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SUMMARY
Witnesses have difficulty maximising the accuracy of their memory reports about a
crime without reducing the amount of information that is provided (i.e., quantity). The
research presented in this thesis aimed to make this task easier by exploring whether it was
possible to improve people’s ability to distinguish between correct and incorrect memories
(i.e., monitoring); a factor that is known to impact on the accuracy and quantity of
eyewitness memory reports. Specifically, the studies conducted assessed monitoring
ability (Type-2 Signal Detection Theory discrimination) in a memory task where
participants responded to closed questions that can be answered in just a few words. Study
1 explored whether mnemonic cues outlined in the source monitoring framework could
discriminate between correct and incorrect memories. The findings showed that five
mnemonic cues predicted response accuracy after controlling for natural monitoring ability
(i.e., confidence). Experiments 2 and 3 manipulated knowledge of a selection of these
mnemonic cues in an attempt to improve monitoring. The results of these experiments
showed that altering knowledge of mnemonic cues does not improve monitoring or have a
significant impact on quantity or accuracy. However, the findings also revealed that
eyewitnesses rarely withhold information, suggesting that they may have an unwarranted
level of trust in their memory. Thus, Experiment 4 involved warning participants about the
fallibility of eyewitness memory in addition to manipulating knowledge of mnemonic cues.
Specific instructions regarding memory retrieval were also included in Experiment 4 as
such instructions have previously been found to improve the way witnesses respond to
unanswerable questions. The results showed that none of these manipulations had a
significant impact on monitoring, quantity, or accuracy. As the low withholding rates
observed across the experiments could have been a consequence of the closed questions
that were used, Experiment 5 explored potential differences in retrieval, monitoring, and
v

control abilities during open-ended and closed questioning. The findings revealed that the
low withholding rates observed in Experiments 2-4 were unlikely to have been a
consequence of the closed questions that were used. In addition, the results suggested that
monitoring is superior during open-ended questioning. However, due to the limited
number of closed questions that were included, it was difficult to properly assess
differences in retrieval and control. Future research could use a larger set of closed
questions to determine more precisely how retrieval, monitoring, and control contribute to
the quantity and accuracy of eyewitness memory reports obtained via open-ended and
closed questions.
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CHAPTER 1 – INTRODUCTION
Eyewitness interviews are an important part of the forensic investigative process
and can provide investigators with invaluable information about a crime and its
perpetrators. In fact, approximately 80% of police say that witnesses often or almost
always provide the major leads in criminal investigations (Kebbell & Milne, 1998). Both
the quality of eyewitness memory reports and the amount of information contained within
them is important because police need to be able to trust that the information they obtain is
correct and they need to acquire as much useful information as possible in order to conduct
effective investigations. However, when people are given the opportunity to regulate the
information they provide in their memory reports about an event they witnessed by
choosing whether to volunteer or withhold particular details, they are unable to maximise
both the quality and amount of information they volunteer (Weber & Brewer, 2008). In
the metacognitive literature, the quality of a memory report is referred to as accuracy, and
the amount of information obtained is referred to as quantity. Accuracy only considers
information that is volunteered, and assesses how much of the volunteered information is
correct (Koriat & Goldsmith, 1994). Quantity, however, considers all of the information
that the witness could have encoded, and assesses how much of this information is both
correct and volunteered (Koriat & Goldsmith, 1994). The overall aim of this thesis was to
explore methods of improving the people’s ability to simultaneously maximise the quantity
and accuracy of their memory reports about a simulated crime. More specifically, the
methods explored were designed to enhance metacognitive monitoring, which is the ability
to discriminate between correct and incorrect memories.
Before I begin discussing the project in detail, a distinction must be made between
the different test types and response formats that are commonly used to assess what people
can remember about a witnessed event such as a crime. Three types of test can be used to
10

measure the information a witness can remember. The first type of test is recognition, in
which witnesses are presented with an item that was either present or not present during
the crime. For example, a shirt could be presented and witnesses are asked if it is the one
worn by the offender. The second type of test that can be used is cued-recall, which
provides witnesses with specific information to help guide their memory search. For
example, witnesses may be asked what colour and type of shirt the offender wore. The
third type of test that can be used is free-recall, which allows witnesses to guide their own
retrieval with little input from the interviewer/experimenter. For example, witnesses may
simply be asked to describe the offender’s clothing. Recognition and cued-recall tests can
be completed using two response formats; forced-report and free-report. Under forcedreport conditions, witnesses are asked to answer all of the questions, while under freereport conditions they can choose to volunteer an answer for some questions and withhold
an answer for others. Free-recall tests are generally only completed under free-report
conditions because witnesses are not told what to retrieve. This means that is not possible
to force them to volunteer every piece of information about a crime. However, they can be
asked to volunteer everything that they do retrieve from memory as a variation of the
forced-report procedure. In this thesis, my primary focus was on cued-recall tests
completed under forced- and free-report conditions, with some exploration of free-recall
tests in the final experiment.
In this thesis, I focussed on improving the way people respond to closed questions
rather than open-ended questions. Closed questions can be answered with just a few words
or, in some cases, a single word. For example, when asked ‘What was the colour of the
offender’s shirt?’ a witness could respond with the answer ‘white’. Such questions form
part of cued-recall tests. Open-ended questions, however, are used in free-recall tests and
allow more extended responses. For example, when a witness is asked ‘Can you describe
11

