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SCIENTIFIC ABSTRACT

An individual’s memory of past test performance
(MPT) is often cited as the primary cue for
judgments of learning (JOLSs) following test
experience during multi-trial learning tasks (Finn &
Metcalfe, 2007; 2008). We used an associative
recognition task to evaluate MPT-related
phenomena, because performance monitoring, as
measured by recognition test confidence judgments
(CJs), is fallible and varies in accuracy across
persons. The current study used multi-level
regression models to show the simultaneous and
independent influences of multiple cues on Trial 2
JOLs, in addition to performance accuracy (the

typical measure of MPT in cued-recall experiments).

These cues include recognition CJs, perceived
recognition fluency, and Trial 2 study time allocation
(an index of reprocessing fluency). Our results
expand the scope of MPT-related phenomena in
recognition memory testing to show independent
effects of recognition test accuracy and CJs on
second-trial JOLs, while also demonstrating
individual differences in the effects of these cues on
JOLs (as manifested in significant random effects
for those regression effects in the model). The
effect of study time on second-trial JOLs controlling
on other variables, including Trial 1 recognition
memory accuracy, also demonstrates that second-
trial encoding behavior influence JOLs in addition to
MPT.

Does the Scientific Abstract describe:
e the problem under investigation?
Yes [m] No OJ

If no, please explain:

e participants or subjects, specifying pertinent characteristics; in animal research,
including genus and species?

Yes [ No ]

If no, please explain:

The focus of this paper is theoretical, so our abstract contents are
focused on describing theory rather than all of the specifics of our
experiment.
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e study method, including:

o0 sample size?
Yes [0 No [

0 any apparatus used?
Yes [1 No [

O measures?
Yes [=] NoOI

0 data-gathering procedures?
Yes @ No U

o research design (e.g., experiment, observational study)?
Yes @ No[I

If answered “no” for any of the study methods above, please explain:

This level of detail was not covered in order to focus on theory. Also, we
did not use a special aparatus in our work.

¢ findings, including effect sizes and confidence intervals and/or statistical significance
levels?

Yes [ No [u]
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If no, please explain:

This level of detail is too great for the abstract, given space limitations.

e conclusions and the implications or applications?
Yes [u] No [

If no, please explain:
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INTRODUCTION

For the Introduction please indicate whether the requested
information can be found in this section of the manuscript, in
a supplemental file, or whether the information is not
relevant to the study. If the information is not relevant,
please provide a brief explanation.

Metacognitive self-regulation of study involves
monitoring current cognitive states and using the
products of that monitoring to guide study behavior
(e.g., Dunlosky & Metcalfe, 2009; Nelson, 1996).
Accurate monitoring of one’s current level of learning,
often measured by judgments of learning (JOLSs),
rated confidence in likelihood of remembering a
studied item during a subsequent memory test (see
Dunlosky & Metcalfe, 2009, for a review), can lead to
an optimal selection of items to study and allocation
of study time to those items (e.g., Nelson & Narens,
1990; Thiede & Dunlosky, 1999).

Judgments of Learning

Metacognitive research has converged on an
accessibility view of JOLs, which states that JOLs
are not based on direct access to underlying states
of learning, but rather on accessible cues that may or
may not be diagnostic of subsequent remembering
(Dunlosky & Metcalfe, 2009). Multiple variables have
been shown to influence JOLs and JOL resolution
(i.e., whether within-person variation in JOLs across
items correlates with item variation in memory
outcomes; see Gonzalez & Nelson, 1996), including
observable stimulus characteristics, learning
strategies, and internal mnemonic states (e.g.,
Koriat, 1997; Nelson, 1996). Typical JOL
experiments focus on one or at most a few such
cues, seeking to experimentally isolate their
influences on JOLs.

Multiple-cue utilization perspective. We argue that
additional progress can be gained by adopting a
generalization of the accessibility perspective -- an
explicit multiple-cue utilization aporoach -- to account

Does the Introduction:
e describe the importance of the problem?
In manuscript [=] In supplemental files [] Not relevant []

If not relevant, please explain:

e describe theoretical or practical implications of the problem?
In manuscript [ In supplemental files ] Not relevant [

If not relevant, please explain:
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e review relevant scholarship in relation to previous work?
In manuscript [=] In supplemental files [] Not relevant [

If not relevant, please explain:

e review if other aspects of this study have been reported upon previously and
how the current report differs from these earlier reports?

In manuscript [ In supplemental files [=] Not relevant [

If not relevant, please explain:
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e describe the specific hypotheses or objectives, such as

o theories or other means to derive hypotheses, if hypotheses were
offered?

In manuscript [ In supplemental files [ Not relevant [

If not relevant, please explain:

0 primary hypotheses?
In manuscript [=] In supplemental files [ Not relevant [

If not relevant, please explain:
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0 secondary hypotheses?
In manuscript [=] In supplemental files [] Not relevant []

If not relevant, please explain:

0 planned exploratory analyses?
In manuscript [ In supplemental files [ Not relevant [s]

If not relevant, please explain:

Our analyses are described in the results section and require a level
of detail not appropriate for the Introduction.
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e describe how hypotheses and research design relate to one another?

