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ABSTRACT 

Multitasking leads to decreased learning and memory performance (e.g., Carrier, Rosen, 

Cheever & Lim, 2015).  Learning while multitasking could benefit from accurate metacognitive 

monitoring processes, which provide feedback about learning processes and exert control to 

enhance learning.  However, multitasking might influence the accuracy of metacognitive 

monitoring processes, leading to less effective control in learning behaviors.  Across four 

experiments, I examined the influence of divided attention on learners’ metacognitive monitoring 

during learning.  The results showed that learners under divided attention were able to make 

accurate predictions about their memory.  Experiments 1-3 showed that learners accurately 

predicted the decrements of their memory under divided attention.  Also, when learners predicted 

their memory performance, they successfully considered different cues, including the influence 

of relatedness of word pairs and font color.  Moreover, learners’ beliefs about cues influenced 

their memory predictions even under divided attention conditions: learners’ memory predictions 

were influenced by their beliefs about the influence of font color.  However, under divided 

attention, learners failed to consider the influence of presentation time when predicting their 

memory; learners did not predict that memory would improve when word pairs were presented 

longer.  Also, under divided attention, learners failed to inhibit the interference from less valid 

cues.  Different from under full attention, learners considered the influence of font color when 

predicting their memory performance under divided attention even though font color was not a 

valid cue for memory.   In addition, this study also suggested an important role of working 

memory load during metacognitive monitoring processes.   

Key words: divided attention, metacognition, self-regulated learning, metacognitive 

monitoring 
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CHAPTER 1-LITERATURE REVIEW 

Introduction 

Students consistently multitask while study, and this multitasking has serious negative 

implications for their learning.  Learners send text messages while in class, listen to music while 

doing homework, or are distracted by click bait while taking notes on their computers.  For 

example, a recent survey indicated that 51% students send text messages for over 75% of time 

during learning (Junco & Cotton, 2012).  Divided attention during learning impairs how much 

students learn.  Sending text messages during class leads to worse memory for class-related 

content and lower GPAs (e.g., Burak, 2012; Ellis, Daniels, & Jauregui, 2010).  The detrimental 

effect of multitasking motivates the question in this study: How accurately do students monitor 

their learning during multitasking? Do factors that influence the accuracy of metacognitive 

monitoring processes under full attention affect monitoring under divided attention?  

Metacognitive monitoring determines how effectively students control on learning, which 

ultimately influences how much students learn.  For example, students who better monitor what 

they have and have not learned can more effectively choose what to restudy, and better restudy 

choices lead to better learning (Theide, Anderson, & Therriault, 2003).  Accurately monitoring 

one's learning under divided attention, then, is necessary for effective control of learning when 

multitasking.  More broadly, understanding the influence of dividing attention on metacognition, 

has significant implications for supporting students and structuring education.  Students 

increasingly control their own learning as instruction shifts to be more student-centered (rather 

than instructor-driven, e.g., Lai & Hwang, 2016).  Students choose what they study, how long 

they study, when they study, and how they study.  If dividing attention impairs students' abilities 

to monitor and control their study (in addition to impairing their learning), dividing attention 
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may be especially problematic in student-controlled learning situations.  Alternatively, if 

metacognitive monitoring and control is spared from the negative impacts of divided attention, 

student control over learning during multitasking may allow students to compensate for impaired 

learning.  To that end, in this dissertation, I examine how dividing attention affects students' 

abilities to monitor their own learning.   

In this literature review, I first review theories of self-regulated learning, and introduce 

how learners regulate their behaviors in pursuit of their goals.  Then, I summarize previous 

research and theories of metacognition in order to showcase how and why divided attention may 

influence monitoring.  Next, I review previous findings about multitasking, which demonstrate 

both short-term and long-term impairments in learning.  Finally, I describe relevant prior 

research that examines the influence of divided attention on metacognitive processes, which 

indicate that multitasking may interfere with learners' metacognition.    

Self-regulated learning 

Effective regulating learners’ behaviors is important in achieving their learning goals.  

For example, at the beginning of a semester, students might set a goal (e.g., “I need 4 As at the 

end of this semester”).  To achieve the goal, they start to regulate their behaviors throughout the 

semester.  They make specific decisions including “whether I need to go to class today”, “how 

engaged I should be considering the importance and requirements of the class”, “what learning 

strategies are most effective for me”, “how many more credits I could spare”, and “whether I 

need to go to professor’s office hour”.  In self-regulated learning, learners continuously monitor 

the gap between their current state to a goal state, and actively develop ways to minimize the gap 

(Dunlosky & Ariel, 2011).   
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Several models describe the self-regulated learning processes. For example, Zimmerman 

(2000) argued that self-regulated learning involves three phases, including the forethought phase, 

performance phase and self-reflection phase.  During the forethought phase, learners set their 

goals and plan for how to reach them.  Then, during the performance phase, they monitor how 

they are performing and actively control their behaviors by using different strategies.  After they 

finish the task, in the self-reflection phase, students evaluate their behaviors in the performance 

phase, including the effectiveness of strategies, or understanding of their abilities.  The results 

from self-reflection phase again influence forethought phase.  In a second model of self-

regulated learning, Winne and Hadwin (1998) provides an Information Processing model 

describing self-regulated learning.  There are four phases of self-regulated learning, including 

task definition, goal setting and planning, enactment, and adaptation to metacognition.  The 

interactions among five mental processes, including learners’ conditions, operations, products, 

evaluations, and standards, underlie the four phases.  Conditions includes learners’ mental 

conditions (e.g., motivation and background knowledge), and external task characteristics (e.g., 

allowed study time and available resources).  Operations include searching, monitoring, 

assembling, rehearsing and translating (SMART) information.  Informational products created 

by operations, which are then compared with the standards.  Evaluation is provided either 

through actively comparing the fit between standards and products, or from external resources.  

One key feature of Winne and Hadwin’s (1998) model is how learners adapt their behavior to 

different learning situations and challenges. The fourth phase is the adaptation.  It involves 

metacognitive processes, which change the interactions between the five components in order to 

generate adaptive products.  For example, learners set a goal prior to when the task begins.  

When working on the task, they may find it to be more difficult than they expected (e.g., they 
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find they still cannot understand a text after rereading).  Learners’ metacognition may prompt 

them to change learning strategies.  To do that, learners update the standards in the goal setting 

phase, which then instantiate new operations.  For example, learners change information stored 

in conditions about the effectiveness of rereading and search for information about more 

effective learning strategies.  In the end, learners generate a new plan (e.g., “I should take notes 

while reading”), which directs subsequent behaviors in the next phases of learning.   

Self-regulated learning is becoming increasingly important, especially considering a 

recent emphasis on student-centered learning (Azevedo, 2005, Lai & Hwang, 2016; Zimmerman, 

2008).  In information rich environments, self-regulated learning strategies help students 

strategically navigate through different learning materials choose effective learning strategies, 

and efficiently control their time and effort.  For example, Azevedo and Cromley (2004) tested 

the role of self-regulated learning in directing students’ behaviors in a web-based hypermedia 

learning environment.  They examined the relationship between students’ ability of using self-

regulated learning strategies and their understanding of complicated science concepts.  Students 

who showed greater increases in their understanding used more effective self-regulated learning 

strategies (e.g., hypothesizing - “I wonder why just having smooth walls in the vessels prevent 

blood clots from forming…I wish they would explain that”), more active planning and 

monitoring processes (e.g., planning- “first I’ll look around to see the structure of environment 

and then I’ll go to specific sections of the circulatory system”), and more active control on effort 

and study time (e.g., “I’m skipping over that section since 45 minutes is too short to get into all 

the details”).  Similarly, Goldman, Braasch, Wiley, Graesser and Brodowinska (2012) gathered 

undergraduate students for an online inquiry-based learning.  Having little background 

knowledge about volcanoes, students were asked to freely collect information online and write 
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an assay explaining the cause of Mt. St. Helens volcanic eruption in 1980.  The results showed 

that students who performed well in the task were more strategic in evaluating the reliability of 

different online resources (e.g., “I’m just scanning the websites looking at the addresses to see if 

they’re like credited sites or if they’re just like weird addresses”), demonstrating the importance 

of self-regulated learning strategies in enhancing the efficiency and quality of learning in 

information rich environment.  

Encouraging students’ self-regulated learning behaviors also enhances students’ learning 

in teacher-centered classrooms.  Lai and Hwang (2016) proposed a new approach of flipped 

classroom, which involves a self-regulated learning component to guide students’ learning.  For 

example, at the beginning of a math class, students were asked to set a learning goal based on 

their prior experience in math courses.  Students were guided to constantly evaluate their 

performance by answer questions like “What score do I think I can get?” and “What strategies 

did I actually use?”  Students were provided with feedback about the accuracy of their self-

evaluation and teacher’s comments according to each student’ goals.  They found that, compared 

to traditional approach of flipped classroom, in their new approach with emphasis in self-

regulated learning, students showed higher performance in the course. 

Metacognition 

Learners’ self-regulated learning behaviors are heavily driven by their metacognitive 

processes during learning.  For example, in the Zimmerman’s (2002) model, during the 

forethought phase, learners make learning plans according their knowledge about themselves and 

effectiveness of learning strategies, which are derived from previous metacognitive processes 

during learning.  In the performance phase, learners actively monitor their learning processes and 

exert control over their learning behaviors.  In the self-reflection phase, learners update their 
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knowledge about themselves and the effectiveness of learning strategies according to their 

learning performance, which directs the forethought phase in future learning.  In the information 

processing model from Winne and Hadwin (1998), metacognition is the core factor in the 

adaptation phase, which ensures that learners’ self-regulated learning behaviors adapt to different 

situations and challenges.  Also, Corno’s model (1986) provides a list of specific functions of 

metacognition during self-regulated learning, including attentional control (e.g., children use 

private self-speech to focus on task), environment control (e.g., students seek for help if they 

have misunderstanding), emotion control (e.g., students listen to music when they feel 

frustrated), motivation control (e.g., students punish themselves if they did something wrong), 

information processing control (e.g., students finish assignments several days before due date), 

and encoding control (e.g., students change learning strategy if they feel the previous learning 

strategy is not effective enough). 

Metacognitive monitoring 

Learners continuous monitor their learning processes and make judgements about how 

well they learn (Judgements of Learning, JOLs).  JOLs are inferred from a variety of salient 

cues.  According to the cue-utilization theory (Koriat, 1997), there are three different types of 

cues: intrinsic, extrinsic and mnemonic cues.  Intrinsic cues are characteristics of the learning 

material; for example, learners’ JOLs could be influenced by the concreteness of words 

(Witherby & Tauber, 2017), relatedness between word pairs (Hertzog, Dunlosky, Robinson & 

Kidder, 2003), or font size (Rhodes & Castel, 2008).  Extrinsic cues are characteristics of task 

settings.  For example, learners account for the influence of the number of times that words are 

presented (Zechmeister & Shaughnessy, 1980) or encoding strategies used (Dunlosky & Nelson, 

1994) in their JOLs.  Mnemonic cues describe learners’ subjective learning experience. For 
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example, one mnemonic cue is processing fluency, which is how fluently participants process the 

information (Begg, Duft, Lalonde, Melnick & Sanvito, 1989).  Undorf, Söllner, & Bröder (2018) 

found that learners were able to integrate multiple cues simultaneously.  In one of their 

experiments, they manipulated four cues, including emotionality, font size, concreteness and 

time of presentation.  They found that over 88% participants integrated more than three cues in 

their JOLs. 

Learners are not able to monitor their real memory strength but rely on different cues to 

make JOLs.  Metcalfe and Finn (2008) found that learners’ JOLs did not predict their actual 

performance but followed previous test performance.  Participants learned word pairs in two 

learning-test sessions.  Half of the items were presented for three times in the first learning 

session and once in the second learning session (3-1).  The other half were presented once in the 

first learning session, and three times in the second learning session (1-3).  During each session, 

after presenting each word pair, participants made JOLs.  Then there was a cued-memory test, 

during which the first word was presented, and participants typed the second word.  They found 

that learners’ memory performance after the second learning session was similar between the 1-3 

condition and the 3-1 condition, considering all word pairs were studied for the same amount of 

time.  If JOLs followed real memory strength, participants’ JOLs would be the same between 1-3 

and 3-1 condition after the second learning session. However, learners’ JOLs in the second 

learning session followed their performance in the first learning session: word pairs in the 3-

1condition had higher JOLs than word pairs in 1-3 condition.  The result shows, instead of 

following real memory strength, learners infer their memory by weighting a variety of salient 

cues.   
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The accuracy of metacognitive monitoring depends on which cues learners use.  

Learners’ JOLs are influenced by processing fluency (Hertzog, et al., 2003).  However high 

processing fluency does not always indicate good learning.  For example, learners believe that 

processing large font size words are more fluent than processing small font size words.  Even 

though font size does not influence learners’ actual memory, they assign higher JOLs for large 

font size words than small font size words (Rhodes & Castel, 2008).  Also, learners choose less 

effective learning strategies because they intuitively link processing fluency with better learning. 

For example, retrieval practice is a better learning tool than rereading, but learners believe they 

learn better after rereading than after retrieval practice (Roediger & Karpicke, 2006).  Learners 

may experience more fluent processing during rereading than retrieval practice.  Therefore, they 

may intuitively link processing fluency with better learning (Alter & Oppenheimer, 2009).   

In addition, the accuracy of cues depends on when JOLs are made.  Making JOLs during 

study is less accurate than making JOLs after a delay (“delayed-JOL effect”, Nelson & 

Dunlosky, 1991).  When making JOLs, learners are predicting their long-term memory.  When 

making immediate JOLs, information is stored in the working memory, in which only part of the 

information may be transferred to long-term memory.  Delayed JOLs depends on information 

stored in long-term memory.  Therefore, immediate JOLs are not as accurate in predicting future 

memory performance as delayed JOLs are.  which is a better indicator that information could be 

retrieved in the future (e.g., Rhodes & Tauber, 2011). 

  Recently, there is a discussion about the underlying mechanism of how different cues 

influence JOLs.  Cue-utilization theory believes intrinsic cues and extrinsic cues could indirectly 

influence JOLs through influencing mnemonic cues (Koriat, 1997).  For example, learners rate 

closely related word pairs as more memorable than unrelated word pairs because they process 
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more related word pairs more fluently, and learners intuitively associate fluency with better 

memory and learning (“ease of processing heuristic”, Begg et al., 1989).  Undorf and Erdfelder 

(2015) examined the contribution of processing fluency to JOLs.  Processing fluency was 

measured by self-paced study time for related and unrelated word pairs.  They believed the 

longer time learners spent to learn, the less fluent they feel about their learning process.  The 

results showed that, as expected, learners assigned higher JOLs to related word pairs.  Also, their 

self-paced study time was lower for related word pairs than for unrelated word pairs.  They 

conducted a mediation analysis to examine the mediating role of processing fluency. They found 

that participants’ self-paced study time mediated the relationship between relatedness and JOLs, 

indicating that relatedness influenced participants JOLs partially through influencing processing 

fluency.   

Another group of studies indicates learners’ beliefs about cues also influence their JOLs.  

The Analytic-processing (AP) theory suggests that, when explicitly asked to make a JOL, 

learners adopt a problem-solving approach to search for possible information that indicates 

memory performance (Mueller & Dunlosky, 2017).  Learners’ beliefs that related word pairs are 

more memorable than unrelated word pairs make them assign higher JOLs to related word pairs 

than unrelated word pairs.  Mueller, Tauber and Dunlosky (2013) examined whether participants 

have prior beliefs about word pair relatedness.  Before each item was presented, participants 

made a JOL with a prompt of “You are about to study a Related (Unrelated) word pair. Please 

rate how likely you are to remember it”.   Participants’ pre-study JOLs were higher for related 

word pairs than for unrelated word pairs.   

Blake and Castel (2018) further examined whether learners utilize their beliefs to make 

JOLs during learning.  Learners have an illusion of font size, in which they believe that they will 
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better remember words presented in larger font size than in small font sizes (Blake & Castel, 

2018).  Blake and Castel (2018) hypothesized that since beliefs could be manipulated, if JOLs 

are belief-based, JOLs could be easily changed when beliefs are changed.  They found that when 

participants were provided a counter-belief that small font size words were easier to remember 

than large font size words, there was less difference in participants’ JOLs between large and 

small font size words.  On one hand it showed that participants utilized beliefs in making JOLs.  

On the other hand, providing the counter belief did not reverse the relationship between font size 

and JOL.  These results suggest that beliefs might not be the only factor influencing JOLs.  Even 

though it is still unknown which factor dominates the relationship between cues and JOLs, 

researchers tend to agree that both fluency and beliefs contribute to learners JOLs (Dunlosky, 

Mueller & Tauber, 2014; Undorf & Erdfelder, 2015). 

Metacognitive control 

According to the model proposed by Nelson and Narens (1990), there are three steps in 

memory processes, including acquisition, retention and retrieval.  Different types of 

metacognitive monitoring judgments are made during different steps of memory, which direct 

learners’ behaviors.  Before learning starts, learners determine their norms of study, which is a 

combination of the characteristics of the materials and learners’ beliefs about memory (e.g., 

theories of retention, Maki & Berry, 1984).  Then learners plan their behaviors according to the 

norms of study and items’ ease of learning (EOLs).  Learners’ choices include allocating study 

time, selecting appropriate study strategies, and prioritizing items to learn.  During learning, the 

relationship between JOLs and norms of study decides learning behaviors.  For example, when a 

JOL is lower than the norm, learners might allocate more time in learning it.  Alternatively, when 

a JOL reaches the norm, learners terminate acquisition.  During retrieval, the decision of whether 
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continue to search for an answer depends upon a feeling-of-knowing judgments (FOKs).  If their 

FOK is strong, learners might spend more time in searching until they find an answer. 

