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Introduction and Overview 
Research in cognitive science has brought to light a number of findings that can enhance education. In 
particular, studies have revealed specific techniques that significantly enhance students’ learning in a 
number of domains. These techniques can be implemented in a variety of course settings, making them 
useful tools that students and teachers can incorporate into many different types of lessons.  

One of the most powerful techniques for enhancing learning is to ask students questions about what 
they are learning. After students are introduced to some new information—for example, through a class 
lesson or reading assignment—their learning of that information is significantly boosted by answering 
questions that require them to retrieve the information. In one study, when sixth grade students 
reviewed information from their social studies lessons by either completing short practice quizzes or by 
simply rereading the information from the lessons, they scored significantly higher on later exams when 
they had reviewed through quizzing (Roediger et al., 2011, Experiment 2). The benefits of retrieval 
practice have been demonstrated in numerous other studies (see Yang et al., this volume), showcasing a 
simple but highly effective technique for improving learning and retention.  

It makes sense to give students practice questions after they have encountered a lesson. What about 
giving students questions before a lesson? This could be a useful approach for teachers to determine 
what students already know about a topic, which can help them plan lessons accordingly. A less well-
known fact, however, is that these questions can actually enhance learning of the lesson that follows. 
Even if students have not yet learned the information and are merely guessing the answers, engaging 
with these prequestions enables them to better learn the information from a later lesson that is relevant 
to those questions.  

In the following sections, we review the research findings on prequestions and their implications for 
education. We begin with an overview of the typical approach to studying prequestions. We then 
include a discussion of the research findings illustrating ways in which prequestions can benefit learning, 
and why these benefits occur. We conclude with recommendations for teachers about how they can use 
prequestions in their courses to boost student learning.  

“Pretrieval Practice”: The Benefits of Prequestions 
Figure 1 illustrates the design of a typical study on prequestions. Here students are given a learning 
opportunity in the form of a reading assignment, video, or class lecture. Prior to that learning 
opportunity, students are given questions on information that will appear in the upcoming reading, 
video, or lecture. Even if they do not know the answers because they have not yet learned the material, 
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students are encouraged to offer their best attempt at answering the questions. A group of students 
that answers prequestions (the Prequestion Group) is most often compared to a group that does not 
answer prequestions and does not receive any other kind of preview of the lesson (the Control Group). 
Corrective feedback is typically not provided at the time of the prequestions, but instead students in the 
Prequestion Group proceed with the learning opportunity right after answering the prequestions.  

Figure 1 

Overview of the Design of a Typical Study on Prequestions. 

 
After the learning opportunity, students are given a post-test to assess what they have learned. For the 
Control Group, none of these post-test questions have been seen before. For the Prequestion Group, 
some of the questions have been seen before as prequestions (a, b, and c), and some of the questions 
have not been seen before (d, e, and f). For the Prequestion Group, this permits a comparison of post-
test performance for “prequestioned information” (information from the lesson that was directly 
addressed ahead of time in the prequestions) versus “non-prequestioned information” (information 
from the lesson that was not addressed in the prequestions). For the Control Group, because there were 
no prequestions, all of the post-test questions naturally represent non-prequestioned information.  

In a prequestion study, three key comparisons are typically made. First, what is the overall score on the 
post-test for the Prequestion Group compared to the Control Group? This gives us an idea of the overall 
benefit of prequestions for enhancing learning. Second, what is the Prequestion Group’s score on the 
post-test specifically for prequestioned information, compared to the Control Group’s overall post-test 
score on the entire set of questions? This gives us a closer look at the benefits of prequestions by 
focusing on learning of the information from the lesson that was specifically addressed in the 
prequestions. If prequestions enhance learning of information that was specifically addressed in those 
prequestions, this can be referred to as the “specific benefit” of prequestions. Finally, what is the 
Prequestion Group’s score on the post-test for non-prequestioned information, compared to the Control 
Group’s overall post-test score on the entire set of questions? This gives us an idea of whether the 
benefits of prequestions generalize to information from the lesson that was not addressed in the 
prequestions. As such, this can be referred to as the “general benefit” of prequestions. As described 
below, the research on prequestions sometimes shows specific benefits, sometimes general benefits, 
and sometimes both.  
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Research on Prequestions 
Learning From Reading Materials 
Some of the earliest research on prequestions explored their effects on learning and comprehension of 
reading material. These studies found that prequestions often lead to a specific learning benefit. For 
example, in a study conducted by Pressley et al. (1990), students were instructed to read a 30-page 
chapter on adult development in the family. Before reading the chapter, students were assigned to 
either answer prequestions, read prequestions without trying to answer them, or to a control group in 
which they received the chapter but did not receive any prequestions. On the post-test, students who 
answered prequestions performed significantly better than the other two groups. However, this benefit 
was specific to the prequestioned information. There were no differences in post-test scores between 
the three groups for the non-prequestioned information. Further, there were no differences in post-test 
scores between the control group and the group that simply read the prequestions without attempting 
to answer them. This suggests that attempting to answer the prequestions is a critical ingredient for 
producing the learning benefits of prequestions.  

Richland et al. (2009) also investigated the effects of prequestions on comprehension and retention of 
reading material. Students in this study were instructed to read a two-page text passage about the visual 
system. The prequestion group received questions about the text before reading, and the control group 
did not receive prequestions but instead received extra time to read the text. Through a series of five 
experiments, the prequestioned group consistently outperformed the control group on the post-test. 
Similar to the findings of Pressley et. al (1990), the students who received prequestions showed a 
specific learning benefit for the prequestioned information but did not show a general learning benefit 
for the non-prequestioned information. The specific benefit of prequestions occurred when the post-
test was given immediately after reading the passage (Experiments 1-3, 5), and also when the post-test 
was given one week after reading the passage (Experiment 4). 

