text sections selected for restudy (i.e., judged as more difficult) than for non-
selected text sections (i.e., judged as less difficult). The same results were found for students that 
restudied the text. In general, the results for monitoring match the cue-utilization framework. 
The fact that no differences for monitoring accuracy were found between retrieval practice and 
restudying a text and the fact that restudying leads to better study regulation can be clarified by 
the multiple reading trials. Restudying seems to provide students with good information that 
they use to judge learning and to make adequate restudy decisions. 

The final study presented in Chapter 5 investigates the indirect effects of retrieval practice by 
focusing on how retrieval practice as compared to performing an text unrelated task contribu-
tes to students’ monitoring accuracy and restudy decisions. As compared to the study in Chapter 

4, more realistic, highly coherent and interdependent educational text materials were used. 
A total of 76 secondary school students was assigned to a cued recall condition (i.e., short-answer 
questions), a free recall condition or a condition in which students completed a text-unrelated 
task (i.e., solving Sudoku puzzles). It was expected that students’ monitoring accuracy and re-
study decisions after retrieval practice (i.e., answering cued recall questions or applying free re-
call) is better as compared to the accuracy and decisions after completing a text-unrelated task. 
The results show that memory on a final recall test was not positively influenced by one of the 
retrieval practice techniques. Furthermore, in contrast to the expectation, monitoring accuracy 
was not better after retrieval practice as compared to completing a text-unrelated task. There 
were also no differences in monitoring accuracy between the two retrieval practice techniques. 
Also in contrast with the expectations, retrieval practice did not positively influence restudy de-
cisions as compared to completing a text-unrelated task. Although differentiation between text 
sections judged as more or less difficult was better after retrieval practice than after completing 
a text-unrelated task, JOLs were not more accurate. Apparently, students seemed unable to use 
the cues that become available after retrieval practice to accurately monitor their current state 
of learning and to make accurate restudy decisions. 

The final chapter, Chapter 6, provides an overview of the main findings of this dissertation 
and it presents both theoretical and practical implications that can be derived from the studies. 



 117

Summary

Furthermore, it discusses the methodological considerations and presents topics for future re-
search. Taken together, with regard to the first research question on the direct effects of retrie-
val practice, the students presented in this dissertation provide evidence that retrieval practice 
both during and after studying a text positively influences future retrieval of previously retrieved 
or tested information as well as new (i.e., previously not retrieved or tested) information. With 
regard to the second research question, the results show that retrieval practice can also have 
indirect effects in terms of better monitoring accuracy and study regulation. As the results give 
rise to improving monitoring accuracy and study regulation, future research on the effects of 
retrieval practice on these indirect effects with more complex materials and other measures of 
accuracy is encouraged. 

 
 





 119

Samenvatting
 

Studenten op elk onderwijsniveau bestuderen leerteksten met als doel de informatie uit deze 
teksten te begrijpen en onthouden. Wanneer aan studenten wordt gevraagd wat ze eigenlijk 
doen bij het bestuderen van dergelijke leerteksten ter voorbereiding op een test, zeggen zij dat 
ze de tekst herhaaldelijk bestuderen (Carpenter & Delosh, 2006; Kang, McDermott, & Roediger, 
2007) of dat ze belangrijke informatie in een tekst markeren (Bell & Lenig, 2010; Gurung, Weidert, 
& Jeske, 2010). Zij denken dat deze technieken het meest effectief zijn bij het bestuderen van 
leerteksten (Carpenter & Delosh, 2006). Waarschijnlijk worden deze technieken vaak gebruikt 
en positief gewaardeerd door studenten omdat zij relatief gemakkelijk toepasbaar zijn zonder 
dat daar een grote tijdsinvestering of training voor nodig is. Uit onderzoek blijkt echter dat deze 
technieken niet effectief zijn in termen van prestaties op een test die meet of de informatie uit 
de tekst op de langere termijn onthouden wordt en begrepen is. Het zijn dus blijkbaar niet de 
beste technieken voor het leren van leerteksten (zie Dunlosky et al., 2013 voor een overzicht). 