Metacognitive monitoring directly influences how learners control their behaviors 

(Metcalfe & Finn, 2008; Nelson & Leonesio, 1988; Son & Schwartz, 2002).  For example, 

Metcalfe and Finn (2008) examined the relationship between participants’ study choices and 

JOLs.  As discussed previously, participants learned word pairs in two learning-testing blocks.  

Half of the participants were in the 1-3 condition, where each word pair was presented once in 

the first block, and three times in the second block.  The other half participants were in 3-1 

condition.  A study choice phase was added in the second learning session.  After making JOLs, 

participants were asked whether they would like to restudy each item.  Participants’ memory 

under both learning conditions were equivalent; yet, they believed items in the 1-3 condition 

were worse learned than the 3-1 condition and chose to re-study more of the words in the 1-3 

condition.  More broadly, study choices were dictated by judgments of their learning rather than 

actual learning.  Metacognitive monitoring directs learners’ strategic behaviors rather than actual 

memory performance.  

Learners adaptively use metacognitive monitoring to control their learning. According to 

the Discrepancy Reduction model (Dunlosky & Hertzog, 1998), learners seek to minimize the 

gap (or discrepancy) between the learners’ ideal state of learning and their current level of 

learning.  Learners make study choices to reduce the gap during learning.  They allocate their 

time and effort to items perceived to have the greatest discrepancies.  For example, Thiede 

(1999) tested learners’ restudy choices.  Participants were asked to learn 36 English-Swahili 

translations through multiple learning-testing trials.  They finished learning after they correctly 

recalled all the word pairs or after 6 trials.  After each pair was presented, participants made 
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JOLs and decided whether they would like to restudy each pair.  Participants focused their 

restudy choices on learning poorly learned word pairs, as indicated by a strong negative 

correlation between study choices and JOLs.   

In contrast to discrepancy reduction, the Region of Proximal (RPL) model indicates, 

among less learned items, learners start from learning items just beyond their current 

understanding (Metcalfe & Kornell, 2005).  Metcalfe and Kornell (2005) examined participants’ 

restudy choices.  In two learning-test trials, participants learned English-Spanish translations.  

During the first trial, after all the word pairs were presented, participants’ memories for the 

translations were tested.  In the second trial, all the word pairs that participants got correct in the 

first trial were excluded, and participants were asked to choose which items they would like to 

restudy from all of the unlearned pairs.  Among all the unlearned pairs, participants chose to 

study the pairs with the highest JOLs.   

Agenda-based regulation model (Ariel, Dunlosky & Bailey, 2009) emphasizes the role of 

goals in directing learners’ behaviors.  To achieve learning goals, learners construct an agenda.  

Agendas contain learners’ criterions for decision making during study, including criteria for 

choosing restudy items, and rules for allocating study time to different items.  Learners compare 

each item to the criteria and then make decisions about their behaviors.  In one of their 

experiments, participants were divided into three groups: constant-likelihood, high likelihood 

easy group, high likelihood difficult group.  For the constant-likelihood group, participants were 

told that the possibility for items being tested in the memory test was 30%.  For the high 

likelihood easy group, participants were told that there was a 90% possibility that easy items 

would be tested and a 30% possibility for difficult items to be tested.  The high likelihood 

difficult group were told there was a 90% possibility for difficult items to be tested and a 30% 
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possibility for easy items to be tested.  Regardless of item difficulty, participants’ restudy choices 

were accord with the likelihood of being tested.  They consistently chose items that were more 

likely to be tested in the later memory test.  The result indicates that learners’ study choices are 

not only based on item difficulty but also directed by their overarching learning goals.  

Efficiency in metacognitive control 

Sometimes, learners are able to make effective decisions about which items need further 

study (Kornell & Metcalfe, 2006).  For example, participants learned general information 

questions for a later memory test (e.g., “What is the last name of the man who supposedly 

assassinated John F.  Kennedy? (Oswald).”).  After each question-answer pair was presented, 

participants chose whether they would like to restudy this question in a future restudy session.  

Only half of the questions could be restudied.  Next, all the questions were split into three 

conditions.  In the first condition, participants’ choices were honored such that all chosen 

questions were restudied in the second learning session.  In the second condition, half of their 

choices were honored such that half of the chosen questions and half of the unchosen questions 

were restudied.  In the last condition, all choices were dishonored such that only unchosen 

questions were presented.  When participants’ choices were honored, they remembered more 

answers than when their choices were dishonored.  Honoring participants’ choices improves 

learning, which indicates that participants accurately choose the items that enhanced their 

learning.  

Similarly, learners choose appropriate learning strategies and efficiently control study 

time to enhance learning.  When learners were enabled to freely choose from using restudy and 

retrieval practice to learn word pairs, learners achieved the greatest recall performance (Tullis, 

Fiechter & Benjamin, 2018).  Also, learners showed the best memory performance for a list of 
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heterogeneously difficult items when they had control in their study time (Tullis & Benjamin, 

2011). 

However, sometimes learners make non-optimal decisions during learning.  For example, 

Dunlosky and Thiede (1998) tested participants’ study time allocation on different word pairs.  

Word pairs were divided into three groups.  Each group had different chance of being tested in 

the final memory test.  The first group of word pairs had a 10% chance that it would be tested.  

The second group had 50% chance of being tested.  The last group had 90% of chance to be 

tested.  An effective study time control might be allocating most of the time for the 90% word 

pairs, while spend the least amount of time in learning 10% word pairs.  The results showed that 

participants spent more time learning word pairs that had higher chance of tested.  However, they 

still spent a great amount of time studying the 10% chance word pairs, which indicates that 

participants did not make effective decision in how to allocate their study time. 

In addition, learners do not always choose the most effective strategies during learning.  

Retrieval practice is found to be an effective learning tool in enhancing memory and learning 

(e.g., Roediger & Karpicke, 2006).  Tested materials are easily remembered and retrieved, even 

more than materials that are reread (Roediger & Karpicke, 2006) or elaborated (Karpicke & 

Blunt, 2011).  However, Karpicke and his colleagues (2009) surveyed 177 undergraduate 

students at Washington University in St.  Louis.  The survey showed only 11% of students 

reported using testing while learning, from which only two of them rated testing as their favorite 

learning strategy.   

Enhancing self-regulated learning: metacognitive monitoring 

One way to enhance learning is through enhancing the accuracy of metacognitive 

monitoring.  Thiede, Anderson and Therriault (2003) tested whether generating keywords during 
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reading texts enhanced metacognitive monitoring accuracy, study choices, and comprehension 

for the texts.  They divided participants into three groups, delayed-keyword group, immediate-

keyword group, and no-keyword group.  All groups of participants read six expository tests.  The 

delayed-keyword group generated keywords after they finished read all the texts.  The 

immediate-keyword group generated keywords after reading each text.  Then all participants 

rated their comprehension level and answered comprehension questions.  Next, all participants 

selected texts to restudy.  After the restudy session, participants took a final memory test.  They 

found that JOLs for the delayed-keyword group were more accurate in predicting their 

performance in the final comprehension test than that of no-keyword and immediate-keyword 

group.  Also, the delayed-keyword group successfully detected poorly learned texts and chose 

them to restudy.  Selecting poorly learned texts allowed the delayed-keyword group to learn 

more than the other two groups from rereading the texts. Enhancing metacognitive monitoring 

accuracy lead to more effective study control and better learning. 

In realistic environments, enhancing metacognitive accuracy is effective for enhancing 

learning.  In a normal psychology class, Netfeld, Cao and Osborne (2006) asked students to do 

weekly monitoring exercise.  After each week’s class, students received a monitoring sheet 

encouraging them to reflect on their current understanding of class-related concepts and to come 

up with effective strategies to improve understanding.  Also, students answered three multiple 

choice questions relating to that week’s contents and rated the confidence of their answers.  They 

received feedback about the accuracy of their answer and the accuracy of monitoring.  They 

found that students who received the weekly monitoring exercise performed better than students 

who did not at the end of the semester.   
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Enhancing metacognitive monitoring is also helpful at enhancing online learning.  

Kauffman, Zhao & Yang (2011) provided a metacognitive monitoring prompt for participants 

during learning a 3500-word passage in online learning environments (e.g., “There was a lot of 

information covered on that web page.  Now would be a good time to ask yourself if you have 

collected all the important information.  If you believe you can answer the question below, even 

with your notes, then you are probably ready to move on to the next section”).  During reading, 

participants were asked to take notes for a final test four days later.  Before participants were 

tested for their memory of the passage, they were provided with their notes.  During the test, they 

were tested on different perspectives of learning (e.g., memory for declarative information, 

procedural information and application).  The results showed that participants who received the 

metacognitive monitoring prompt collected more information in their notes and performed better 

in the final learning test. 

In sum, metacognitive processes are critical in determining learners’ behaviors during 

learning.  Learners constantly monitor how well they learn and make decisions about how to 

enhance learning.  Increasing the accuracy of metacognitive monitoring is helpful in enhancing 

the efficacy of metacognitive control and facilitating learning performance. 

Multitasking 

Saturation in technology challenges learners’ ability to stay focused on learning.  

Learners are often found to use computer while the television is on (Brasel & Gips, 2011; Rosen, 

Carrier & Cheever, 2013), text while reading (Junco, 2012, Karpinski, Kirschner, Ozer, Mellott 

& Ochwo, 2013), and take notes on a laptop while listening to a lecture (Fried, 2008, Sana, 

Weston & Cepeda, 2013; Weaver & Nilson, 2005).   
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Multitasking has become a prevalent phenomenon during learning.  Junco and Cotton 

(2012) surveyed 1774 undergraduate students.  When asked how often they use social media 

while learning, 51% reported texting, 33% reported using Facebook, and 21% reported writing 

emails more than 75% of the time during learning.  Clayson and Haley (2013) surveyed 298 

college students who took the same business course from two different universities: 86% 

reported sending text messages to someone while in class and 94% reported receiving text 

messages while in class.  Rosen, et al., (2013) observed 279 students from middle school, high 

school and college during 15-minute period.  Students were distracted for 35% of the time.  

Calderwood, Ackerman & Conklin (2014) invited undergraduate students to do homework in 

their lab.  During 3 hours of studying, students encountered 35 distractions and engaged in 26 

min with distraction on average. 

How does multitasking influence learning? 

Multitasking during learning decreases learners’ performance in class.  As summarized in 

Carrier et al., (2015), students showed lower memory performance in class-related content when 

they send text message during lecture (e.g., Ellis, et al., 2010), use a laptop in class for class-

related activities (e.g., Hembrooke & Gay, 2003), engage in multiple learning tasks (e.g., 

Srivastava, 2013), and use social media (e.g., Burak, 2012; Rosen et al., 2013).   

 Limited attentional resources might be one of the reasons that multitasking influences 

encoding and memory processes. Based on research in neuroscience, Moscovitch and Umilta 

(1991) suggests that divided attention decreases the amount of information learners perceive and 

disrupts the strategic elaborative processing of the perceived information.  In their model, central 

systems located in the prefrontal cortex direct attention and facilitate relational, elaborative 

processes of information.  The prefrontal cortex directs attention to incoming information so that 
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incoming information reaches the conscious level.  After reaching the conscious level, incoming 

information is sent to the medial temporal lobe for preliminary encoding.  Then the information 

is processed again by prefrontal cortex for deep elaborative processes.  If attention is limited, less 

information may be attended to and less information reaches the conscious level.  Therefore, less 

information can be encoded.  Further, fewer resources are available for elaborative processing 

when the prefrontal cortex is engaged in switching attention between two tasks.  Therefore, less 

information is fully processed and remembered.   

Consistent with the model, differences in brain activities during encoding processes 

between divided and full attention condition were detected through ERP (Mangels, Picton & 

Craik, 2001).  Mangels and her colleagues (2001) asked participants to learn nouns under either 

divided or full attention condition.  Divided attention influenced frontal temporal negativity 

(N340), indicating a disrupted initial registration of information.  Also, divided attention 

influenced sustained interactions between the frontal and temporal regions, indicating less 

effective elaborative processes.   

Multitasking not only influences encoding processes, but also influences memory.  

Switching between multiple tasks disrupts working memory (Liefooghe, Barrouillet, 

Vandierendonck, & Camos, 2008).  Switching between tasks requires learners to constantly 

retrieve different task settings from long-term memory through executive control and to maintain 

that information in working memory.  In Liefooghe et al., (2008), participants switched between 

making two different kinds of digit judgments (judging the parity and the magnitude of digits) 

while holding a list of letters in their working memory.  There were two types of digit lists.  

There were lists that participants judged either the parity or the magnitude of the digits, and the 

lists that participants constantly switched between different judgments.  During the experiment, 
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participants were first presented with a letter, followed with eight trials of digit judgments tasks. 

Then the next letter was presented followed by another eight trials digit judgments.  The list 

ended when all letters (4-6 letters) were presented.  After that, participants reported the letters in 

the exact order that they were presented.  Participants in the switch lists reported fewer letters 

and made more errors in the order than in the non-switch lists, indicating that switching between 

multiple tasks reduced the amount of information participants can hold in working memory. 

Frequent task switching also disrupts learners’ cognitive control and long-term memory 

(Richter & Yeung, 2012).  Richter and Yeung (2012) tested whether under task switching 

participants were able to selectively focus on task-relevant information and inhibit task-irrelevant 

information.  Participants switched between two different judgments tasks.  On one of the 

judgment tasks, they decided whether the presented object was natural or human-made.  On the 

other judgment task, they judged whether the presented word was abstract or concrete.  Before 

the object/word presented, a cue was presented indicating whether participants should focus on 

the object or the word.  On some of the trials, participants were presented both object and the 

word (words on top of the object), while on the others, either words or objects were emphasized 

by replacing the clear object with a scrambled picture or replacing the words with random 

character string.  At the end of the experiment, participants took a surprise recognition test.  New 

words and new objects were added, and participants decided whether they saw each item in 

previous experiment session.  When participants were asked to switch between tasks, they 

remembered more task-irrelevant information than when they focused on one task continuously.  

Task switching disrupted cognitive control such that participants had less control in deciding 

which item to remember and which item to ignore. 
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Long-term effect of multitasking  

Frequent multitasking may influence students’ long-term cognitive abilities.  Learners 

who constantly multitask show lower ability to inhibit interference (Ophir, Nass & Wagner, 

2009).  Participants were tested in both their abilities of selectively focusing on task-relevant 

information and response inhibition.  Participants’ selective attention were tested in a continuous 

performance task (AX-CPT), in which target pairs of letters were presented (e.g., “AX”).  They 

needed to respond “yes” when they saw the exact target pairs (e.g., responding “yes” to “BX”, 

“AY” or “BY” is wrong).  Also, a distractor letter was added to the target pairs and marked in 

different color.  Participants needed to neglect the distractor letter.  Participants were grouped as 

heavy media multitaskers (HMMs) and light media multitaskers (LMMs) according to the mean 

number of media they use.  HMMs were significantly slower in detecting target pairs than 

LMMs when the distractor letter was added, indicating that frequent multitasking decreased 

learners’ abilities to filter out task-irrelevant information.   

Participants also showed decreased abilities in inhibiting interference from memory 

(Ophir et al., 2009).  In 2- and 3-back tasks, participants were presented with lists of letters one 

at a time.  When a letter was presented on the screen, participants had to judge whether this letter 

was the same with the letter that was presented two (in a 2-back task) or three (in a 3-back task) 

position back.  HMMs showed greater decrease in their performance than LMMs when task 

difficulty increased from 2-back to 3-back task.  Also, the false alarm rate for HMMs were 

higher than LMMs, indicating HMMs were more difficult to differentiate the targets from 

distractors than LMMs.  Constant multitasking decreased learners’ abilities of inhibiting 

interference from memory. 
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After Ophir et al., (2009), some studies focused on the long-term influence of 

multitasking on cognitive abilities.  As reviewed by Uncapher and Wagner (2018), there is  a 

consistent detrimental effect of multitasking on learners’ abilities of working memory (e.g., 

tested by AX-CPT without distractors), long-term memory, relational reasoning (e.g., tested by 

Raven’s progressive matrices task) and sustained attention (e.g., tested by Sustained Attention to 

Response Task).   

Why do students multitask? 

Learners realize the detrimental influence of multitasking (Junco & Cotton, 2011; Was, 

Hollis, & Dunlosky, 2019), but they still multitask.  Failing to inhibit interference from 

environment is one of the reasons that learners constantly multitask.  As summarized in Carrier, 

et al., (2015), many factors increase the frequency of multitasking including the number of 

technologies present in a learning environment (Rosen et al., 2013) and the affordances provided 

by technological devices (e.g., big screen and high processing speed allow running multiple 

program simultaneously; Gibson, 1979).   

Also, learners’ needs for social interactions are instantly fulfilled by multitasking.  In 

Clayson and Haley’s survey (2013), 64% of students reported a need for communication when 

they texted in a class, 33% were concerned about someone, and 48% were bored.  Reinecke et 

al., (2017) found that internet multitasking is related to perceived social pressure (e.g., “my 

friend expects me to be constantly available”), communication load (e.g., the number of text 

messages and emails received and sent, the perceived urge to check messages and emails), and 

fear of missing out (e.g., “if I would use the internet less frequently, I would fear missing out on 

important things”).  Other than that, seeking for additional information, enjoyment (e.g., because 
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it is boring to use a single medium) and efficiency (e.g., to save time) are major reasons that 

learners multitask (Hwang, Kim & Jeong, 2014).   