the offender?’ their response could provide information about the offender’s height, eye
colour, clothing, and so on. Focussing on closed questions within this thesis was important
from a practical research perspective because closed questions allow metacognitive
monitoring to be assessed with ease. In general terms, assessments of metacognitive
monitoring measure the association between accuracy (i.e., correct or incorrect) and
confidence judgments and/or control decisions (i.e., decisions about whether to volunteer a
piece of information or withhold it). Closed questions are designed to probe for
information about specific details such as the colour of the shirt worn by an offender.
Therefore, answers to closed questions can be easily coded as correct or incorrect because
they typically relate to one discrete detail from the witnessed event. This also means that a
confidence judgment can be requested following each question, and that the witness can be
asked whether they want to volunteer or withhold an answer for each question. Therefore,
it is easy to assess metacognitive monitoring when closed questions are used because
confidence judgments and control decisions can be measured easily and are explicitly
associated with a specific item in memory.
Although closed questions allow easy measurement of metacognitive monitoring
and control, there are a several problems associated with their use that must be
acknowledged. First, closed questions typically elicit less accurate memory reports than
open-ended questions (Lipton, (1977). Fisher (1995) has proposed that this occurs because
closed questions often assess aspects of the stimulus event that are more difficult to recall,
a second problem associated with their use. When a closed question assesses a detail that a
witness does not have a good memory for, Lipton (1997) has proposed that there is a
stronger imperative to report the weak memory than if that same memory had been
retrieved in response to an open-ended question. This is related to Fisher’s (1995)
argument that open-ended questions give witnesses more control over the information they
12

provide by allowing them to limit their responses to details for which they have a very
good memory. This explanation also represents a third problem with closed questions; the
limitations they place upon the information that can be offered by witnesses (Lipton,
1997). The use of closed questions means that witnesses have little opportunity to provide
information that they are not specifically questioned about, which could result in important
details going unreported. While these issues must be kept in mind when interpreting the
findings presented in this thesis, and are discussed again in the final chapter, the use of
closed questions was important for assessing the impact of various interventions on
metacognitive monitoring and control.
Memory Regulation and the Quantity-Accuracy Trade-Off
Memory regulation in the context of eyewitness memory is the process by which
people decide what information is volunteered in, and withheld from, their memory report
about the crime. Koriat and Goldsmith’s (1996) metamemory framework describes the
memory regulation process in three stages; retrieval, monitoring, and control. When
witnesses are asked a question, they begin the regulation process by attempting to retrieve
information from memory. When they are successful in retrieving information, they
monitor how likely the information is to be correct by making a subjective confidence
judgment. They can then compare the confidence judgment to the level of confidence
required to warrant volunteering an answer (i.e., a response criterion). Information is
volunteered when confidence exceeds the response criterion and is withheld when it is
below the response criterion.1

1

This is not always the case as research by Ackerman and Goldsmith (2008) suggests that people sometimes

violate their response criterion by choosing to volunteer information they do not feel sufficiently confident
about. It was hypothesised that people do this to avoid appearing uninformative (Ackerman & Goldsmith,
2008).
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The process of memory regulation can impact on the quantity and accuracy of
people’s memory reports. During the retrieval stage, quantity is reduced when a person
cannot retrieve any information that answers the question.2 The impact of monitoring
judgments on quantity and accuracy depends on where the response criterion is set. When
an incorrect piece of information is assigned a high confidence judgment, accuracy will be
reduced when the response criterion is set at or below that confidence level. For example,
if a person assigns an incorrect piece of information a confidence judgment of 90%, it will
be volunteered if the response criterion is set at 90% or below, resulting in a reduced
accuracy. Conversely, when a correct piece of information is assigned a low confidence
judgment, quantity will be reduced when the response criterion is set above that confidence
level. For example, if a person assigns a correct piece of information a confidence
judgment of 50%, it will be withheld if the response criterion is set above 50%, resulting in
reduced quantity. Even when all incorrect pieces of information are assigned low
confidence judgments and all correct pieces of information are assigned high confidence
judgments, control decisions can still impact on quantity and accuracy if the response
criterion is not set appropriately. For example, imagine a person who assigns a confidence
judgment of 80% or higher to correct information and a confidence judgment of below
80% to incorrect information. If this person sets their response criterion at 70%, accuracy
will be reduced because some of the incorrect information they retrieved is assigned a
confidence judgment above the response criterion. Conversely, if this person sets their
response criterion at 90%, quantity will be reduced because some of the correct
information they retrieved is assigned a confidence judgment below the response criterion.
2

Failure to retrieve information only reduces quantity when the question relates to information that the

witness could have encoded. If the question relates to information that was not present, or to details that the
witness could not have encoded, failure to retrieve information will not reduce quantity. However, retrieving
information about things that were not present or could not be seen can reduce accuracy.
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Thus, failure to retrieve information as well as monitoring and/or control errors all
contribute to the quantity and accuracy of people’s memory reports.
It is important to improve monitoring so that errors in control, which contribute to
reductions in quantity and accuracy, can be reduced. The need to optimise monitoring is
illustrated when the outcome of monitoring and control errors is compared with ideal
memory regulation. When performing optimally, people can maximise both the quantity
and accuracy of their eyewitness memory reports. For example, consider a person who is
asked 30 questions, all of which could be answered correctly (i.e., the questions do not ask
about information that was not present; cf Scoboria, Memon, Trang, and Frey’s (2014)
work on unanswerable questions). They fail to retrieve an answer for four of these
questions, retrieve a correct answer for 20 of them, and retrieve an incorrect answer for six
of them. In order to maximise quantity and accuracy, this person would need to volunteer
the 20 correct answers, withhold the six incorrect answers and say they do not know the
answer to the four questions for which they could not retrieve an answer.3 However, the
person would only be able to do this if they can perfectly discriminate between correct and
incorrect answers. More specifically, they can only maximise quantity and accuracy if
there is no overlap between the confidence judgments assigned to correct and incorrect
answers. This means, for example, that all correct answers are assigned a confidence level
of 80% or above, and all incorrect answers are assigned a confidence level of below 80%.
It is also essential that the response criterion is set appropriately, at 80% in this example.
Metacognitive errors will arise when there is overlap in the confidence judgments assigned
to correct and incorrect answers. If a person assigns 10 answers a confidence judgment of