Many additional recent studies have explored the effects of prequestions on learning reading material 
(Hausman & Rhodes, 2018; James & Storm, 2019 see Experiments 1-4; Pan & Sana, 2021). The majority 
of these studies show that prequestions produce specific benefits on learning of prequestioned 
information; however, a few studies also show that prequestions produce general benefits on non-
prequestioned information as well (e.g., Pan & Sana, 2021). Although the majority of studies on 
prequestions have examined learning from reading material, this area is only a subset, with recent work 
also exploring the effects of prequestions on other learning materials such as videos and class lectures.  

Learning From Video Materials 
Prequestions can benefit learning of information from video-based materials as well. Carpenter and 
Toftness (2017) had students view a brief video presentation on the history of Easter Island. The 
prequestion group answered two prequestions prior to each of three segments of the video, whereas 
the control group viewed the same video segments without answering any prequestions. On the post-
test right after the video, the prequestion group significantly outperformed the control group, showing 
the usual overall advantage of prequestions. The advantage of the prequestion group was particularly 
strong for prequestioned information but was also present (albeit less so) for non-prequestioned 
information. Thus, this study demonstrated both specific and general benefits of prequestions on 
learning from short videos.  

Along similar lines, James and Storm (2019, Experiment 5) had students view brief educational videos 
about ancient life on earth. Students answered prequestions before viewing some of the videos, and 
other videos they simply viewed without answering any prequestions first. A post-test over all of the 
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videos revealed a significant specific benefit of prequestions, but no general benefit. Pan et al. (2020) 
had students view an online video-recorded lecture on signal detection theory in which some students 
answered prequestions beforehand and other students did not. Answering prequestions led to a 
significant overall benefit on the post-test. In addition, answering prequestions produced a specific 
benefit on the learning of prequestioned information, as well as a general benefit (although smaller than 
the specific benefit) on non-prequestioned information. 

Other studies have found that prequestions significantly benefit students’ learning of information from 
video-recorded lectures about psychology concepts (Toftness et al., 2018) and information theory (St. 
Hilaire & Carpenter, 2020). The specific benefits of prequestions consistently occurred across these 
studies, and the general benefits sometimes occurred but were less consistent than the specific 
benefits. 

Classroom-Based Research 
Studies conducted in real classrooms suggest that prequestions can be an effective tool for boosting 
students’ learning of their course information. In one of the earliest classroom studies, Swenson and 
Kulhavy (1974) had fifth- and sixth-grade students read a text about the history and culture of Ako. 
Some students answered prequestions before reading sections of the text, and other students simply 
read the text without answering any prequestions. On a post-test given both immediately and one week 
later, students who answered prequestions significantly outperformed students who simply read the 
text. Answering prequestions produced a strong specific benefit on prequestioned information, but no 
general benefit on non-prequestioned information.  

More recently, Carpenter et al. (2018) explored the effects of prequestions in an undergraduate 
psychology course. Some students answered prequestions immediately before each day’s lesson, and 
other students did not. At the end of each day’s lesson, all students completed a post-test over the 
information from that lesson. A specific benefit of prequestions occurred in that students who answered 
prequestions scored higher on the post-test over prequestioned information. However, no general 
benefit of prequestions occurred. That is, answering prequestions at the beginning of class did not boost 
learning of non-prequestioned information, relative to a control group of students who received the 
same lesson but did not answer prequestions beforehand.  

Studies conducted in real classrooms can be subject to scheduling constraints and other factors inherent 
to the course that sometimes affect the comparisons that can be made. For example, some studies 
incorporated prequestions as part of the normal course routine for all students in a middle school 
science course (McDaniel et al., 2011) and an undergraduate chemical engineering course (Geller et al., 
2017). The lack of a true control group (for whom prequestions were withheld) means that direct 
comparisons of the effects of prequestions relative to no prequestions are not available from these 
studies. However, both of these studies showed significant improvements from students’ performance 
on the prequestions (asked at the beginning of class) to the same questions asked again at the end of 
class or at the end of a lesson unit, as well as to new never-before-seen questions from the same 
lessons. McDaniel et al. (2011) further explored the frequency of practice questions over the course of 
an entire academic term, and they found that the more often students encountered a practice question 
over a given concept (e.g., as a prequestion before class, then again as a question at the end of the unit, 
then again later as a practice question on a review for the exam, etc.), the better students learned that 
particular concept.  

de Lima and Jaeger (2020) explored the specific benefits of prequestions on fourth- and fifth-grade 
students’ learning of a science text passage about rockets. Students first read the text with some of the 
information omitted that they had to fill in (e.g., “A revolutionary e_____ has been developed”), and 
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other information intact (e.g., “The Americans sent a rocket called Apollo 11 to the moon”). Afterward 
they read the same text again with all of the information intact (including the earlier phrase that they 
had to fill in, “A revolutionary engine has been developed”). On a post-test a week later, students scored 
significantly higher for the information that they originally had to fill in, compared to the intact 
information that they simply read twice. Filling in the omitted information also led students to be more 
confident in their learning at the time of the post-test. Although this study does not include measures of 
the general benefit of prequestions (due to the fact that all students learned the text passage using both 
approaches), it demonstrates the specific benefits of using a method that is well-suited for young 
students and appears to increase confidence in learning as well.  

In summary, the research on prequestions shows consistent and reliable specific benefits on learning. 
Most often, prequestions enhance learning of the information that is directly addressed in the 
prequestions. Some studies show that prequestions can also produce more general benefits on the 
learning of non-prequestioned information, but this finding is less consistent. There does not appear to 
be any detriment to using prequestions.  