In sum, multitasking impairs both short-term and long-term learning.  frequent 

multitasking disrupts learners’ cognitive abilities, which ultimately decreases learners’ efficiency 

in learning.  But since multitasking provides immediate solution for learners’ various needs, like 

needs for social interactions, extra information and enjoyment, learners are hard to stop 

multitasking. 

Multitasking and metacognition 

If multitasking is unavoidable, learners need to strategically control their learning 

behaviors in order to enhance learning during multitasking.  Effective metacognitive processes 

are helpful to guide learners’ behaviors during multitasking (Rosen, Lim, Carrier & Cheever, 

2011).  Accurate monitoring of the detrimental effects of multitasking during learning might 

direct learners to utilize effective strategies to enhance learning.  However, learners may not be 

able to maintain effective metacognitive processes under divided attention.   

With limited attentional resources, learners might not accurately monitor their learning 

performance.  Nelson and Narens (1990) proposes a model of metacognition in which cognitive 

processes are divided into two interrelated levels: the object-level and meta-level.  The object 

level processes external stimuli, like words, sounds or figures.  Metacognitive monitoring and 

control are two functions of meta-level processing.  Monitoring processes are achieved by 

sending information about how well information are processed in the object-level to meta-level.  

Then meta-level sends the feedback to object-level to control processes in object-level.  Object-

level and meta-level share attentional resources.  If the object-level occupies too many 

attentional resources, learners may not be able to process information in meta-level.  Consistent 
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with this hypothesis, Griffin, Wiley and Thiede (2008) found that, when learners’ working 

memories were occupied by comprehension, learners showed low accuracy of metacognitive 

monitoring.  In this study, participants’ working memory capacities were measured.  Then 

participants learned passages across two learning trials.  During each trial, after participants read 

each passage, they made JOLs and took a comprehension test.  Participants with low working 

memory capacity showed low accuracy in JOLs after the first learning trial.  However, after the 

second learning trial, working memory capacity did not influence the accuracy of JOLs.  

Participants with low working memory capacity utilized their attentional resources to process the 

text during the first learning block so that they could not accurately monitor their 

comprehension.  When they had a chance to reread it, some resources were freed from 

processing the text and they were able to allocate attentional resources to monitor their 

comprehension.   

Finley, Benjamin and McCarley (2014) conducted experiments to directly test the 

influence of multitasking on metacognitive monitoring.  Their experiments mimicked answering 

phone while driving, in which participants performed a motor task while doing a distracting 

auditorily presented memory task.  After participants finished the task, they reported their JOLs.  

Even though participants accurately predicted that they would perform less well with divided 

attention, they overestimated the influence of distraction and underestimated their performance, 

indicating impaired metacognitive monitoring processes. 

In regards to metacognitive control, Hanczakowski, Beaman and Jones (2018) found that 

learners under divided attention were not able to effectively control their learning.  Participants’ 

main tasks were to learn lists of words for a later memory test.  Distraction was created by 

presenting different words auditorily while participants were doing the main task.  Each 
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participant went through both full attention condition and the distraction condition.  During 

learning, they were told to spend as much time as they wanted to learn the words.  After they 

finished learning, participants’ JOLs were collected.  They found that, as in Finley et al.  (2014), 

participants’ JOLs were lower in distraction condition than under full attention.  They 

hypothesized that if learners were able to effectively control their learning, they would spend 

enough time to learn the words equally well in each condition.  But even though participants 

realized they had learned poorly under divided attention, they did not spend more time in 

learning under divided attention than under full attention.  Participants were not able to 

effectively control their study time to enhance their performance when distraction occurred.   

Summary 

Multitasking is prevalent among students.  Students struggle to stop multitasking for 

many different reasons, including their need for interactions with peers, information, pure 

enjoyment.  Due to frequent multitasking, students experience significant decrements to their 

learning.  Students reliably experience memory impairment for class-related content, suffer from 

impaired inhibition and compromised sustained attention, and even earn lower GPAs when they 

multitask (Uncapher & Wagner, 2018).  Whether multitasking impairs metacognitive processes 

is still unknown.  

Learners rely on their metacognitive processes to adaptively control their learning in 

order to meet various demands and challenges.  Metacognition prompts changes to students' 

existing plans when new challenges are detected and guides learners to choose appropriate 

strategies during learning.  During learning, learners collect cues about the difficulty of learning 

materials and task settings to indicate how well they have learned the material.  Then, learners 

make decisions about their learning processes, including how long to study, which items to 
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restudy, or which strategies to utilize.  Learning increases if learners accurately monitor their 

learning and strategically allocate time and effort to appropriate materials.   

Detecting the impairment in learning under divided attention is the foundation of being 

able to effectively implement control to compensate for the negative effect of multitasking on 

learning.  Testing the impact of divided attention on the accuracy of monitoring will reveal 

important theoretical truths about metacognition.  Additionally, understanding the impact of 

divided attention on metacognition is essential to building effective interventions for student 

study habits and to supporting student learning.  Therefore, across four experiments, I examine 

how dividing attention influences learners' metacognitive monitoring. 
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CHAPTER 2 - ABOUT THIS DISSERTATION 

In my dissertation, I specifically focus on how divided attention influences metacognitive 

monitoring.  I measured learners’ metacognitive monitoring processes by eliciting their JOLs 

under either full or divided attention.  Learners were required to predict how well they think they 

will remember certain information in a later memory test, and they had to rate from 0 (“I will not 

remember it”) to 100 (“I will definitely remember it”).  If learners believe they have learned very 

well, their JOLs will be high.   

Different from previous experiments, I used item-by-item JOLs to examine 

metacognitive monitoring.  Both Finley et al., (2014) and Hanczakowski et al., (2018) used 

aggregate JOLs, asking participants to report their JOLs at the end of the learning session.  I used 

item-by-item JOLs and asked participants to report JOLs after they learned each item.  

Compared to aggregate JOLs, item-by-item JOLs may be less influenced by learners’ beliefs but 

focus more on encoding experience on item level (Besken, Solmaz, Karaca & Atilgan, 2019; 

Frank & Kuhlmann, 2017).  Therefore, if there is difference between learners’ encoding 

experience and their beliefs about the cues, aggregate JOLs might yield different results from 

item-by-item JOLs.  In other words, reductions in JOLs under divided attention found in 

previous studies might be due to learners’ broad beliefs about divided attention collected after 

learning sessions.  Learners might not be able to perceive the influence of divided attention 

during learning.  Therefore, using item-by-item JOLs might provide us more information about 

whether learners are able to accurately monitor their process during learning under divided 

attention.   

Further, I examined the accuracy of JOLs through calculating both the resolution and the 

calibration of JOLs, which might provide us more insight about how well learners are able to 
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predict their overall performance and whether learners are able to tell which items they could 

remember and which they cannot.   

In my dissertation, I conducted four experiments to test the influence of divided attention 

on metacognitive monitoring.  To preview, Experiment 1 tested the accuracy of learners’ JOLs 

under divided attention.  In Experiment 2, multiple cues were manipulated to test whether 

divided attention influences the number of cues learners take into account in their JOLs.  

Experiments 3 and 4 tested whether divided attention influences the underlying mechanism of 

making JOLs.   
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CHAPTER 3- EXPERIMENT 1 

Experiment 1a 

Experiment 1 explored whether leaners accurately monitor their learning under divided 

attention.  As discussed previously, I asked participants to report their item-by-item JOLs in 

order to understand how divided attention influences how participants monitor each single item 

during learning.  Specifically, I presented related and unrelated word pairs under both full and 

divided attention.  Participants’ item-by-item JOLs were collected during learning sessions and 

the calibration and resolution of their JOLs were compared between different conditions.   

Previous studies suggest the accuracy of JOLs might be lower under divided attention 

than under full attention.  According to Nelson and Narens (1990), under divided attention, the 

meta-level might receive less information from the object-level because the divided attention 

task consumes attentional resources.  Participants might receive less feedback about the encoding 

processes.  Also, considering divided attention might disrupt cognitive control, participants 

might have less control in what information they attend to.  Therefore, relatedness might have 

less influence in participants’ JOLs under divided attention than under full attention.  The 

resolution of JOLs might be lower under divided attention than under full attention.   

Method 

Participants.  A power analysis using the G*Power computer program (Faul, Erdfelder, 

Lang, & Buchner, 2007) indicated that a total sample of 34 participants would be needed to 

detect medium-sized effects (d = 0.5) using a mixed-method ANOVA with alpha at 0.05 and 

power of 0.80 (as suggested by Tullis, 2018).  Prior studies have shown effects of divided 

attention on metacognition that are medium-sized and larger (e.g., Finley et al., 2014).  In the 

end, 34 participants were recruited in return for partial course credit.   
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Materials.   Seventy-two word pairs were selected from University of South Florida free 

association norms (Nelson, McEvoy & Schreiber, 1998), with an average number of letters in 

target words of 5.87.  The cue-to-target relatedness of word pairs were between 0.03 to 0.05, 

indicating that within the group of participants they tested, 3% to 5% responded the target when 

the cue was presented.  I created 36 unrelated word pairs by randomly separating the pairs and 

recombining the target and cue words.  Participants were required to remember 36 word pairs 

(half related and half unrelated) under each condition. 

 Procedure.  To create a divided attention condition, participants were asked to learn the 

word pairs while performing a secondary task.  The continuous reaction task (CRT; Craik, 

Naveh-Benjamin, Ishaik, & Anderson, 2000) was used as the secondary task.  During the CRT 

task, three different tones were presented auditorily, and participants needed to respond as 

quickly as possible by pressing corresponding keys.  The frequency of the three tones were 200, 

700 and 1600Hz.  Different tones were matched with certain keys on the keyboard.  In our 

experiment, participants needed to press “1” when they heard the low tone, “2” for the medium 

tone and “3” for the high tone.   

Before the experiment started, participants were trained on the CRT task.  On separate 

screens, different tones were presented.  Participants were asked to press the corresponding key 

to move to the next tone or press the space bar to hear the tone again (e.g., “When you hear this 

LOW tone, press1. Press 1 to continue. Press SPACE BAR to hear the tone again”).  Participants 

repeated the tones as many times as they wanted.  Then there was a practice trial, during which 

participants needed to respond to 10 tones and press the corresponding keys.  Each tone was 

presented one at a time with a duration of 0.25s and an inter-stimulus interval of 1s.  They 

needed to correctly press the key more than 75% of the time to move forward.  If they did not 
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achieve 75% of correctness, they were led back to the introduction screen to learn about the 

tones again.  After that, four more practice blocks were provided to help participants become 

more familiar in the key-tone association.  Each tone was presented for seven times.  The order 

of tones presented was randomized.  The instruction (“LOW tone = 1; Medium tone  = 2; High 

tone = 3”) were presented on the screen during the whole training session.  After each practice 

trials, participants were informed of the percentage of correctness.  After they finished all the 

practice trials, they moved to the learning section. 

There were two learning-testing blocks corresponding to two attention conditions, full 

attention condition (FA) and divided attention condition (DA).  Half participants received the full 

attention condition first (FullFirst group), while the others received the divided attention 

condition first (DividedFirst group).  Participants were randomly assigned to either the FF group 

or the DF group.  During both blocks, participants were asked to learn 36 word pairs for a later 

memory test.  They were informed of the format of test, that when the cue word (the word 

presented on the right side of the screen) presented, participants need to type the target word 

(presented on the right side of the screen).   

Then, participants were told to make a JOL after each word pair presented.  Instructions 

were presented on the screen introducing what each rating of JOL means.  For example, 

participants were told to click 100 when they were 100% sure that they would remember the 

target word.  If they thought there was a 20% chance to remember the target word, then click 20.  

There were six ratings of JOLs (from 0-“definitely not remember”, 20, 40, 60, 80, to 100-

“definitely remember”), which were presented as rectangles in a row below the word pairs.  

Participants were instructed about clicking on the space within the rectangles to make JOL.  An 

example was provided, participants need to click 80% to move forward.  Before the learning 
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section started, participants were informed that they needed to make JOLs as quickly as possible.   

Further, participants were instructed that the word-learning and CRT tasks were equally 

important.    

In the learning section in the full attention condition, 36 word pairs were presented 

without interruption from the CRT task.  All the word pairs were presented one-at-a time in a 

random order.  Each word pair was presented on the screen for 2s.  After that, a JOL inquiry 

occurred at the bottom of the screen, asking participants to predict how well they would 

remember the target (second) word.  Participants were allowed to spend as much time as they 

wanted to make JOLs.  After participants made JOLs, the next word was presented.  At the end 

of the section, there was a cued recall memory test, where the first word of each word pair was 

presented, and participants typed out the second word.  Word pairs were presented in a new 

random order. 

In the DA condition, participants learned the 36 word pairs and then made JOLs as they 

did in the FA session, but at the same time, they performed the CRT task.  Each tone was 

presented one at a time with the inter-stimulus interval of 2s.  The first tone appeared as the first 

word pair presented on the screen, and it ended at the end of the learning section.  Then, as in FA 

condition, there was a cued-recall test, without interference from the CRT task.   

Between the two learning sessions, there was an extra CRT practice block identical with 

the practice block at the beginning of the experiment, in order to refresh participants’ memory of 

the CRT task. 

Results 

Cued-recall test performance.  I first examined cued-recall test performance under 

different attention conditions.  A 2 x 2 x 2 mixed-design ANOVA was conducted, in which order 
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(DividedFirst vs.  FullFirst) was a between-subject variable and condition (divided attention vs.  

full attention) and relatedness (related vs.  unrelated word pairs) were within-subject variables.   

I first examined whether participants’ memory performance was normally distributed.  

According to the results from the Shapiro-Wilk test, when the dividedFirst group participants 

learned unrelated word pairs, their memory performance was not normally distributed both under 

divided attention (p < .003) and full attention (p = .01).  When the dividedFirst group 

participants learned related word pairs, their memory performance was normally distributed 

(p  > .05).  Also, cued recall for the fullFirst group participants was normally distributed 

(p > .05).  Considering the similar sample size between the dividedFirst group (n = 18) and the 

fullFirst group (n = 16), the influence of violated assumptions of normality and homogeneity of 

variance could be minimized.  Then I tested the assumption of homogeneity of variance between 

different groups of participants who received attention condition in different order.  As assessed 

by the Levene’s Test of equal variance, the assumption of homogeneity of variance was met 

(p > .05).  In the end, since all within subject variables had two levels, the assumption of 

sphericity was automatically met.  

There was a significant main effect of condition, that participants recalled more word 

pairs in the full attention condition (M = 0.37, SD = 0.19) than in divided attention (M = 0.29, 

SD = 0.20), F(1, 32) = 10.13, p = .003, η2partial = .23 (Figure 1).  Also, participants remembered 

significantly more related word pairs (M = 0.48, SD = 0.24) than unrelated word pairs (M = 

0.17, SD = 0.14), F(1, 32) = 173.92, p < .001, η2partial = .84 (Figure 2).  A significant main effect 

of order was found, that participants who received full attention condition first (M = 0.39, SD = 

0.17) performed significantly better than those received divided attention condition first (M = 

0.27, SD = 0.17), F(1,32) = 4.67, p = .04, η2partial = .13.   
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Order did not significantly interact with relatedness, F(1,32) = 3.57, p = .07,  η2partial 

= .10, condition, F(1,32) = 2.83, p = .10, η2partial = .08.  The interaction between relatedness and 

condition did not reach significance, F(1,32) = 0.20, p = .66, η2partial = .01.  There was no 

significant interaction effect between relatedness and attention, F(1,32) = 2.88, p = .10, η2partial 

= .08. 

JOLs.  To examine how divided attention influenced participants’ JOLs, a 2 x 2 x 2 

mixed-design ANOVA was conducted for participants JOLs, with order (divided attention first 

vs. full attention first) as a between-subject variable, condition (divided attention vs. full 

attention) and relatedness (related vs. unrelated word pairs) as within-subject variables.   

I first examined whether the data was normally distributed.  According to the results of 

the Shapiro-Wilk's test, learners JOLs were normally distributed (p > .05).  Then I tested the 

homogeneity of variance of JOLs between participants who received different order of 

conditions.  According to the results from the Levene’s Test of Equality of Variance, when 

learning unrelated word pairs under full attention, the variance between dividedFirst and fullFirst 

group was unequal (p = .004).  In other conditions, the assumption of equal variance was met 

(p > .05).  Considering that all groups had same sample size, the violation of the assumption of 

equal variance could be minimized.  Next, I tested the assumption of sphericity.  Since each 

within subject variables had two levels, the assumption of sphericity was automatically met.  

There was a significant main effect of relatedness, that participants believed they would 

remember more related word pairs (M = 54.87, SD = 20.94) than unrelated word pairs (M = 

28.07, SD = 11.93), F(1,32) = 68.15, p  < .001, η2partial = .68 (Figure 2).  Also, a significant main 

effect of order was found: participants who received the full attention condition first (M = 46.46, 
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SD = 14.95) showed higher predictions in their memories than participants who received divided 

attention condition first (M = 37.04, SD = 12.05), F(1,32) = 4.13, p = .05, η2partial = .11. 