3

While this will not allow the witness to achieve 100% quantity as they did not retrieve a correct answer for

all 30 questions, they would achieve the maximum quantity level, given their encoding and retrieval
capabilities, of approximately 66% and an accuracy level of 100%.

15

80% and seven of these answers are correct, a response criterion of 90% will result in
seven correct answers being withheld; reducing quantity but preserving accuracy. A
response criterion of 70% will result in three incorrect answers being volunteered; reducing
accuracy but preserving quantity. In these situations, control decisions are flawed due to
monitoring errors and a quantity-accuracy trade-off occurs whereby increases in accuracy
come at the cost of reduced quantity and vice versa. Therefore, in this thesis, I focus on
monitoring errors because they precede and contribute to control errors which can
ultimately affect quantity and accuracy.
There are two different ways of assessing monitoring which can only be optimised
simultaneously in a particular set of circumstances. The first type of monitoring is
calibration (Adams, Smith, Pasupathi, & Vitolo, 2002); which is defined as the degree of
match between confidence judgments and actual accuracy (see, e.g., Williamson, Weber,
& Timmins, 2012). When a person is perfectly calibrated, 100% of the details to which
they assign 100% confidence are correct, 90% of the details to which they assign 90%
confidence are correct, and so on. The second type of monitoring is resolution; which is
broadly defined as the ability to discriminate between correct and incorrect information
(see, e.g., Williamson et al., 2012). To achieve perfect resolution, each confidence
judgment must be assigned uniquely to either correct details or incorrect details. For
example, perfect resolution can be achieved when all correct details are assigned a
confidence level of 80% or above and all incorrect details are assigned a confidence level
of below 80%. In this example, although resolution is perfect, calibration is not because all
details that are assigned an 80% confidence judgment are correct, rather than 80% of the
details assigned to the 80% level being correct. Similarly, when calibration is perfect,
resolution is usually not because confidence judgments are not assigned uniquely to either
correct or incorrect details. The only circumstance in which both perfect calibration and
16

perfect resolution can be achieved is when all correct details are assigned 100% confidence
and all incorrect details are assigned 0% confidence (Williamson et al., 2012).
In order to enable people to make good control decisions, optimising resolution is
vital because even when calibration is perfect, it may not be possible to maximise quantity
and accuracy. As an example, consider a person with perfect calibration who sets a
response criterion of 80%. As they are perfectly calibrated, 20% of the details to which
they assign 80% confidence and 10% of the details to which they assign 90% confidence
will be incorrect. This incorrect information will be volunteered because their response
criterion is set at 80%, causing a reduction in accuracy. Quantity will also be reduced in
this example because all correct answers assigned a confidence level of below 80% will be
withheld. However, if resolution was perfect, it would be possible to maximise quantity
and accuracy. If the person in the example assigned all correct details a confidence
judgment of 80% or above and all incorrect details a confidence judgment of below 80%,
they would maximise quantity and accuracy because their response criterion is set at 80%.
They are able to achieve maximum quantity and accuracy despite the fact that their
calibration is imperfect. Thus, perfect resolution is generally more useful than perfect
calibration as a basis for control decisions.4 For this reason, I chose to focus on monitoring

4

This does not mean that calibration is entirely unimportant in the context of control decisions. For example,

a person can achieve perfect resolution by assigning all correct details a confidence level of 60% or above
and all incorrect details a confidence level of below 60%. In this situation, confidence does not realistically
represent the likelihood that the answer is correct. Nevertheless, accuracy and quantity will be maximised
when the person sets their volunteering criterion at 60%. However, some degree of calibration is required so
that the criterion can be set appropriately. In this situation, the person needs to be aware that they are
underconfident in many cases (e.g., that they have assigned some correct details a confidence level of just
60%).
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resolution in this thesis as opposed to calibration, with the ultimate aim of helping people
maximise the quantity and accuracy of their eyewitness memory reports.
The focus on monitoring resolution is also important because imperfect monitoring
resolution has been observed in both general knowledge tests and eyewitness recall tasks.
Koriat and Goldsmith (1996, Experiment 1) had participants answer a series of general
knowledge questions to assess monitoring resolution. They observed a mean adjusted
normalised regression index (ANDI)5 of .61 and a mean Goodman-Kruskal gamma
correlation6 (G) of .87, indicating good but imperfect monitoring. Imperfect monitoring
was also observed by Weber and Brewer (2008, Experiment 2) in an eyewitness memory
task in which participants were presented with questions about a video they had viewed
and provided a fine-grained answer (i.e., a specific answer such as the exact colour of the
shirt worn by an offender) and a course-grained answer (i.e., a general answer such as the
general tone of the shirt worn by an offender) for each. In a second phase of the
experiment, participants were given the option of deciding whether they wanted to
volunteer one of these answers or withhold both of them. Weber and Brewer (2008)
observed that confidence discriminated between volunteered and withheld answers in a
similar way for fine-grain (mean ANDI = .32; mean G = .74) and coarse-grain (mean
ANDI = .24; mean G = .70) responses, but that monitoring ability was moderate to low.
Furthermore, when Perfect (2004, Experiment 2) directly compared monitoring during an
eyewitness recall task and a general knowledge test, he observed a higher gamma