Onderzoek toont aan dat technieken die het ophalen van eerder opgeslagen informatie uit 
het geheugen stimuleren, zoals jezelf testen, effectiever zijn. Ze zorgen ervoor dat de eerder 
opgeslagen informatie ook voor een langere termijn onthouden wordt (zie Roediger & Butler, 
2011; Roediger & Karpicke, 2006a voor een overzicht). Dergelijke technieken worden zelden 
spontaan gebruikt door studenten en zij zijn zich er niet van bewust dat deze technieken effec-
tief zijn. Het lijkt dus raadzaam studenten te begeleiden in het gebruik van meer doeltreffende 
technieken, zoals het ophalen van informatie uit het geheugen, bij het leren van leerteksten.

De meeste studies naar de effecten van het ophalen van informatie uit het geheugen bij 
het bestuderen van leerteksten, zijn gericht op de directe effecten van dit ophaalproces op het 
onthouden van informatie uit een tekst (Karpicke & Grimaldi, 2012). Uit dit onderzoek blijkt dat 
het toepassen van ophaaltechnieken zoals het jezelf testen na het bestuderen van een leertekst, 
bijdraagt aan de versterking en verbetering van geheugensporen die het mogelijk maken de in-
formatie later weer op te halen (zie Roediger & Butler, 2011; Roediger & Karpicke, 2006a voor een 
overzicht). Deze studies waren voornamelijk gericht op het ophalen van feitelijke informatie uit 
de tekst. Er is relatief weinig bekend over de effecten van ophaaltechnieken op het onthouden 
van conceptuele informatie uit een tekst. Daarnaast is het onduidelijk welke ophaaltechniek het 
meest effectief is voor het onthouden van informatie en onder welke omstandigheden. 

Naast directe effecten, kan het ophalen van informatie uit het geheugen ook indirecte ef-
fecten hebben op het leren van leerteksten. Het ophalen van informatie uit het geheugen geeft 
inzicht in de huidige staat van het leren (de mate waarin bepaalde informatie uit de tekst als 
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beheerst of onthouden beschouwd wordt) en het stelt studenten in staat keuzes te maken voor 
het al dan niet herbestuderen van (delen van) de leertekst (studieregulatie). Uit onderzoek blijkt 
dat studenten die na het bestuderen van een leertekst informatie genereren (zoals het maken 
van samenvattingen of noteren van kernwoorden) accuratere inschattingen van hun prestaties 
maken en hun leerproces beter reguleren. Echter, er is tot nu toe weinig bekend over de rol van 
het toepassen van specifieke technieken als het beantwoorden van vragen of het vrij ophalen 
van informatie uit het geheugen bij het verbeteren van deze inschattingen en studieregulatie. 
Het doel van dit proefschrift is om zowel de directe en indirecte effecten van het ophalen van 
informatie uit het geheugen in relatie tot het leren van leerteksten nader te onderzoeken. 

Hoofdstuk 1 van dit proefschrift beschrijft de menselijke cognitieve architectuur en de be-
langrijkste geheugenprocessen. Daarnaast geeft dit hoofdstuk een overzicht van het huidige 
onderzoek naar de directe en indirecte effecten van het ophalen van informatie uit het geheu-
gen in relatie tot het leren van leerteksten. Het hoofdstuk vervolgt met een overzicht van dit 
proefschrift en de experimentele studies. Tot slot worden de centrale onderzoeksvragen gepre-
senteerd: 

• Welk effect heeft het ophalen van informatie uit het geheugen na het bestuderen van 
  een leertekst op het onthouden van eerder geteste en niet geteste informatie op de 
  lange termijn? 
• Welke effect heeft het ophalen van informatie uit het geheugen na het bestuderen van 
  een leertekst op de kwaliteit van prestatie-inschattingen en studieregulatie? 