In manuscript [ In supplemental files [ Not relevant [

If not relevant, please explain:
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METHOD For the Method section, please provide the information requested below, regardless of whether it

Fifty-one also appears in the rest of the manuscript or in supplemental files.

Participant or subject characteristics: | ¢ What were the eligibility and exclusion criteria for participants or subjects, including any restrictions
Fift d duat based on demographic characteristics?
ITtly-one undergraauates . :
bet\)//veen the ag%s of 18 and Participants were undergraduates from Georgia Tech between the ages of 18 and 25
25 years (M = 19.22) years.

participated and received
course credit for doing so.

e What were the major demographic characteristics of participants or subjects as well as important topic-
specific characteristics, or, in the case of animal research, the genus and species?

We sought younger adults, which we defined as those aged between 18 and 25 years.

Sampling procedures:

e What procedures were used for selecting participants, including

0 the sampling method

Participants self-selected for voluntary participation in the discussed work via an online
system available only to Georgia Tech students.
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0 the percentage of sample approached that participated

100 o

0 any self-selection, either by individuals or by nomination from others?

Yes, as discussed above.

e What were the settings and locations where data were collected?

Computer labs in Georgia Tech's school of psychology were utilized for group testing of
participants.

o Were any agreements and payments made to participants?

Participants received extra credit in their psychology courses; no monetary
remuneration was involved.

e Were IRB agreements obtained, ethical standards met, and safety monitored?
Yes [&] No I

If no, please explain:
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Sample size, power and precision:

What was the intended sample size?
n=50

What was the actual sample size?
n=51

How was sample size determined:

0 power analysis?
Yes [J No @]

0 other methods used to determine accuracy of parameter estimates?
Yes [u] No O

If yes, describe:

Similar prior works were used to guage proper sample sizes for the current work.

0 stopping rules or interim analyses?
Yes [ No [m]

If yes, describe:
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Measures and covariates: e Please provide the definitions of all primary and secondary measures and covariates taken in the study,
including measures collected but not included in this report

Measure name: Definition:

¢ What methods were used to collect data?

o Were methods used to enhance the quality of measurements?

o training and reliability of data collectors?
Yes [&] No OJ

0 use of multiple observations?
Yes =] No [

e What are the known psychometric and biometric properties of instruments used in the study?

Measure Name: Property: Result:
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Research design:
The experiment used 2 study-test e Were conditions manipulated [=]or naturalistic [1?

trials in a within-subjects design. If manipulated, please complete JARS:EXP (see below)

If manipulated, were subjects randomly assigned to conditions?
Yes [&] No J

If randomly assigned, please complete JARS: RCT (see below)

If not randomly assigned, please complete JARS:QED (see below)

Miscellaneous:

e Are there any other aspects of the study’s methods that are important for the interpretation or replication
of its findings?

No.
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RESULTS

Participant flow:

Recruitment:

Missing data:

For the Results section, please provide the information requested in the questionnaire or provide
the page number, table, or supplemental file in which the information can be found.

If your manuscript is accepted for publication, you will need to deposit your data set in an approved
data repository. Please see Instructions to Authors for more information:
www.apa.org/pubs/journals/arc

e How did participants move through each stage of the study and how many were lost at each stage, if
any (use flow chart, if appropriate—see Figure 1 below for an example)?

Page 12

e Please provide the dates defining the periods of recruitment and repeated measures or follow-up.

Period Start Date: End Date:
Recruitment: 7-28-2008 12-10-2008

o Did you experience problems concerning statistical assumptions and/or data distributions that could
affect the validity of findings?

Yes O Nol=]

If yes, please describe:
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e Missing data

e Is missing data a cause of concern in this data set?
Yes[] No (=]

e If missing data was a cause of concern, is there empirical evidence and/or theoretical arguments
for the causes of data that are missing (e.g., missing completely at random (MCAR), missing at
random (MAR), or missing not at random (MNAR))?

e If missing data was a cause of concern, is there empirical evidence and/or theoretical arguments
for the causes of data that are missing (for example, missing completely at random (MCAR),
missing at random (MAR), or missing not at random (MNAR))?
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If missing data was a cause of concern, what methods, if any, were used for addressing missing
data?

DISCUSSION

Statistics and data analysis:

For the Discussion section, please indicate whether the requested information can be found in this
section of the manuscript, in a supplemental file, or whether the information is not relevant to the
study. If not relevant, please provide a brief explanation.

Did you experience problems concerning statistical assumptions and/or data distributions that could
affect the validity of findings?