There was no significant effect of condition: participants predicted that the number of 

word pairs they were able to recall would not be different between divided (M = 41.23, SD = 

15.44) and full attention condition (M = 41.72, SD = 16.17), F(1,32) = 0.10, p = .75, η2partial 

= .003 (Figure 1).  There was an interaction effect between condition and order, F(1,32) = 3.81, 

p = .06, η2partial = .11.  From Figure 1, JOLs of the DividedFirst group decreased from divided 

attention to the full attention, while JOLs of the FullFirst group increased from divided attention 

condition to the full attention condition.   

No other significant interaction effects were found.  Order did not interact with 

relatedness, F(1,32) = 1.22, p = .28, η2partial = .04.  Also, there was no interaction effect among 

order, relatedness and attention, F(1,32) = 0.54, p = .47, η2partial = .02.  Moreover, there was no 

significant interaction between relatedness and attention, F(1,32) = 0.90, p = .35, η2partial = .03. 

JOL time.  The time participants spent in making JOLs were compared across different 

conditions.  Participants under full attention spent less time making JOLs (M = 1.48, SD = 0.88) 

than participants under divided attention (M = 2.03, SD = 0.75), t(33) = 1.98, p = .06, d = 0.67.  

Accuracy of JOLs.  In order to examine whether divided attention influences accuracy 

of participants’ JOLs, resolution and calibration of participants’ JOLs were calculated.   

Calibration was calculated by subtracting each participant’s average JOL from the percentage of 

word pairs they successfully recalled on the final memory test.  Then, a 2 (condition: DA vs.  

FA) ´ 2 (order: DividedFirst vs.  FullFirst) mixed design ANOVA was conducted to test whether 

under different condition, participants accurately predicted their overall performance.  The 

assumption of normality was met.  Participants’ calibration score were normally distributed as 
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assessed by the Sharpiro-Wilk test (p > .05).  The assumption of homogeneity of variance was 

met, according to the nonsignificant result from the Levene’s Test of equal variance (p > .05).  

Also, the assumption of sphericity was automatically met, since the within subject variable had 

only two levels.  

The results showed there was a significant main effect of condition, such that calibration 

was significantly lower under divided attention (M = -0.13, SD = 0.18) than under full attention 

(M = -0.05, SD = 0.18), F(1,32) = 6.07, p = .02, η2partial = .16 (Figure 3).  Also there was a 

significant interaction effect between condition and order, F(1,32) = 8.25, p = .01, η2partial = .21.  

From Figure 3, participants in the DividedFirst group showed great improvement in their 

calibration from divided to full attention condition, however participants in the FullFirst group 

showed a slight decrease in their calibration from divided to full attention condition.    

Resolution was calculated by the Gamma correlation between participant’ JOL and their 

actual recall for each item.  Then a 2 (condition) ´ 2 (order) mixed design ANOVA was 

conducted to test whether divided attention influenced participants’ ability to detect the 

memorability for each item.  For the dividedFirst group, when learning under full attention, the 

gamma correlation between participants’ JOLs and their actual recall was not normally 

distributed (p = .002).  But when learning under divided attention, the gamma correlation was 

normally distributed (p > .05).  Also, the gamma correlation for the fullFirst group was normally 

distributed (p > .05).  Since all groups had the same sample size, the influence of violated 

assumption of normality could be minimized.  The assumption of homogeneity of variance was 

met, according to the nonsignificant result from the Levene’s Test of equal variance (p > .05).  

Also, the assumption of sphericity was automatically met, since the within subject variable had 

only two levels.  
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The results showed that no significant difference in resolution was found between the 

divided attention condition (M = 0.46, SD = 0.39) and the full attention condition (M  = 0.46, SD 

= 0.29), F(1, 28) = 0.03, p = .85, η2partial = .001 (Figure 4).  The gamma correlation for 

participants under divided attention was significantly different from 0, t(35) = 6.73, p < .001.  

Also, gamma correlation for participants under full attention were significantly different from 0, 

t(35) = 8.85, p < .001.  It indicates that predictions from both conditions were more accurate than 

chance.  Also, FullFirst group showed better resolution (M = 0.46, SD = 0.29) than the 

DividedFirst group (M = 0.40, SD = 0.38), F(1,28) = 1.81, p = .19, η2partial = .06.   

In addition, an interaction effect between order and attention was found, F (1, 28) = 0.42, 

p = .07, η2partial = .11.  As shown in Figure 4, participants in the DividedFirst group showed 

increased resolution from divided to full attention condition, while resolution from the FullFirst 

group showed a decrease from the divided to full attention condition. 

The null effect of condition might be due to the opposite pattern of JOLs between the FF 

and the DF group.  Therefore, I reanalyzed the data of the first learning-testing block.  During the 

first block of the experiment, half of the participants received the full attention condition and the 

others received the divided attention condition.  Comparing JOLs between the two groups 

allowed me to exclude the effect of order, thus getting a clearer idea of how different attention 

conditions influences participants’ JOLs.   

Cued-recall performance in the 1st block.  A 2 (relatedness) ´ 2 (condition) mixed 

design ANOVA was conducted, in which condition (DA vs.  FA) was a between subject 

variable, and relatedness (related vs.  unrelated word pair) was a within subject variable (Figure 

5).   
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The result showed, there was a significant main effect of relatedness, such that 

participants remembered more related word pairs (M = 0.45, SD = 0.27) than unrelated word 

pairs (M = 0.16, SD = 0.15), F(1, 32) = 95.34, p < .001, η2partial = .75.  Also, a significant main 

effect of condition was found, such that participants in the full attention condition (M = 0.41, SD 

= 0.17) recalled more word pairs than participants in the divided attention condition (M  = 0.21, 

SD = 0.17), F(1,32) = 11.96, p = .002, η2partial = .27.  Moreover, there was a significant 

interaction effect between relatedness and condition, F(1, 32) = 5.93, p = .02, η2partial = .16.  As 

shown in Figure 5, the difference in cued recall between unrelated word pairs and related word 

pairs was greater in the full attention condition than that in the divided attention condition.   

JOLs in the 1st block.  A 2 (relatedness) ´ 2 (condition) mixed-design ANOVA was 

conducted, in which condition was a between subject variable, and relatedness was a within 

subject variable (Figure 5).  There was a significant main effect of relatedness, such that 

participants predicted they would remember more related word pairs (M = 56.63, SD = 20.44) 

than unrelated word pairs (M = 30.85, SD = 14.51), F(1,32) = 64.87, p < .001, η2partial = .67.  

Also, a significant main effect of condition was found, such that participants in the divided 

attention condition (M = 38.95, SD = 12.97) expected lower performance than participants in the 

full attention condition (M = 49.13, SD = 15.48), F(1,32) = 4.35, p = .05, η2partial = .12.  No 

significant interaction effect was found.   

Accuracy of JOLs in the 1st block.  The accuracy of participants’ JOLs in the first block 

was examined.  A two-sample t-test was conducted to compare participants’ calibration between 

different conditions.  The result showed that there was no significant difference in calibration 

between participants under divided attention (M = -0.18, SD = 0.21) and those under full 

attention (M = -0.08, SD = 0.19), t(33) = 1.52, p = .14, d = 0.50 (Figure 6). 
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Gamma correlations were calculated to examine participants’ resolution under different 

conditions.  A two-sample t-test was conducted to test whether attention condition affected 

participants’ resolution.  There was no significant difference in resolution of participants’ JOLs 

under divided attention (M = 0.35, SD = 0.48) and under full attention (M = 0.39, SD = 0.35), 

t(33) = 0.29, p = .78, d = 0.10 (Figure 7). 

Discussion 

Divided attention influenced learners’ memory performance: under divided attention, 

learners recalled fewer word pairs than that under full attention.  The result is consistent with 

previous studies where divided attention impairs learners’ memory and learning. For example, 

participants under divided attention are not able to focus on learning because they are constantly 

retrieving goals for the secondary task from long-term memory (Salvucci, Taatgen & Borst, 

2009).   

The order of condition influenced how much participants remembered.  Participants 

learned word pairs under full attention first remembered more word pairs than those who first 

learned under divided attention.  Even in the second block, when the FullFirst group learned 

under divided attention, their memory performance showed slightly better than the DividedFirst 

group who learned under full attention.  One possible reason is that the order of conditions 

influences how much participants learn about the task.  During the first block, participants may 

become familiar with the task and learn gradually about how to perform well in the task.  But if 

the first block is under DA, participants might learn less well about the task than participants 

who receive FA first.  Therefore, in the second block, participants who received FA first showed 

better skills and knowledge about the task than participants who received DA first.    
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In terms of JOLs, divided attention showed limited influence on participants’ JOLs.  

Participants under both conditions predicted that they would remember more related word pairs 

than unrelated word pairs.  Also, matched with their memory performance, the FullFirst group 

expected better performance than the DividedFirst group.   

There was inconsistent effect of divided attention on JOLs across different groups.  JOLs 

in the FullFirst group increased from divided attention to full attention condition, but JOLs 

decreased from divided attention to full attention condition in the DividedFirst group.  

Participants transferred the skills they learned from block 1 to block 2 as discussed above.  In 

block 1, participants were unclear which information indicates good learning in the final memory 

test.  Therefore, their JOLs were easily biased, which could be demonstrated by their poor 

calibration.  After having more experience with the task, they were able to make accurate JOLs 

in block 2, which could be indicated by the increased calibration and resolution. 

The order effect might mediate the relationship between condition and JOLs.  The null 

effect of attention condition on JOLs might be due to different patterns of JOLs across the 

fullFirst and dividedFirst group. 

To exclude the order effect, I reanalyzed the data so to only compare participants’ JOLs 

between groups in the first block.  The result showed, as previously discussed, a significantly 

detrimental effect of divided attention on memory.  Participants remembered more word pairs 

under full attention than under divided attention.  Also, they remembered more related word 

pairs than unrelated word pairs.  A significant interaction effect between condition and 

relatedness was still found.  It could be explained by the floor effect that participants under 

divided attention were not able to show worse memory performance for the unrelated word pairs.  

As to participants’ JOLs, after excluding the learning effect, divided attention still showed 
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limited influence.  Participants were able to predict that they learned related word pairs better 

than unrelated word pairs.  Also, matched with their memory performance, participants under 

divided attention expected lower performance than participants under full attention.  What’s 

more, no difference was found in the calibration and resolution of participants’ JOLs across 

different conditions.   

However, only considering the data from the first block changes the experiment from a 

within-subject design into a between subject design, which requires more power to conduct and 

analyze.  Therefore, the results from above analysis could be considered as a pilot study, 

providing us rough idea about possible effect of divided attention.  In experiment 1b, more 

participants were collected to test whether divided attention influence JOLs. 

 

Experiment 1b 

Method 

Participants.  To determine the sample size, I conducted a power analysis based on the 

effect size (d) of the difference in JOLs between the divided attention group and the full attention 

group in Experiment 1a.  It showed that to achieve an effect size of 0.60, with a power of 0.8, an 

a of 0.05 in an independent t-test, 45 participants in each group, 90 participants in total were 

needed in experiment 1b.  Eighty students participated for partial course credit.  And 10 students 

were paid for $15 for compensation (3 in divided attention condition; 7 in full attention 

condition). 

Material and procedures.  Identical to the Experiment 1a, participants were asked to 

remember 36 word pairs (18 related, 18 unrelated) under both divided and full attention.  The 

divided attention condition was created by asking participants to perform the CRT task while 
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learning word pairs and making JOLs.  At the end of each session, there was a cued-recall test.  

Participants in this experiment (and all those that follow) completed two study-test cycles (one 

under FA and one under DA) as in Experiment 1a, but I will only examine results from the first 

cycle.   

Results 

 As showed in Figure 8 and Figure 9, the patterns of results were similar between 

participants who received course credit and those received money for compensation.  Therefore, 

for the analysis in this experiment, I did not distinguish the type of participants.    

 Cued-recall memory test performance.  I first examined participants’ cued-recall test 

performance under different conditions.  A 2 (related vs. unrelated) ´ 2 (DA vs.  FA) mixed-

design ANOVA was conducted.  The assumption of normality was violated.  According to the 

results from the K-S Test, when learning unrelated word pairs, the distribution of memory 

performance was positively skewed both under divided attention (p < 0.01) and under full 

attention (p = .04).  When learning related word pairs, the distribution of memory performance 

was negatively skewed both under divided attention (p = .01) and under full attention (p = .02).  

Then I tested the assumption of homogeneity of variance.  According to the Levene’s Test of 

equal variance, when learning unrelated word pairs, the variance between divided attention group 

and the full attention group was not equal, F(1,88) = 11.76, p = .001.  But when learning related 

word pairs, the variance was equal across groups, F(1,88) = 0.86, p = .36.  Considering the 

similar sample size between the divided attention group (n = 45) and the full attention group (n = 

45), the influence of violated assumptions of normality and homogeneity of variance could be 

minimized.  The assumption of sphericity was automatically met considering the within subject 

variable had two levels. 
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The result showed that participants remembered significantly more related word pairs (M 

= 0.55, SD = 0.26) than unrelated word pairs (M = 0.19, SD = 0.18), F(1,88) = 361.77, p < .001, 

η2partial = .80 (Figure 10).  Also, there was a significant main effect of condition, such that 

participants in FA remember more items (M = 0.45, SD = 0.21) than those in DA (M = 0.28, SD 

= 0.15), F(1,88) = 19.49, p < .001, η2partial = .18.  No significant interaction was found.   

 JOLs.  Then I examined whether participants in divided attention condition realized the 

decrements in their performance.  A 2 (DA vs. FA) by 2 (related vs. unrelated word pairs) mixed 

design ANOVA was conducted.  According to the K-S test, the distribution of participants’ JOLs 

was not normally distributed when learning related word pairs under divided attention (p = .04).  

But when learning unrelated word pairs under divided attention, participants’ JOLs were 

normally distributed (p > .05).  Also, participants’ JOLs were normally distributed when learning 

under full attention (p > .05).  Since the sample size was similar between the divided attention 

group (n = 44) and the full attention group (n = 46), the influence of violated assumption of 

normality could be minimized.  The assumption of homogeneity of variance was met as assessed 

by the Levene’s Test of equal variance (p > .05).  Also, the assumption of sphericity was 

automatically met considering the within subject variable had two levels. 

Participants predicted that they would remember more related word pairs (M = 64.12, SD 

= 22.91) than unrelated word pairs (M = 37.70, SD = 19.75), F(1,87) = 164.68, p < .001, η2partial 

= .64 (Figure 10).  Also, participants under DA (M = 45.57, SD = 19.07) predicted significantly 

lower recall than participants under FA (M = 56.50, SD = 17.66), F(1,87) = 7.35, p = .01, η2partial 

= .08.  No significant interaction was found.  
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JOL time.  The time participants spent making JOLs was compared across groups.  

Participants under divided attention (M = 2.30, SD = 0.99) spent more time making JOLs than 

participants under full attention (M = 1.67, SD = 0.90), t(89) = 3.13, p < .001, d = 0.67. 

Accuracy of JOLs.  Calibration and resolution of participants’ JOLs under different 

conditions were calculated and compared.  I first checked the distribution of calibration.  

Participants’ calibration under divided attention (p = .06) and full attention (p = .20) were both 

normally distributed as tested by the K-S test.  Also, the assumption of homogeneity of variance 

was met according to the result from the Levene’s Test (p = .37).  There was no significant 

difference in calibration between divided (M = -0.18, SD = 0.23) and full attention conditions 

(M = -0.11, SD = 0.26), t(89) = 1.20, p = .23, d = 0.29 (Figure 11).   

Then, I checked the distribution of resolution.  The result from the K-S test showed 

participants’ resolution under full attention was not normally distributed (p = .01).  But under 

divided attention, participants’ resolution was normally distributed (p = .20).  Since the sample 

size was similar between the divided attention group (n = 44) and the full attention group (n = 

46), the influence of violated assumption of normality could be minimized.  The assumption of 

homogeneity of variance was also met as assessed by the Levene’s Test (p = .16).  The result 

showed there was no significant difference in resolution between divided (M = 0.51, SD = 0.30) 

and full attention condition (M = 0.53, SD = 0.26), t(89) = 0.45, p = .66, d = 0.17 (Figure 12).   

Discussion 

Experiment 1b replicated Experiment 1a to compare how participants’ JOLs differ 

between different attention conditions.  The results indicated that divided attention consistently 

impaired cued-recall.  Participants in the divided attention condition remembered fewer word 
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pairs than participants in the full attention condition.  Also, as experiment 1a, participants 

remembered more related word pairs than unrelated word pairs.   

In terms of their JOLs, contrary to the prediction, no difference was found in the accuracy 

of participants’ JOLs between the divided attention group and the full attention group.  Matched 

with their performance, participants from the divided attention group predicted lower cued-recall 

performance than those participants from the full attention group.  Both groups rated related 

word pairs were more memorable than unrelated word pairs.  Finally, participants in the divided 

attention group showed as good calibration and resolution of their JOLs as participants in the full 

attention condition.   

As Finley et al., (2014), I found participants overestimated their performance under 

divided attention.  The level of overestimation, however, was not significantly different between 

different attention conditions.  Consequently, overestimation cannot be attributed to limited 

attentional resources.  Participants might have little experience in performing a cued-recall test. 

Therefore, they are not able to provide accurate predictions (e.g., Ghatala, Levin, Foorman, & 

Pressley, 1989).    