Why Do Prequestions Benefit Learning? 
One proposition is that prequestions are beneficial because they increase students’ engagement with 
the learning material. When students receive questions prior to a learning opportunity, those questions 
might pique their interest in the information they are about to learn. Students may, as a result, invest 
more attention in the learning material and in finding out the answers to the prequestions. 

Indeed, a common challenge encountered by students is the need to sustain attention to a learning task. 
Even inadvertently, attention often shifts to other things while reading or viewing a lecture. This 
tendency is ever-present, with some studies estimating that about one third to one half of students 
experience mind wandering during a lecture (Lindquist & McLean, 2011). Fortunately, there is evidence 
that prequestions can help with this. One recent study found that students who received prequestions 
before a video lecture (compared to students who did not receive prequestions) reported lower rates of 
mind wandering during the lecture, and less mind wandering led to significantly better learning of the 
lecture material (Pan et al., 2020).  

One study used eye-tracking technology to explore where students focus their attention in a reading 
passage after receiving prequestions. Lewis and Mensink (2012) had students read a text about 
humanitarian efforts of the Gates Foundation. One group received prequestions before reading (e.g., 
“What causes Tuberculosis to spread through the air?”), and the other group simply read the passage 
without seeing any prequestions beforehand. While reading, the eye movements of each student were 
recorded using a head-mounted eye-tracking device. Students’ eye movements revealed a specific 
pattern in which students who received prequestions (compared to students who did not) focused their 
attention more on the prequestioned information in the reading. That is, if students received 
prequestions before reading, they spent a longer amount of time re-reading parts of sentences that 
were directly relevant to those prequestions (e.g., “Tuberculosis is spread through the air when people 
who have the disease cough, sneeze, or spit”), and they also spent a longer amount of time looking back 
to these relevant sentences after they had moved on to the subsequent parts of the reading passage. 
However, for sentences in the reading that were not directly relevant to the prequestions, no 
differences in re-reading time occurred for students who received prequestions compared to students 
who did not. On an essay test in which students were asked to recall everything they could remember 
from the reading passage, the group that received prequestions recalled about twice as much of the 
prequestioned information as the control group, but they did not recall more of the non-prequestioned 
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information. Thus, the specific benefits of prequestions occurred (but not the general benefits), and 
these specific benefits appear to be linked with where students focused their attention during reading. 

Using a different approach, St. Hilaire and Carpenter (2020) also explored the role of attention in 
learning from prequestions. Before viewing a video lecture on information theory, one group of 
students was given prequestions and the other group was not. All students were then asked to take 
notes during the video over any information that they felt would be important to learn. If students had 
received prequestions, they were significantly more likely to write down prequestioned information in 
their notes while viewing the video—that is, information from the video that was relevant to answering 
the prequestions—but they were not more likely to write down non-prequestioned information. 
Performance on the post-test revealed a specific benefit of prequestions, such that students who 
received prequestions outperformed students who did not, but only on the prequestioned information 
and not on the non-prequestioned information. Furthermore, the advantage of the prequestion group 
over the control group only occurred when students successfully included the prequestioned 
information in their notes. If students who received prequestions happened to not include in their notes 
a piece of information from the video that was relevant to a prequestion, they did not remember this 
particular piece of information any better than the control group on the post-test. Thus, prequestions 
increase the chances that students will notice the prequestioned information, but not to a perfect 
degree. As in all learning experiences, some information might fall outside the window of attention, and 
if it does, this information would not be learned as well as information that receives full attention. 

Thus, prequestions likely benefit learning through focusing students’ attention to parts of the learning 
material that are directly relevant to those prequestions. This focused attention appears to coincide 
directly with later memory, in that the prequestioned information that is made more noticeable is also 
more successfully remembered later on. Such a pattern likely explains the common tendency for 
prequestions to have specific benefits, but not always general benefits, on learning. Future research 
should explore additional ways that prequestions might benefit learning, such as the potential impact of 
prequestions on students’ motivation and goals. 

What Kind of Benefits Can Be Expected from Prequestions? 
Prequestions work best for enhancing learning of information that is directly presented during a learning 
opportunity. Given that prequestions help students focus attention on prequestioned information, it is 
important that the prequestioned information be clearly noticeable so that students can attend to it and 
readily see the relevance of this information for answering the prequestions. Thus, prequestions are 
likely best suited for learning facts and concepts that are explicitly stated in a lesson, rather than 
information that is not stated but must be inferred.  

Indeed, one study found that prequestions did not benefit learning when the prequestions required 
students to use the information in a reading passage to infer answers that were not directly stated. 
Hausman and Rhodes (2018) had students read a text passage about glaciers, either receiving 
prequestions beforehand or not. Factual prequestions were those for which the answers were directly 
stated in the reading (e.g., “How much of the earth is covered by glaciers during an ice age?”), whereas 
conceptual prequestions were those for which the answers were not directly stated (e.g., “What is a 
consequence of higher levels of carbon dioxide in the atmosphere?”) but could be inferred from various 
other information that was stated throughout the text. For example, the text directly stated that higher 
levels of carbon dioxide led to warmer temperatures and that cooler temperatures lead to lower sea 
levels due to the formation of glaciers that hold frozen water. Together this information could be used 
to infer the answer that higher sea levels are a consequence of higher levels of carbon dioxide in the 
atmosphere. On a post-test given after the reading, the students who received factual prequestions 
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showed the usual specific benefit of prequestions, in that they scored significantly higher than the 
control group on prequestioned information but not on non-prequestioned information. In contrast, the 
students who received conceptual prequestions showed no advantage at all over the control group. 