5

ANDI scores can range from 0 (indicating no discrimination between correct and incorrect answers) to 1

(perfect discrimination between correct and incorrect answers).
6

Goodman-Kruskal gamma correlations can range from -1 (indicating that all incorrect answers are assigned

a higher confidence rating than all correct answers) to +1 (indicating that all correct answers are assigned a
higher confidence rating than all incorrect answers).
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correlation for general knowledge (G = 0.74) than for eyewitness memory (G = 0.58). As
these findings indicate that people are unable to perfectly monitor the accuracy of their
memories, particularly in eyewitness memory tasks, there is scope for improving
monitoring ability.
There is also evidence which suggests that monitoring can be manipulated, and that
doing so can affect quantity and accuracy. Koriat and Goldsmith (1996, Experiment 2)
manipulated the monitoring ability of participants by presenting them with a general
knowledge test that contained deceptive items (i.e., questions that produce an illusion of
knowing) in addition to standard items. In phase one of the experiment, participants were
asked to answer all of the questions (i.e., forced-report), while in a second phase they could
choose which questions to answer (i.e., free-report). Koriat and Goldsmith’s (1996) results
showed that the monitoring manipulation was successful given that poor monitoring was
observed for the deceptive items (mean ANDI = .03; mean G = .26) and good monitoring
was observed for standard items (mean ANDI = .64; mean G = .90). This difference in
monitoring had important implications for accuracy. When monitoring was good (i.e.,
standard items), participants were able to increase their accuracy by a mean of 47.1%.
However, when monitoring was poor (i.e., deceptive items), participants were only able to
increase their accuracy by a mean of 9.8%. Thus, when monitoring was poor, participants
were less able to improve their accuracy. While quantity was reduced by a similar
percentage regardless of monitoring ability (by a mean of 4.2% and 5.6% when monitoring
was poor and good, respectively), the fact that there was any drop in quantity illustrates
that imperfect monitoring can have a detrimental impact on quantity. Although these
results are from a test of semantic memory, it is likely that monitoring would have a
similar, if not more severe impact on quantity and accuracy during an episodic memory
test given that monitoring tends to be less effective in eyewitness tasks compared to
19

general knowledge tasks (Perfect, 2004). Therefore, exploring ways of improving
monitoring ability represents an important opportunity to help people maximise the
quantity and accuracy of their eyewitness memory reports.
Improving Monitoring: The Effects of Feedback, Warnings, and Training
Although relatively little research has been conducted into techniques that can
improve monitoring, several studies have examined the effect of performance feedback.
Performance feedback involves providing participants with information about the accuracy
of their judgments (Benson & Önkal, 1992; Sharp, Cutler, & Penrod, 1988; Stone & Opel,
2000). The provision of performance feedback has produced mixed results. Stone and
Opel (2000) tested the effect of performance feedback (i.e., a calibration graph and
suggestions for improvement) on participants’ ability to decide whether a piece of artwork
was from the later of two presented time periods. This feedback did not improve
participants’ resolution, though it did improve calibration. It is likely that the feedback
failed to improve resolution because it was related to calibration. However, Benson and
Önkal (1992) also failed to improve resolution using performance feedback that was aimed
specifically at resolution. In their study, participants were asked to make predictions about
the outcome of upcoming football matches and indicate the likely accuracy of these
predictions. The study took place over four sessions with feedback on the previous session
given at the beginning of each session. Participants were given one of three types of
feedback; calibration (i.e., calibration score and curve), resolution (i.e., calibration curve
and resolution score), and covariance (i.e., Brier score7 and covariance graph). All
participants received outcome feedback (i.e., their rank within the group based on Brier
scores), and a fourth group only received outcome feedback. Feedback did not improve
resolution in any of the four conditions. Conversely, Sharp et al. (1988) did find an
7