The result that learners’ JOLs remain accurate under divided attention is contradicted to 

the hypothesis and previous findings (e.g., Griffin et al., 2008).  A possible explanation might be 

that the to-be-learned stimuli were easy to process.  In Griffin et al., (2008), participants read 

four 650-900 words passages covering complex topics in natural and social science.  The 

comprehension test assessed situation-level presentation which required deep synthesis of 

information in the passages.  However, the material in this experiment was word pairs, which 

may be easier to process than complex passages.  Therefore, participants in this experiment 

might have enough attentional resources to process meta-level information.  Also, predicting 
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comprehension is more complicated than predicting cued-recall memory performance.  Previous 

studies have found a consistent low accuracy in metacomprehension prediction (Dunlosky & 

Lipko, 2007).  Learners based their predictions on different cues and unable to focus on valid 

cues (Thiede, Griffin, Wiley & Anderson, 2010).  However, in this experiment, participants 

could easily tell the relatedness of word pairs, which is also a good predictor in memory 

performance.  Therefore, making accurate JOLs in this experiment requires less attentional 

resources than participants in previous studies.   

To mimic a more complicated learning situation, in experiment 2, I added another cue, 

presentation time, to test whether learners are able to process two cues simultaneously under 

divided attention.   
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CHAPTER 4 - EXPERIMENT 2 

 Previous studies suggest that divided attention might influence the number of cues 

participants utilize in JOLs.  The dual-level model of metacognition indicates that, with less 

attentional resources occupied by the object-level task, learners are able to detect more meta-

level cues (Griffin et al., 2008).  Also, Undorf et al., (2018) argued that collecting information 

about memory performance might require attentional resources.  Processing more information 

requires more attentional resources.  Therefore, limited attentional resources might limit the 

amount of information learners integrate in their JOLs.   

Luna, Albuquerque & Martín-Luengo (2019) tested the influence of cognitive load on 

JOLs.  They found that, even though previous studies have found a robust effect of font size on 

JOLs, under high cognitive load, font size no longer influenced JOLs.  Participants were asked to 

remember sentences under either high or low cognitive loads.  In the high cognitive load 

condition, before each sentence was presented, participants were presented with certain number 

of black dots in a 3´3 matrix for 500 ms.  Participants were asked to remember the pattern of the 

dots and replicate the pattern of dots in a later test.  After that, the sentence was presented for 5s 

followed with the prompt for JOL.  Next, participants were asked to replicate the pattern of dots 

in a blank 3´3 matrix.  In the low cognitive load condition, participants learned the sentence and 

made the JOL before the black dots were presented.  Immediately after the dots were presented, 

participants were asked to replicate the pattern of the dots.  Participants only needed to hold the 

pattern of dots in their working memory when learning sentences until they made JOLs under 

high cognitive load.  Half of the sentences were presented in small font size (18pts), while the 

others presented in big font size (48pts).  Participants rated bigger font size sentences as more 
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memorable only under low cognitive load.  No effect of font size was found in the high cognitive 

load condition.  Cognitive load changes how learners take into account cues.   

Experiment 2 aimed to directly test whether divided attention influences the number of 

cues that learners use when making their JOLs.  Specifically, in addition to cue-target 

relatedness, presentation time of word pairs was manipulated.  Half of the word pairs were 

presented for 1s and the other half were presented for 5s.  Learners believe they learn better 

when word pairs are presented for longer duration (Benjamin, 2005).   

The reason for using presentation time is that presentation time is an extrinsic cue.  Koriat 

(1997) argues that since JOLs are “comparative in nature” (p352), learners are more sensitive to 

intrinsic cues than extrinsic cues.  For example, Koriat (1997) manipulated relatedness of word 

pairs (intrinsic) and presentation time (extrinsic).  The same list of word pairs was learned 

through two study-test blocks, so word pairs were learned twice.  After each word pairs was 

presented, participants made JOLs indicating how likely they would be to remember the second 

word when the first word appeared.  At the end of each block, participants’ memory for the 

second words were tested.  Participants gave higher JOLs for related word pairs than unrelated 

word pairs, but they discounted the effect of presentation time, indicating higher sensitivity for 

intrinsic cues than extrinsic cues.  However, previous studies also found that learners are 

sensitive to both extrinsic cues and intrinsic cues.  For example, participants were able to take 

into account serial position of word pairs in their JOLs, such that participants realized if words 

were presented at the beginning of a learning session, they remembered it better (Dunlosky & 

Matvey, 2001).  Also, Undorf et al., (2018) manipulated four different cues, including 

concreteness (intrinsic), emotionality (intrinsic), font size (extrinsic), and the number of study 
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presentations (extrinsic).  Participants were able to take into account all four cues when they 

made JOLs.   

I would like to know whether, under divided attention, participants are able to take into 

account different types of cues in their JOLs.  Divided attention might limit the number of 

information that learners perceive and process (Moscovitch & Umilta, 1991).  Therefore, I would 

like to know whether under divided attention, learners are able to perceive and process the 

extrinsic cue when multiple different cues were presented.   

Also, according to Metcalfe and Kornell (2005), learners stop learning when they feel 

they can no longer benefit from studying.  Therefore, learners stopped learning because they felt 

spending more time in learning under divided attention did not benefit their memory.  I would 

like to test whether learners could tell the benefit of longer study time under divided attention. 

Method 

 Participants.  As Experiment 1b, a total of 90 participants were recruited from the 

University of Arizona.  Twelve participants received $15 (5 participants in the divided attention 

condition, 7 in the full attention condition), and 78 participants received partial course credit for 

participating (40 participants in the divided attention condition, 38 participants in the full 

attention condition). 

 Materials and procedures.  As in previous experiments, divided attention was created 

by asking participants to perform the CRT task while learning word pairs and making JOLs.  In 

both conditions, participants were asked to remember 36 word pairs (18 related and 18 

unrelated).  After presenting the word pairs, participants were asked to make JOLs.  At the end of 

each session, there was a cued-recall test.   
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Unlike the previous experiment, the presentation time for word pairs was manipulated.  

Half of the word pairs were presented for 1s, and the other half were presented for 5s.   The word 

pairs were still presented on the screen while participants making JOLs.  Half related word pairs 

and half unrelated word pairs were randomly selected to presented for 1s, while the other half of 

word pairs were presented for 5s.   

Results 

As showed from Figure 13 to Figure 14, the patterns of results about the relatedness of 

word pairs were similar between participants who were paid and those received course credit.   

Figure 15 to Figure 16 demonstrated the pattern of results about presentation time.  

Participants showed slightly different patterns of memory performance for different presentation 

time.  Under full attention, paid participants tended to show better memory performance when 

presentation time was short.  But the pattern of JOLs for presentation time was similar.  

Participants predicted they would remember more word pairs when presentation time was long 

under full attention.  Also, under divided attention, participants showed similar JOLs for 

presentation times.  For the analysis in this experiment, I did not distinguish the types of 

participants, because 1) the pattern of memory performance and JOLs could be easily biased 

considering the small number of paid participants, 2) the focus of this study was the difference in 

JOLs under different attention condition. 

Cued-recall test performance.  To examine whether relatedness of word pairs and 

presentation time influenced memory under different attention conditions, a 2 (divided vs. full) x 

2 (related vs.  unrelated) x 2 (1s vs. 5s) mixed design ANOVA was conducted on cued recall.  

The assumption of normality was violated.  According to the K-S test, participants’ memory 

performance was not normally distributed (p < .05).  Then I tested the assumption of 
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homogeneity of variance.  According to the Levene’s Test, participants’ memory performance 

for unrelated word pairs when presentation time was long did not show equal variance between 

divided attention and full attention (p = .01).  However, there was equal variance in participants’ 

memory performance for related word pairs across groups, both when presentation time was long 

(p = .19) and short (p = .65).  Also, when learning unrelated word pairs when presentation time 

was short, the variance was equal between divided attention and full attention (p = .21).  Since 

both divided attention group and full attention group obtain identical sample size (n = 45), the 

influence of violated assumptions of homogeneity of variance could be minimized.  

The result showed that participants remembered significantly more related word pairs (M 

= 0.49, SD = 0.26) than unrelated word pairs (M = 0.20, SD = 0.18), F(1,88) = 241.72, p < .001, 

η2partial = .73 (Figure 17).  Also, participants under full attention condition (M = 0.42, SD = 0.21) 

recalled more targets than participants under divided attention (M = 0.26, SD = 0.17), F(1,88) = 

15.80, p < .001, η2partial = .15.  There was no significant interaction between condition and 

relatedness, F(1,88) = 3.09, p = .08, η2partial = .03.   

Moreover, participants remembered significantly more items when the presentation time 

was 5s (M = 0.37, SD = 0.23) than 1s (M = 0.31, SD = 0.23), F(1,88) = 19.57, p < .001, η2partial 

= .18 (Figure 18).  No significant interaction effect between presentation time and condition was 

found, F(1,88) = 0.78, p = .38, η2partial = .01.  

In addition, there was no significant interaction between relatedness and condition, 

F(1,88) = 0.002, p = .97, η2partial < .001.  Also, no 3-way interaction was found among 

relatedness, condition and presentation time, F(1,88) = 0.78, p = .38, η2partial = .01. 

JOLs.  Then I examined whether condition and relatedness influenced participants’ 

JOLs.  A 2 (related vs.  unrelated) x 2 (divided vs. full) x 2 (1s vs. 5s) mixed-design ANOVA 
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was conducted.  The assumption of normality was met as assessed by the K-S test (p > .05).  The 

assumption of homogeneity of variance was not met when learning unrelated word pairs and 

when presentation time was short (p = .04) according to the results of Levene’s Test (p > .05).  

However, the equal variance was found across groups when learning unrelated word pairs and 

the presentation time was long (p = .41).  Also, when learning related word pairs, the assumption 

of equal variance was met both when the presentation was long (p = .52) and when presentation 

time was short (p = .61). 

The result showed that participants predicted they would remember more related word 

pairs (M = 62.58, SD = 19.39) than unrelated word pairs (M = 38.67, SD = 19.73), F(1,88) = 

144.70, p < .001, η2partial = .62 (Figure 17).  Also, participants under divided attention (M = 

44.83, SD = 14.66) predicted lower performance than participants under full attention condition 

(M = 56.42, SD = 17.24), F(1,88) = 11.81, p = .001, η2partial = .12.  Moreover, there was a 

significant interaction between relatedness and condition, F(1,88) = 7.57, p = .01, η2partial = .08.  

A post-hoc t-test was conducted to explore the interaction effect.  Under full attention condition, 

participants predicted they would remember more related word pairs (M = 71.11, SD = 17.20) 

than unrelated word pairs (M = 41.73, SD = 21.89), t(44) = 10.36, p < .001, d = 1.49.  Also, 

under divided attention, participants predicted they would remember more related word pairs (M 

= 54.05, SD = 17.78) than unrelated word pairs (M = 35.60, SD = 16.99), t(44) = 6.62, p < 

0.001, d = 1.06. 

Participants predicted they would learn better when the presentation time was 5s (M = 

51.68, SD = 17.72) than 1s (M = 49.57, SD = 16.96), F(1,88) = 8.01, p = .01, η2partial = .08 

(Figure 18).  In addition, there was a significant interaction between presentation time and 

condition, F(1,88) = 9.37, p = .003, η2partial = .10.  A post-hoc t-test showed that, under divided 
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attention, presentation time did not influence participants’ JOLs, t(44) = 0.17, p = .87, d = 0.01.  

Under full attention, however, there was a significant difference in participants’ JOLs between 1s 

(M = 54.22, SD = 18.19) and 5s (M = 58.62, SD = 17.02), t(44) = 4.06, p < .001, d = 0.25. 

No significant interaction was found between relatedness and presentation time, F(1,88) 

= 0.54, p = .47, η2partial = .01.  Finally, the three-way interaction among relatedness, presentation 

time and condition did not reach significance, F(1,88) = 1.75, p = .19, η2partial = .02. 

JOL time.  The time participants spent making JOLs was compared across groups.  As in 

previous experiments, participants spent more time making JOLs under divided attention (M = 

3.36, SD = 1.76) than under full attention (M = 1.74, SD = 0.64),  t(89) = 5.78, p < .001, d = 

1.22.  

Accuracy of JOLs.  The calibration and resolution of participants’ JOLs under different 

conditions were calculated and compared.  To compare the calibration of JOLs under divided 

and full attention, a two-sample t-test was conducted.  The assumption of normality was met.  

The K-S test showed, calibration under both divided attention (p = .20) and full attention (p 

= .16) were normally distributed.  Also, the assumption of homogeneity of variance was met as 

assessed by the Levene’s Test (p = .45).  The result showed there was no significant difference in 

the calibration of JOLs between divided (M = -0.18, SD = 0.18) and full attention condition (M 

= -0.14, SD = 0.24), t(89) = 0.95, p = .34, d = 0.19 (Figure 19). 

A two-sample t-test was conducted to compare participants’ resolution between divided 

attention and full attention.  The assumption of normality was violated.  Participants’ gamma 

correlation between JOLs and their actual memory performance was not normally distributed 

under full attention (p = .003).  But the gamma correlation was normally distributed for 

participants learning under divided attention.  Since the two groups had the same sample size, the 
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influence of violated assumption of normality could be minimized.  Also, as tested by the 

Levene’s test, the assumption of homogeneity of variance was met (p = .31).  No significant 

difference in the resolution of participants’ JOLs was found between the divided (M = 0.41, SD 

= 0.35) and full attention conditions (M = 0.48, SD = 0.29), t(89) = 1.08, p = .28, d = 0.22 

(Figure 20).   

Discussion 

Experiment 2 explored whether participants can integrate multiple cues simultaneously 

into their JOLs under divided attention.  As in Experiment 1, divided attention influenced 

participants’ memory performance; participants showed better memory performance under full 

attention than under divided attention.  Divided attention did not influence the accuracy of 

participants’ JOLs.  Participants successfully predicted that they would remember more word 

pairs under full attention than under divided attention.  In addition, relatedness of word pairs 

influenced participants’ memory performance; participants remembered more related word pairs 

than unrelated word pairs.  Also, participants successfully predicted that they would remember 

more related word pairs than unrelated word pairs.  Moreover, both the resolution and calibration 

of JOLs remained intact under divided attention.   

However, under divided attention, participants did not take into account the influence of 

presentation time on their memory under divided attention.  Participants showed better memory 

performance when presentation time was longer.  But only in full attention condition did 

participants successfully predicted that they had better memory when the presentation time was 

longer.  Several explanations might be applied.  First, previous studies have found that, under 

divided attention, participants’ time perception was distorted.  The contextual change model 

(Block & Reed, 1978) suggests that cognitive load positively correlates to retrospective time 
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perception (e.g., people feel they had a long day when they had been through a lot of things).  As 

Hanczakowski and his colleagues (2018) explained, learners might perceive a lot of things occur 

during divided attention, so they feel time passes faster.  Consequently, even though they did not 

spend enough time in learning, they feel they did and they stopped studying.  In this experiment, 

participants’ distorted ability of time perception under divided attention may blur the difference 

between different presentation times.  Time distortion may prevent learners from considering 

study time when making JOLs.   

Secondly, because of limited attentional resources, participants might not be able to take 

into account multiple cues in their JOLs (Undorf et al., 2018).  Integrating presentation time in 

JOLs might be more effortful than integrating relatedness.  Undorf et al., (2018) found that the 

format of cues influenced cue integration.  In one of their experiments, they presented three 

nonorthogonal cues that varied on continuum.  For example, they presented nouns that varied on 

six levels of concreteness, six levels of arousal, and eight font sizes.  They found that compared 

with their experiments that presented cues in orthogonal way (e.g., abstract vs.  concrete; high 

arousal vs.  low arousal), fewer participants integrated multiple cues when cues were presented 

along a continuum.  In this experiment, participants might easily detect the difference between 

related and unrelated word pairs, but not the difference of presentation time.  Participants’ 

distorted time perception might blur the difference in presentation time, making different 

presentation time seem to vary along a continuum.  Therefore, participants under divided 

attention were difficult to integrate presentation time in their JOLs. 
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CHAPTER 5- EXPERIMENT 3 

Metacognitive cues influence learners’ JOLs through learners’ prior beliefs about cues 

(Dunlosky et al., 2015) and experiential fluency (Koriat, 1997).  Analytic processing theory 

suggests that making JOLs based on beliefs about cues is a deliberate problem solving process, 

in which learners need to actively develop or search for information that indicates item 

memorability (Dunlosky et al., 2015).  In contrast, making JOLs based on experiential fluency 

might be less effortful because learners feel experiential fluency without cognitive effort and 

they intuitively match fluency to memorability (i.e., ease-of-processing heuristic; Begg, et al., 

1989).  Taking into account beliefs about cues might be more vulnerable to divided attention 

than taking into account experiential fluency because learners might be unable to allocate enough 

attentional resources to manage deliberate information searching processes (Undorf et al., 2018).  

In Experiment 2, presentation time did not influence participants’ JOLs under divided 

attention.  Whether participants discounted presentation time because of a failure to consider 

beliefs about presentation time in JOLs under divided attention or whether they failed to 

integrate multiple cues is unknown.  Experiment 3 directly tests the influence of participants' 

beliefs on JOLs by manipulating beliefs about an arbitrary cue (i.e. font color) and measuring the 

impact of those beliefs on JOLs.   