Thus, prequestions are beneficial when applied to material in the lesson that can be directly noticed by 
students. As we have seen, these benefits often tend to be specific to the prequestioned information. 
However, under some circumstances prequestions can produce general benefits as well. Little and Bjork 
(2016) had students read a text about geysers, either receiving multiple-choice prequestions ahead of 
time (e.g., “What is the tallest geyser in Yellowstone National Park? (a) Old Faithful, (b) Steamboat 
Geyser, (c) Castle Geyser, (d) Daisy Geyser”) or no prequestions. Although only one answer is correct 
(Steamboat), information about each of the other geysers was included in the reading as well. Post-test 
performance showed that students who received prequestions (compared to the control group) not only 
performed better on those same questions again, but they also performed better on never-before-seen 
questions about the other geysers (e.g., a question about Castle Geyser or Daisy Geyser). By requiring 
students to consider each answer option during the reading, these multiple-choice prequestions served 
to enhance attention not only to the specific correct answer in the prequestion, but to the other answer 
options as well, resulting in both specific and general benefits. Along similar lines, St. Hilaire et al. (2019) 
found both specific and general benefits of prequestions when the prequestions were designed to 
enhance attention to multiple parts of a reading passage about brakes (e.g., “What is the primary 
difference between mechanical brakes and hydraulic brakes?”), compared to prequestions that targeted 
a more isolated fact within the reading (e.g., “What type of machine relies on caliper brakes?”). If 
prequestions are designed in a way that encourages students to focus their attention beyond the 
prequestioned information, then they can produce both specific and general benefits.  

Prequestions can be applied to a variety of learning situations. They can benefit students’ learning of 
reading material, video presentations, and class lectures. Studies exploring prequestions have also 
utilized diverse learning material, including readings or lectures over scientific topics (de Lima & Jaeger, 
2020; Hausman & Rhodes, 2018; McDaniel et al., 2011; Richland et al., 2009), history (Carpenter & 
Toftness, 2017; James & Storm, 2019), geography (Little & Bjork, 2016), signal detection theory (Pan et 
al., 2020; Toftness et al., 2018), engineering (Geller et al., 2017), and psychology (Carpenter et al., 2018). 
The benefits of prequestions occur across educational levels, from elementary school children to college 
students. Researchers have also observed benefits for different types of prequestions, including 
multiple-choice, fill-in-the-blank, and short answer. Prequestions are thus a flexible learning tool that 
can be adapted to a number of different lessons and contexts. 

Recommendations for Teachers 
Prequestions are a straightforward tool that teachers can utilize in a number of ways. The first step is to 
create questions over the learning material that is in a given lesson. Such questions can pertain to fairly 
discrete facts (e.g., “In what year was the U. S. Declaration of Independence drafted?”), or to more 
complex information (e.g., “How does a neurotransmitter enable communication between neurons?”), 
so long as the information needed to answer the questions is directly provided in the lesson. 

Teachers can then provide these questions to students right before the lesson. Because many students 
may not have full knowledge of the answers at this point, the prequestions can be used as a low-stakes 
pre-learning activity that encourages students to think about what the answers to the prequestions may 
be but does not require them to answer the questions correctly. Knowing that the answers will be 
provided in the upcoming lesson, students are then prepared to direct their attention to the lesson, and 
in particular to the information that is relevant to the prequestions. Although no direct feedback of the 
answers need be provided at the time of the prequestions, teachers may find it useful to re-visit these 
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questions again at the end of the lesson and provide feedback at that time. This helps ensure that 
students have fully grasped the concepts and provides an opportunity to resolve any potential 
confusions or misconceptions. 

The most straightforward way to incorporate prequestions likely depends on how a lesson is delivered. 
For an in-class learning opportunity, prior to immersing in the activities teachers can introduce the topic 
and present the prequestions at that time. Exactly how the prequestions are presented can vary. For 
example, teachers could display the prequestions in a presentation, or write them on a whiteboard and 
ask students to write down their answers. Teachers could also distribute sheets of paper with the 
prequestions printed on them and ask students to work on these questions at the beginning of class. If 
resources are available, teachers could also use “clicker” devices to present the prequestions and collect 
students’ responses electronically. 

Other times, a lesson could take the form of a reading assignment or a video that students complete 
outside of class. In these cases, prequestions could be assigned ahead of time to be completed just prior 
to the reading assignment or video. If the reading or video is available in an online course management 
system, teachers could include the prequestions in the form of a short online quiz that students 
complete before opening the link to the reading or video. 

In summary, prequestions can be incorporated as learning activities in a number of different ways. The 
exact way that prequestions are delivered can be flexible and could include either high-tech options 
(online quizzes or clicker questions) or low-tech options (on the whiteboard or on paper). Whatever the 
method that teachers use, “pretrieval” practice is a simple and effective way to engage students in what 
they are about to learn.  

Author Note 
This material is based upon work supported by the James S. McDonnell Foundation 21st Century Science 
Initiative in Understanding Human Cognition, Collaborative Grant No. 220020483.   

Address correspondence to Shana K. Carpenter, Department of Psychology, Iowa State University, W112 
Lagomarcino Hall, 901 Stange Road, Ames, IA 50011, USA. Phone: (515) 294-6385, E-mail: 
shacarp@iastate.edu  

References 
Carpenter, S. K., Rahman, S., & Perkins, K. (2018). The effects of prequestions on classroom learning. 