The Brier score can be considered a global monitoring measure that reflects both resolution and calibration.
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improvement in resolution following performance feedback. Participants in their study
completed a general knowledge test and were then provided with information about the
relationship between their confidence in the answers and their actual accuracy.
Specifically, participants were given a table containing the proportion of correct answers
assigned to each confidence judgment, along with the number of judgments they made for
each confidence level, and the average probability of making a correct judgment. Findings
showed that resolution improved when participants were given this feedback.
Despite the promising results of Sharp et al. (1988), the provision of performance
feedback was not a viable option in this thesis because it is not practically feasible in the
applied eyewitness context (Lane, Roussel, Villa, & Morita, 2007). This was an important
factor to consider because my aim was to develop techniques that could be used in more
naturalistic eyewitness settings in the future. By definition, performance feedback requires
prior knowledge of the information/context in question so that training can be provided to
improve performance on the task of interest. While such knowledge is available in
laboratory based studies such as those conducted in this thesis, the information being
requested in natural eyewitness settings is unknown to the interviewer (Lane et al., 2007).
Thus, while feedback could be given in laboratory studies during a training phase, it could
not be given in real police interviews because the accuracy of the information in question
is unknown. Furthermore, Bornstein and Zickafoose (1999) have also found that giving
performance feedback on a general knowledge test does not improve resolution on a
subsequent eyewitness memory test. This means that any positive effects of feedback do
not appear to generalise, and providing feedback on a contrived task (i.e., a general
knowledge task) does not improve resolution on the real task of interest (i.e., an eyewitness
task). Thus, because providing feedback is not viable in naturalistic eyewitness settings
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and the effects of feedback do not appear to generalise across tasks, this thesis did not
explore feedback as a method for improving monitoring.
Although warning people about possible memory errors has sometimes been found
to reduce false recognition, inconsistent results mean that such warnings may not be a
useful means of improving monitoring. The Deese-Roediger-McDermott (DRM)
paradigm involves presenting participants with a list of words that are all associated with a
critical theme word. For example, participants may be sequentially presented with the
words smile, laugh, and fun which are associated with the critical theme happy. When
subsequently presented with an old-new recognition test, participants often falsely
recognise the critical theme word as old (Roediger & McDermott, 1995). This is known as
the DRM false recognition effect (Gallo, Roediger, & McDermott, 2001). While two
studies have found that the DRM false recognition effect can be reduced by warning
participants about the nature of the lists after they have been studied (McCabe & Smith,
2002; Starns, Lane, Alonzo, & Roussel, 2007), the majority of the research on such poststudy warnings suggests that they do not significantly reduce the DRM false recognition
effect (Anastasi, Rhodes, & Burns, 2000; Gallo et al., 2001; Miller, Guerin, & Wolford,
2011; Neuschatz, Payne, Lampinen, & Toglia, 2001).8 However, Anastasi et al. (2000)
and Neuschatz et al. (2001) did find that post-warnings lower the level of confidence
participants have when they falsely recognise critical theme words. Thus, it appears that
while post-study warnings can alter the way people experience falsely recognised words,
8

Although numerous studies have found that warning participants about the nature of the lists before they are

studied can reduce the DRM false recognition effect(Gallo, Roberts, & Seamon, 1997; Gallo, Roediger, &
McDermott, 2001; Jou & Foreman, 2007; McCabe & Smith, 2002; McDermott & Roediger, 1998; Multhaup
& Conner, 2002; Neuschatz, Benoit, & Payne, 2003; Roediger & McDermott, 1995; Watson, McDermott, &
Balota, 2004), such pre-study warnings are not useful in natural eyewitness settings because a warning about
memory errors cannot be given before a crime occurs.
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they do not consistently produce better performance on the DRM task. This suggests that
basic warnings may not improve monitoring.
This conclusion is also supported by the inconsistent results that have been
observed when warnings are used to help witnesses avoid volunteering false memories that
were suggested to them after witnessing the event. Studies of suggested memories involve
showing participants an event and subsequently suggesting false information to them about
that event (i.e., misinformation). After receiving the misinformation, participants are asked
to complete a recognition, cued-recall, or source memory test. Source memory tests ask
participants to distinguish between items they actually saw, items that were only suggested
to them, and items that were both suggested to them and actually seen. Participants in
these studies frequently indicate that the misinformation was part of the event they
witnessed (Loftus, 2005). This is termed the misinformation effect (Tousignant, Hall, &
Loftus, 1986). Some research suggests that the misinformation effect can be reduced (and
sometimes eliminated) by providing participants with a warning about the presence of
inaccurate information within the post-event information after it has been presented
(Christiaansen & Ochalek, 1983; Echterhoff, Groll, & Hirst, 2007; Oeberst & Blank, 2012;
Szpitalak & Polczyk, 2010). However, other research has found that such postmisinformation warnings do not have a significant impact on the frequency with which
witnesses volunteer misinformation (Greene, Flynn, & Loftus, 1982; Higham, Luna, &
Bloomfield, 2011; Zaragoza & Lane, 1994).9 Furthermore, Echterhoff et al. (2007) and

9

Higham et al. (2011) concluded that the post-misinformation warning was ineffective because the