Yes

If yes,

No(=]

please describe:

For inferential statistics (NHST), please indicate the a priori Type 1 error rate adopted:

5%
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For each NHST conducted, regardless of whether significant results were obtained and regardless of
whether or not reported in the text, please provide a log of the centrality (primary, secondary
exploratory) of the analyses to the study’s purpose, the analytic technique used, the direction,
magnitude, degrees of freedom, and exact p-level associated with each test:

For multivariable analytic systems (e.g., multivariate analyses of variance, regression analyses,
structural equation modeling analyses, and hierarchical linear modeling)

e provide the associated variance-covariance (or correlation) matrix or matrices:

e describe any estimation problems (e.qg., failure to converge, bad solution spaces), anomalous data
points:

o identify the statistical software program, if specialized procedures were used:
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e |Is there a statement of support or nonsupport for all original hypotheses distinguished by primary and
secondary hypotheses?

In manuscript [ In supplemental files [ Not relevant [

If not relevant, please explain:

e Are post hoc explanations proposed?

In manuscript [=] In supplemental files [] Not relevant [

If not relevant, please explain:

e Are the similarities and differences between these results and the work of others discussed?

In manuscript [=] In supplemental files [=] Not relevant [

If not relevant, please explain:
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Are results interpreted taking into account
e sources of potential bias and other threats to internal validity?

In manuscript [=] In supplemental files [ Not relevant [

If not relevant, please explain:

e imprecision of measures?

In manuscript [ In supplemental files [ Not relevant [

If not relevant, please explain:

e the overall number of tests or overlap among tests?

In manuscript [=] In supplemental files [ Not relevant [

If not relevant, please explain:
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e other limitations or weaknesses of the study?

In manuscript [=] In supplemental files [ Not relevant [

If not relevant, please explain:

Is the generalizability (external validity) of the findings taken into account with regard to
e the target population?

In manuscript [=] In supplemental files [ Not relevant [

If not relevant, please explain:

e other contextual issues?

In manuscript [=] In supplemental files [«] Not relevant [
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If not relevant, please explain:

e |s there discussion of implications for future research, program, or policy

In manuscript [ In supplemental files [ Not relevant [

If not relevant, please explain:
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JARS: EXP: These questions should be answered for all studies with an experimental manipulation or
intervention (in addition to the JARS: ALL Questionnaire)

METHODS

Experimental manipulations or
interventions:

In the Method section of a study with an experimental manipulation or intervention, please provide the
information requested below, regardless of whether it also appears in the manuscript or a supplemental
file. If the information requested is irrelevant to the study, briefly explain why.

e Please provide the details about the experimental manipulations or interventions intended for each study
condition, including control groups and specifically including

e the content of the specific experimental manipulations or interventions—a summary or
paraphrasing of instructions (unless they are unusual or compose the manipulation, in which case they
may be presented verbatim):

INSTRUCTIONS FOR PHASE 1 STUDY

Word-pair study

In this part of the experiment, you will be shown 60 word-pairs like the pair shown below.
PIL I OW-QUAIL

o the method of manipulation or intervention delivery—a description of apparatus and materials used
and their function in the experiment:

The task was computer-based.

Identify specialized equipment by model and supplier:

Not applicable.

e the deliverers, that is, who delivered the manipulations or interventions

0 level of professional training:
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o0 level of training in specific manipulations or interventions:

o the number of deliverers and, in the case of interventions, the M, SD, and range of number of
individuals/units treated by each:

e the setting, that is, where the manipulations or interventions occurred:

The experiment was performed in a computer lab in the school of psychology at Georgia
Tech.

e the exposure quantity and duration, that is, how many sessions, episodes, or events were intended to
be delivered and how long they were intended to last:

Each experimental session lasted approximately 1.5 hours for each participant.

e thetime span, that is, how long it took to deliver the intervention or manipulation to each unit:

Each experimental session lasted approximately 1.5 hours for each participant.
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e activities to increase compliance or adherence (e.g. incentives):

Participants were encouraged to ask questions if they did not understand any part

e the use of languages other than English and the translation method:

Not applicable.

Masking:

Were participants, those administering the interventions, and those assessing the outcomes unaware of
condition assignments?

Yes[] No =]

If no, why not?

Experimenters were required to enter participant information, including experimental
condition, into each computer prior to each participant's completion of the task.

e If masking took place, how was it accomplished, and how was its success evaluated?

Not applicable.
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Units of delivery and analysis:

Unit of delivery: How were participants grouped during delivery?

Participants completed their experimental session individually or in groups of up to 8
individuals in a single computer lab.

0 What was the smallest unit that was analyzed (and, in the case of experiments, that was randomly
assigned to conditions) to assess manipulation or intervention effects (e.g., individuals, work groups,
classes)?

Experimental conditions

If the unit of analysis differed from the unit of delivery, please describe the analytical method used to account
for this (e.g., adjusting the standard error estimates by the design effect or using multilevel analysis):
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RESULTS

Participant flow:

For the Results section, please indicate below the page number, table, or supplemental file in which the
information can be found.

e What was the total number of groups (if the experimental manipulation or intervention was administered at
the group level), and what was the number of participants assigned to each group?

