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Accurate Monitoring Leads to Effective Control and Greater Learning of

Patient Education Materials

Katherine A. Rawson, Rochelle O’ Neil, and John Dunlosky
Kent State University

Effective management of chronic diseases (e.g., diabetes) can depend on the extent to which patients can
learn and remember disease-relevant information. In two experiments, we explored a technique moti-
vated by theories of self-regulated learning for improving people’s learning of information relevant to
managing a chronic disease. Materials were passages from patient education booklets on diabetes from
NIDDK. Session 1 included an initial study trial, Session 2 included self-regulated restudy, and Session
3 included a final memory test. The key manipulation concerned the kind of support provided for
self-regulated learning during Session 2. In Experiment 1, participants either were prompted to self-test
and then evaluate their learning before selecting passages to restudy, were shown the prompt questions
but did not overtly self-test or evaluate learning prior to selecting passages, or were not shown any
prompts and were simply given the menu for selecting passages to restudy. Participants who self-tested
and evaluated learning during Session 2 had a small but significant advantage over the other groups on
the final test. Secondary analyses provided evidence that the performance advantage may have been
modest because of inaccurate monitoring. Experiment 2 included a group who also self-tested but who
evaluated their learning using idea-unit judgments (i.e., by checking their responses against a list of key
ideas from the correct response). Participants who self-tested and made idea-unit judgments exhibited a
sizable advantage on final test performance. Secondary analyses indicated that the performance advan-
tage was attributable in part to more accurate monitoring and more effective self-regulated learning. An
important practical implication is that learning of patient education materials can be enhanced by
including appropriate support for learners self-regulatory processes.
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Patients’ learning of medical information is associated with a
variety of health related outcomes, including improved self-
management skills, preventive care, adherence to prescribed
regimens, and reduced health care costs, hospitalizations, and
morbidity (e.g., Barat, Andreasen, & Damsgaard, 2001; Gor-
don, Street, Kelly, Souchek, & Wray, 2005; Jacobson et al.,
1999; Williams, Baker, Honig, Lee, & Nowlan, 1998). Learning
medical information is particularly crucial for managing some
chronic diseases. For example, individuals who are diagnosed
with diabetes must learn how to prevent and detect the numer-
ous problems that can result from the disease. If not properly
managed, diabetes can lead to blindness, kidney failure, ampu-
tations, and cardiovascular disease. Poor comprehension and
memory for relevant medical information is a health risk in
itself, because not fully understanding or remembering essential
information (e.g., how to check blood-sugar levels, knowing the
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early warning signs of retinal damage) may increase the risk of
debilitating or life-threatening complications. Accordingly, our
primary goal was to explore a new technique—inspired by
theories of self-regulated learning—to improve people’s learn-
ing of materials relevant to managing a chronic disease (hence-
forth, called patient education materials). Before we describe
the current approach, we first discuss the importance of patient
education materials and the modal approach for improving
people’s learning of them.

The primary responsibility for educating individuals about
disease-relevant information is increasingly shifting from practi-
tioners to patients themselves. Although physicians explain some
information to patients during appointments, patients often do not
ask questions to clarify potential misunderstandings (Cegala,
1997). Doctors often underestimate how much information pa
tients want, and patients are often dissatisfied with the amount of
information they receive (Kenny et a., 1998; Ong, de Haes, Hoos,
& Lammes, 1995; Suhonen & Leino-Kilpi, 2006). Gazmararian,
Williams, Peel, and Baker (2003) note that this trend is attributable
in no small part to “the pressures of today’s health care environ-
ment; physicians and nurses have less time for patient education.
To deal with the lack of time to instruct patients in self-
management, doctors and nurses often rely on the written word”
(p. 274). Even when information is provided verbally during
consultation, patients often report still wanting additiona written
information (Sheard & Garrud, 2006).
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Given that patients are increasingly provided with supplemen-
tary materials that they are responsible for learning, an important
question arises: How should these patient education materials be
presented to increase comprehension and retention of the most
critical information? One approach to answering this question
focuses on improving the patient education materials themselves,
which are often poorly written for their purpose (Gal & Prigat,
2005; Perkins & Cohen, 2008; Wilson & Wolf, 2009). Part of the
problem lies in the mismatch between the reading level of patients
and the readability of the materials. The 2003 National Assessment
of Adult Literacy estimated that 93 million Americans have only a
basic or below basic level of prose literacy (White & Dillow,
2005), and various studies have reported average adult reading
levels at or below an eighth grade level (e.g., Cotugna, Vickery, &
Carpenter-Haefele, 2005; Davis, Crouch, Wills, Miller, & Abde-
hou, 1990; Hoffmann & McKenna, 2006; Winslow, 1998). Unfor-
tunately, patient education materials often require much higher
reading ability (e.g., Hoffmann & McKenna, 2006; Singh, 2000;
Wolf, Davis, Shrank, Neuberger, & Parker, 2006). For instance,
Perkins and Cohen (2008) estimated the readability of 235 written
patient education materials across awide variety of speciaties and
found a mean readability level of Grade 10, with some materials
reaching a reading level of Grade 15.

Given such evidence, the modal recommendation for enhancing
patient education has been to improve the readability of these
materials (e.g., Baker, Newton, & Bergstresser, 1988; Cotugna et
al., 2005; Davis et a., 1990; Singh, 2000; Valance, Taylor, &
Lavallee, 2008). Revisions have included substituting simpler
terms for words with multiple syllables, defining new or difficult
words (i.e., medica terms), and decreasing sentence length. Im-
proving readability can enhance learning (e.g., Baker et al., 1988;
Dowe, Lawrence, Carlson, & Keyserling, 1997; Estey, Musseau,
& Keehn, 1994), athough the gains are often modest. Other
recommendations for modification have included using simple
fonts, using list formats when possible, and using positive wording
and avoiding negations (e.g., Wilson & Wolf, 2009). Importantly,
in the vast majority of prior studies, changes to improve patient
learning have been made only to the linguistic characteristics of
the content or physical appearance of the materials. Although these
changes can be beneficial, our proposal is that learning can be
further improved by providing external supports that scaffold and
in turn improve the effectiveness of people’s self-regulated learn-
ing. Effective self-regulated learning involves the interplay among
cognitive and metacognitive processes, such as goa setting, accu-
rate monitoring of learning, and control of study (Dunlosky &
Ariel, 2011; Pintrich, 2004; Winne & Hadwin, 1998; Zimmerman,
1990).

Most important for the current research, our approach provides
external supports for improving people’s monitoring and control
while they learn patient education materials. Monitoring refers to
peopl€e’s evaluations of their own learning, and control involves
making study decisions, such as deciding what to study, how long
to study, and what study strategies to use. A central assumption of
general theories of self-regulated learning is that accurate moni-
toring is crucial for effective control, because people use their
monitoring to inform their control decisions (e.g., deciding what to
study and how long to study based on their evaluation of how well
they have learned the material). For example, if a patient believes
that he will not forget which symptoms indicate the warning signs of

retinal damage, he may decide not to study those symptoms further;
of course, if hisjudgment isincorrect and in fact he does forget some
of the symptoms, then such inaccurate monitoring will lead to inef-
fective control. By contrast, if the patient judged that he had not
learned the symptoms well enough to remember them later, he
could decide to restudy that information at another time. In this
manner, accurate monitoring of learning is expected to support
more effective control decisions, which in turn supports better
learning and retention (Dunlosky, Hertzog, Kennedy, & Thiede,
2005; Lipko et al., 2009; Winne & Hadwin, 1998).