misinformation effect was not eliminated (i.e., participants continued to volunteer some misinformation after
they received the warning). However, their experiment did not include a condition that did not receive a
post-misinformation warning. Thus, it was not possible to determine whether the warning significantly
reduced the misinformation effect.
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Szpitalak and Polczyk (2010) have found that witnesses often withhold correct information
about the event that was presented in the post-event information in addition to withholding
the misinformation. Thus, post-misinformation warnings may not always reduce the
misinformation effect and they may reduce the amount of correct information that is
volunteered. Therefore, on the basis of these results and those observed in the DRM
studies reported above, this thesis did not initially explore warnings about the potential
inaccuracies of memory as a way of improving monitoring, though Experiment 4 did
address this possibility in light of the results from Experiments 2 and 3.
Although feedback and warnings did not appear to be viable options for improving
eyewitness monitoring, prior research also suggested that training aimed at improving
knowledge of the task might be useful. For example, Lichtenstein and Fischhoff (1977)
gave their participants five minutes of training designed to increase knowledge about the
difference in handwriting between American and European adults. Specifically, the
training allowed participants to study examples of correctly labelled stimuli, and as a result
of this small amount of training, resolution, calibration and overall accuracy for the task
were improved. Similarly, Stone and Opel (2000) also used training to improve resolution,
although they termed their training environmental feedback (i.e., providing information
about the task upon which judgments are based). Participants received a 30-minute lecture
about art history which outlined the important characteristics of art from four different
periods. Following this, participants were presented with slides of artwork and asked to
judge if they were from the later of two periods presented on the slide. The training
improved resolution in comparison to the pre-training testing. Together, Lichtenstein and
Fischhoff (1977) and Stone and Opel’s (2000) findings illustrate that increasing people’s
knowledge of the content of a task can improve their monitoring.
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Although increasing people’s knowledge of the content of a task through training
can improve monitoring, such a technique was inappropriate for this thesis because it could
not be used in real eyewitness interviews. As explained earlier, this was an important
consideration given my aim of developing techniques that could be used in more
naturalistic eyewitness settings in the future. In the naturalistic eyewitness setting, it is
difficult to give people more information about the content of the task because the content
is the witnessed event. If the content was known, there would be no need to interview the
witnesses at all. However, it may be possible to train people to become more
knowledgeable about factors that discriminate between correct and incorrect memories,
rather than training them about the task content (Lane, Roussel, Starns, Villa, & Alonzo,
2008; Lane et al., 2007; McCabe & Soderstrom, 2011). Such a technique, if successful,
has the potential to be applied in real eyewitness interviews in future research.
Improving Monitoring: The Use of Mnemonic Cues
Telling people what information they should use to distinguish between correct and
incorrect memories is a potentially useful method for improving monitoring because
people may not spontaneously use information that is most diagnostic of accuracy.
McCabe and Soderstrom (2011) found that when people are asked to make prospective
memory judgments (i.e., determine whether they will remember studied information), their
judgments are more accurate when they are told to base them on a particular kind of
information (i.e., the presence or absence of contextual details) than when they are allowed
to freely determine what information to consider while making their confidence judgments.
This finding illustrates that people do not always automatically base their judgments on
information that is diagnostic of later retrieval. However, it also illustrates that, at least in
some situations, people do have access to more diagnostic information. Therefore, when
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assessing the accuracy of a memory, people may need to be informed about what
information they should attend to because they do not make use of it spontaneously.
The source monitoring framework (Johnson, Hashtroudi, & Lindsay, 1993)
describes the different sources memories can come from and outlines the types of available
information (i.e., mnemonic cues) that help distinguish between memories from different
sources. According to the framework, memories can be created by both external stimuli
and thought processes, and thus can have an external or internal origin, respectively
(Johnson et al., 1993; Johnson & Raye, 1981). For eyewitnesses, an external memory is an
element of the crime scene (e.g., the getaway car), and I proposed that correct memories
about a witnessed event may be analogous to the external memories described in the
framework because they are created by an external source. Conversely, I proposed that
incorrect memories may be analogous to the internal memories described in the framework
because they are likely to be the result of internal cognitive processes (e.g., a witness may
imagine that the offender used a bag to carry stolen money because this is consistent with
the witness’s schema of what occurs during a robbery).10 A variety of mnemonic cues can
help people distinguish between internally and externally generated memories including:
(i) sensory information (e.g., visual and auditory), (ii) contextual detail (e.g., spatial and

10

Of course, it is also possible for incorrect memories to be created by an external source. For example, a