Manipulating participants’ beliefs about font color provides a clear test about how 

participants consider beliefs in their JOLs under divided attention.  In Mueller and Dunlosky 

(2017), participants were told that our brain processes certain colors more easily than others.  

Participants were divided into two groups.  For the first group, participants were told that our 

brain process green more easily than blue.  For the second group, participants were told that our 

brain process blue more easily than green.  After participants read the instructions, they were 
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asked to make aggregate JOLs predicting how many blue and green words they would remember 

during a future memory test.  Then, participants learned single words that were presented in 

either blue or green.  After each word was presented, participants made JOLs.  In the memory 

test at the end of the experiment, participants were asked to recall as many words as possible.  

Participants who believed green words were easier to process than blue words gave higher JOLs 

for green words than blue words.  Similarly, participants who believed blue words were easier to 

process gave larger JOLs for blue words than green words.  In other words, beliefs about font 

color influenced JOLs even though font color did not impact later memory.  Since font colors did 

not influence learners’ experiential fluency, the difference in JOLs between different font color 

could be directly linked to participants’ beliefs.  

Method 

Participants.  There were 90 undergraduate students from the University of Arizona 

recruited.  Eighty participants received one course credit and 10 participants received $15 to $20 

for compensation of participation.   

Materials.  As in previous experiments, divided attention was created by asking 

participants to perform the CRT task while learning word pairs and making JOLs.  In both 

conditions, participants were asked to remember 36 word pairs (18 related and 18 unrelated) for 

a later cued-recall test.   

Procedures.  As in previous experiments, at the beginning, participants received the CRT 

training.  After that, their beliefs about font color were manipulated.  Participants’ abilities to 

detect the difference between blue and green were tested.   Two rectangles colored in blue and 

green were presented at the bottom of the screen.  Participants were asked to click the blue one to 

move forward.  Then participants were randomly assigned into either blue-advantage group or 
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the green-advantage group.  The blue-advantage group was told that our brain process blue 

words easier than green words, while the green-advantaged group were told that our brain 

processes green words easier than blue words.  The instructions given to participants copied 

those from Mueller and Dunlosky (2017).  Here is an example of instructions participants in the 

blue-advantage group received. 

Before you begin, we would like to mention why we are presenting information in 

different colors.  Your eyes work together with your brain in order for you to perceive color.  

Light receptors in the eye transmit messages to the brain, which produce sensations associated 

with certain colors.  There are two kinds of receptors in your eye called rods and cones. 

Please examine the picture below depicting how light enters the eye and is transmitted to 

the brain.  Please take note of where the rods and cones are located in the image. 

There are over 120 million rods in each eye, and these are used primarily for transmitting 

black and white information to the brain. 

Cones, on the other hand, are responsible for perceiving color.  There are about 6 million 

of these in each eye located at the back of the retina.  There are three different kinds of cones 

which are responsible for seeing and interpreting the colors red, blue, and green.  Combinations 

of these colors can be used to make any color. 

Of particular importance, you have far more ‘‘BLUE” cones than ‘‘green” cones, making 

you far more receptive to BLUE light.  Therefore, in this experiment, when you see a word 

presented in BLUE it will be easier for your brain to process the word compared to when it is 

presented in green.  Additionally, words presented in BLUE will be easier for you to focus on 

and will stand out more on the screen.  (Mueller & Dunlosky, 2017, p247). 



 67 

Participants in the green-advantage group received similar instructions, except 

participants were told that green items were more easily remembered.  

After reading the instructions, participants’ beliefs about font color were checked.  

Participants were asked to type in the number of word pairs that they thought they could 

remember in the final memory test when the word pairs were presented in green or blue (e.g., 

“From 0 to 18, how many BLUE/GREEN words will you remember”?).  If they believed the 

information in the instruction, their predictions would be aligned with their instructions and the 

blue-advantaged group would predict greater recall of blue than green word pairs.   

During learning, half of the unrelated word pairs and half of the related word pairs were 

randomly presented in green, the other half were presented in blue.  After each word pair was 

presented, as in previous experiments, participants reported their JOLs (while word pairs 

remained on the screen).  At the end, there was a cued-recall test, during which all words were 

presented in black.  Half participants were in the divided attention condition, where they learned 

the word pairs while performing the CRT task.  The other half of participants learned the word 

pairs without interruption.  

Results 

As showed from Figure 21 to Figure 22, the patterns of results were similar between paid 

participants and participants who received course credits.  Both groups of participants showed 

higher memory performance for related word pairs than for unrelated word pairs.  Consistent 

with their memory performance, participants’ JOLs were higher for related word pairs than 

unrelated word pairs.   

In terms of the results for font color (Figure 23-24), paid participants showed higher cued 

recall for word pairs in the disadvantaged color than word pairs in the advantaged color under 
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both divided and full attention.  But the difference between memory performance for word pairs 

in different font color was smaller for participants who received course credit.  The difference in 

memory performance between paid participants and credit participants might cause the 

difference in JOLs across the two groups.  Under divided attention, credit participants assigned 

higher JOLs for advantaged word pairs than disadvantaged word pairs.  But under full attention, 

credit participants assigned similar JOLs for advantaged and disadvantaged word pairs.  For paid 

participants, since they showed greater memory performance for disadvantaged word pairs, their 

JOLs for disadvantaged word pairs were increased.  Therefore, paid participants showed similar 

JOLs for advantaged and disadvantaged word pairs under divided attention.  Also, paid 

participants showed higher JOLs for disadvantaged word pairs than advantaged word pairs under 

full attention.  Even though the two groups of participants seemed to show different patterns of 

results about the influence of font color, the relationship between performance and JOLs were 

similar across groups.  Therefore, I combined the data from the two groups of participants in the 

analysis of this experiment.  

Manipulation check.  First, a manipulation check was conducted to examine whether 

participants’ beliefs were successfully manipulated.  A new variable, “Advantaged font color”, 

was created to represent a match between instruction and the font color that actually presented.  

For example, “advantaged” was assigned if a word pair was presented in a color that introduced 

in the instruction as the more advantaged color.  If participant A received instructions that green 

words were easier to process than blue words, then green is the advantaged color for A.     

A paired t-test was conducted to check whether we successfully manipulated participants’ 

beliefs about font color.  The result showed that participants predicted they would remember 

significantly more advantaged word pairs (M = 10.59, SD = 3.63) than disadvantaged word pairs 
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(M = 8.31, SD = 3.29), t(89) = 9.34, p < .001, d = 0.66, indicating a successful manipulation of 

learners' beliefs.   

Cued-recall test performance.  To examine whether relatedness of word pairs 

influenced memory under different attention conditions, a 2 (divided vs. full) x 2 (related vs.  

unrelated) 2 (font color: advantaged color vs.  disadvantaged color) mixed design ANOVA was 

conducted on cued recall.  The assumption of normality was violated.  Participant's cued recall 

was only normally distributed for the disadvantaged color under full attention.  In other 

conditions, participants’ memory performance was not normally distributed (p < .05).  According 

to the Levene’s Test, the variance in participants’ memory performance was not equal under 

divided attention and full attention when learning unrelated word pairs in the advantaged color(p 

= .02) or the disadvantaged color (p = .001).  However, the data showed equal variance across 

groups (p = .12) when learning related word pairs in the disadvantaged color (p = .16) and the 

advantaged color (p = .17).  Since each group obtained an equal sample size, the influence of 

violated assumptions of homogeneity could be minimized.  

The results revealed that participants remembered more related word pairs (M = 0.42, SD 

= 0.27) than unrelated word pairs (M = 0.15, SD = 0.17), F(1,88) = 181.69, p < .001, η2partial 

= .67 (Figure 25).  Also, participants remembered more items under full attention (M = 0.37, SD 

= 0.20) than under divided attention (M = 0.20, SD = 0.17), F(1,88) = 20.13, p < .001, η2partial 

= .19.  There was a significant interaction between relatedness and condition, F(1,88)  = 10.39, p 

= .002, η2partial = .11.  A post-hoc t-test showed that, there was a greater difference in memory 

performance between related and unrelated word pairs in full attention than in divided attention.  

Under divided attention, participants remembered significantly more related word pairs (M = 

0.30, SD = 0.22) than unrelated word pairs (M = 0.09, SD = 0.13), t(44) = 9.07, p < .001, d = 
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1.16.  Similarly, under full attention, participants remembered significantly more related word 

pairs (M = 0.54, SD = 0.27) than unrelated word pairs (M = 0.20, SD = 0.18), t(44) = 10.12, p 

< .001, d = 1.48.   

Font color did not influence participants’ memory performance.  No significant 

difference in memory performance was found between word pairs in the disadvantaged color (M 

= 0.30, SD = 0.20) and the advantaged color (M = 0.27, SD = 0.21), F(1,88) = 3.89, p = .05, 

η2partial = .04 (Figure 26).  No significant interaction effect between font color and condition was 

found, F(1,88) = 0.058, p = .81, η2partial = .001. 

There was no significant interaction between relatedness and condition, F(1,88) = 0.03, p 

= 0.87, η2partial < 0.001.  Also, there was no significant 3-way interaction among, relatedness, font 

color and condition, F(1,88) = 0.03, p = .87, η2partial < .001. 

JOLs.  The influence of condition and relatedness on JOLs were examined.  A 2 (DA vs.  

FA) x 2 (related vs. unrelated) x 2 (disadvantaged vs. advantaged) mixed-design ANOVA was 

conducted on participants’ JOLs.  The assumption of normality was tested.  According to the K-

S test, participants’ JOLs were not normally distributed only when learning unrelated word pairs 

in the advantaged color under full attention, (p = .01).  In other situations, participants’ JOLs 

were normally distributed (p > .05).  According to Levene’s Test, the assumption of 

homogeneity of variance was met (p > .05). 

The results showed that participants predicted they would remember more related word 

pairs (M = 59.67, SD = 20.66) than unrelated word pairs (M = 39.74, SD = 20.31), F(1,88) = 

97.28, p < .001, η2partial = .53 (Figure 25).  Also, participants under divided attention showed 

significantly lower predictions (M = 43.81, SD = 17.42) than those under full attention (M = 

55.59, SD = 16.70), F(1,88) = 10.72, p = .002, η2partial = .11.  Moreover, there was a significant 
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interaction between relatedness and condition, F(1,88) = 5.74, p = .02, η2partial = 0.06.  A post-hoc 

t-test was conducted to clearly demonstrate the interaction effect.  Under divided attention, 

participants predicted they would remember more related word pairs (M = 51.36, SD = 19.86) 

than unrelated word pairs (M = 36.27, SD = 19.43), t(44) = 5.57, p < .001, d = 0.77.  Similarly, 

under full attention, participants predicted they would remember more related word pairs (M = 

67.98, SD = 18.10) than unrelated word pairs (M = 43.21, SD = 20.79), t(44) = 8.26, p < .001, d 

= 1.27. 

In contrast to their memory, participants predicted they would remember more word pairs 

in the advantaged color (M = 50.73, SD = 18.84) than in the disadvantaged color (M = 48.68, SD 

= 17.94), F(1,88) = 6.19, p = .01, η2partial = .067 (Figure 26).  There was no significant 

interaction between font color and condition, F(1,88) = 3.51, p = .06, η2partial = .04.  To further 

understand the pattern of JOLs under different conditions, I conducted planned comparisons 

between colors under both full and divided attentions.  Under divided attention, participants 

predicted they would remember more word pairs in the advantaged color (M = 45.60, SD = 

18.66) than disadvantaged color (M = 42.02, SD = 17.12), t(44) = 2.91, p = .01, d = 0.20.  Font 

color did not influence participants’ JOLs under full attention, t(44) = 0.48, p = .63, d = 0.03. 

There was a small interaction between relatedness and font color, F(1,88) = 4.44, p = .04, 

η2partial = .05.  The 3-way interaction among relatedness, condition and font color was not 

significant, F(1,88) = 0.30, p = .59, η2partial = .003.  

Accuracy of JOLs.  Calibration and resolution for JOLs were calculated and compared 

across conditions.  A two-sample t-test was conducted to compare calibration under divided and 

full attention.  The assumption of normality was met.  As assessed by the K-S Test, participants’ 

calibration under both divided (p = .20) and full attention (p = .17) were normally distributed.  
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Also, the assumption of homogeneity of variance was met (p = .74).  The result showed there 

was no significant difference in calibration between participants under divided attention (M = -

0.24, SD = 0.24) and full attention (M = -0.19, SD = 0.25), t(89) = 1.06, p = .29, d = 0.20 

(Figure 27).   

In terms of the resolution of JOLs, a two-sample t-test was conducted to compare the 

Gamma correlation between JOLs and actual memory performance in different groups.  The 

assumption of normality was violated.  Participants’ gamma correlation was not normally 

distributed when learning under divided attention (p = .002) and full attention (p = .003), as 

assessed by the K-S test.  According to the Levene’s Test, the assumption of homogeneity of 

variance was met (p = .11).  The result showed that there was no significant difference in 

resolution between participants under divided attention (M = 0.28, SD = 0.51) than under full 

attention (M = 0.44, SD = 0.47), t(89) = 1.58, p = .12, d = 0.33 (Figure 28). 

JOL time.  The time used to make JOLs was not significantly different between the 

participants under divided attention (M = 2.59, SD = 1.29) and under full attention (M = 2.03, 

SD = 2.42), t(89) = 1.38, p = .17, d = 0.28. 

Discussion 

Experiment 3 tested whether beliefs influence participants’ JOLs under divided attention.  

As in previous experiments, divided attention influenced memory performance.  Participants 

remembered fewer word pairs under divided attention than under full attention.  Relatedness of 

word pairs influenced memory performance as well.  Participants remembered more related word 

pairs than unrelated word pairs.  

Participants' JOLs were quite accurate in predicting their memory performance.  

Participants accurately predicted that they would have worse memory under divided attention 
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than under full attention.  Also, participants remembered more related word pairs than unrelated 

word pairs, which was also accurately reflected in their JOLs.   

However, there was a significantly greater difference in recall performance between 

related and unrelated word pairs in full attention than in divided attention.  The interaction could 

be driven by a floor effect, in which participants' recall of unrelated words pairs was close to zero 

under divided attention.  Regardless, participants’ JOLs showed the same pattern as memory: 

participants reported a greater difference in JOLs between related and unrelated word pairs under 

full attention condition than under divided attention.   

Font color influenced participants memory performance and JOLs differently.  

Participants tended to remember more word pairs when they were presented in a disadvantaged 

color than in an advantaged color.  This result was different from Mueller and Dunlosky (2017), 

which found no influence of font color on memory performance.  In this experiment, before 

learning sessions, participants received the CRT training.  The CRT training might elicit reactive 

cognitive control, which may reinforce high cognitive control during the subsequent learning 

session (Botvinick, Cohen & Carter, 2004; Kerns et al., 2004).  Therefore, after knowing the 

difficulty in encoding word pairs in disadvantaged font color, participants may actively allocate 

more resources to word pairs in a disadvantaged color to compensate for more difficult items.  

As in Mueller and Dunlosky (2017), participants’ JOLs did not follow their memory but 

were aligned with their manipulated beliefs about font color.  Even though participants 

remembered more word pairs in disadvantaged color, participants gave higher JOLs to word 

pairs presented in the advantaged color than in disadvantaged color.  However, this relationship 

was mediated by condition.  Only under divided attention did participants report greater JOLs for 

the advantaged color than the disadvantaged color.  Font color did not influence JOLs under full 
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attention.  The beliefs about font color only influenced JOLs for participants under divided 

attention, but not participants under full attention. 

This result did not replicate Mueller and Dunlosky (2017), which showed that 

participants believed they would remember more word pairs in advantaged color than in 

disadvantaged color.  Differences may arise from the different stimuli used.  Participants in 

Mueller and Dunlosky (2017) studied single words and took a recognition test, while participants 

here studied word pairs and took a cued recall test.  When expecting a cued-recall test, 

participants might focus more on the association of word pairs.  Participants might believe font 

color facilitates the memory of single words, but not the association between word pairs.  

Therefore, they bypassed the influence of font color.   

Participants under divided attention might have considered the influence of font color 

because their cognitive functioning might be disrupted.  Under divided attention, participants 

may be unable to focus on task-relevant information (Richter & Yeung, 2012).  They might not 

be able to control what information they should attend to, so that they unselectively processed 

both relatedness of word pairs and font color.  At the same time, this finding answered the 

question of Experiment 2, that even under limited attentional resources, participants were able to 

integrate multiple cues.  

Cue validity influenced the accuracy of participants' JOLs.  Believing in the fake effect of 

font color made participants unable to correctly differentiate which item they could actually 

remember and which they could not.  Considering font color when it was largely unrelated to 

eventual recall added noise to participants’ JOLs under divided attention.  Therefore, 

participants’ JOLs under divided attention showed lower resolution than those under full 

attention.   
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CHAPTER 6 - EXPERIMENT 4 

Previous studies have suggested that making JOLs based on experiential fluency might 

not be influenced by divided attention because considering experiential fluency may put low 

demands on cognitive resources (e.g., Mangels, et al., 2001; Undorf et al., 2018).  Experiment 4 

tested this hypothesis by examining whether processing fluency contributes to participants’ JOLs 

under divided attention. 

According to the cue-utilization model (Koriat, 1997), processing fluency is categorized 

as a mnemonic cue measuring how fluent learners feel about their learning processes.  Greater 

processing fluency causes participants to believe they have learned information better than 

decreased processing fluency (ease-of-learning heuristic, Begg, et al., 1989).  One of the ways to 

measure processing fluency is self-paced study time.  Longer study time indicates less fluent 

encoding processes.   Participants give higher JOLs to information that requires shorter study 

time during (e.g., Hertzog et al., 2003; Undorf & Erdfelder, 2015).   