Journal of Experimental Psychology: Applied, 24(1), 34-42. https://doi.org/10.1037/xap0000145 

Carpenter, S. K., & Toftness, A. R. (2017). The effect of prequestions on learning from video 
presentations. Journal of Applied Research in Memory and Cognition, 6(1), 104-109. 
https://doi.org/10.1016/j.jarmac.2016.07.014  

de Lima, N. K., & Jaeger, A. (2020). The effects of prequestions versus postquestions on memory 
retention in children. Journal of Applied Research in Memory & Cognition, 9(4), 555-563. 
https://doi.org/10.1016/j.jarmac.2020.08.005  

Geller, J., Carpenter, S. K., Lamm, M. H., Rahman, S., Armstrong, P. I., & Coffman, C. R. (2017). 
Prequestions do not enhance the benefits of retrieval in a STEM classroom. Cognitive Research: 
Principles and Implications, 2(1), 42. https://doi.org/10.1186/s41235-017-0078-z  

mailto:shacarp@iastate.edu
https://doi.org/10.1037/xap0000145
https://doi.org/10.1016/j.jarmac.2016.07.014
https://doi.org/10.1016/j.jarmac.2020.08.005
https://doi.org/10.1186/s41235-017-0078-z


   
 

 82 

Hausman, H., & Rhodes, M. G. (2018). When pretesting fails to enhance learning concepts from reading 
texts. Journal of Experimental Psychology: Applied, 24(3), 331-346. 
https://doi.org/10.1037/xap0000160  

James, K. K., & Storm, B. C. (2019). Beyond the pretesting effect: What happens to the information that 
is not pretested? Journal of Experimental Psychology: Applied, 25(4), 576-587.  
https://doi.org/10.1037/xap0000231  

Lewis, M. R., & Mensink, M. C. (2012). Prereading questions and online text comprehension. Discourse 
Processes, 49(5), 367-390. https://doi.org/10.1080/0163853X.2012.662801  

Lindquist, S. I., & McLean, J. P. (2011). Daydreaming and its correlates in an educational environment. 
Learning and Individual Differences, 21(2), 158-167. https://doi.org/10.1016/j.lindif.2010.12.006  

Little, J. L., & Bjork, E. L. (2016). Multiple-choice pretesting potentiates learning of related information. 
Memory & Cognition, 44(7), 1085-1101. https://doi.org/10.3758/s13421-016-0621-z  

McDaniel, M. A., Agarwal, P. K., Huelser, B. J., McDermott, K. B., & Roediger, H. L. III. (2011). Test-
enhanced learning in a middle school science classroom: The effects of quiz frequency and 
placement. Journal of Educational Psychology, 103(2), 399-414. 
https://doi.org/10.1037/a0021782  

Pan, S. C., & Sana, F. (2021). Pretesting versus posttesting: Comparing the pedagogical benefits of 
errorful generation and retrieval practice. Journal of Experimental Psychology: Applied, 27(2), 
237-257. https://doi.org/10.1037/xap0000345 

Pan, S. C., Schmitt, A. G., & Bjork, E. L., & Sana, F. (2020). Pretesting reduces mind wandering and 
enhances learning during online lectures. Journal of Applied Research in Memory and Cognition, 
9(4), 542-554. https://doi.org/10.1016/j.jarmac.2020.07.004  

Pressley, M., Tanenbaum, R., McDaniel, M. A., & Wood, E. (1990). What happens when university 
students try to answer prequestions that accompany textbook material? Contemporary 
Educational Psychology, 15(1), 27–35. http://dx.doi.org/10.1016/0361-476X(90)90003-J  

Richland, L. E., Kornell, N., & Kao, L. S. (2009). The pretesting effect: Do unsuccessful retrieval attempts 
enhance learning? Journal of Experimental Psychology: Applied, 15(3), 243-257. 
https://doi.org/10.1037/a0016496  

Roediger, H. L. III, Agarwal, P. K., McDaniel, M. A., & McDermott, K. B. (2011). Test-enhanced learning in 
the classroom: Long-term improvements from quizzing. Journal of Experimental Psychology: 
Applied, 17(4), 382-395. https://doi.org/10.1037/a0026252  

St. Hilaire, K. J., & Carpenter, S. K. (2020). Prequestions enhance learning, but only when they are 
remembered. Journal of Experimental Psychology: Applied, 26(4), 705-716. 
https://doi.org/10.1037/xap0000296  

St. Hilaire, K. J., Carpenter, S. K., & Jennings, J. M. (2019). Using prequestions to enhance learning from 
reading passages: The roles of question type and structure building ability. Memory, 27(9), 1204-
1213. https://doi.org/10.1080/09658211.2019.1641209  

Swenson, I., & Kulhavy, R. W. (1974). Adjunct questions and the comprehension of prose by children. 
Journal of Educational Psychology, 66, 212-215. https://doi.org/10.1037/h0036276  

Toftness, A. R., Carpenter, S. K., Lauber, S., & Mickes, L. (2018). The limited effects of prequestions on 
learning from authentic lecture videos. Journal of Applied Research in Memory and Cognition, 
7(3), 370-378. https://doi.org/10.1016/j.jarmac.2018.06.003  

https://doi.org/10.1037/xap0000160
https://doi.org/10.1037/xap0000231
https://doi.org/10.1080/0163853X.2012.662801
https://doi.org/10.1016/j.lindif.2010.12.006
https://doi.org/10.3758/s13421-016-0621-z
https://doi.org/10.1037/a0021782
https://psycnet.apa.org/doi/10.1037/xap0000345
https://doi.org/10.1016/j.jarmac.2020.07.004
http://dx.doi.org/10.1016/0361-476X(90)90003-J
https://doi.org/10.1037/a0016496
https://doi.org/10.1037/a0026252
https://doi.org/10.1037/xap0000296
https://doi.org/10.1080/09658211.2019.1641209
https://doi.org/10.1037/h0036276
https://doi.org/10.1016/j.jarmac.2018.06.003