This assumption has been recently validated in two studies by
Thiede and his colleagues (Thiede, 1999; Thiede, Anderson, &
Therriault, 2003). For example, Thiede (1999) had people study
Swahili-English word pairs during an initial study trial. They then
made a judgment of learning (JOL) for each item, in which they
predicted the likelihood of later remembering the English response
when shown the Swahili cue. JOLswere negatively correlated with
item selection, such that participants were more likely to restudy
items given a low JOL—in other words, participants more often
chose to restudy items that they predicted they would not be able
to remember later (or that were more difficult to learn, Son &
Metcalfe, 2000). Most important, participants who made the most
accurate JOLs demonstrated higher final test performance, pre-
sumably because the higher levels of judgment accuracy led to
better study decisions (for converging evidence involving text
materials, see Thiede et a., 2003).

Based on this evidence and genera theories of self-regulated
learning (Dunlosky & Ariel, 2011; Winne & Hadwin, 1998), the
current experiments were designed to improve peopl €' s learning of
patient education materials by providing external support that
encouraged learners to explicitly and accurately monitor their
ongoing learning. A critical aspect of this intervention involves
prompting people to test themselves on the to-be-learned concepts.
For instance, at some point after studying key information about
diabetes (e.g., the symptoms associated with retinal damage),
people are prompted to recall therelevant information. In this case,
they would be prompted with “What are the symptoms of diabetes-
related eye problems?’ and asked to type a response. These de-
layed self-tests are expected to improve learning in two ways.
First, testing can promote accurate monitoring (for reviews, see
Dunlosky, Rawson, & McDonald, 2002; Rhodes & Tauber, in
press). For example, when people are unable to recall anything
when prompted, the failed recall attempt provides evidence that the
material is not sufficiently learned and thus should be restudied. Of
course, if they correctly recall the information, doing so would
indicate that less time is needed for restudying that information.
Second, correctly recalling a concept provides an additional ben-
efit, because doing so can boost memory for the focal information
(for recent reviews, see Roediger & Butler, 2011; Roediger &
Karpicke, 2006).

In summary, self-testing has dual benefits: it can improve peo-
ple's monitoring accuracy and hence the effectiveness of their
control of learning, and it can directly boost memory for those
concepts that are correctly recalled. Accordingly, we evaluated the
efficacy of incorporating support for self-testing and monitoring
into patient education materials. Our base materials included pas-
sages from patient education booklets from the National Institute
of Diabetes and Digestive and Kidney Diseases (NIDDK). All
participants completed three sessions. In the first session, each of
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the passages in the base materials was presented for one
experimenter-paced study trial that was designed to represent a
patient education session in which a health educator leads a pre-
sentation of information to a group of patients.

The second session was designed to represent the situation in
which individuals are given patient education materials for further
study on their own. Accordingly, in Session 2, participants regu-
lated their own learning of the base material for 50 minutes.
Learners in the unguided restudy group were presented with a
menu of al the information topics on the main screen and were
permitted to use the time however they wished to study the
material. This presentation format represents a business-as-usual
comparison group, because people typically study patient educa-
tion materials with minimal guidance. In the self-regulated learn-
ing support group (henceforth, the SRL support group), on each
trial, learners were presented with a prompt to test themselves on
key information (e.g., “What can you do to prevent diabetes eye
problems?’). They then evaluated the quality of their recal re-
sponse by rating it from O (I could not remember any of the
relevant information) to 100 (I remembered all of the relevant
information accurately). After making this self-score judgment,
they were given the option to restudy relevant information before
moving on to the next prompt. The SRL support group thus
differed from the unguided restudy group in several respects; not
only did learners in this group overtly self-test and make monitor-
ing judgments, they were also shown prompts that they would be
tested on during the final recall test (i.e., the prompts used to elicit
self-tests during learning were the same prompts used on the final
recall test). Although participants in the SRL support group were
not told that the prompts on the final test would be the same as
those presented during practice, the prompts alone may improve
performance by signaling the key information. To evaluate the
extent to which any performance advantage for the SRL support
group was attributable to the presentation of the prompts per se
(rather than to the self-testing and monitoring afforded by the
prompts), the prompts only group was shown the same prompts
and restudy menus on each tria as in the SRL support group, but
without overt self-testing and monitoring. In the third session, all
participants completed a final recall test over the material.

Based on theory of self-regulated learning described earlier, our
focal prediction is that final test performance will be significantly
greater for the SRL support group than for the unguided restudy
group and the prompts only group. To revisit, this prediction is
based on the assumptions that accurate monitoring leads to better
control and restudy decisions, which in turn enhance learning (as
explained later, we also conducted secondary analyses to test these
assumptions). To foreshadow, results from Experiment 1 demon-
strated that the SRL support group significantly outperformed the
other two groups on the final test. However, performance was
relatively modest, so Experiment 2 was designed to improve the
efficacy of the SRL intervention by providing further support to
enhance the accuracy of people's monitoring judgments.

Experiment 1

Method

Participants and design.  Participants included 81 under-
graduates from alarge Midwestern university who participated for

course credit. The sample was 65% female, 80% Caucasian, 14%
African American, 4% Latino, 2% American Indian/Alaska Na-
tive, and 2% Asian (participants were able to report more than one
ethnicity), with a mean age of 19 (range 17-39). For demographic
purposes, participants completed two health literacy measures, the
short form of the Test of Functiona Health Literacy in Adults
(STOFHLA, Baker, Williams, Parker, Gazmararian, & Nurss,
1999) and the Medical Term Recognition Test (METER, Rawson
et al., 2009). Mean STOFHLA score was 34.8 of 36 (SE = 0.2,
range 21-36) and mean METER score was 37.1 of 40 (SE = 0.2,
range 28-40), indicating that the majority of the sample had
adequate health literacy.

Participants were randomly assigned to one of three groups
(unguided restudy group, SRL support group, or prompts only
group).

Materials. The materials consisted of 35 passages from seven
booklets from the NIDDK Prevent Diabetes Problems series (Keep
Your Diabetes under Control, Keep Your Eyes Hesalthy, Keep Your
Feet and Skin Healthy, Keep Your Kidneys Healthy, Keep Your Heart
and Blood Vessels Healthy, Keep Your Nervous System Healthy, and
Keep Your Teeth and Gums Healthy). The 35 passages included two
introductory passages providing an overview of diabetes and 33
target passages grouped by six main topics, including eyes, feet
and skin, heart and blood vessels, kidneys, nervous system, and
teeth and gums. Each main topic included three to five passages
ranging from a total of 519-1202 words and including 0-3 fig-
ures. Individual passages ranged from 54—365 words (see Figure 1
for a sample passage). Two questions were developed for each of
the six main topics, with the format “What can you do to prevent
diabetes problems with ?" and “What are the symptoms of
diabetes problems with ?". These 12 questions were used as
prompts during Session 2 for the SRL support group and prompts
only group (described below) and were also the final test questions
used in Session 3. All instructions and materials were presented via
computer.

Procedure. In Session 1, each individual completed an in-
formed consent form and was then seated at a computer carrel. The
computer first presented background information about diabetes
and general instructions about the materials participants would be
learning. Participants were then informed of the purpose of the
study (“to explore how to help people with diabetes better under-
stand and remember the important information they need to know
to effectively manage their disease”) and were given an overview
of each of the three experimental sessions (experimenter-paced
initial study during Session 1, self-paced restudy during Session 2,
and a final test during Session 3). Participants subsequently re-
ceived detailed instructions for the tasks they would be completing
during Session 1 (participants were not informed of their particular
group assignment prior to Session 2). They were asked to act as
though they had been recently diagnosed with diabetes and were
attending a patient education program to learn about the disease
and were encouraged to take the experiment as seriously as pos-
sible.

After reading the instructions, participants then completed a
series of demographic questions relating to diabetes including: Do
you have diabetes? (of the 77 who responded, four participants
responded yes); If yes, how old were you when you were diag-
nosed? (M = 19 years), If yes, how old are you now? (M = 20
years); If yes, have you attended a patient education program in
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Overview:
=Whatis diabetes?
=What are diabetes problems?