Two experimental conditions were assigned, and approximately 25 people were assigned to
each condition.

Treatment fidelity:

e What evidence is there that the deliverers of treatment adhered to the respective intervention
manuals/guidelines?

Experimenters watched the participants for behavior that would indicate a lack of compliance
and, if that took place, logged it.

e What evidence is there that the treatments were delivered competently?

Relatively low variability in group-averaged data (possibly indicative of consistent
compliance).
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Statistics and data analysis: e Were the analyses intent-to-treat[], complier average causal effectlz], or other or multiple ways[=]1?

Please explain:

We used mean-level analyses in addition to multi-level models to assess the relationships
between variables collected in our experiment.

Adverse events and side effects:

e Please describe all important adverse events or side effects in each experimental or intervention:

Not applicable.
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DISCUSSION

For the Discussion section, please indicate below the page number, table, or supplemental file in which
the information can be found.

e Do results discussed take into account the mechanism by which the manipulation or intervention was
intended to work (causal pathways) or alternative mechanisms?

Yes] No[l

If no, please explain:

e If an intervention is involved, is there discussion of the success of and barriers to implementing the
intervention, and the fidelity of implementation?

Yes[] No(=]

If no, please explain:

An intervention was not involved.

e |s there a discussion of the generalizability (external validity) of the findings taking into account

o the characteristics of the intervention?
o
Yes[] No[u]
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If no, please explain:

There was no intervention.

o how and what outcomes were measured?
Yes(a] No[l

If no, please explain:

o length of follow-up?
Yesl[] No(s]

If no, please explain:

There was no follow-up.

0 incentives?

Yes[] No[u]

If no, please explain:
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Incentives (extra class credit for our undergraduate participants) would likely not be so
enticing as to somehow alter our outcomes.

0 compliance rates?
Yes[] Nom]

If no, please explain:

Participants were observed for compliance with study instructions to ensure that they did so.

e |Is there discussion of the clinical or practical significance of outcomes and the basis for these
interpretations?

Yesm] No[l

If no, please explain:
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JARS: RCT: These questions should be answered for all studies with an experimental manipulation or
intervention that employed random assignment to experimental conditions (in addition to JAR:ALL and JARS:

EXP)

METHOD

Random assignment — method:

Random assignment —
concealment:

In the Method section of a study that employed random assignment to experimental conditions,
please provide the information requested below, regardless of whether it also appears in the
manuscript or a supplemental file. If the information requested is irrelevant to the study, briefly

explain why.

e What procedures were used to generate the random assignment sequence (including details of any
restrictions—e.g., blocking, stratification)?

Random.org was used to generate a random sequence of numbers used to assign
participants to each counterbalancing condition prior to testing. Participants were
assigned to each condition based on the ordering of numbers (odd numbers were
assigned to one condition, even numbers were assigned to the other as they entered

the lab for testing).

e Was the sequence concealed until experimental or intervention sequence was assigned?
Yes [ No=]

If no, why not?

The primary researcher in charge of organizing participant testing revealed the
sequence during the course of training research technicians.
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Random assignment —
implementation:

e Who generated the assignment sequence?

Jarrod Hines

e Who enrolled participants?

Each participant enrolled him or herself.

e Who assigned participants to groups?

The technician in charge of running each session assigned participants to each
condition as they arrived to the lab (by matching their order of arrival to the order of
random numbers on the testing log).
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JARS: QED: These questions should be answered for all studies with an experimental manipulation or
intervention that did not employ random assignment to experimental conditions (in addition to JARS: All and
JARS: EXP).

METHOD

Assignment method: ¢ What was the unit of assignment (the unit being assigned to study conditions—e.g., individual,

group, community)?

e What was the method used to assign units to study conditions, including details of any restriction
(e.g., blocking, stratification, minimization)?

e What procedures were employed to help minimize potential bias due to nonrandomization (e.g.,
matching, propensity score matching)?
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Diagram showing the flow of participants through each stage of a randomized trial.

Assessed for
eligibility (n = ...3

Excluded {in = _..2

Mot meeting
inclusion criteria

(n= ..

FE efused to participate

m= _.1

other reasons (n= ... ]

Randomised (n= ...) |

Allocated to inter ention
= .2

R eceived allocated
intervention (n= ..1

Oid not receive allocated
intervention
[(Qive reasons)in = ... ]

Allocated to inter ention
= _.2

F eceived allocated
intervention (n= ..1

Did not receive allocated
intervention
[(give reasonszlin = ...

Lost to follow up (n = ...)
(give reasons)

Discontinued intervention
(h=_.){dive reasons)

Laost to fallow up (o= ...3
[dive reasons)

Discontinued internvention
(h=_.){give reasons)

Analksedin = ..2

E xcluded from analysis
(give reasonsl1(n = ... ]

Analvsed(n = ...)

E xcluded from analysis
(give reasonslin = ...