	Clean Feb28(VBCO)Manuscript Review_InTheirOwnWords
	Acknowledgments
	About the Editors
	Introduction: In Their Own Words . . .
	Part 1: Past, Present, and Future of Applying the Science of Learning in Education
	Part 2: Science of Learning—Principles and Approaches
	Part 3: Preparing Faculty, Educational Developers, Student Success Professionals, and others to Apply the Science of Learning
	Part 4: Preparing Students to Apply the Science of Learning
	Part 5: Putting the Science of Learning into Practice
	Constructing a Canon for the Science of Learning
	References
	References
	The Culture of Teaching We Have
	Information-Driven and Learner-Centered Approaches to Teaching
	Learning Science and the Scholarship of Teaching and Learning
	The Appeal of the Information-Driven Approach
	The Culture of Teaching We Need
	Learning is Contextual
	What the Best Teachers Know
	The Cognitive Challenges of Effective Teaching
	An Expanded View of Student Learning
	An Expanded View of Successful Teaching
	An Expanded Role on Teacher Preparation and Professional Development
	A Contextual Approach for Conducting, Organizing, and Translating Research
	Concluding Comments
	Author Note
	References
	The Origins and Evolution of SoTL
	Changes in Perceptions of SoTL
	A Caveat
	The Future of SoTL
	Concluding Thoughts
	References
	Introduction and Overview
	“Pretrieval Practice”: The Benefits of Prequestions
	Research on Prequestions
	Learning From Reading Materials
	Learning From Video Materials
	Classroom-Based Research

	Why Do Prequestions Benefit Learning?
	What Kind of Benefits Can Be Expected from Prequestions?
	Recommendations for Teachers
	Author Note
	References
	What is Successive Relearning?
	The Promise of Successive ReLearning: Experimental Demonstrations With Course-Relevant Content
	Barriers to Using Successive Relearning Effectively and Recommendations to Overcome Them
	Barrier #1
	Barrier #2
	Barrier #3
	Barrier #4

	Some Frequently Asked Questions
	Closing Remarks
	Author Note
	References
	Passive
	Active
	Constructive
	Interactive
	ICAP’s Main Hypothesis
	Empirical Support
	How to Design Activities and Exercises Using Verbs Differentiated by ICAP
	How to Select Which Strategies to Use
	How to Ask Questions in the Classroom

	Overview
	Task Complexity and Learner Expertise: A Cognitive Load Perspective
	Instructional Goals of Learning Activities as a Unifying Factor
	Kalyuga (2015) and Kalyuga and Singh (2016) proposed that taking into account the differences between specific instructional goals of various learning tasks could potentially resolve the above contradictions between the problem-first and explicit inst...
	Viewed from this perspective, the goals of the initial problem-solving attempt (the generation phase) in the productive failure or invention learning frameworks are different from the acquisition of domain-specific solution schemas. For example, Kapur...
	The optimal levels of guidance and the corresponding instructional techniques might depend on specific instructional goals to be achieved. The initial problem exploration by novice learners in the productive failure approach is effective for achieving...
	Educational Implications
	References
	Overview
	Research Evidence
	Learners’ Beliefs and Perceptions
	Interleaving Benefit for Category Learning
	Why Does Interleaving Promote Category Learning, and What are the Boundary Conditions?

	Practical Advice for Educators
	Which Concepts or Content Should I Interleave?
	When Should I Interleave?
	How Should I Interleave?
	Metacognitive Considerations Surrounding Interleaved Training

	Author Note
	References
	Overview of Multimedia Instruction
	Research on Design Principles for Multimedia Instruction
	Reduce Extraneous Processing
	The Coherence Principle
	The Signaling Principle
	Redundancy Principle
	The Spatial Contiguity Principle
	The Temporal Contiguity Principle

	Manage Essential Processing
	The Segmenting Principle
	The Pre-training Principle
	The Modality Principle

	Foster Generative Processing
	The Personalization Principle
	The Voice Principle
	The Embodiment Principle
	The Image Principle
	The Generative Activity Principle

	Practical Application of Design Principles for Multimedia Instruction
	Author Note
	References
	Logan Fiorella
	Overview
	Theoretical Framework

	Description and Discussion
	Benefits and Boundaries of Preparing to Teach
	Benefits and Boundaries of Explaining to Others
	Benefits and Boundaries of Interacting with Others

	Recommendations
	Learner Characteristics
	Learning Materials
	Applications of Learning by Teaching
	Implementation

	Author Note
	References

	Janet Metcalfe
	Description and Discussion
	Learning and the Region of Proximal Learning
	At the Boundary Between ‘Almost Known’ and ‘Known’

	Recommendations
	Author Note
	References
	Categories of Information
	Biologically Primary and Secondary Information
	Domain-General and Domain-Specific Information

	The Structures and Functions of Human Cognitive Architecture When Acquiring Biologically Secondary, Domain-Specific Knowledge
	Basic Principles of Human Cognitive Architecture

	Cognitive Load Theory
	Educational Implications: The Cognitive Load Effects
	The Worked Example Effect
	The Element Interactivity Effect
	The Expertise Reversal Effect
	The Redundancy Effect
	The Guidance Fading Effect
	Other Cognitive Load Effects

	Conclusions
	References

	Manu Kapur
	Introduction
	Productive Failure (PF)
	Evidentiary Basis of PF
	Educational Implications
	Fidelity to PF Principles