Keep your eyes healthy: |
=What can | do to prevent diabetes (
= How can diabetes hurt my eyes?

= How can diabetes hurt the retinas

> What happens as diabetes refina |
= How do | know if | have retina dam
= What other eye problems can diab|

nenvous system

Keep your nervous system healthy: =
= What can | do to prevent diabetes f|
= What does my nervous system do’|
= How can diabetes hurt my nervous|
= How can diabetes damage to the j|
= How can diabetes damage tothe ¢
> How can diabetes damage to the ¢

move food into your intestines

Keep your kidneys healthy:

= What do my kidneys do?

= How can | prevent diabetes kidney|
> How can diabetes hurt my kidneys| 1
=What can | do if | have kidney probl
=Will | know if| startto have kidney [

= How will | know if my kidneys fail?

Keep your feet and skin healthy:

= How can diabetes hurt my feet?
=What can | do to take care of my fer

= What are common diabetes foot pi
= How can diabetes hurt my skin?
=What can | do to take care of my sk _

[ . | [}

Figure 1.

Nerves camy messages back and forth
between the brain and other parts of the body.
All of your nerves together make up the

Some nerves tell the brain what is happening
in the body. For example, when you step on
a tack, the nerve in your foot tells the brain
about the pain. Other nerves tell the body
what to do. For example, nerves from the
brain tell your stomach when it is time to

What does my nervous system do?

Central nerves
are in your
brain and
spinal cord.

Cranial
(KRAY-nee-ul)
nerves go from
your brain to
your eyes,
maouth, ears,
and other
parts of
your head.

Peripheral
{puh-RIF-uh-rul)
nerves go from

¢ Autonomic
ty:u:j ﬁm:almgard (aw-toh-NOM k)
i yd rI rms, nerves go from
ai; fzétegs' your spinal cord

to your ungs,
heart, stomach,
intestines, bladder,
and sex organs.

The nervous system has four main parts: cranial, central,
peripheral, and autonomic. Diabetes can damage the
peripheral, autonomic, and cranial nerves.

Ilustration of the screen layout used to present passages during Session 1. Screen layout for

presentation of passages selected for restudy during Session 2 was the same, except that a button labeled “Done
Studying” was also presented at the bottom of the screen.

the past? (0% responded yes), and Do you know anyone who has
diabetes? (72% responded that they had at least one friend or
family member with diabetes; of those who responded yes, the
average number of people known with diabetes was 2, range 1-6).
Next, participants completed a prior knowledge questionnaire con-
sisting of eight short-answer questions (e.g., “What is diabetes?’).

Participants were then presented with the two introductory pas-
sages and each of the 33 target passages one at atime for aninitial
study trial. Each passage was presented via computer at a prede-
termined rate based on word length and whether it contained a
figure (350 milliseconds per word plus an additional 15 seconds
for each figure). On each screen, participants were notified when
they had 15 seconds remaining to study the passage. Asillustrated
in Figure 1, each passage was presented in the main portion of the
screen, and the left side of the screen contained a menu vertically
listing the topics that were to be presented over the course of the
session; the current passage was marked with red font as they
progressed through the program. After initial presentation of the
material was complete, participants were reminded to return in two
days for Session 2.

Session 2 consisted of a 50-min study period. All participants
were first reminded that they should act as though they had been
diagnosed with diabetes and that they would be tested on their

learning of the information during Session 3. Participants then
received task instructions specific to their assigned group. The
unguided restudy group was then presented with a menu of 33
passages, categorized by the six main topics (see Figure 2). Par-
ticipants could choose to study a passage by clicking on the button
next to that subtopic. The information appeared in the main win-
dow (similar to the one displayed in Figure 1) and stayed visible
until the participant clicked on a“done studying” button presented
at the bottom of the screen to return to the main menu of passages.
Participants were permitted to use the 50 minutes however they
wished to study the passages.

For the SRL-support group, each trial began with the presenta-
tion of a prompt (e.g., “What can you do to prevent diabetes eye
problems?’) along with a blank text field and instructions to type
in a response. Participants indicated that their response was com-
plete by clicking on a “Done” button at the bottom of the screen.
After participants submitted a response, they were asked to eval-
uate the quality of their response. The response was presented
along with the prompt, and participants were asked, “How well do
you think you have answered this question?’ Participants made
this self-score judgment using a slider scale from 0 (I could not
remember any of the relevant information) to 100 (I remembered
al of the relevant information accurately). After making their
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Keep your eyes healthy:
E What can | do to prevent diabetes eye problems?
[E} How can diabetes hurt my eyes?
@ How can diabetes hurtthe retinas of my eyes?
[E What happens as diabetes retina problems get worse?
E} How do | know if | have retina damage from diabetes?

[ > ] what other eye problems can diabetes cause?

Keep your feet and skin heaithy:
@ How can diabetes hurt my feet?
@ What can | do to take care of my feet?
@ What are common diabetes foot problems?
E] How can diabetes hurt my skin?
E]Whatcan | do to take care of my skin?

Keep your Kidneys healthy:

Keep your nervous system healthy:
E] What can | do to prevent diabetes from damaging my nervous system?
E] What does my nervous system do?
E] How can diabetes hurt my nervous system?
@ How can diabetes damage to the peripheral nerves affect me?
How can diabetes damage to the autonomic nerves affect me?
How can diabetes damage to the cranial nerves affect me?

Keep your heart and blood vessels healthy:
E] What do my heart and blood vessels do?
E] What can | do to prevent heart disease and stroke?
E] How do my blood vessels get clogged?
What can happen when blood vessels are clogged?
[E What are the warning signs of a heart attack?

How do narrowed blood vessels cause high blood pressure?

E What do my kidneys do?

E] How can | prevent diabetes kidney problems?

IE] How can diabetes hurt my kidneys?

@ What can | do if | have kidney problems caused by diabetes?
@ Will | know if| start to have kidney problems?

E] How will | know if my kidneys fail?

What are the warning signs of a stroke?

Keep your teeth and gums healthy:
@ How can diabetes hurt my teeth and gums?
E] How do | know if | have damage to my teeth and gums?
How can | keep my teeth and gums healthy?

{Select a topic to study by clicking on the bution next to that topic.)

Figure2.
group during Session 2.

judgment, their recall response remained on the screen and partic-
ipants were also then shown alist of the passages relevant to that
topic (see Figure 3). Participants were free to choose to restudy one
or more of the relevant passages from the list by clicking on the
corresponding button, or they could choose to move on to the next
prompt without any further study. The 12 prompts were repeated
in the same order until the 50-min study period was complete.

Finaly, for the prompts only group, on each trial participants
were shown a prompt along with the list of relevant passages but
without the overt recall and self-score judgments (similar to the
screen displayed in Figure 3, except without the response field).
Participants could choose to restudy one or more of the relevant
passages from the list, or they could choose to move on to the next
prompt. The 12 prompts were repeated in order until the 50-min
study period was complete.

Session 3 took place five days after Session 2 and involved a
final recall test. Participants were instructed that they would be
tested to evaluate how much information they could remember
from the previous two sessions. They were instructed to do their
best to answer each prompt as completely and accurately as
possible. Each of the 12 prompts was presented one at a time on
the screen, and participants were asked to recall the relevant
information.

Illustration of the screen layout used to present the main menu to participants in the unguided restudy

Results and Discussion

Prior knowledge about diabetes. Before describing final test
performance, we first consider prior knowledge responses to con-
firm that the groups had similar levels of preexperimental knowl-
edge about diabetes. Prior knowledge responses were scored as
total number of words generated. Overall, participants responses
were relatively brief (words per question: M = 10.1, SE = 1.6, in
the unguided restudy group, M = 8.0, SE = 1.1, in the SRL
support group; and M = 125, SE = 2.4, in the prompts only
group), and the three groups did not differ significantly, F(2, 75) =
1.46.