Hoofdstuk 2 beschrijft een experiment dat zich richt op de eerste onderzoeksvraag in dit 
proefschrift, namelijk hoe twee verschillende ophaaltechnieken bijdragen aan conceptuele 
kennisverwerving. Daarnaast wordt onderzocht of studenten ophaaltechnieken ook daadwer-
kelijk gebruiken en of ze dit zien als een effectieve studeertechniek. De verwachting was dat de 
studenten zich meestal niet bewust zijn van de effectiviteit van ophaaltechnieken. Daarnaast 
werd verwacht dat het ophalen van informatie uit het geheugen zou leiden tot betere toets-
prestaties dan het herbestuderen van de leertekst. Ook werd verwacht dat het beantwoorden 
van conceptuele kennisvragen over de tekst (intentioneel leren) zou leiden tot betere toetspres-
taties op herhaalde vragen in vergelijking met het vrij ophalen van informatie (zonder vragen). 
Tot slot werd verwacht dat prestaties op nieuwe vragen (d.w.z. feitenvragen gevolgtekkingsvra-
gen) beter waren na het vrij ophalen van informatie dan na het beantwoorden van conceptuele 
kennisvragen over de tekst. In totaal namen 104 middelbare scholieren deel aan het onderzoek 
en zij werden willekeurig toegewezen aan een van de drie condities: een vragenconditie waarin 
conceptuele kennisvragen werden beantwoord, een conditie waarin zonder specifieke sturing 
informatie uit het geheugen werd opgehaald of een conditie waarin de tekst werd herbestu-
deerd. Zoals verwacht laten de resultaten zien dat studenten zich niet bewust lijken te zijn van 
de effectiviteit van het ophalen van informatie uit het geheugen voor het leren van leerteksten. 
Daarnaast hebben ze weinig ervaring in het toepassen van ophaaltechnieken. In tegenstelling 
tot de tweede verwachting leidt het beantwoorden van conceptuele kennisvragen niet tot be-
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tere toetsscores op dezelfde vragen in vergelijking met het vrij ophalen van informatie. Het vrij 
ophalen van informatie uit het geheugen leidt tot een betere prestatie op de toets voor feiten-
vragen maar de score was erg laag. Tenslotte laten de resultaten zien dat het vrij ophalen van 
informatie uit het geheugen niet leidt tot betere prestaties op de toets voor gevolgtrekkingsvra-
gen; dit is niet in lijn met de verwachting. Toetsprestaties lijken dus niet te verbeteren wanneer 
studenten enkel de instructie krijgen om informatie uit het geheugen op te halen. 

De studie in Hoofdstuk 2 richt zich enkel op het ophalen van informatie uit het geheugen 
toegepast na het bestuderen van de leertekst. Misschien is dit niet voldoende om te profiteren 
van de ophaaltechnieken en moet er al tijdens het bestuderen van de leertekst ondersteuning 
geboden worden om informatie uit de tekst te kunnen onthouden. De studie in Hoofdstuk 3 
past daarom de ophaaltechnieken zowel tijdens als na het bestuderen van de tekst toe. In de 
studie wordt onderzocht hoe het ophalen van informatie uit het geheugen aan de hand van 
verschillende soorten vragen in vergelijking met het bestuderen van de leertekst en ophalen 
van informatie zonder vragen (vrij ophalen) van invloed is op het verwerven en onthouden van 
eerder geteste en niet eerder geteste informatie uit een tekst. De verwachting was dat het be-
antwoorden van vragen tijdens het bestuderen van de tekst leidt tot het beter beantwoorden 
van dezelfde vragen na het bestuderen van de tekst. Verder werd verwacht dat het beantwoor-
den van dezelfde vragen tijdens en na het bestuderen van de leertekst leidt tot een betere 
prestatie op dezelfde vragen in vergelijking met het vrij ophalen van informatie.Tenslotte werd 
verwacht dat het beantwoorden van vragen zowel tijdens als na het bestuderen van de leer-
tekst leidt tot een betere prestatie op nieuwe toetsvragen een week later dan het vrij ophalen 
van informatie na het bestuderen van de leertekst. In totaal werden 131 eerstejaars studenten 
van een grote Vlaamse universiteit toegewezen aan één van de vijf condities (d.w.z., twee vraag-
condities waarin er een match in vraagtype (d.w.z., feitenvragen en conceptuele kennisvragen) 
was tijdens en na het bestuderen van de leertekst, twee vraag-condities waarin er geen match 
in vraagtype was en een vijfde conditie waarin studenten na het bestuderen van de tekst zonder 
specifieke instructies vrij informatie uit hun geheugen ophaalden). De resultaten tonen aan dat 
zoals verwacht een match in vraagtype tijdens en na het bestuderen van de leertekst leidt tot 
het beter onthouden van de informatie (zowel onmiddellijk als na een week) in vergelijking met 
het vrij ophalen van informatie na bestudering van de tekst. Dit blijkt ook op te gaan voor het 
beantwoorden van nieuwe toetsvragen. Begeleiding in de vorm van vragen lijkt studenten te 
voorzien van informatie over hun kennis voor een leertekst die zorgt voor het onthouden en 
leren van informatie uit de tekst.