	General Considerations and Implications
	Conclusion
	Author Note
	References

	Alexander Renkl
	Worked Examples for Well-Structured and for Ill-Structured Learning Content
	Theoretical Explanation of the Worked Example Effect
	Learning Domain
	Exemplifying Domains
	Introducing the Principles
	The Worked Examples
	Eliciting Self-Explanations
	Further Practical Considerations
	Learning Domain
	Exemplifying Domain
	Introducing the Principles
	The Worked Examples
	Eliciting Self-Explanations
	Further Practical Considerations
	Learning Domain
	Exemplifying Domain
	Introducing the Principles
	The Worked Examples
	Eliciting Self-Explanations
	Note. Used in the study by Martin et al. (2022).
	Further Practical Considerations


	Jennifer L. Docktor
	Overview
	Description of Relevant Research: How Well Do Novices “See” the Underlying Physics in Situations
	Change Blindness

	Eye Tracking Study: For Physics Novices, Looking at Conceptual Information Does Not Mean They “See” It
	Recommendations
	Recommendation 1: Practice Identifying Principles for Solving Problems
	Recommendation 2: Practice Identifying Principles During Problem Solving
	Recommendation 3: Highlight the Hierarchical Structure of Physics Concepts
	Recommendation 4: Implement Assessments That Promote Conceptual Understanding

	Conclusion
	Author Note
	References

	Regina F. Frey
	Overview
	Background and Research
	Theoretical Framework
	Research on PLTL
	Ample research has been performed on investigating the impact of PLTL on academic achievement in higher education in STEM. The majority of these studies have been conducted in general chemistry courses (Baez-Galib et al., 2005; Eren-Sisman et al., 201...

	Education Implications: Using PLTL in Your Teaching
	Note
	References
	Overview
	Empirical Findings on Test-Enhanced Learning
	Test-Enhanced Consolidation of Studied Information
	Test-Potentiated Learning of New Information

	Underemployment of Test-Enhanced Learning and Potential Concerns About Quizzing
	Quizzing Borrows Time from Other Teaching Activities
	Does Frequent Quizzing Provoke Test Anxiety?
	Does Test-Enhanced Learning Generalize to Different Test Formats, Subjects, and Populations?
	Does Quizzing Only Enhance “Inert Knowledge”?
	Does Frequent Quizzing Widen the Achievement Gap among Students?

	Optimizing the Benefits of Quizzing
	Administer Quizzes After Teaching
	Provide Corrective Feedback
	Administer Repeated Quizzing
	Administer Long-Term Quizzing Interventions

	Summary
	Author Note
	References

	Julie Schell
	Overview
	Description and Discussion
	What is Peer Instruction?
	Why is Peer Instruction an Effective Pedagogical Method?
	Learning in Online Courses
	The third element educators should consider if relying on the CoI for instructional design is social presence or the ability to recognize oneself, the educator, and one's peers as "real" people. Arbaugh and colleagues (2008) list measures of social pr...
	Types of Online Courses

	Educational Implications
	Peer Instruction Through the Lens of the Community of Inquiry Framework
	Adapting Peer Instruction to Hybrid and Synchronous Online Courses
	Adapting Peer Instruction to Asynchronous Online Courses

	Challenges and Workarounds
	Challenge #1: Intelligent Pairing
	Challenge #2: Scoring
	Challenge #3: Student Resistance

	Conclusion
	Author Note
	References

	Marsha Lovett, Chad Hershock, and Judy Brooks
	Are the Logistics of Conducting a Study a Deal-Breaker for Faculty to Adopt Data-informed Teaching?
	How Can Teaching and Classroom Research Create a Community of Practice, Rather Than Remain Solitary Endeavors?

	Megan A. Sumeracki
	Communicating the Science of Learning
	Blog Posts
	Downloadable Materials
	Podcast
	Other Outreach Activities

	Conclusion
	Author Note
	References

	Kenneth R. Koedinger
	Overview
	KLI Helps Categorize Learning Goals and Direct Selection of Appropriate Instructional Methods
	What Are Important Distinctions Between Goals?
	Facts to Remember
	Skills to Generalize
	Principles to Understand
	Which Teaching Methods Are Best for Each Kind of Learning Goal?
	Methods for Supporting Long-term Retention of Facts
	Methods for Supporting General Skill Learning and Transfer
	Methods for Supporting Learning and Understanding of Principles

	Practice-Based Advice in Applying KLI
	Science Text Recall Scenario
	Geometry Problem Solving, Explanation, and Transfer Scenarios
	Geometry Scenario 1
	Geometry Scenario 2
	Fraction Representations and Explanation Scenarios
	Fractions Scenario 1
	Fractions Scenario 2

	Conclusion
	Author Note
	References
	Study Strategy Preferences in WEIRD Student Samples
	Reasons for Use of Effective and Ineffective Study Strategies in WEIRD Student Samples
	Study Strategy Preferences in Non-WEIRD Student Samples
	Potential Moderator Variables in Study Strategy Preferences
	Future Directions and Recommendations for Inclusive Research
	Take-Home Message
	Author Note
	References

	Marlon Kuzmick, Lauren Davidson, Jordan Koffman, and Tamara J. Brenner
	Introduction to the Learning Lab
	How It All Started
	The Case of MCB81: A Support Stack for Multimodal Composition
	Why It Works
	Echoes of the Research in the Practices
	Discovering a Student-Centered Process
	Intergenerational Collaboration and Inclusion
	The Future of Academic Work
	21st Century Media, Authenticity, Equity, and Justice
	Conclusion
	Author Note
	References
	What Memory Researchers Know About Learning
	What Academic Support Centers Know (and Share) About Learning
	Summary Discussion of ASC Head Ratings in Table 1