Final test performance.  For therecall questionsin Session 3,
target responses included any information explicitly stated in one
or more of the 33 target passages that provided a direct answer to
that specific question. For example, for the question, “What can
you do to prevent diabetes eye problems?’, target responses in-
cluded “Keep blood sugar/glucose level normal, Keep blood pres-
sure normal, Have eyes examined each year, If pregnant, see eye
care professional in first three months, and Don’t smoke.” Across
al 12 questions, there were 124 total target idea units, ranging
from 4-26 per question (M = 10.33). For each response to a
question, we scored the number of target ideas correctly recalled
for that question (including verbatim statements and correct para-



SPECIAL ISSUE: IMPROVING PATIENT EDUCATION 293

What can you do to prevent diabetes eye problems?

. Dont smoke, have eyes examined each year, if pregnant see eye doctor within first three months

(You may now study one or more of these topics. Select a topic to study by clicking on the button next to that topic.)

Keep your eyes healthy:
[> ] wnat can | do to prevent diabetes eye problems?

[> ] How can diabetes hurt my eyes?

@ How can diabetes hurt the retinas of my eyes?

E] What happens as diabetes retina problems get worse?

[> ] How do 1 know if | have retina damage from diabetes?

[> | wnat other eye problems can diabetes cause?

l done studying these topics...

Figure 3.

I1lustration of the screen layout used to present the restudy menu to participants in the SRL support

group during Session 2. A prompt is shown at the top of the screen, along with the participant’s response in an

uneditable text field.

phrases). Concerning the grain size of scoring, an idea unit was
generaly equivalent to a simple noun-verb phrase.

For each participant, we computed the total number of idea units
correctly recalled across the 12 final test questions. Mean final test
performance for each group is presented in Figure 4. A one-way
analysis of variance (ANOVA) revealed a significant effect of

50
45
2
c . 40 |
28
gl: 35 |
S ©
+— S 30
S i
©
= c 25 |
5 ©
OB 20|
o =
58 15 |
o}
S
£ 10
>
z 5
0
Unguided Prompts Only SRL Support
Restudy

Figure 4. Mean number of idea units correctly recalled on the final test
as afunction of group in Experiment 1. Error bars report standard errors of
the means.

group, F(2, 76) = 559, MSE = 6145, p = .005, n3 = .13.
Follow-up t tests showed that the SRL support group significantly
outperformed the prompts only group and the unguided restudy
group [t(49) = 3.12, p = .003, d = 0.87, and t(50) = 2.30, p =
.026, d = 0.64, respectively]. Performance in the prompts only
group and the unguided restudy group did not significantly differ,
t(53) = .84, d = 0.23, suggesting that the advantage of the SRL
support group over the other two groups was not due to the
presentation of prompts per se.

Although we had no a priori prediction about whether the
prompts-only group would outperform the unguided restudy
group, this null effect is perhaps surprising given the potential for
transfer-appropriate processing; that is, the prompts presented dur-
ing practice and for the final test were identical, and this nominal
match may produce functionally similar processing during study
and later retrieval. In particular, for both cases the prompt may
trigger a search of long-term memory for the sought-after infor-
mation. Based on this reasoning, one explanation is that partici-
pants in the prompts-only group did not spontaneously use the
prompts to search memory for the relevant information during
learning. For instance, they may have merely read the prompt
without an exhaustive search of memory (as in Dunlosky et al.,
2005). If so, then the processing triggered by the prompt at study
would be qualitatively different than the processing triggered by
the prompt during the final test. This possibility could be evaluated
in future research, but we do not discuss it further here, given that
our focus was on how SRL support could enhance learning.
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As predicted, the SRL-support group did significantly outper-
form the other two groups, but the effect was relatively modest
(only a 21% relative improvement over the other two groups).
Furthermore, the absolute level of performance achieved was low,
with only 24% of the total possible idea units correctly retrieved.
Why were the effects of self-regulated learning support so modest?
To explore potential answers to this question, we next examine the
efficacy of monitoring and control during Session 2.

Relative accuracy of judgments.  Concerning monitoring
accuracy, we examined both relative accuracy and absolute accu-
racy of the self-score judgments made during Session 2 for the
SRL support group. For each individual, we operationalized rela-
tive accuracy as the Goodman-Kruskal gamma correlation be-
tween the recall score on self-testing trials and the corresponding
self-score judgments across all trials. The mean across individual
correlations is reported in Table 1. Relative accuracy was signif-
icantly greater than zero, t(22) = 8.63, p < .001, indicating that
learners tended to assign higher self-scores to responses in which
they correctly recalled more information. However, relative accu-
racy was only moderate at best.

Absolute accuracy of judgments.  As further evidence for
limited monitoring accuracy, we examined one aspect of absolute
accuracy, namely, the degree to which participants were overcon-
fident in their commission errors. Commission errors are common
and refer to cases in which a participant generates a response that
is entirely incorrect (as opposed to omission errors, in which no
response is generated). Note that any self-score judgment above 0
for a commission error represents overconfidence, and overconfi-
dence here can undermine effective control (e.g., if individuals
choose not to study information they falsely believe they aready
know). To evaluate overconfidence in commission errors, partic-
ipants’ recall responses from Session 2 were separated into four
response categories: responses in which 1-2 idea units were cor-
rectly recalled, responses in which 3—4 idea units were correctly
recalled, responses in which five or more idea units were recalled,
and trias in which participants gave a response but none of the
information contained in the response was correct (commissions).
Thus, any response including a mix of correct and incorrect infor-
mation was not counted as a commission but instead was included
in one of the other three categories. Omissions were rare, and
therefore data were insufficient for analysis of this category. For

Table 1
Experiments 1 and 2: Relative Accuracy of
Monitoring Judgments

M SE
Experiment 1
SRL-support group 33" .04
Experiment 2
SRL-support group 447 .04
IDU group—self-score judgments 45" .05
IDU group—idea unit judgments 71 .05

Note. Values represent the mean across individual gamma correlations
between judgments (self-score or idea unit judgments) and the number of
idea units correctly recalled across trials during Session 2. M = mean;
SE = standard error.

* Correlation significantly greater than zero, p < .05.

each individual, we then computed the mean self-score judgment
assigned to responses in each category. Means across individuals
are reported in Figure 5.

Self-score judgments were significantly lower for responses
with 1-2 correctly recalled idea units versus 3—4 correctly recalled
idea units [t(22) = 6.51, p < .001, d = 0.85], which in turn were
lower than for responses with 5 or more correctly recalled idea
units [t(16) = 3.15, p = .006, d = 0.40].* This increasing trend—
responses with more correct idea units recalled judged as more
complete and accurate— underlies the above-chance rel ative accu-
racy discussed previously. Most important, participants were over-
confident at judging commission errors. Self-score judgments for
commissions were significantly greater than zero [t(21) = 12.65,
p < .001], and they did not significantly differ from self-score
judgments for responses with 1-2 correctly recaled idea units
[t(21) = 1.06, p = .303, d = 0.16].? This overconfidence is a
fundamental problem and suggests that participants are not entirely
accurate in identifying when they incorrectly recall target infor-
mation for a given prompt. If these self-score judgments in turn
influence control decisions, restudy may be suboptimal. Thus, we
turn to the question: To what extent were self-score judgments
related to control decisions?