person could be exposed to an incorrect piece of information about the crime they witnessed via a news
report. If this incorrect piece of information comes to mind during a subsequent police interview, the witness
must determine that it appeared in the news report, and not during the actual event, if they are to avoid
reporting it. These distinctions differ from monitoring decisions which relate to accuracy, and, as such, are
beyond the scope of this thesis. Nonetheless, it is important to keep in mind that in some circumstances
judgments about the likely accuracy of a memory will also require the witness to make a decision about
where that memory came from.
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temporal), (iii) semantic content, (iv) affective information, and (v) cognitive processes
(Johnson et al., 1993; Johnson & Raye, 1981). Cognitive processes can include thoughts,
associations, imagination, reasoning, decisions, and elaboration (Johnson et al., 1993;
Johnson, Kahan, & Raye, 1984; Johnson & Raye, 1981), though no clear definition of
cognitive processes is given in the literature. These mnemonic cues and their associations
with internal and external memories can help people to determine the origin of a particular
memory (Johnson & Raye, 1981).
The processes people can use to discriminate between memories from internal and
external sources are outlined in the source monitoring framework. When determining the
source of their memories, people will often make quick and automatic decisions that are
based on a superficial assessment of the mnemonic cues associated with those memories
(Johnson et al., 1993). However, in addition to these heuristic source judgments, people
are also capable of engaging in more strategic processes in which they consider the
mnemonic cues more carefully (Johnson et al., 1993). It is these systematic source
judgments that can alert people to inaccuracies in their heuristic source judgments
(Johnson et al., 1993). Therefore, as systematic source judgments can assist people in
accurately differentiating between externally and internally generated memories, and I
proposed that external and internal memories are analogous to correct and incorrect
memories, respectively, encouraging systematic assessments of mnemonic cues may
improve discrimination between correct and incorrect memories.
Research on autobiographical memory has identified mnemonic cues that can
distinguish between perceived and imagined autobiographical events. Johnson, Foley,
Suengas, and Raye (1988) asked participants to remember both a perceived event and an
imagined event and complete a memory characteristics questionnaire that assessed a wide
range of mnemonic cues (e.g., sensory detail, complexity, spatial, temporal, and contextual
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information, and feelings). The findings showed that in comparison to imagined events,
perceived events contained more sensory details (i.e., visual, auditory, and olfactory) and
more spatial, temporal, and contextual information. In a second study, Johnson et al.
(1988) also asked participants to remember a perceived and an imagined event. Rather
than completing a memory characteristics questionnaire they were asked to describe how
they knew the perceived memory had actually occurred and how they knew the imagined
event had not. For perceived events, participants indicated that they knew these events had
occurred because they could recall characteristics of the memory and supporting memories
which were related to the target event. However, for imagined events, participants
indicated that they knew these had not occurred because the memory involved reasoning.
Together, these findings suggest that memories for events that did occur can be identified
by sensory and contextual information while memories created through imagination can be
identified by cognitive processes.
There are also differences in mnemonic cues associated with memories for events
that did occur and memories created through misinformation that can help people
discriminate between them. As explained earlier, studies of the misinformation effect
involve presenting participants with an event, giving them misinformation about that event,
and asking them to compete a memory test. Schooler, Gerhard and Loftus (1986) showed
participants a series of slides depicting a traffic accident and manipulated whether or not a
yield sign was present. Post-event misinformation told participants who did not see the
sign that they had seen it. In a source memory test, participants were asked to provide a
description of their memory for the sign when they indicated that it had been seen in the
slides. The findings showed that those who did not see the sign were more likely to
describe cognitive processes, describe the function of the sign, and use verbal hedges (e.g.,
I think) than participants who actually saw the sign who reported more sensory details (i.e.,
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colour, size, shape). Schooler et al. (1986) also found that providing people with a
summary of the differences between memories for an event and suggested memories
improved their ability to distinguish between these two types of memory in other people.
Furthermore, Lane et al. (2007) found that informing participants of the differences
between memories for an event and suggested memories (i.e., clear memory for the item
and its location) improved their ability to distinguish between their own real and suggested
memories. In addition, Bulevich and Thomas (2012) found that encouraging participants to
consider visual imagery and auditory and contextual information was able to improve
resolution and accuracy on a recognition task following the provision of misinformation.
Together, these results show that memories for events that did occur are associated with
sensory information while suggested memories are associated with cognitive processes.
Moreover, knowledge of these differences can help people discriminate between these two
types of memory in others and within themselves.
Similarly, studies of the DRM paradigm have identified differences in the
mnemonic cues associated with studied words and critical theme words that can help
people make this distinction for themselves. As explained earlier, the DRM paradigm
involves presenting participants with a list of words which are all associated with a critical
theme word. On a subsequent recognition test, participants often falsely recognise the
critical theme word as old. Norman and Schacter (1997) asked participants to provide
explanations for their recognition judgments to explore the mnemonic cues associated with
critical theme words and studied words. They found that explanations regarding critical
theme words referred to related words and thoughts or associations to the word while
explanations of the studied words referred to the word’s presentation (i.e., reactions,
context and sensory characteristics). In addition, Lane et al. (2008) found that when
explicitly informed of the mnemonic cues associated with old items in the DRM paradigm
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(e.g., good memory for how the word sounded and where it was located in the list),
participants’ performance on the task improved, although Neuschatz, Benoit, and Payne
(2003) failed to find such an effect. Together, these results show that studied words are
associated with sensory and contextual information while theme words are associated with
cognitive processes. Furthermore, informing people of these differences can sometimes
allow them to perform better on the DRM task because they are better able to discriminate
between words they studied and words that are closely associated with words they studied.
Overall, research has found that memories of presented words/images and
memories for event that did occur are associated with sensory and contextual information,
while cognitive processes (e.g., thoughts, associations, reasoning, and elaboration) are
associated with memories created through misinformation, imagination, or association.
Importantly, these associations are more than just descriptive: Informing people of these
mnemonic cues can help them perform better on recognition tasks in the DRM and
misinformation paradigms. Thus, there is evidence that useful mnemonic cues exist and
that they can improve people’s performance in basic memory tasks. Therefore, it may be
possible to improve peoples’ monitoring ability in a complex episodic memory task by
informing them of differences in the mnemonic cues associated with correct and incorrect
memories.
Overview
The main purpose of the studies presented in this thesis was to develop a technique
that would help people simultaneously maximise the quantity and accuracy of their
eyewitness memory reports when closed questions are asked. I aimed to achieve this by
improving monitoring ability (i.e., resolution). Research suggests that it may be possible
to do this by increasing knowledge of the different mnemonic cues that are associated with
correct and incorrect memories. To assess whether this could be achieved, Study 1 aimed
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to establish that the mnemonic cues identified in previous research can discriminate
between naturally occurring correct and incorrect memories (i.e., memories not created via
suggestion or deliberate imagination) in a complex eyewitness memory task (Chapter 3).
In Experiments 2 and 3, knowledge of the mnemonic cues was manipulated and the impact
of these manipulations on monitoring, quantity, and accuracy was assessed (Chapter 4).
As these experiments suggested that witnesses may overestimate the accuracy of their
memory, which could result in lax monitoring, Experiment 4 manipulated knowledge of a
mnemonic cue which appeared to be the most reliable predictor of accuracy across the
other three studies, in addition to warning participants of the fallibility of eyewitness
memory (Chapter 5). However, as the results of Experiments 2 and 3 could have also
indicated that closed questions discourage withholding, Experiment 5 explored whether
retrieval, monitoring, and control abilities differ depending on whether open-ended or
closed questions are used (Chapter 6).
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CHAPTER 2 – ANALYTICAL APPROACHES
This chapter describes the mixed effects modelling approach that was used to
analyse the data obtained from five studies, the results of which are presented in chapters
3-6. In this chapter I will: (i) explain the value of this approach for analysing the type of
data yielded in the studies that were conducted which contained multiple items and, in one
instance, multiple memory tests; (ii) outline the problems with the approaches traditionally
used to analyse this type of data, and explain how they are addressed by the analytical
approach used throughout this thesis.
Limitations of Traditional Approaches for Studies with Multiple Items
Due to the nature of the data obtained in the studies presented in this thesis,
traditional approaches to analysis were inappropriate. In each of my studies, participants
saw the same video of a mock crime and responded to multiple questions about their
memory for this stimulus, each coded as either correct or incorrect. Depending on the
study, participants provided ratings for the answers they gave (e.g., confidence ratings and
mnemonic cue ratings) and/or decided whether each answer would be volunteered or
withheld. Traditional approaches to analysing data of this type use aggregate statistics
such as mean confidence, mean proportion correct, and mean d'.11 These aggregate
statistics are analysed using t-tests or ANOVAs to assess differences between groups. For
proportions, this is particularly problematic because the assumption of a normal
distribution is violated and equal variance cannot be assumed because the range of scores
lies between 0 and 1 (Dixon, 2008; Quené & van den Bergh, 2008). Furthermore, ceiling
and floor effects are common because of the restricted range of scores (Dixon, 2008).