Archives of Scientific Psychology Questionnaire for Manuscripts Describing Primary Data Collections
(Based on APA Journal Article Reporting Standards — JARS Questionnaire) 37

JARS: MISC: These questions should be answered for all studies not employing an experimental manipulation or
intervention (in addition to JARS: All).

Please provide below as detailed a description as possible of the research design used in the study or studies. This
description should be at least as detailed than that expected in all APA journals. There is no restriction on length.
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	please provide a brief explanation: Metacognitive self-regulation of study involves monitoring current cognitive states and using the products of that monitoring to guide study behavior (e.g., Dunlosky & Metcalfe, 2009; Nelson, 1996).  Accurate monitoring of one’s current level of learning, often measured by judgments of learning (JOLs), rated confidence in likelihood of remembering a studied item during a subsequent memory test (see Dunlosky & Metcalfe, 2009, for a review), can lead to an optimal selection of items to study and allocation of study time to those items (e.g., Nelson & Narens, 1990; Thiede & Dunlosky, 1999). 
Judgments of Learning
Metacognitive research has converged on an accessibility view of JOLs, which states that JOLs are not based on direct access to underlying states of learning, but rather on accessible cues that may or may not be diagnostic of subsequent remembering (Dunlosky & Metcalfe, 2009).  Multiple variables have been shown to influence JOLs and JOL resolution (i.e., whether within-person variation in JOLs across items correlates with item variation in memory outcomes; see Gonzalez & Nelson, 1996), including observable stimulus characteristics, learning strategies, and internal mnemonic states (e.g., Koriat, 1997; Nelson, 1996). Typical JOL experiments focus on one or at most a few such cues, seeking to experimentally isolate their influences on JOLs.
Multiple-cue utilization perspective.  We argue that additional progress can be gained by adopting a generalization of the accessibility perspective -- an explicit multiple-cue utilization approach -- to account for JOL magnitude and resolution.  By this account, a JOL can be considered an outcome of a (possibly informal) decision process in which relevant cues are potentially accessed and then evaluated. The validities of utilized cues for predicting subsequent memory performance (often termed diagnosticity in the judgment and decision making literature), along with the relative weight given to each cue actually accessed by the judge when making the JOL, determine JOL accuracy (resolution). This perspective argues that individuals can (and often do) access multiple cues when constructing JOLs, while ignoring (failing to access) or discounting (failing to utilize) other available cues that may or may not be diagnostic.  The task of the researcher is to demonstrate empirically which cues are associated with JOLs, potentially indicating that they are accessed and evaluated during the judgment process.  For example, Hertzog, Dunlosky, and Sinclair (2010) showed that JOLs were jointly influenced by an experimentally manipulated stimulus characteristic (associative relatedness of word pairs) and a participant-determined behavior (spontaneous use of mediational strategies).1  
The experimental literature has generated a great deal of empirical data about different cues that may or may not influence both JOL magnitudes and JOL resolution.  JOLs made immediately after studying items for the first time often have rather low resolution that can be attributed in large part to the salience of stimulus features that are mostly irrelevant to subsequent remembering (e.g., perceptual features such as size or loudness; Rhodes & Castel, 2008).  Individuals making JOLs also ignore or discount many other cues that are diagnostic of later remembering such as asymmetric direction of associative relatedness of cue-target pairs (e.g., Koriat & Bjork, 2006), instructed encoding strategies varying in normative effectiveness (e.g., Hertzog, et al., 2009; Shaughnessy, 1981), and the type of memory test (e.g., Touron, Hertzog, & Speagle, 2010; Weaver & Kelemen, 2003).  Immediate JOLs (unlike delayed JOLs or feeling-of-knowing judgments) are also insensitive to the cue’s associative set size, which influences the likelihood of implicit retrieval interference at test (Eakin & Hertzog, 2012), but set size apparently is not accessed at the time of encoding when making immediate JOLs.  JOLs made during an initial study opportunity are also correlated with encoding fluency (i.e., how quickly an item is encoded; Begg, et al., 1989; Hertzog, Dunlosky, Robinson, & Kidder, 2003; Undorf & Eldfelder, 2011) and by latencies of retrieving relevant information  (e.g., Benjamin, Bjork, & Schwartz, 1998).  Even when encoding fluency is not diagnostic of subsequent memory, it appears to influence JOLs, attenuating their resolution (e.g., Hertzog et al., 2003; Robinson, Hertzog, & Dunlosky, 2006).
JOLs and the memory-for-past-test heuristic. Studies of multiple study-test trials with cued recall of lists of paired-associate (PA) items show that JOL resolution increases until asymptotic performance begins to restrict item variance in recall (e.g., Koriat, 1997; Koriat & Bjork, 2005).  This increase in resolution typically requires intervening memory tests rather than just additional study opportunities (Koriat & Bjork, 2005). A plausible mechanism for this effect is that individuals remember past test performance for an item and use that information when making a JOL on the next study opportunity.  Indeed, memory for past test (MPT) has been shown to have a strong influence on subsequent JOLs (Ariel & Dunlosky, 2011; Finn & Metcalfe, 2007; 2008). Reliance on MPT might help to account for the stability bias in JOLs (failure to predict increases in performance after an additional study opportunity; e.g., Kornell, Rhodes, Castel, & Tauber, 2011) as well as the underconfidence-with-practice effect (increasing discrepancy between the aggregate level of JOL confidence and the list-wise probability of recall; Finn & Metcalfe, 2007).