Control of restudy during Session 2.  Before we examine the
relationship between monitoring and control in the SRL support
group, we provide a brief summary of restudy measuresin all three
groups during Session 2. For each participant, we calculated how
many of the 33 target passages were restudied at least once. A
one-way ANOVA revedled a significant effect of group, F(2,
74) = 12.62, MSE = 11.34, p < .001, 3> = .25. More passages
were restudied at least once in the unguided restudy group (M = 31.8,
SE = 0.5) and in the prompts only group (M = 30.4, SE = 0.6) than
in the SRL support group (M = 27.1, SE = 0.9), t(48) = 457, p <
001, d = 1.29, and t(49) = 3.17, p = .003, d = 0.89, respectively.
Given that participants were free to restudy a passage more than
once, we also calculated the total number of times passages were

* Responses were scored with respect to the number of correct ideas,
whereas participants made self-score judgments using a continuous scale
that did not require participants to quantify the number of ideas they
believed they had recalled. Thus, judgments for responses containing one
or more correct ideas cannot be meaningfully interpreted as overconfident
or underconfident. In contrast, because responses categorized here as
commission errors contained no correct information, a judgment greater
than zero on any scale indicates overconfidence.

2This null effect may be consistent with the accessibility hypothesis
(Koriat, 1993), which is that people base their judgments on the amount of
information accessed instead of an evauation of the quality of what is
accessed (but see Dunlosky et al., 2005). Consistent with this possibility,
participants recalled the same amount for commission errors and for
responses containing 1-2 correct ideas. In Experiment 1, mean number of
words per response was 16.0 (SE = 2.1) for commissions, 16.0 (SE = 1.6)
for responses containing 1-2 correct ideas, 22.5 (SE = 2.3) for responses
containing 3—4 correct ideas, and 27.7 (SE = 3.3) for responses containing
5+ correct ideas. In Experiment 2, mean number of words per response
was 13.9 (SE = 1.4) for commissions, 14.7 (SE = 0.8) for responses
containing 1-2 correct ideas, 18.9 (SE = 0.7) for responses containing 3—4
correct ideas, and 25.4 (SE = 1.3) for responses containing 5+ correct
ideas. A major point here is that retrieving incorrect information can lead
to ametacognitiveillusion of knowing, but to foreshadow, thisillusion was
largely diminished by the use of idea-unit judgments in Experiment 2.
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Figure 5. Mean self-score judgment as a function of the number of
correct idea units actually contained in a self-test response during Session
2, for the SRL support group in Experiment 1. Error bars report standard
errors of the means.

restudied (i.e., restudy events). The total number of restudy events
was similar across groups (unguided restudy group, M = 69.5,
SE = 5.7; prompts only group, M = 66.0, SE = 5.2; SRL support
group, M = 56.6, SE = 3.7), F(2, 74) = 1.73, MSE = 642.52, p =
.185, TI,% = .05. Finaly, we also calculated the mean amount of
restudy time (in seconds) spent per restudy event for each partic-
ipant. A one-way ANOVA revealed a significant effect of group,
F(2, 74) = 19.82, MSE = 267.06, p < .001, n3 = .35. Time per
restudy event was greater in the unguided restudy group (M =
41.4, SE = 3.6) and in the prompts only group (M = 39.4, SE =
3.2) than in the SRL support group (M = 15.1, SE = 2.7), t(48) =
5.76, p < .001, d = 1.63, and t(49) = 5.70, p < .001, d = 1.60,
respectively. Thus, the advantage in final test performance for the
SRL support group was not attributable to participants in this
group restudying more passages or restudying them longer. If
anything, the trends were consistently in the opposite direction.
Relationship between monitoring and control in the SRL
support group.  To evaluate the extent to which monitoring was
related to control decisions, we examined two measures of control
for the SRL support group during Session 2. First, for each
individual, we computed the correlation across al trials between
the self-score judgments and the total number of passages studied
(i.e., selected from the topic menu during the subsequent restudy
opportunity) after each prompt. The mean across individual cor-
relations (see Table 2) was significantly less than zero, t(23) =
4.29, p < .001. Second, for each individual, we also computed the
correlation across al trials between the self-score judgments and
the total time spent studying these passages during the subsequent
restudy opportunity following each prompt. The mean across in-
dividual correlations (see Table 2) was significantly less than zero,
t(23) = 5.83, p < .001. Thus, as a learner’'s self-score judgment
increased, the number of total passages studied decreased and the
total time studying passages decreased. Results of these secondary
analyses suggest that the restudy decisions of participants in the

SRL support group were at least partially guided by their meta-
cognitive judgments.

Relationship between control decisions and learning gains.
To revisit, theory of self-regulated learning assumes that monitor-
ing accuracy feeds into control decisions, and control decisionsin
turn are related to learning. Accordingly, we examined the rela-
tionship between control decisions during study and learning. Note
that performance on the first test trial in Session 2 reflected the
individual’s level of knowledge (either from prior knowledge
and/or from acquisition during Session 1) prior to self-regulated
learning, and this baseline performance predicted final test perfor-
mance (across participants, r = .45, SE = .04). Thus, because our
interest was in the relationship between control decisions and
learning, we used learning gain (rather than absolute level of final
test performance) in the analyses below. Learning gain for each
participant was computed as the difference score between final test
performance and performance on the first test trial in Session 2 for
each item. Larger scores indicate greater gains in performance.

For each individual, we computed the correlation between (a)
the total number of passages studied during the restudy opportu-
nities and (b) learning gain. The mean across individual correla-
tions (see Table 3) was greater than zero, t(23) = 3.85, p = .001.
We also computed the correlation between (@) the total time spent
studying al passages during the restudy opportunities and (b)
learning gain. As reported in Table 3, the mean across these
individual correlations was also greater than zero, t(23) = 5.02,
p < .001. Thus, results confirmed that control decisions during
restudy were related to learning gains.

Experiment 2

Experiment 1 demonstrated that including support for self-
regulated learning within patient education materials is beneficial
for learning. However, the improvement in learning was relatively
modest, and secondary analyses revealed that monitoring accuracy

Table 2
Experiments 1 and 2: Correlations Between Monitoring
Judgments and Control Variables

M SE
Experiment 1
SRL-support group, self-score judgments
Judgment—number of passages studied -.200 .05
Judgment—total study time for all passages studied =21 .04
Experiment 2
SRL-support group, self-score judgments
Judgment—number of passages studied -11" 04
Judgment—total study time for all passages studied -.10° .04
IDU group, self-score judgments
Judgment—number of passages studied -.19" .06
Judgment—total study time for all passages studied -.19* .05
IDU group, idea unit judgments
Judgment—number of passages studied -.38" .06
Judgment—total study time for all passages studied -.35" .05

Note. Values represent the mean across individual gamma correlations
between judgments (self-score or idea unit judgments) and two control
measures, the number of passages studied and total study time, acrosstrials
during Session 2. M = mean; SE = standard error.

* Correlation significantly less than zero, p < .05.
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Table 3
Experiments 1 and 2: Correlations Between Control Variables
and Learning

M SE
Experiment 1
SRL-support group
Learning gain—number of passages studied 200 .05
Learning gain—total study time for all passages studied .22 .04
Experiment 2
SRL-support group
Learning gain—number of passages studied .03 .07
Learning gain—total study time for all passages studied .01 .07
IDU group
Learning gain—number of passages studied 22" .05

Learning gain—total study time for all passages studied .22° .05

Note. Vaues represent the mean across individual gamma correlations
between learning gain (the gain in the number of idea units correctly
recalled from the first trial of Session 2 to the final test) and two control
measures, the number of passages studied and total study time in Session
2. M = mean; SE = standard error.

* Correlation significantly greater than zero, p < .05.

in the SRL support group was moderate at best. If a person does
not accurately monitor what he or she has learned, it will constrain
effective control, which ultimately constrains learning. The goal of
the current experiment was to improve monitoring with the expec-
tation of improving control, and ultimately performance.