De studie in Hoofdstuk 4 richt zich op de indirecte effecten van ophaaltechnieken om de 
tweede onderzoeksvraag in dit proefschrift nader te onderzoeken. De centrale vraag is of het 
ophalen van informatie uit het geheugen leidt tot inzicht in het leren en of het bijdraagt aan 
studieregulatie. Er wordt onderzocht of het ophalen van informatie uit het geheugen in verge-
lijking met het uitvoeren van een leertekst ongerelateerde taak (het maken van Sudoku puzzels) 
leidt tot betere inschattingen, betere herbestudeerkeuzes en of studenten ook in staat zijn om 
hun herbestudeerkeuzes te baseren op hun eerdere inschattingen. Op basis van het kader dat 
uitgaat van het gebruiken van bepaalde hints die het uitvoeren van een aan de leertekst gere-
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lateerde taak oplevert, werd verwacht dat het ophalen van informatie uit het geheugen leidt 
tot zowel betere inschattingen over het leren als ook betere herbestudeerkeuzes in vergelijking 
met het uitvoeren van een leertekst ongerelateerde taak. Nader bekeken werd of het ophalen 
van informatie uit het geheugen of het herbestuderen van de leertekst de inschattingen en 
herbestudeerkeuzes anders zouden beïnvloeden. In totaal werden 74 middelbare scholieren 
toegewezen aan één van de drie condities: het vrij ophalen van informatie uit het geheugen, 
de tekst herbestuderen of het uitvoeren van een tekst ongerelateerde taak. De resultaten tonen 
aan dat prestaties op een directe toets beter waren na het herbestuderen van de tekst dan 
na het ophalen van informatie of het maken van een tekst ongerelateerde taak. In lijn met de 
verwachting waren inschattingen na het ophalen van informatie nauwkeuriger dan na het ma-
ken van een tekst ongerelateerde taak en er was tevens minder overschatting van toekomstige 
prestaties. Er waren geen verschillen tussen het ophalen van informatie uit het geheugen en het 
herbestuderen van de tekst. In tegenstelling tot de verwachting was studieregulatie niet beter 
na het ophalen van informatie uit het geheugen dan na uitvoeren van een tekst ongerelateerde 
taak. Het herbestuderen van de leertekst blijkt te helpen bij het bepalen van welke delen uit de 
leertekst opnieuw bestudeerd moeten worden. In lijn met de verwachtingen waren inschat-
tingen lager voor delen uit de leertekst die als moeilijker werden ervaren dan voor tekstdelen 
die als minder moeilijk werden ervaren. Dit gold ook voor de studenten die de tekst opnieuw 
bestudeerden. Over het algemeen sluiten de resultaten voor de inschattingen van studenten 
aan bij het kader dat stelt dat taken waarbij informatie gegenereerd wordt over de leertekst 
bijdragen aan beter inzicht en daarmee betere inschattingen. Het ontbreken van verschillen in 
studieregulatie tussen het ophalen van informatie uit het geheugen en het herbestuderen van 
de tekst en een relatief goede studieregulatie na het herbestuderen van de tekst kan worden 
verklaard door het feit dat studenten in de herbestudeerconditie de leertekst meerdere malen 
konden bestuderen. Herbestuderen lijkt voor studenten goede informatie op te leveren die ze 
vervolgens ook gebruiken voor hun inschattingen en studieregulatie. 