People do not exclusively rely on MPT as a heuristic for making JOLs, however.  Finn and Metcalfe (2008) found that underconfidence with practice occurred even when no intervening test was given between JOLs, and used this and other findings to argue for the likely influence of other cues they had not measured on second-trial JOLs.  Ariel and Dunlosky (2011) used pre-study  JOLs, which, in one condition, were accompanied by prompts about past recall success for that item.  They reasoned that if MPT was the only cue that was considered when making a second-trial JOL, then these pre-study JOLs should be as accurate as standard JOLs.  They were not.  Their two experiments indicated that second-trial JOLs were influenced by MPT, but also by new learning and item forgetting.  Tauber & Rhodes (2012) used multi-level regression models to show that second-trial recall predicted prior JOLs independently of first-trial recall, demonstrating that new learning was indeed influencing JOLs.  However, although all these studies demonstrated the likely existence of influences other than MPT on second-trial JOLs, they did not actually measure any of the other cues potentially affecting second-trial JOLs.  Hence they could neither empirically demonstrate other cues’ influence nor estimate the magnitude of those effects.  
Goals of the Present Study
This study was motivated by two broad goals. One was to extend the concept of MPT to embrace aspects of test performance other than cued- recall success, as has previously been studied.  We used an associative recognition memory task to broaden the range of MPT-related phenomena beyond those typically seen in cued-recall tasks. A second goal was to explicitly evaluate whether cues besides MPT influence JOLs at the second study opportunity.  Embracing the multiple-cue perspective, we argue that at least two other variables in addition to those related to MPT should predict second-trial JOLs: prior JOL confidence and second-trial study time. 
Expanding MPT-related phenomena in an associative recognition task.
Recognition memory tests often use item-level confidence judgments (CJs) – rated confidence in the accuracy of memory test responses -- to address multiple research questions, including those regarding influences of response criteria on responses and influences of recollection versus familiarity on remembering (e.g., Yonelinas & Parks, 2007).  Metacognitive research has used CJs to evaluate the accuracy of performance monitoring, including retrieval and memory test decisions (e.g., Kelley & Sahakyan, 2003; see Dunlosky & Metcalfe, 2009, for a review)   Cued recall for lists with associatively unrelated PA items are typically characterized by high omission error responses (“I can’t remember”) and low intrusion error rates (e.g., Dunlosky, Hertzog, & Powell-Moman, 2005).  Probably as a consequence, item-level CJs after each cued-recall test are highly accurate even in the absence of performance feedback (Dunlosky & Hertzog, 2000; Finn & Metcalfe, 2007, Experiment 3), with recall-CJ resolution often approaching perfect 1.0 correlations, except when to-be-remembered materials are deliberately manipulated to create false memories (e.g., Jacoby & Rhodes, 2006; Kelley & Sahakyan, 2003; Roediger & McDermott, 1993).
In recognition memory tests, however, monitoring successful remembering is more ambiguous and error-prone, and other variables such as response latency may carry important information about future accessibility of underlying memory representations (e.g., Ratcliff, Thapar, & McKoon, 2011).  Associative recognition tests often compare recognition of intact paired-associated (unchanged from original study) to false alarms for rearranged pairs (in which words for originally different studied items are paired together at test.  Associative recognition task CJs manifest imperfect performance monitoring accuracy (Hines, Touron, & Hertzog, 2009); for example, older adults are prone to high-confidence recognition memory errors (e.g., Shing, Werkle-Bergner, Li, & Lindenberger, 2009).  Recollective experiences during the recognition test may include more or less access to vivid details about the original encoding, the associative mediators that were originally produced (if any), or other cues that could influence both CJs and subsequent JOLs (e.g., Cohn & Moscovitch, 2007; Hicks & Marsh, 2001; Parks, 2007).
Because associative recognition test CJs are imperfectly correlated with recognition memory success, using a recognition memory task allowed us to separate cues associated with memory test responses from subjective confidence in the accuracy of those responses – both variables can be used to predict second trial JOLs.  Indeed, in the present study  we  tested whether CJs predicted second-trial JOLs independent of actual recognition memory accuracy.  To the extent that CJs fully capture the subjective experience of remembering during the recognition test, recognition memory success should not predict JOLs independent of CJs.
There is good reason to believe that neither recognition memory accuracy nor CJs will capture all the available cues about recognition memory performance that will later be accessed when making JOLs.  For instance, both variables may not capture retrieval fluency effects during recognition memory that influence JOLs (e.g., Benjamin, Bjork, & Schwartz, 1998).  Recognition memory RTs are one measure of retrieval fluency in recognition tasks.  They typically decrease monotonically with the degree of item learning and therefore may serve as a valid cue for future correct retrieval (e.g., Cerella, Onyper, & Hoyer, 2006; Logan, 1988; Ratcliff & Starns, 2009), perhaps because they are related to gradations in memory strength above a threshold required for successful recognition (Bower, 2000).  Retrieval fluency effects have typically been ignored in existing work on MPT, which has focused exclusively on recall accuracy.  We hypothesized that recognition test response latencies would also predict subsequent JOLs independent of prior recognition accuracy and CJs.