Fortunately, monitoring accuracy can be improved by providing
learners with appropriate standards for comparison when evaluat-
ing response quality (Dunlosky, Hartwig, Rawson, & Lipko, 2011;
Lipko et al., 2009; Rawson & Dunlosky, 2007). In Lipko et al.
(2009), middle school students studied definitions about literary
nonfiction. After initial study, the students recalled as much of
each definition as they could and then made a self-score judgment
for each response. When evaluating the quality of their responses,
one group of students was not given any type of standard (as was
the case for the SRL support group in the current Experiment 1).
Another group was shown the correct definition broken down into
its constituent idea units, and the students were asked to check off
which of the ideas they had included in their response. Results
showed that participants in the no standard group were highly
overconfident (as in the current Experiment 1). By contrast, stu-
dents idea-unit judgments showed excellent levels of accuracy
and minimal overconfidence; that is, students accurately judged
which key ideas were present in their recall response and which
were not (for similar results with college-age learners, see Dunlo-
SKy et al., 2011). Thus, making these idea-unit judgments may help
learners to identify which material is less well known and in need
of further study.

Experiment 2 included three groups. The prompts only group
and the SRL support group were exactly the same as in Experiment
1. The third group was the self-regulated learning with idea-unit
judgments group (henceforth, the IDU group). The procedure for
this group was the same as in the SRL group, except that partic-
ipants also made idea-unit judgments for each of their responses.
A key prediction for Experiment 2 was that the idea-unit judg-
ments would be highly accurate and in turn would improve learn-
ing by providing a better basis for making effective control deci-

sions. As in Experiment 1, we conducted secondary analyses to
evaluate the degree to which the idea-unit judgments are related to
control decisions, to explore the intriguing possibility that this
fine-grained judgments would be more highly related to control
and hence to subsequent learning gains.

Method

Participants and design.  Participants were 87 undergradu-
ates from a Midwestern university who participated for course
credit. The sample was 61% female, 86% Caucasian, 8% African
American, 5% Latino, 1% American Indian/Alaska Native, and
3% Asian. Mean STOFHLA score was 34.0 (SE = 0.4, range
15-36) and mean METER score was 37.2 (SE = 0.4, range
11-40), indicating that the majority of the sample had adequate
health literacy.

Participants were randomly assigned to one of three groups
(prompts only group, SRL support group, or IDU group).

Materials and procedure. The materials for Experiment 2
were the same as in Experiment 1, except for one ateration to the
prior knowledge questionnaire. Instead of answering the eight
basic questions used in Experiment 1, participants were pretested
on the 12 prompts used in Sessions 2 and 3.

The procedure for Session 1 was the same as in Experiment 1.
Responses to the demographic questions were as follows: Do you
have diabetes? (of the 86 who responded, two responded yes), If
yes, how old were you when you were diagnosed? (M = 11 years),
If yes, how old are you now? (M = 20 years), If yes, have you
attended a patient education program in the past? (one responded
yes), and Do you know anyone who has diabetes? (94% responded
that they had at least one friend or family member with diabetes;
of those who responded yes, the average number of people known
with diabetes was 2, range 1-6).

Two days after Session 1, Session 2 again involved a 50-min
study period. The procedure for the prompts only group and the
SRL support group were the same as in Experiment 1. The pro-
cedure for the IDU group was the same as in the SRL support
group, but with one additional step. After participants made their
self-score judgment for a response, the next screen displayed their
response along with the key idea units in the correct answers for
that particular question (for an example, see Figure 6). The direc-
tions stated: “For each answer, decide if you included it in your
response above. If so, check the box next to that answer. Only
check off answers that you wrote in your response on this trial (if
you wrote it on some other trial but didn’t write it this time, don’t
check it off).” Once participants checked off their answer choices,
they clicked a button at the bottom of the screen to submit their
idea-unit judgments. The next screen then listed the topic-relevant
passages for self-paced study just asin the SRL support group (see
Figure 3). This process continued until the 50-min study period
was complete. Session 3 took place five days later and was the
same as in Experiment 1.

Results and Discussion

Prior knowledge about diabetes.  Prior knowledge responses
were scored as in Experiment 1. The three groups did not differ
significantly, F < 1 (words per question: M = 2.8, SE = 0.9, inthe
promptsonly group; M = 3.5, SE = 0.9, in the SRL support group;
and M = 4.1, SE = 1.0, in the IDU group).
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What can you do to prevent diabetes eye problems?

Here's what you said:

Don't smoke, have eyes examined each year, if pregnant see eye doctor within first three months

Below is a summary of the key answers. For each answer, decide if you included it in your response above. If so, check the box next to
that answer. Only check off answers that you wrote in your response on this trial (if you wrote it on some other trial but didn’t write it this

time, don’t check it off).

Keep blood sugar/glucose level normal ... [7]

Keep blood pressure normal ...................
Have eyes examined each year ...............

v B
. ¥

If pregnant, see eye care professional in first 3 months [¥]

DORY AMOKS. ...oinummnrminis s i

=

done checking off answers ]

Figure 6.

Ilustration of the screen layout used to elicit idea-unit judgments in the IDU group during Session

2 in Experiment 2. A prompt is shown at the top of the screen, along with the participant’s response in an
uneditable text field. The key idea units in the correct answers are shown in the list below the response, along
with check boxes for participants to indicate which answers they believe they included in their response.

Final test performance. The mean number of idea units
correctly recalled for each group is reported in Figure 7. A one-
way ANOVA reveded a significant effect of group, F(2, 83) =
19.28, MSE = 153.90, p < .001, > = .32. Follow-up t tests
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Figure 7. Mean number of idea units correctly recalled on the final test
as afunction of group in Experiment 2. Error bars report standard errors of
the means.

showed that the IDU group significantly outperformed the prompts
only group and the SRL support group, t(56) = 5.10, p < .001,
d = 1.34, and t(55) = 6.13, p < .001, d = 1.62, respectively. In
contrast to Experiment 1, performance in the prompts only group
and the SRL support group did not significantly differ, t(55) =
0.28, d = 0.07. Wheress the level of performance in the SRL
support was relatively consistent across experiments, performance
in the prompts only group was 6% higher in Experiment 2 than in
Experiment 1. We have no explanation for this outcome. The only
methodological difference between Experiments 1 and 2 con-
cerned the nature of the prior knowledge prompts, such that the
prior knowledge questions used in Experiment 2 were the same as
the prompts used during restudy. Preexposure to the prompt ques-
tions during Session 1 may have alerted participantsin the prompts
only group to the importance of this information.

Most important, the advantage of the IDU group over the other
two groups was substantial (a 63% relative improvement over the
other two groups). Based on the significant advantage of the IDU
group, we conducted secondary analyses to evaluate the extent to
which this advantage may have been attributable to better self-
regulated learning.

Relative accuracy of judgments. To analyze monitoring
accuracy, we again examined the relative accuracy of the self-
score judgments made during Session 2. The mean across individ-
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ual correlations is reported in Table 1. Although relative accuracy
was significantly greater than zero for the SRL support group
[t(26) = 10.88, p < .001] and the IDU group [t(26) = 9.07, p <
.001], it was still only modest at best. For the IDU group, we also
computed relative accuracy based on the idea-unit judgments by
computing the gamma correlation between the number of idea
units they said they correctly recalled and the number of idea units
they actualy recalled on each trial. The mean correlation across
individuals (see Table 1) was greater than zero, t(28) = 13.58, p <
.001. Results showed that relative accuracy was substantially
greater for idea-unit judgments than for self-score judgments,
t(26) = 4.69, p < .001, d = 1.15.