In this experiment, processing fluency was measured by the key press latency of 

generating interactive image for word pairs.  Hertzog et al., (2003) defined processing fluency as 

the “the efficiency in execution of a chosen method of encoding to-be-learned materials under 

intentional learning instructions”.  Since generating interactive image is a preferred and effective 

strategy in word pairs learning (Richardson, 1998), the speed of generating the image is a 

measure of the processing fluency.  Specifically, participants were asked to generate interactive 

image for the word pairs presented on the screen.  Once they finished, they pressed a button on 

the screen to move on to the next phase.  Measuring the time for generating interactive image as 

processing fluency excluded the effect of distorted time perception on study time control.  

Learners might stop learning prematurely under divided attention due to distorted time 
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perception (Hanczakowski et al., 2018).  Measuring key press latency for image generation 

might force participants to fully process the word pairs with less chance to stop learning 

prematurely.  Therefore, we could have an accurate measure of how efficiently participants 

process word pairs under divided attention.   

Method 

Participants.  Seventy-two undergraduate students were recruited from the University of 

Arizona.  Fifty-six students received partial course credit and 16 students received $20 

compensation for participation.   

Materials.  One hundred and twenty concrete common nouns were selected from 

Brysbaert, Warriner and Kuperman (2014), with average concreteness rating of 4.96 (out of 5).  

Sixty unrelated word pairs were created by randomly combining nouns together.  As previous 

experiments, the divided attention condition was created by asking participants to perform the 

CRT task while learning the word pairs.   

Procedures.  As Experiments 1-3, participants first received instructions and practice 

sessions for the CRT task.  Then they were informed of the main task of remembering 36 word 

pairs for a later cued-recall task.  After that, different from previous experiments, participants 

were instructed about generating interactive image for word pairs.  Two examples were provided 

to illustrate what interactive image means (e.g., plate – shoe: shoe kicking a plate or shoe sitting 

on the top of a plate).  Participants were told to click an “image created” button below the word 

pair when they finished creating image.   

During the learning session, when each word pair was presented, an instruction was 

presented at the top of the screen (“Click on the IMAGE CREATED button as soon as you have 

created a mental image of the two words interacting”). Participants took as much time as they 
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want to generate image for each word pair.  After participants clicked the button, as in previous 

experiments, they made a JOL. Then they moved to the next word pair.  At the end of each 

session, there was a cued-recall memory test.   

Results  

 To compare the difference between the data from the paid participants and participants 

who received course credit, the gamma correlations between key press latency of image 

generation, JOLs and memory performance were calculated.  From Figure 29, the gamma 

correlations between key press latency and memory performance were similar between paid 

participants and credit participants.   

According to Figure 30, under full attention, different from credit participants, paid 

participants showed lower gamma correlation between JOLs and key press latency than credit 

participants.  But under divided attention the gamma correlation between key press latency and 

JOLs were similar across groups.  Since the focus of this study was the influence of divided 

attention on JOLs, I combined the data from the two groups in the analysis of this experiment. 

Key press latency.  To examine whether key press latency was influenced by divided 

attention, a two sample t-test was conducted.  The assumption of normality was tested.  

According to the results of the K-S test, under full attention, the key press latency of image 

generation was not normally distributed (p = .04).  But under divided attention, the key press 

latency was normally distributed (p = .09).  According to the Levene’s Test, the assumption of 

homogeneity of variance was met (p = .34).  The result showed that there was no significant 

difference in participants' key press latency of image generation between divided attention (M = 

4.18, SD = 2.15) and full attention (M = 4.00, SD = 2.61), t(71) = 0.30, p = .76, d = 0.08.   
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Cued-recall test performance.  To examine whether attention condition influenced 

memory performance, a two-sample t-test was conducted.  The assumption of normality was 

met.  As assessed by the K-S test, memory performance was normally distributed under both 

divided and full attention (p = .20).  Also, according to the results of the Levene’s test, the 

assumption of homogeneity of variance was met (p = .09).  Participants under full attention (M = 

0.44, SD = 0.27) remembered significantly more word pairs than under divided attention (M = 

0.29, SD = 0.23), t(71) = 2.54, p = .01, d = 0.60.   

To examine how key press latency of image generation and condition influenced 

participants cued-recall test performance, a generalized multilevel linear regression was 

conducted, using the R package lme4.  I specified a generalized linear mixed model (level 1: 

items, level 2: participants) with condition, key press latency and their interactions as fixed 

effects.  The result showed a small interaction between fluency and condition, β = 0.01, p =.76.  

To exclude the effect of multicollinearity, a new mixed linear model was specified without the 

interaction between fluency and condition.  

According to Table 1, attention condition showed a significant influence on participants’ 

memory performance: The odds of correct recall were 2.36 (95% CI: [1.23, 4.62]) times greater 

when participants learned under full attention than under divided attention, controlling for key 

press latency, z = 2.58 p = .01. Also, key press latency of image generation significantly 

influenced memory performance: Each second increase in key press latency increased the odds 

of correct recall by 1.05 times (95% CI: [1.01, 1.09]), z = 2.63, p = .01. 

JOLs.  A two-sample t-test tested participants’ overall JOLs under different conditions.  

The assumption of normality was met as assessed by the K-S test (p = .20).  Also, the assumption 

of homogeneity of variance was met according to the results of the Levene’s Test (p = .12).  The 
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result showed that there was no significant difference in participants’ JOLs under divided 

attention (M = 48.15, SD = 21.32) and under full attention (M = 51.20, SD = 16.05), t(71) = 

0.69, p = .49, d = 0.15. 

To examine how key press latency influenced JOLs under different conditions, a linear 

mixed modeling was conducted using R package lmer4.  A mixed linear model (level 1: items, 

level 2: participants) was specified to predict participants JOLs, in which condition, key press 

latency and their interactions were fixed effects.  As shown in Table 2, none of the predictors 

significantly influenced participants’ JOLs.  Condition was not a significant predictor of 

participants’ JOLs, β = 3.44, SE = 5.19, p = .51.  Also, key press latency did not significantly 

predict participants’ JOLs, β = 0.25, SE = 0.36, p = .48.  No significant interaction was found 

between key press latency and condition, β = -0.12, SE = 0.52, p = .81.   

Accuracy of JOLs.  A two-sample t-test was conducted to compare participants’ 

calibration under divided and full attention.  The assumption of normality was met for calibration 

under both divided attention (p = .20) and full attention (p = .20).  Also, the assumption of 

homogeneity of variance was met (p = .61).  Calibration was better under full attention (M = 

0.08, SD = 0.26) than under divided attention (M = -0.20, 0.29), t(71) = 1.83, p = .07, d = 0.44 

(Figure 31).   

A two-sample t-test was conducted for participants’ resolution under different conditions.  

The assumption of normality was met for resolution under both divided (p = .07) and full 

attention (p = .20).  Also, the assumption of homogeneity of variance was met (p = .75).  No 

significant difference in resolution was found between participants under divided attention (M = 

0.30, SD = 0.46) and under full attention (M = 0.25, SD = 0.45), t(71) = 0.45, p = .66, d = 0.11 

(Figure 32). 
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Discussion 

Experiment 4 tested whether experiential fluency influences participants’ JOLs 

differently under divided attention than full attention.  Processing fluency was measured by key 

press latency of generating interactive images for word pairs.  Key press latency influenced 

participants’ memory performance.  With longer time spent in generating interactive image, 

participants showed better memory for word pairs, regardless of attention conditions.  This result 

was different from Hertzog et al., (2003), which showed that participants remembered less well 

for word pairs that they spent more time in learning.  This difference was consistent with the 

hypothesis in Experiment 3 that receiving the CRT training might increase participants’ active 

control in their memory during the subsequent learning session.  In Hertzog et al., (2003), study 

time might be data-driven.  Word pairs required more time to process were difficult to 

remember.  But in this study, because of activated cognitive control, study time might be goal-

driven.  Participants actively control their study time to enhance learning, so the more time they 

spent, the better they learned (Koriat, Ma’ayan, & Nussinson, 2006).  

Different from Hertzog et al., (2003), this experiment failed to find the influence of key 

press latency on JOLs under both divided and full attention condition.  In Hertzog et al., (2003), 

after participants finished learning each word pairs, participants either reported whether they had 

successfully generated the image (Experiment 1), or chose which learning strategies they used to 

learn the word pairs (Experiment 2).  The strategy report might remind participants to think 

about the efficiency of generating image and its relationship with memory performance.  

Therefore, it might be easier for participants to incorporate the information in their JOLs.  

Participants in this experiment did not receive instructions that associated image generation with 



 81 

memory performance.  Therefore, they might habitually rely on their idiosyncratic cues when 

making JOLs.   

As in previous experiments, divided attention influenced participants’ memory 

performance. Participants under divided attention remembered fewer word pairs than those under 

full attention.   However, different from previous experiments, participants did not take into 

account the influence of divided attention in their JOLs.  There was no difference in participants’ 

JOLs between divided attention and full attention.  There were several differences between this 

experiment and previous experiments that might give us a hint about possible reasons.  First, the 

instructions were changed.  In this experiment, in addition to remembering word pairs, 

participants were asked to generate an interactive image for each pair.  As Hertzog et al., (2003) 

found, whether participants successfully generated images is an important cue for JOLs.  

Participants under divided attention might believe that as long as they were able to generate 

image, their memory performance might be less affected by divided attention.   

Additionally, different stimuli were used.  This experiment used all unrelated word pairs, 

which might influence how participants make JOLs.  Across four experiments, while processing 

unrelated word pairs under divided attention, participants were not able to make accurate JOLs.  

One-sample t-tests results showed that the resolution of JOLs while processing unrelated word 

pairs under divided attention were not significantly different from chance, as showed in Table 3.   

Processing unrelated word pairs might require more attentional resources to process than 

processing related word pairs. According to Nelson and Naren’s (1990) model of metacognition, 

the meta-level and the object-level share attentional resources.  If the object-level processing 

occupies a lot of attentional resources, learners may not be able to successfully process meta-

level information.  Therefore, while processing unrelated word pairs, participants might not be 
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able to process meta-level information effectively.  Previous studies found that learners with low 

working memory capacity had low accuracy in their JOLs (Griffin, et al., 2008).  Griffin and his 

colleagues (2008) asked participants to read passages twice.  After each time participants 

finished reading, they made JOLs.  after the first time of reading, JOLs for participants with low 

working memory capacity showed lower accuracy than participants with high working memory 

capacity.  after the second time of reading, all participants made accurate JOLs.  During the first 

time of reading, participants with low working memory capacity might spend a great amount of 

attentional resources to encode the passage, which left few resources to process meta-level 

information.   

Without using correlational measurement, Luna et al., (2019) found a direct link between 

JOL and working memory load.  In their experiments, they manipulated participants’ working 

memory load by asking participants to remember different patterns of black dots at different 

times during learning.  Participants learned unrelated sentences that were either presented in 

bigger font size (48pts) or small font size (18pts).  Each sentence was presented for 5s.  After 

each sentence presented, participants made JOLs.  For the high cognitive load group, a pattern of 

dots was presented before learning each sentence.  As soon as participants finished making JOLs, 

they were tested on their memory of the pattern of dots.  Therefore, for the high cognitive load 

group, they needed to maintain the pattern of dots while processing the sentence and making 

JOLs.  For the low cognitive load group, the dots were presented after participants made JOLs.  

As soon as the pattern disappeared, they were asked to replicate the pattern.  Therefore, in the 

low cognitive load group, there was no extra working memory load while learning the sentence 

and making JOLs.  The result showed that font size did not influenced JOLs for participants in 

the high cognitive load group, but not for participants in the low cognitive load group.  High 
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cognitive load might limit the resources for processing cues.  Therefore, participants were not 

able to take into account font size in their JOLs under high cognitive load. 

In this study, the high working memory load might be created by a combination of 

processing unrelated word pairs and performing the secondary task.  The secondary task took 

attention away causing decay of memory traces (Barrouillet, Bernardin & Camos, 2004; 

Liefooghe et al., 2008).  Processing unrelated word pairs further occupied working memory load 

to process.  Therefore, few resources remain to process meta-level information, which result in 

less accurate JOLs.   

The result might explain why divided attention did not influence the accuracy of JOLs.  

Divided attention may have low influence on working memory load.  According to the time-

based resource sharing model (Barrouillet, et al., 2004), keeping information in working memory 

requires attentional resources.  Information in working memory decays after attention is switched 

away.  Processing information shares attentional resources with the storage of information in 

working memory.  When learners process some information while holding other information in 

their working memory, they need to constantly switch their attention between processing and 

refreshing the decaying memory.  The degree of decay of information in working memory 

depends on the time attention is spent on refreshing the decaying memory traces.  Therefore, if 

more attention is occupied in processing, less information remained in working memory storage.  

In this experiment, during the interval of two tones, participants might be able to switch their 

attention back to refresh the information stored in work memory.  Therefore, the CRT task might 

cause relatively small loss of information in working memory, which enable participants to make 

accurate JOLs.  In other words, divided attention might not influence the accuracy of 
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participants’ JOLs as long as the secondary task put low demands on participants working 

memory load. 
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CHAPTER 7- GENERAL DISCUSSION 

Searching for novel information is our human nature (Gazzaley & Rosen, 2016).  

Multitasking follows human nature to fulfill our needs for building social connections, being 

entertained, and taking control of the world around us.  We often cook while watching TV, drive 

while taking a phone call, or text while doing homework.  However, our abilities to process 

multiple things at the same time are limited by our attentional resources (Fisch, 2000).  For 

example, dividing our attention to two tasks impairs performance on both tasks (e.g., Hembrook 

& Gay, 2003).  More concretely, studying while using social media impairs learning (e.g., 

Carrier et al., 2015).  Strategic control of our behaviors is needed to minimize the decrements of 

our task performance under divided attention.  Research in metacognition might suggest that to 

achieve effective control of behaviors, we need to first accurately monitor how we perform in the 

task (Nelson & Leonesio, 1988).  This study examined whether, under divided attention, we can 

accurately monitor our learning.  Across four experiments, I tested whether divided attention 

influences the accuracy of metacognitive monitoring judgments during learning.   

Does divided attention influence the accuracy of JOLs? 

Consistent with previous studies, performing a secondary task during learning resulted in 

worse memory across all four experiments.  Yet, participants successfully considered the 

interrupting effect of the secondary task when monitoring their memory.  Participants’ item-by-

item JOLs were lower when their attention was divided by performing the secondary task than 

when only studying.  This is similar with the findings of Hanczakowski et al., (2017, 2018), in 

which participants learned single words while inhibiting auditorily presented distraction; 

participants’ JOLs were consistently lower when learning with distraction than learning without 

distraction.  In addition, I found no evidence that interruption from the secondary task decreased 
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the accuracy of participants’ monitoring processes.  Calibration and resolution of JOLs did not 

significantly differ between divided and full attention.  Under divided attention, participants were 

able to predict their overall performance.  Also, participants successfully detected the items they 

could remember and items they could not remember. 

Does divided attention alter the weight of intrinsic and extrinsic cues?   

According to the cue-utilization theory of metacognitive monitoring, participants infer 

their monitoring judgments from a variety of available and salient cues (Koriat, 1997).  

Information about the characteristics of learning material (intrinsic cues) and the influence of 

learning condition (extrinsic cues) both influence learners’ monitoring of memory performance.  

Koriat (1997) indicates that learners might be more sensitive to extrinsic cues than intrinsic cues.  

Learners may demonstrate their higher sensitivity to intrinsic cues than extrinsic cues under 

divided attention, since learners perceive less information under divided attention than under full 

attention (Moscovitch & Umilta, 1991).  Across Experiments 1 to 3, three cues were presented, 

including relatedness of word pairs, presentation time, and font color.  According to the cue-

utilization theory (Koriat, 1997), the font color and relatedness of word pairs are categorized as 

intrinsic cues.  Allocating attention to the secondary task did not influence how participants 

utilized intrinsic cues.  Participants realized that remembering related word pairs were easier than 

remembering unrelated word pairs.  Also, participants predicted they would remember word 

pairs in advantaged font color better than word pairs in disadvantage color.   

Although I found no evidence of divided attention affecting the utilization of intrinsic 

cues while making JOLs, performing a secondary task influenced the utilization of extrinsic 

cues.  Participants reported equivalent memory predictions regardless of study time, even though 

increased study time improved memory..  This result is consistent with previous studies about 
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time perception when learning with distraction (e.g., Hanczakowski et al., 2018).  Distractions 

distorted participants’ time perception.  Therefore, participants failed to allocate sufficient time 

in learning.  In this study, interruption from the secondary task might make differences in time 

duration difficult to detect.  Therefore, participants did not consider the benefit of longer duration 

during learning.  Since only presentation time was manipulated in this study, future studies are 

needed to test whether divided attention influences the utilization of other extrinsic cues.  

Does divided attention limit or expand the number of cues learners use? 