Time monitoring in memory experiments is often rather inaccurate, with individuals underestimating the time required for successful retrieval, possibly because of the degree of attentional control devoted to the retrieval search (e.g., Craik & Hay, 1999; Hertzog, Touron, & Hines, 2007).  Thus, subjective fluency (measured by participant-estimated retrieval times) could influence JOLs, whether or not actual retrieval fluency does so.  Indeed, from a metacognitive perspective, one might argue that perceived retrieval fluency should have a stronger influence on later JOLs than actual retrieval fluency (see Robinson, Hertzog, & Dunlosky, 2006; Hines et al., 2009).
In addition to the influence of these metacognitive Trial 1 cues on Trial 2 JOLs, the Trial 2 study experience immediately preceding Trial 2 JOLs could also have an influence that should be also independent of MPT. Study time at first exposure to new information is a multiply-determined variable, being influenced by the nature of the study strategy, the difficulty of implementing a selected strategy, and additional rehearsal or elaborative processing after completion of a study strategy (e.g., Koriat, Ma’ayan, & Nussinson, 2006).  In contrast, study time on a restudy trial following a memory test can reflect (a) relative study emphasis – in particular, a decision to devote less study time to items already remembered, which should be entrained by MPT (e.g., Mazzoni & Cornoldi, 1993) or (b) variations in reprocessing fluency (e.g., Masson, 1993), which might arise in part because individuals can choose to reproduce or retrieve outcomes from a study strategy  or vary encoding strategies (e.g., either [1] retrieve and rehearse the same study mediators generated during the first study opportunity or [2] choose to generate new mediators; see Pyc & Rawson, 2012).  Hines et al. (2009) showed that that study times following a test trial are influenced by past associative-recognition test accuracy and recognition CJs.  Controlling on past test accuracy, an independent effect of restudy time on JOLs made immediately after restudy would indicate emergent influences of encoding on JOLs that are not accounted for by a MPT heuristic. 
Testing Multiple-Cue Hypotheses about Restudied Item JOLs
We used multi-level regression models (Singer, 1998; Snijders & Bosker, 1999) to assess the relative contributions of multiple independent variables (that carry the effects of different metacognitive cues) on JOLs made during a second study-test trial in our associative recognition task.  These types of analyses are especially well-suited to evaluating the simultaneous unique predictive power of multiple cues on JOLs (see Hoffman & Rovine, 2007), assessing whether a particular cue is predictive of subsequent JOLs controlling on other measured cues (via the partial regression coefficient associated with each cue). Multi-level modeling also affords the opportunity to examine in a single model the roles of both item-level and person-level variation in cues in predicting subsequent JOLs. For example, one can simultaneously examine (1) whether  items that were encoded or retrieved more quickly also predict higher JOLs (item-level association) and (2) whether people with faster average encoding or recognition times also exhibit greater average JOL confidence.  It is also possible to estimate specific item differences in JOLs and to control for these effects in evaluating the influences of other variables on JOLs.  This approach insures that any effects are not an epiphenomenon of unusual item characteristics impacting the JOLs.
Through the use of multi-level modeling we show that, although variables related to past test performance do have a powerful influence on subsequent JOLs, other cues related to the learning experience also influence them.  
In a preliminary study we analyzed unpublished data from Hines et al.’s (2009) experiment assessing age differences in metacognitive predictors of study time allocation in an experiment with two study-test trials. We had collected trial-2 JOLs in that study but did not report on them in the 2009 paper.  Multi-level regression models measured item-level and person-level influences on Trial 2 JOLs. We obtained reliable prediction of Trial 2 JOLs by JOLs at Trial 1, indicating stable item-related variance in JOLs. Expected patterns of MPT were also found, with first-trial recognition accuracy predicting Trial 2 JOLs.  We also found reliable random effects in this regression coefficient, indicating that the MPT effect varied across individuals. Critically for a multiple-cue perspective, Trial 2 study time predicted Trial 2 JOLs independent of Trial 1 recognition success.
We conducted a new experiment that replicated and extended those preliminary findings, testing several hypotheses about variables that may influence the construction of Trial 2 JOLs.  First, we hypothesized that recognition CJs and estimated recognition RTs (i.e., subjective retrieval fluency) would also predict Trial 2 JOLs independent of recognition memory accuracy.  Second, we hypothesized across-trial consistency in JOLs (prediction of Trial 2 JOL for an item by the Trial 1 JOL for that same item) that would not be eliminated by the MPT effects.  Third, and most critically, we hypothesized that study time at Trial 2 (reflecting reprocessing fluency at encoding) would be associated with Trial 2 JOLs, independent of the Trial 1 variables.  This outcome would confirm prior reports of unknown variables other than MPT influencing second-trial JOLs, while demonstrating that one of these previously unidentified variables was the fluency of second-trial encoding. 
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	may be presented verbatim: INSTRUCTIONS FOR PHASE 1 STUDY