	The Pervasive Myth of Learning Styles
	Learning Strategy Information on Academic Support Center (ASC) Web Sites
	Academic Support Centers as Learning Strategy Ambassadors
	Author Note
	References

	Victor A. Benassi, Catherine E. Overson, Lauren L. Kordonowy, Elizabeth M. Tappin
	Michael C. Melville
	CEITL is a teaching and learning center situated within Engagement and Faculty Development in Academic affairs. The Center has a full-time Director, Associate Director, Science of Learning Project Coordinator, Student Learning Outcomes Assessment Coor...
	CEITL’s programming is fairly typical. Staff offer workshops, institutes, conferences, book clubs, midcourse assessments, individual consultations with instructors, and more. The Center also oversees two Academic Programs in College Teaching available...
	Teaching and Learning with Multimedia
	Applying the Science of Learning across the Biological Science Curriculum
	The Student Cognition Toolbox: Teaching Students Study Skills Informed by the Science of Learning
	Self-Directed Learning: Promoting Students’ Persistent Use of Effective Learning Strategies
	UNH
	Beyond UNH


	Mark A. McDaniel
	Why Do Most Students Not Use Optimal Learning Strategies?
	Examples of How to Teach Learning Strategies Using the KBCP Framework in a Classroom Setting
	A Brief Training Module
	A Semester-Long Course

	Summary
	Corresponding Author:
	References
	Appendix
	Self-Explanation Demonstration


	Tino Endres
	Principle 1: Cyclical Model of SRL
	Principle 2: Focus on the Quality of Strategy Application
	Principle 3: Intertwined Use of Direct and Indirect Ways of Fostering SRL Strategies
	Principle 4: Persistence to Change Strategy Application
	Principle 5: Changing Motivational Structures
	Indirect Ways of Supporting SRL Application
	Adaptive Learning of Conditional Knowledge and Motivation to Change
	Journal Writing to Maintain New Behavior
	2. Appling Learning Strategies in Learning Journals
	3. Using Peer Feedback
	Introduction
	The Necessary Student, Teacher, and Environmental Conditions
	Student Conditions
	Teacher Conditions
	Environmental Conditions

	What More is Important for Spontaneous Strategy Use?
	The Mental Cost of Strategy Use
	Specific Strategies for Specific Task Requirements
	Rethinking Delivery Methods and Components of Strategy Instruction
	Promoting Spontaneous Transfer to Thinking in a Post-Truth World

	Conclusion and Some Questions on Which to Reflect
	Author Note
	References

	Anne M. Cleary and Matthew G. Rhodes
	Unique Challenges to Applying the Science of Learning
	Strategies Underway at Colorado State University
	Courses Aimed at Teaching Students Effective Learning Strategies
	A 3-Credit Course on Science of Learning
	A 1-Credit Intervention

	Increasing Student Engagement in Effective Strategies Outside of the Classroom
	Smartwatches for Automatizing Spaced Testing and Exposure Outside of the Classroom
	A Learning Management System Tool for Incentivizing Optimal Spacing Behavior

	Summary and Future Directions
	Author Note
	References
	The Study Smart Model
	Principle 1: Students Need to Acquire Scientific Knowledge About Effective Learning Strategies
	This Principle in Study Smart:

	Principle 2: Address Students’ Existing Study Habits
	This Principle in Study Smart:

	Principle 3: Students Need to Gain Insight Into (Potentially) Misleading Subjective Learning Experiences
	This Principle in Study Smart:

	Principle 4: Address Uncertainty and Resistance to Change
	This Principle in Study Smart:

	Principle 5: Students Need to Set Specific Goals
	This Principle in Study Smart:
	This Principle in Study Smart:

	Conclusion
	Author Note
	References

	Veronica X. Yan
	Why Does Spacing Matter?
	The Study: Who Spaces, Who Benefits?
	Implications for Teachers
	Conclusion
	Author Note
	References
	The Learning Issue: A Distracted Mind
	Why it is Difficult to Stay Focused
	Our Findings
	Educational Implications: Ready to Incorporate Exercise in Your Classroom?
	What Is Next for This Research?
	Author Note
	References
	What I Found
	Author Note
	References

	Jonathan G. Tullis
	What We Did
	What We Found
	Why Peer Instruction Works
	Benefits of Peer Instruction Beyond Our Study
	Author Note
	References

	Steven C. Pan
	Challenges Related to Learning Jargon
	Retrieval Practice and Jargon Learning
	Practical Recommendations for Instructors
	Author Note
	References

	Lou Ann Griswold
	Study Context (Griswold et al., 2017)
	The occupational therapy course was divided into three units, one on evaluation and two on intervention to address different types of pediatric conditions. The course included twice weekly lecture classes for one-and-a-half hours and one three-hour la...
	Research Study Methods
	Study Results
	Educational Implications
	Author Note
	References

	John E. Edlund
	Background
	Study 1
	Study 2

	Conclusions and Future Directions
	References

	Judith Schweppe
	Overview
	Our Study
	Recommendations
	References

	Danney Rasco
	How Were Quizzes Formatted in This Study?
	What Were the Results?
	What Does This Mean for Students in Your Course?
	Author Note
	References

	Tony Succar
	John R. Grigg
	The Virtual Ophthalmology Clinic (VOC) Overview
	Quantitative and Qualitative Evaluation
	Results
	Discussion and Future Developments
	Author Note
	References
	Overview of the Critical Thinking Training Program
	Applying the Science of Learning
	Explicit Teaching
	Designing Effective Pedagogy
	Retrieval-Based Learning
	Discussion
	Modeling the Skills via Elaborative Interrogation
	Teaching for Transfer
	Metacognitive Reflection

	Implications for Educators
	Author Note
	References


	copyright page