Utilizing cues during monitoring processes requires attentional resources (Dunlosky et 

al., 2015).  Under divided attention, learners might be difficult to consider multiple cues when 

predicting their memory performance (Undorf et al., 2018).  However, the result showed divided 

attention did not limit the number of cues learners consider when monitoring their memory 

performance.  Learners successfully utilized both relatedness and font color simultaneously when 

performing the secondary task during learning.  But, divided attention caused less selective 

utilization of cues.  In Experiment 3, participants under full attention relied upon the relation 

between a word pair to predict future memory, but did not rely upon the non-diagnostic cue of 

font color.  Yet, participants under divided attention considered both relatedness of word pairs 

and the non-diagnostic cue of font color to predict memory.  Participants' cognitive control could 

be disrupted during task switching and this disruption may spread their attention to cues that are 

unrelated to later memory.  Selectively focusing on task relevant stimulus and inhibiting task 

irrelevant stimulus occupy active cognitive control of attention (Lavie, Hirst, Fockert & Viding, 

2004).  Both task switching and selecting which cues to attend to require cognitive control of 

attention.  When cognitive control is occupied by task switching, few resources may remain to 
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decide which cues to attend to.  Therefore, participants’ JOLs were influenced by both 

relatedness and font color.  

Does divided attention alter how analytic vs. experiential processes are used?  

 Metacognitive cues can influence learners' monitoring through analytic beliefs or 

experiential processing fluency.  Exploring the basis of JOLs helps us analyze the reason of 

inaccurate metacognitive monitoring processes.  Following the wrong beliefs about cues or 

experiencing the fluency for invalid cues can both result in inaccurate predictions of learning 

(Dunlosky & Tauber, 2013).  Previous studies suggested that considering the beliefs about cues 

might be more resource demanding than experiencing processing fluency (Undorf, et al., 2018).  

Therefore, participants under divided attention may rely more on experiential processing fluency 

to form JOLs than analytic beliefs about learning.  However, my results showed that performing 

a secondary task did not constrain how participants integrated their beliefs about cues when 

making JOLs.  Participants' beliefs about font color were manipulated in Experiment 3.  

Participants successfully considered the influence of font color in their JOLs while performing 

the secondary task during learning.  Since font color did not influence processing fluency during 

learning, the way participants utilize font size must through their beliefs about font size.  

Therefore, even processing beliefs about cues when making JOLs required attentional resources, 

participants still successfully allocated attentional resources to consider beliefs about cues when 

making JOLs under divided attention. 

Processing fluency did not contribute to JOLs when learning under divided attention, 

which could be attributed to two factors.  First, processing fluency might not be the default way 

to make JOLs.  Analytic processing theory (Mueller and Dunlosky, 2017) suggests that making 

JOLs is a problem-solving process.  When searching for information to produce JOLs, learners 
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prioritize beliefs about cues.  After learners fail to find or develop explicit beliefs about cues, 

they refer to their processing fluency to inform JOLs.  Therefore, in this study, participants did 

not rely on processing fluency but other idiosyncratic beliefs about cues (e.g., concreteness, 

relatedness) to inform JOLs.  However, the low resolution of JOLs showed, while learning under 

divided attention, participants did not used any valid cue to inform their JOLs.  Then the failure 

of considering processing fluency in JOLs might relate to the second factor, limited working 

memory load. 

Participants were unable to make accurate JOLs when learning unrelated word pairs 

under divided attention and this limitation may suggest boundaries of working memory.  The 

idea that working memory load limits metacognitive monitoring is consistent with the Nelson 

and Narens’ (1990) model which indicates that learners are unable to process meta-level 

information when attentional resources are occupied by object-level processing.  High working 

memory load might overshadow the contribution of processing fluency to JOLs.  After excluding 

the effect of high working memory load, participants might rely on processing fluency to make 

JOLs.  Participants might switch to relying on processing fluency, since beliefs about cues are 

effortful to integrate in JOLs with limited attentional resources.  Future studies could explore 

whether decreasing the working memory load influences the contribution of processing fluency 

to JOLs, as in Griffin et al., (2008). 

Does divided attention influence the accuracy of different types of JOLs? 

Accuracy of metacognitive monitoring also depends on when learners make JOLs.  

Aggregate JOLs might be less influenced by the limitations of working memory during learning 

than item-by-item JOLs.  Working memory load is important when learners monitor memory 

performance during learning (Luna et al., 2019).  In this study, learning unrelated word pairs 
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under divided attention might put great demands on learners’ working memory load.  So, under 

divided attention, learners failed to monitor their memory performance for unrelated word pairs 

during learning.  Hanczakowski et al., (experiment 8, 2018) asked participants to report their 

overall prediction of memory performance after learning unrelated word pairs.  Different from 

this study, in Hanczakowski et al., (2018) participants accurately predicted the decrements of 

memory when learning unrelated word pairs under distraction.  The difference between this 

study and Hanczakowski et al., (2018) might suggest the importance of the timing of making 

JOLs.  During learning, high working memory load might limit participants' abilities to collect 

and process meta-level information, so that participants failed to make accurate item-by-item 

JOLs.  However, after learning, since learners working memory load are free from processing 

complicated materials, learners are able to make JOLs.  Also, aggregate JOLs are more 

influenced by clearly framed beliefs about learning conditions instead of learning experience 

during learning than item-by-item JOLs (Besken, et al., 2019; Frank & Kuhlmann, 2017).  Even 

without getting learning experience during learning, learners could rely on their beliefs about 

learning conditions to make aggregate JOLs.   

Implications for learners 

Results from this study could provide several suggestions for enhancing accuracy of 

metacognitive monitoring during learning under divided attention.  First, considering the 

contribution of beliefs about cues in making JOLs, learners need to have correct beliefs about the 

detrimental effect of multitasking on learning.  There are learners who mistakenly believe that 

multitasking is efficient (e.g., Hwang et al., 2014) or that listening to music helps learning (e.g., 

Mayer & Fiorella, 2014).  False beliefs not only bias their monitoring processes for each item 

during learning, but also influence their overall prediction of learning.   
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Second, before multitasking, learners need to make sure they have a good understanding 

about the task requirements.  The study showed, during multitasking, focusing on the most valid 

cue in predicting learning performance among various cues was difficult.  Having a clear 

understanding about the requirements of the task could help learners determine the diagnostic 

cues when predicting performance during learning under interruption.  Therefore, the influence 

of invalid cues could be minimized.  Previous studies suggested that having more practice in the 

task (Koriat & Bjork, 2006) could help learners know which cues to use when learners are 

uncertain about the task requirements.   

In the end, offloading cognition to the environment or technology may be able to reduce 

working memory load.  Reducing working memory load is helpful to provide resources for 

processing meta-level information during learning.  Therefore, learners could monitor how well 

they learn even under divided attention.  Some offloading techniques includes checking class 

recordings, taking notes, and writing to-be-remembered information on paper (Eskritt, & Ma, 

2014; Risko & Dunn, 2015).   

Limitations 

There are several limitations of this study.  First, all cues presented were orthogonally.  

For example, there were two levels of relatedness (i.e., related and unrelated word pairs), and 

two font colors (i.e., blue and green).  Minimum attentional resources were needed to tell the 

difference between different types of word pairs.  Also, the beliefs about orthogonal cues might 

require minimum attentional resources to be incorporated during monitoring processes.  

Therefore, because of limited demand on attentional resources to utilize orthogonal cues, divided 

attention did not show great influence in metacognitive monitoring in this study.  Future studies 

are needed to present cues that vary along on a continuum.  Incorporating continuous cues in 
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JOLs could put more demands on attentional resources, since it might be more difficult to 

develop beliefs for continuous cues (Undorf et al., 2018).  Therefore, we might be able to tell to 

what extent does divided attention influence learners’ metacognitive monitoring processes.   

 Second, more natural measurements of processing fluency are needed (Undorf & 

Erdfelder, 2015).  Generating interactive images might not be a common way to learn word 

pairs.  Therefore, participants habitually utilized idiosyncratic cues to make JOLs and discounted 

the speed of generating interactive image.  Future studies could try to measure processing 

fluency by collecting the number of trials participants need to achieve acquisition.  As suggested 

in Undorf and Erdfelder (2015), the number of trials to acquisition is a common measurement of 

processing fluency.  Also, they found participants successfully considered the number of trials to 

acquisition when they made JOLs.  Whether replicating the results of Undorf and Erdfelder 

(2015) under divided attention might provide us greater understanding about how learners rely 

on processing fluency to make JOLs under divided attention. 

 Third, using the CRT task might underestimate the actual effect of multitasking.  

Detecting different tones might require less attentional resources than other interruptions, like 

texting or listening to music.  For example, learners are more involved in texting than tone 

detection.  During texting, less information about learning could be kept in working memory.  

According to the timed-based resource sharing model (Barrouillet, et al., 2004), learners might 

be difficult to switch back to refresh memory traces during texting.  Consequently, less object-

level information could be processed which led to even greater decrease of meta-level 

processing.  Also, learners might be more willing to text during learning than detecting tones.  

Therefore, compared to switching between tone detection and learning, when switching back to 

learning from texting, learners might need more attentional resources to inhibit the interference 
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from texting.  Then less attentional resources are left for learning and monitoring.  Future studies 

are needed to use more realistic secondary task to explore the influence of divided attention on 

metacognitive monitoring processes during learning. 

Future directions 

 Future studies are needed to test whether the findings of this experiment generalize to 

more realistic learning materials.  Having accurate monitoring when learning realistic materials 

under divided attention may be more difficult in real-world settings and with real-world divided 

attention tasks.  Different from the monitoring processes in this study, various cues are appeared 

when learning more realistic materials like paragraphs (Thiede et al., 2010).  Predicting learning 

performance for realistic materials might put greater demands on executive function to inhibit 

the interference from less valid cues.  Executive function is limited during multitasking (e.g., 

Szameitat, Schubert, Müller & Von Cramon, 2002).  Therefore, learners’ monitoring processes 

are more easily biased by the interference from less valid cues when learning realistic materials 

than learning word pairs in this study.   

Moreover, I would like to explore how divided attention influences metacognitive control 

during learning.  According to the monitoring-affects-control hypothesis (Nelson & Leonesio, 

1988), if learners’ metacognitive monitoring processes accurately reflect their learning 

performance, learners could effectively control their behaviors.  However, multitasking put great 

demand in learners’ executive function (e.g., Szameitat, et al., 2002).  Also, control processes are 

known to be the main function of executive control (Fernandez-Duque, Baird, & Posner, 2000).  

Metacognitive control processes might compete with multitasking for limited resources of 

executive function.  Therefore, even having accurate monitoring process, learners might not be 

able to effectively control their learning under divided attention. 
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 Also, future studies could explore when learners decide to multitask during learning.  In 

this study, participants had no control in when the interruption occurs.  Previous studies 

suggested that if providing more control to learners in deciding when to start multitasking, more 

executive function might be involved (e.g, Logan & Bundesen, 2003).  Therefore, letting learners 

control the time of multitasking might leave few resources for metacognitive monitoring 

processes.   

Conclusion 

To minimize the influence of multitasking, learners need to have effective metacognitive 

processes.  An accurate monitoring processes during learning could bring in effective control of 

learning behaviors, which might eventually enhance learning performance during multitasking.  

Across four experiments, I examined whether learners have accurate metacognitive monitoring 

when learning under divided attention.  In general, learners’ metacognitive monitoring processes 

were accurate under divided attention.  Learners successfully considered the influence of 

different cues on learning.  For example, learners were aware of the detrimental influence of 

divided attention on learning.  Also, learners detected how different relatedness of word pairs 

and font color influence their memory under divided attention.  But there are limitations of 

divided attention on metacognitive processes.  For example, divided attention distorted learners’ 

time perception made learners unable to consider the benefit of study time.  Also, under divided 

attention, learners may fail to inhibit the interference of less valid cues, which led to less accurate 

monitoring of learning performance.  Similar with under full attention, learners’ beliefs about 

cues play an important role in determining the accuracy of learners’ metacognitive processes 

under divided attention.  If those beliefs are accurate, learners are able to accurately monitor their 

learning under divided attention.   
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Figure 1: Participants’ cued-recall performance and their JOLs as a function of order and 

conditions in Experiment 1a.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 2: Participants’ cued-recall performance and their JOLs as a function of order and 

relatedness in Experiment 1a.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 3: Calibration of JOLs as a function of condition and order in Experiment 1a.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 4: Resolution of JOLs as a function of order and condition in Experiment 1a.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 5: Participants’ cued-recall performance and their JOLs as a function of order and 

relatedness of the 1st block in Experiment 1a.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 6: Calibration of JOLs in the 1st block of Experiment 1a.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 7: Resolution of JOLs in the 1st block of Experiment 1a.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 8: Cued-recall test performance and JOLs as a function of condition and relatedness for 

participants who received money for compensation in Experiment 1b.   
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Figure 9: Cued-recall test performance and JOLs as a function of condition and relatedness for 

participants who received partial course credit for compensation in Experiment 1b.   
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Figure 10: Participants’ cued-recall test performance and their JOLs as a function of condition 

and relatedness in Experiment 1b.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 11: Calibration of JOLs in Experiment 1b.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 12: Resolution of JOLs in Experiment 1b.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 13: Cued-recall test performance and JOLs as a function of condition and relatedness for 

participants who received course credit for compensation in Experiment 2. 
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Figure 14: Cued-recall test performance and JOLs as a function of condition and relatedness for 

paid participants compensation in Experiment 2. 
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Figure 15: Cued-recall test performance and JOLs as a function of condition and presentation 

time for participants who received course credit for compensation in Experiment 2. 
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Figure 16: Cued-recall test performance and JOLs as a function of condition and presentation 

time for paid participants in Experiment 2. 
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Figure 17: Participants’ cued-recall test performance and JOLs as a function of condition and 

relatedness in Experiment 2.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 18: Participants’ cued-recall test performance and JOLs as a function of condition and 

presentation time in Experiment 2.   

Error bars represent one standard error of the mean above and below the sample mean. 

 

 

  

0.00

0.20

0.40

0.60

0.80

1.00

Divided Full Divided Full

Cued-recall performance JOLs

Pr
op

or
tio

n
re

m
em

be
re

d

1s 5s



 113 

Figure 19: Calibration of JOLs in Experiment 2.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 20: Resolution of JOLs in Experiment 2.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 21: Cued-recall test performance and JOLs as a function of condition and relatedness for 

participants who received course credit for compensation in Experiment 3.  

 

  

0.00

0.20

0.40

0.60

0.80

1.00

Divided Full Divided Full

Cued-Recall performance JOLs

Pr
op

or
tio

n
re

m
em

be
re

d Unrelated Related



 116 

Figure 22: Cued-recall test performance and JOLs as a function of condition and relatedness for 

paid participants in Experiment 3. 
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Figure 23: Cued-recall test performance and JOLs as a function of condition and font color for 

participants who received course credit for compensation in Experiment 3. 
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Figure 24: Cued-recall test performance and JOLs as a function of condition and font color for 

paid participants in Experiment 3. 
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Figure 25: Participants’ cued-recall test performance and JOLs as a function of condition and 

relatedness in Experiment 3.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 26: Participants’ cued-recall test performance and JOLs as a function of condition and 

font color in Experiment 3.  

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 27: Calibration of JOLs in Experiment 3.  

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 28: Resolution of JOLs in Experiment 3.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 29: Gamma correlation between key press latency of image generation and memory 

performance for paid participants and participants who received course credit as compensation 

for participation in Experiment 4. 
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Figure 30: Gamma correlation between key press latency of image generation and JOLs for paid 

participants and participants who received course credit in Experiment 4. 
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Figure 31: Calibration of JOLs in Experiment 4.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Figure 32: Resolution of JOLs in Experiment 4.   

Error bars represent one standard error of the mean above and below the sample mean. 
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Table 1: Unstandardized regression coefficients for the effect of key press latency and condition 

on cued-recall.  

 

 

 

 

 

 

  

Predictor B SE z p 95% CI Odds Odds 95% CI
Intercept -1.46 0.25 -5.75 <0.001 (-1.98, -0.96) 0.23 (0.14, 0.38)

Keypress latency 0.05 0.02 2.7 0.01 (0.01, 0.09) 1.05 (1.01, 1.09)
Condition 0.86 0.33 2.63 0.01 (0.21, 1.53) 2.36 (1.23, 4.62)
Component Variance SD

Intercept 1.78 1.34
Keypress latency 0.003 0.05
LL=--1394.4, AIC=2800.8, BIC=2835.9
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Table 2: Unstandardized regression coefficient for the effect of key press latency of image 

generation, condition and their interaction on participants’ JOLs. 

 

 

  

Predictor B SE t p 95% CI
Intercept 48.63 3.66 13.28 <0.001 (41.46,55.80)

Keypress latency 0.25 0.36 0.71 0.48 (-0.45,0.98)
Condition 3.44 5.19 0.66 0.51 (-6.70,13.61)
Interaction -0.12 0.52 -0.24 0.81 (-1.15,0.90)
Component Variance SD

Intercept 352.6 18.78
Keypress latency 2.82 1.68

Residual 445 21.09
LL=-11678, AIC=23373, BIC=23420
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Table 3: Resolution for participants’ JOLs and one-sample t-test results for resolution comparing 

gamma correlations to zero while processing unrelated word pairs under divided attention and 

full attention.  

 

 

 
 
  

M(SD) t p

Exp. 1b `-0.09(0.78) 0.63 0.53
Exp. 2 `-0.01(0.59) 0.08 0.93
Exp.3 0.12(0.67) 0.95 0.35

Exp. 1b 0.29(0.37) 4.95 <0.001
Exp. 2 0.25(0.54) 2.99 0.01
Exp.3 0.06(0.53) 0.68 0.5

Divided attention

Full attention
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