Word-pair study

In this part of the experiment, you will be shown 60 word-pairs like the pair shown below. 
PILLOW-QUAIL

You can take as much time as you want to study each word-pair. After you have finished studying each pair, please press the key marked with an “X” to end study. 
After studying each word-pair, you will be asked about your memory confidence for that word-pair. You will be asked the following:

How confident are you that you will
be able to remember the previous word-pair
10 minutes from now?

You will respond by estimating your % confidence with any percentage ranging from 
0 to 100. You will type in your estimates using the number pad on the right side of
the keyboard. For example:

       You should type 0 if you definitely won’t remember.
       You should type 15 if you are 15% confident you will remember.
       You should type 50 if you are 50% confident you will remember.
       You should type 85 if you are 85% confident you will remember.
       You should type 100 if you definitely will remember.

PLEASE PRESS ENTER TO BEGIN WORD-PAIR STUDY. 

------------------------------------------------------------------------------------------------------

INSTRUCTIONS FOR PHASE 1 TEST

Word-pair Recognition Test

In this part of the experiment, you will be shown more word-pairs.

Some of these word-pairs will be the same matches you saw earlier, like the pair below:
GARDEN-CLASS

Other word-pairs will match the left-hand word from one pair and the right-hand word from a different pair, like the pair below:

GARDEN-PENCIL

Notice the keys with the stickers marked “Y” and “N.” Your task is to press Y for YES if you studied the word-pairing or N for NO if you did not study the word-pairing. 

Respond to each word-pair as quickly as you can without sacrificing accuracy.

PLEASE PRESS ENTER FOR FURTHER INSTRUCTIONS

------------------------------------------------------------------------------------------------------

INSTRUCTIONS FOR PHASE 1 TEST, CONTINUED

Word-pair Recognition Test

After your memory is tested for each word-pair, you will be asked to estimate the
time it took you to respond to the previous question. You will see the following:

How long did it take you to respond to the last question?

You will respond by estimating your response time with any whole number or   decimal ranging from “0.1” to “10.0” seconds. You will type in your estimates       using the number pad on the right side of the keyboard.

For example:
You should type .1 if you believe you responded in one tenth of a second.
You should type .5 if you believe you responded in half of a second. 
You should type 1 if you believe you responded in exactly one second.
You should type 1.1 if you believe you responded in one and one-tenths    
seconds. 

PLEASE PRESS ENTER FOR FURTHER INSTRUCTIONS

------------------------------------------------------------------------------------------------

PLEASE PRESS BACKSPACE TO GO TO THE PREVIOUS INSTRUCTIONS SCREEN

 

INSTRUCTIONS FOR PHASE 1 TEST, FINAL
Word-pair Recognition Test

After giving a response time estimate or receiving response time feedback, you will be asked about your memory confidence for the previous Yes / No response. You 
will be asked the following:

How confident are you that your previous response was correct?

You will respond by estimating your % confidence with any percentage ranging from
0 to 100. You will type in your estimates using the number pad on the right side of
the keyboard.

For example:
       You should type 0 if you definitely did not remember.
       You should type 15 if you are 15% confident you remembered.
       You should type 50 if you are 50% confident you remembered.
       You should type 85 if you are 85% confident you remembered. 
       You should type 100 if you definitely remembered. 

PLEASE PRESS ENTER TO BEGIN THE WORD-PAIR RECOGNITION TEST.

PLEASE PRESS BACKSPACE TO GO TO THE PREVIOUS INSTRUCTIONS SCREEN

-----------------------------------

INSTRUCTIONS FOR PHASE 2 STUDY
Word-pair study

In this part of the experiment, you will be shown the same 60 word-pairs that you
saw in the first part of the experiment. 

You can take as much time as you want to study each word-pair. After you have finished studying each pair, please press the key marked with an “X” to end study. 

After studying each word-pair, you will be asked about your memory confidence for that word-pair. You will be asked the following:

How confident are you that you will
be able to remember the previous word-pair
10 minutes from now?

You will respond by estimating your % confidence with any percentage ranging from 
0 to 100. You will type in your estimates using the number pad on the right side of
the keyboard. For example:

       You should type 0 if you definitely won’t remember.
       You should type 15 if you are 15% confident you will remember.
       You should type 50 if you are 50% confident you will remember.
       You should type 85 if you are 85% confident you will remember.
       You should type 100 if you definitely will remember.

PLEASE PRESS ENTER TO BEGIN WORD-PAIR STUDY. 
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