Absolute accuracy of judgments.  Regarding absolute accu-
racy, recall responses from Session 2 were separated into the same
four categories as in Experiment 1. For each individual, we then
computed the mean self-score judgment for responses in each
category. Means across individuals are reported in Figure 8. The
SRL support group demonstrated the same qualitative trend as in
Experiment 1. Self-score judgments were significantly lower for
responses with 1-2 correctly recalled idea units versus 3—-4 cor-
rectly recalled idea units[t(25) = 7.66, p < .001, d = 0.84], which
in turn were lower than for responses with 5+ correctly recalled
idea units [t(20) = 2.26, p = .035, d = 0.53]. The IDU group
showed the same qualitative pattern, with lower self-score judg-
ments for responses with 1-2 correctly recalled idea units versus
3-4 correctly recaled idea units [t(26) = 4.74, p < .001, d =
0.76], and for 3—4 correctly recalled idea units versus 5+ correctly
recalled idea units [t(25) = 1.18, p = .25, d = 0.28]. Again, these
results parallel the analysis of relative accuracy, with participants
judgments increasing with the amount of correctly recalled infor-
mation.

Most important are analyses of judgments for commission er-
rors. Participants were still overconfident in their commissions
when making self-score judgments. In the SRL support group,
self-score judgments for commissions were significantly greater

O Commissions
O 1-2 correct idea units
O 3-4 correct idea units
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Figure 8. Mean judgments as a function of the number of correct idea
units actually contained in a self-test response during Session 2 in Exper-
iment 2. The left bars report mean self-score judgments in the SRL-
support group, the middle bars report mean self-score judgments for the
IDU group, and the right bars report mean idea-unit judgments for the
IDU group. Error bars report standard errors of the means.

than zero [t(24) = 17.61, p < .001] and did not significantly differ
from self-score judgments for responses with 1-2 correct idea
units [t(24) = .48, p = .64, d = 0.07].% Likewise, in the IDU
group, self-score judgments for commissions were significantly
greater than zero [t(18) = 8.08, p < .001] and did not significantly
differ from self-score judgments for responses with 1-2 correct
idea units [t(18) = .78, p = .45, d = 0.17]. For the IDU group, we
also computed the absolute accuracy of the idea-unit judgments.
ldea-unit judgments for commissions were also greater than zero
[t(20) = 2.78, p = .012]. However, ides-unit judgments were
significantly lower for commissions than for responses with 1-2
idea units [t(20) = 5.16, p < .001, d = 0.59]. Furthermore,
idea-unit judgments for commissions were substantially lower than
self-scores for commissions [t(18) = 8.06, p < .001, d = 2.45].
Thus, as evident from inspection of Figure 8, idea-unit judgments
showed relatively minimal overconfidence for commission errors.

To summarize, idea-unit judgments were highly accurate,
which could in turn influence control decisions. If a learner
realizes that he or she does not know the answer to a specific
question, the subsequent restudy decision should be to restudy
the relevant information about that particular topic. Thus, we
again examined the extent to which judgments were related to
control decisions.

Control of restudy during Session 2. Before we examine the
relationship between monitoring and control, we provide a brief
summary of restudy measures in al three groups during Session 2.
For each participant, we calculated how many of the 33 target pas-
sages were restudied at least once. A one-way ANOVA reveded a
significant effect of group, F(2, 84) = 12.23, MSE = 50.82, p < .001,
nﬁ = .23. More passages were restudied at least once in the prompts
only group (M = 31.0, SE = 0.7) than in the SRL support group (M =
244, E = 15) orinthe IDU group (M = 22.1, SE = 1.6), t(56) =
4.09, p < .001, d = 1.07, and t(56) = 5.09, p < .001, d = 1.34,
respectively. We also calculated the total number of restudy events as
in Experiment 1. Four values more than 3 SDs above the mean were
removed asoutliers. A one-way ANOVA reveded asignificant effect
of group, F(2, 80) = 12.15, MSE = 597.18, p < .001, m = .23. The
total number of restudy events was greater in the prompts only group
(M = 69.4, SE = 4.9) than in the SRL support group (M = 51.5,
SE = 4.9) orinthe IDU group (M = 36.5, SE = 4.2), t(52) = 2.58,
p = .013 d = 070, and t(52) = 5.15 p < .001, d = 1.40,
respectively; the latter two groups aso differed significantly, t(56) =
234, p = .023, 0.61. Findly, we calculated the mean amount of
restudy time (in seconds) spent per restudy event for each participant.
A one-way ANOVA revealed asignificant effect of group, F(2, 79) =
2243, MSE = 159.29, p < .001, 3 = .36. Time per restudy event
was grester in the prompts only group (M = 34.2, SE = 3.3) thanin
the SRL support group (M = 12.3, SE = 1.8) or in the IDU group
(M =155, £ = 2.2),t(51) = 6.15, p < .001,d = 1.70, and t(51) =
4.83, p < .001, d = 1.33, respectively; the latter two groups did not
differ significantly, t(56) = 1.12, d = 0.29. Taken together, these
results indicate that the advantage in fina test performance for the
DU group was not attributable to participantsin this group restudying
more passages or restudying them longer.

Relationship between monitoring and control.  To evaluate
the extent to which monitoring was related to control decisions, we
examined correlations between judgments and two measures of
control as in Experiment 1. Because the IDU group made both
self-score judgments and idea unit judgments, we report the means
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across individua correlations for both kinds of judgmentsin Table
2 for completeness. However, analyses for the IDU group below
focus on outcomes involving the idea-unit judgments because they
were temporally more proximal than self-score judgments to con-
trol decisions in this group.

First, in the SRL-support group, the correlation between self-score
judgments and number of passages studied during restudy opportu-
nities was less than zero, t(26) = 3.02, p = .006. In the IDU group,
the correlation between idea-unit judgments and number of passages
studied during restudy opportunities was less than zero, t(27) = 6.66,
p < .001. This correlation was stronger in the IDU group than in the
SRL support group, t(53) = 3.82, p < .001, d = 1.03.

Second, in the SRL support group, the correlation between sdlf-
score judgments and tota time spent studying the selected passages
was less than zero, t(26) = 2.59, p = .016. In the IDU group, the
correlation between idea-unit judgments and total time spent studying
the selected passages was also less than zero, 1(27) = 6.71, p < .001.
Once again, the correlation was stronger in the IDU group than in the
SRL support group, t(53) = 3.92, p < .001, d = 1.06.

In sum, as learners judgments decreased, the number of total
passages studied increased and the total time studying passages
increased. Asin Experiment 1, results of these secondary analyses
suggest that the restudy decisions of participants were at least
partially guided by their metacognitive judgments. Most impor-
tant, not only was accuracy substantially greater for idea-unit
judgments than for self-score judgments (in terms of both relative
and absolute accuracy), the idea-unit judgments were also more
closely linked to control decisions.

Relationship between control decisions and learning gains.
Finally, we examined the relationship between control decisions
during study and learning gain, as in Experiment 1. We computed
gamma correlations for learning gain and total number of passages
studied and for learning gain and total time studying all passages
for each individual. Means across individual correlations are re-
ported in Table 3. One-sample t tests showed that means were not
greater than zero for the SRL support group [t(25) = .36, p = .723,
and t(25) = .13, p = .898, respectively]. One possibility for why
these correlations were weaker than in Experiment 1 may have to
do with the related finding that the associations between control
decisions and monitoring were also weaker for the SRL group in
Experiment 2 than in Experiment 1 (see Table 2), suggesting that
participants in Experiment 2 were less effective at self-regulating
their restudy. If so, a weaker association between control and
learning gain would be expected. More important, both correla-
tions were significantly greater than zero for the IDU group
[t(27) = 4.15, p < .001, and t(27) = 4.78, p < .001, respectively].
These results confirm that control decisions during restudy were
related to learning gains for learners in the IDU group.