De laatste studie, gepresenteerd in Hoofdstuk 5, richt zich op de vraag hoe het ophalen van 
informatie in vergelijking met het uitvoeren van een tekst ongerelateerde taak bijdraagt aan 
meer inzicht in het leren en betere studieregulatie. In tegenstelling tot de studie beschreven in 
Hoofdstuk 4, worden in deze studie meer realistische leerteksten gebruikt waarbij de verschillen-
de alinea’s in de tekst sterk onderling met elkaar samenhangen. In totaal werden 76 middelbare 
scholieren verdeeld over drie condities: open vragen beantwoorden, vrij informatie ophalen uit 
het geheugen of een tekst ongerelateerde taak uitvoeren. Verwacht werd dat een goed inzicht 
in de mate van het leren en een goede studieregulatie vooral te zien waren na het uitvoeren van 
een taak waarbij informatie uit het geheugen werd opgehaald (dus zowel na het beantwoorden 
van vragen als na het vrij ophalen van informatie). De resultaten laten allereerst zien dat toets-
prestaties niet beter waren voor studenten die eerder informatie uit hun geheugen ophaalden 
dan voor studenten die een tekst ongerelateerde taak uitvoeren. Daarnaast bleek, in tegen-
stelling tot de verwachting, dat inzicht in het eigen leren niet beter was na het ophalen van 
informatie uit het geheugen dan na het maken van een tekst ongerelateerde taak. Ook waren er 
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geen verschillen in dit inzicht in eigen leren tussen de twee condities waarin informatie uit het 
geheugen werd opgehaald. Eveneens in tegenstelling tot de verwachtingen leidde het opha-
len van informatie uit het geheugen niet tot betere studieregulatie dan het uitvoeren van een 
tekst ongerelateerde taak. Hoewel studenten na het ophalen van informatie in tegenstelling tot 
het uitvoeren van een tekst ongerelateerde taak wel beter onderscheid konden maken tussen 
tekstalinea’s die ze beter of minder goed beheersten, waren de uiteindelijke inschattingen over 
hun leren niet beter. Het lijkt er dan ook op dat studenten niet in staat waren om de beschikbare 
informatie over hun eigen leren die vrij kwam na het ophalen van informatie uit het geheugen, 
te gebruiken om echt goed inzicht te krijgen in hun leren en om hun studiegedrag te reguleren. 

Hoofdstuk 6 geeft een overzicht van de belangrijkste bevindingen van dit proefschrift, het 
gaat in op zowel de theoretische als ook de praktische implicaties en het geeft een overzicht 
van de methodologische overwegingen en onderwerpen voor toekomstig onderzoek. Met be-
trekking tot de eerste onderzoeksvraag gericht op de directe effecten van het ophalen van 
informatie uit het geheugen, kan geconcludeerd worden dat de studies in dit proefschrift laten 
zien dat het ophalen van informatie uit het geheugen zowel tijdens als na het bestuderen van 
een leertekst leidt tot het beter onthouden van informatie. Dit geldt zowel voor informatie die 
reeds eerder opgehaald is als ook voor nieuwe, niet eerder opgehaalde en bevraagde informa-
tie. Met betrekking tot de tweede onderzoeksvraag gericht op de indirecte effecten van het op-
halen van informatie uit het geheugen, laten de resultaten zien dat het ophalen van informatie 
ook kan leiden tot beter inzicht in het leren en betere studieregulatie. Deze positieve resultaten 
voor zowel inzicht in eigen leren als voor studieregulatie zijn aanleiding voor toekomstig on-
derzoek naar de effecten van het ophalen van informatie uit het geheugen bij het bestuderen 
van meer complexe leerteksten. Tevens wordt het bekijken van andere manieren die in kaart 
kunnen brengen in hoeverre studenten in staat zijn te kijken naar hun eigen leren van teksten 
en hun studiegedrag te reguleren aangemoedigd. 
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Kim Dirkx, Milou de Smet, Martin van Dijk en Johan van Strien. We wisten elkaar te vinden op 
fijne momenten maar ook op de momenten dat er mentale ondersteuning nodig was. 

Jimmy Frerejean, een speciaal woord van dank voor alle tijd die jij gestoken hebt in het ont-
werpen van leeromgevingen van enkele van mijn experimenten. In je vrije tijd heb je dit voor 
mij gedaan en ook tijdens het uitvoeren van de experimenten stond je stand-by via een Skype 
verbinding; heel erg bedankt. 

Joyce Neroni en Jérôme Gijselaers, met jullie heb ik aan de start van het traject een kamer 
gedeeld. Samen hebben we die eerste spannende momenten en onzekerheden kunnen delen 
en we hebben alle drie een persoonlijk groeiproces doorgemaakt de afgelopen jaren. Ik heb 
waardevolle herinneringen overgehouden aan onze gesprekken en gedeelde ervaringen. Jé-
rôme, jouw enorme relativeringsvermogen heeft mij op menig moment er doorheen gesleept, 
de chocolade die je altijd had overigens ook. Joyce, we hebben heel wat kopjes thee gedron-
ken samen. Al snel had ik door dat onze klik verder ging dan alleen een collegiale klik. Ik zie je 
inmiddels als een vriendin. Allebei kregen we ons eerste kindje gedurende het promotietraject 
wat nog eens extra zorgde voor een band. Ik vind het heel fijn dat jij tijdens mijn promotie als 
paranimf achter mij wilt staan. 

Dit geldt ook voor Elma Dijkstra. Het was bijzonder om onze eerste ervaringen als mamma 
met elkaar te delen en ik heb genoten van de conferenties die we samen bezocht hebben en 
alle andere gezellige koffiemomenten samen met Diana Baas en Susanne Lucieer tijdens onze 
werkdagen in de Utrechtse universiteitsbibliotheek. Ik hoop nog lang contact met je te houden 
en ik ben ontzettend blij dat ook jij mij tijdens mijn promotie wilt bijstaan als paranimf. 

 Olga Firssova, jou bedank ik voor de fijne samenwerking tijdens mijn docentschap binnen 
de masteropleiding Onderwijswetenschappen. Mieke Haemers, enorm bedankt voor alles dat 
je altijd voor me regelde. 

Mijn nieuwe collega’s tijdens de laatste maanden van mijn promotietraject verdienen ook 
een woord van dank. Tijdens de laatste, zware loodjes boden zij mij altijd een luisterend oor 
en de ruimte voor het afronden. Leon, Annemarie, John, Marlies en Arjan: bedankt. Cathelijne, 
dank voor alles. Onze wekelijkse zangrepetities bij Voluum zorgden voor de nodige ontspan-
ning. Daarnaast vind ik het heel fijn dat we nu ook collega’s zijn en zelfs van tijd tot tijd gezellige 
momenten beleven buiten werktijd. 

Dan een welverdiend woord van dank voor mijn vrienden en familie. Allereerst mijn vrien-
den. Jullie begrepen het wanneer een gepland etentje niet door kon gaan of wanneer ik toch 
echt even tijd nodig had om op te laden. Dank voor al jullie begrip. Dan mijn lieve schoon-
ouders, schoonzusje en zwager. Altijd luisterden jullie naar mijn verhalen uit de academische 
wereld en stonden jullie voor mij en Rob klaar. Dat geldt ook voor mijn zusje Ellen en haar 
vriend Jeroen. Ik had het niet beter kunnen treffen met zo’n super zusje. Je hebt mij enorm 
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ondersteund, zichtbaar en onzichtbaar, omdat ik wist dat je er altijd was. Dan mijn geweldige 
ouders. Wat hebben jullie mij (en ons) ondersteund de afgelopen jaren. Dat hebben jullie altijd 
al gedaan en ik ben ontzettend dankbaar voor jullie onvoorwaardelijke steun. Jullie hebben mij 
gevormd tot wie ik nu ben en mij gestimuleerd tijdens de belangrijke stappen in mijn leven die 
ik echt niet altijd even gemakkelijk vond. Zonder jullie had ik mijn promotietraject niet tot een 
goed einde kunnen brengen. 

En dan tot slot, mijn lieve man Rob en onze prachtige zoon Jan. Rob, wat hebben wij al 
veel meegemaakt samen. Een kleine acht jaar geleden leerden we elkaar kennen. Sinds die 
tijd hebben we naast af en toe moeilijke momenten ontzettend veel mooie momenten samen 
gehad. Van ons eerste huis samen kopen tot trouwen en met als bekroning op ons huwelijk de 
geboorte van Jan. Samen genieten we enorm van ons gezin en ook al hebben we een ontzet-
tend drukke tijd achter de rug met studeren naast werken en een baan naast het promoveren, 
elke keer redden we het weer. Jullie zorgen ervoor dat ik op tijd even op mijn rem trap als me 
dat zelf even niet lukt en nog meer zorgen jullie voor een gevoel van enorme rijkdom die niet 
in geld is uit te drukken. Nu er een periode van iets meer rust aanbreekt hoop ik nog ontzettend 
veel moois met jullie als ‘mijn mannen’ mee te mogen maken in mijn leven!
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