General Discussion

Effective management of chronic diseases such as diabetes
can depend on the extent to which patients can learn and
remember disease-relevant information. Whereas most prior
research directed at improving people’s learning of patient
education materials has focused on revising the content or
display of the materials, the current study is the first to explore
a complementary approach that targets learners' self-regulatory
processes. Specifically, we explored the promise of an educa-

tional technology based on the dual power of self-testing (Raw-
son & Dunlosky, in press): Self-testing has an indirect effect on
learning through improving monitoring and control processes
and can also exert a direct influence on learning via boosting
memory when retrieval is successful (Roediger & Karpicke,
2006). Although results from Experiment 1 were promising, the
effects of providing support for self-regulated learning (via
self-testing) had a modest effect. One difficulty may have been
that self-testing alone did not yield very accurate monitoring.
Self-score judgments showed low levels of relative accuracy
(0.33) and substantial overconfidence in commission errors.
Accordingly, in Experiment 2, self-testing was paired with a
standard of evaluation that yielded highly accurate monitoring
(i.e., idea-unit judgments), and this enhanced support for mon-
itoring produced a substantial increase in performance (63%)
relative to baseline performance.

Asimportant, results from both experiments provide insight into
why this particular technique benefited learning, because both the
SRL support group and the IDU group were prompted to test
themselves on the target material. If the present benefit of self-
testing was attributable entirely to its direct influence on perfor-
mance, these two groups should have performed similarly and
better than the prompts-only group. However, the IDU group
significantly outperformed the SRL support group, which did not
consistently outperform the prompts only group. Thus, athough
self-testing can have dual benefits for learning and retention, direct
effects of the act of retrieval itself do not appear to be the primary
reason why the current technique improved people’s learning of
patient education materials (although we cannot rule out the pos-
sibility that the IDU judgments may have influenced retrieval by
encouraging more effortful or elaborative retrieval attempts, which
can facilitate learning; see Carpenter, 2009; Pyc & Rawson, 2009).

Another reason why the IDU group outperformed the other
groups might have to do with the nature of the feedback inherently
provided by the IDU judgment prompts, in that they provide a
summary list of the correct answers. For instance, the feedback
provided by the IDU judgment prompt may have increased the
likelihood that participants set more specific goas for learning,
and setting specific goals has been shown to improve performance
(for a review, see Locke & Latham, 2006). Although further
research would be needed to conclusively determine the relative
contributions of IDU feedback versus participants’ self-regulated
restudy to the learning advantage in the IDU group, some out-
comes here suggest that the effect is not entirely attributable to
IDU feedback. First, participants in the IDU group engaged in a
considerable amount of restudying after making their judgments,
and it seems unlikely that this self-regulated restudy contributed
nothing above and beyond the more minimal feedback provided in
the IDU prompt. Second, the significant correlations between
learning gain and control in the IDU group (see Table 3) suggest
that learning was related to self-regulated study. Thus, the advan-
tage in the IDU group appears to be attributable at least in part to
the enhanced monitoring and control processes afforded by idea-
unit judgments.

Idea-unit judgments were markedly more accurate than the corre-
sponding self-score judgments, in terms of both relative and absolute
accuracy, and their high level of accuracy does appear to improve
people’s learning of patient education materials. This benefit may
partly arise because the judgments provide accurate input that partic-
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ipants can use to decide which materias to study. Indeed, the stron-
gest association between monitoring judgments and decisions about
what to restudy were observed in the IDU group in Experiment 2:
When participants indicated that they had recalled fewer idea units
from a passage, they were more likely to restudy the passages (—.38)
and spent more time studying them (—.35).

Although these results indicate that learners tended to focus on
passages they judged that they could not recall well, did this
strategy actually benefit performance? To provide a preliminary
answer to this question, consider the correlation between (&) learn-
ing gain and (b) the strength of the association between monitoring
and control across individualsin the SRL support and IDU groups
in Experiment 2. Individuals who primarily choose to restudy
material that they judge as less well learned show strong negative
correlations between judgments and control (number of passages
selected, total restudy time). If this strategy is effective, these
individuals should also show greater learning gains (cf. analyses
reported by Thiede, 1999). Collapsing across the SRL support
group and the IDU group, the correlation between individuals
monitoring-control association and learning gain wasr = —0.44
when the control measure was number of passages selected and
r = —0.44 for total study time. Thus, individuals with a stronger
negative monitoring-control association showed greater learning
gains. Even when we examine these correlations just across par-
ticipants in the idea-unit group, the correlations are still significant
despite the smaller sample size, r = —0.32 and r = —0.36.

The present results are consistent with the core assumptions
of general theories of self-regulated learning: Effective moni-
toring supports effective control, which in turn enhances learn-
ing. Despite the intuitive appeal of these assumptions, few
studies have simultaneously empirically evaluated these rela-
tionships. Typically, only one of these relationships is investi-
gated in any one study, although Thiede (1999) did report both
of the expected relationships when students were learning
Swahili-English word pairs (see also, Kornell & Metcalfe,
2006). Accordingly, the current study provides a critical dem-
onstration that core assumptions of self-regulated learning the-
ories generalize to people’s learning of lengthy, difficult, and
representative text materials (nearly all studies examining judg-
ments and control of text learning have participants study
multiple short texts on unrelated topics, which is not represen-
tative of the kinds of materials people usually study).

The cascading effect of monitoring accuracy on subsequent control
processes and learning has important implications for improving
patient education materials. It is evident that without the support of
idearunit standards, self-testing aone can lead to relatively inaccurate
judgments of conceptual materials (see adso, Dunlosky et d., 2005).
Given that pairing self-testing and idea-unit judgments yielded better
accuracy and improved learning in the present experiments, we en-
courage further exploration of this new kind of monitoring judgment
and cautioudly advocate its use in improving patient education mate-
rids. Importantly, this recommendation is not intended to supplant
efforts to improve materias by enhancing readability or other text
characteristics as has commonly been done in prior research. Rather,
we see these as complementary approaches that together may lead to
the most successful learning outcomes. Indeed, an intriguing possi-
bility is that these two factors may interact, such that supports for
self-regulated learning may be less effective when incorporated into
poorly designed materids.

One factor for further exploration concerns the mode of
presentation. In the present context, we used a computer inter-
face to present the materials and to prompt self-testing and
idea-unit judgments. These techniques could be easily trans-
ferred to written materials. For instance, each of the NIDDK
booklets from which the current materials were drawn could
include a supplemental page that included prompt questions for
self-testing over key content. A separate page could provide an
“answer key” with the correct idea units for checking responses,
along with page numbers indicating where in the booklet the
relevant information is contained to facilitate restudy. Another
important direction for further exploration concerns generaliz-
ing these promising findings to other populations. A potential
limitation of the current study is that these experiments in-
volved healthy undergraduates rather than patients with diabe-
tes. Whereas our student sample tended to have minimal prior
knowledge about diabetes, patients would likely have more
variable levels of prior knowledge about the target material,
which may influence metacognitive processes (e.g., by produc-
ing overconfidence in current knowledge and thus reduced
effort to study material). Consistent with this possibility, Brown
and Park (2002) reported that younger and older adults learned
less new information from a text about a familiar disease than
from a text about an unfamiliar disease. Furthermore, individ-
uals with diabetes on average would be expected to be older and
have alower level of literacy than college students, which raises
the possibility that they may monitor less accurately even with
support viaidea-unit judgments. Of indirect relevance, Lipko et
al. (2009) showed that middle-school students can accurately
evaluate their own recall responses when using idea-unit judg-
ments, suggesting that this form of support for self-regulated
learning may be effective for populations with lower levels of
functioning than college students. Finally, another key differ-
ence between college students and diabetes patients may in-
volve motivation. An intuitive assumption is that patients who
have been diagnosed with diabetes would be more motivated
than students to learn information about the disease. If so, the
current results may be particularly promising by showing that
support for self-regulated learning can enhance learning even
for less motivated readers.

In conclusion, the current study provides an important first step
toward demonstrating the promise of incorporating support for
self-regulated learning into patient education materials, and further
exploration of the benefits for patient learning will be a fruitful
direction for future research.
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