11

d' is commonly used to assess recognition performance. In this thesis, I used a Type-2 Signal Detection

Theory approach which is described in detail on p. 36.
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Similarly, some aggregate statistics (i.e., d') cannot be calculated when performance is at
the extremes, such as when a participant has a hit rate or false alarm rate of 0% or 100%.
In instances where this occurs, adjustments must be applied to the data meaning the
aggregate does not fully represent participant responses (Higham & Tam, 2005), or the
data needs to be excluded from the analyses entirely (Murayama, Sakaki, Yan, & Smith,
2014). Aggregate statistics are also problematic because they can mask effects that are
present or make effects that are not present appear as though they are (Baayen, Davidson,
& Bates, 2008). This is partially because the traditional approaches to analysing aggregate
statistics fail to account for variation in the effect of manipulations between items and
between participants at the same time.
Traditional analyses are also problematic for Type 1 errors and generalisability.
The questions included in the studies presented in this thesis did not exhaust all of the
possible questions that could have been asked, and particular questions may have been
more difficult to answer than others. Furthermore, all of the questions were linked to the
particular video that was used, which may differ from questions that could be asked about
other stimulus events. Significant variation could also exist for the relationships under
investigation between questions. For example, a particular mnemonic cue could be a
strong predictor of accuracy for some questions but a weak predictor for others, while a
different mnemonic cue may be a consistently moderate predictor for all questions. Any
analysis that treats these mnemonic cues in the same way, without accounting for
variability, could produce statistical errors and lead to theoretical and applied
misinterpretations. Specifically, because traditional analyses are not capable of accounting
for differences in the effects being investigated across items, they can inflate Type 1 error
rates (Murayama et al., 2014). There will also be issues with generalising the results of a
particular study because the p-values produced by traditional analyses are only relevant for
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the items included within that study (Westfall, Kenny, & Judd, 2014). This is obviously
problematic from an applied perspective because experimental results are only useful if
they can be generalised to the real world. For example, knowing that a particular
mnemonic cue predicts response accuracy for the exact questions asked about one
particular stimulus event viewed under a specific set of conditions is only helpful from an
applied perspective if this mnemonic cue also predicts accuracy for other questions about
other stimuli viewed under various conditions. The only type of analyses that are
technically able to support such a generalisation are those that account for variation
between items, such as mixed effects approaches (Westfall et al., 2014).
Mixed Effects Modelling
An appropriate alternative to the traditional methods of analysis is mixed effects
modelling. This analysis approach does not use aggregate statistics, and as a result,
provides a better representation of all the data. This approach addresses the limitations
associated with the use of aggregate statistics because each data point (e.g., each answer)
for every participant makes a contribution to the model. All data can be used from all
participants, and any effects of differences between items and participants can be
accounted for in the model. The resulting analyses are also more powerful than the
traditional approaches outlined above (Baayen et al., 2008; Jaeger, 2008; Judd, Westfall, &
Kenny, 2012; Kliegl, Wei, Dambacher, Yan, & Zhou, 2011; Quené & van den Bergh,
2008) and the risk of Type 1 error is reduced (Barr, Levy, Scheepers, & Tily, 2013;
Garson, 2012; Jaeger, 2008; Judd et al., 2012; Murayama et al., 2014; Quené & van den
Bergh, 2008). The following sections provide a more detailed explanation of mixed effects
modelling, and describe how it is used throughout this thesis.
Mixed effects modelling is an extension of regression with a model created to
estimate the change in an outcome measure with changes in a predictor variable/s (Baayen
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et al., 2008; Jaeger, 2008; Kliegl et al., 2011; Murayama et al., 2014; Quené & van den
Bergh, 2008; Winter, 2013). However, while normal regression has just one error term
that is assumed to account for all variation not caused by the predictor, mixed effects
models allow part of the error variance to be explicitly modelled as being the result of
variation within specified variables (e.g., in this thesis, variation between questions or
participants). The name mixed effects modelling reflects the fact that these models include
both fixed and random effects (Bates, 2007). Fixed effects are factors for which every
variation in the population is represented in the study (e.g., experimental manipulations).
Random effects are factors for which only a sample of the entire population is used (e.g.,
specific participants and particular questions about a specific stimulus). Variation between
participants and items that does not reflect the effect of the variables of interest can be
accounted for by adding these factors to the model as random effects. This is done by
allowing regression parameters (i.e., the intercept or the intercept and slope) to vary
randomly for participants and items. When a variable is entered as a random intercept, the
model estimates the variability in intercept by effectively estimating a different intercept
coefficient (which indicates the base level of performance, ignoring the impact of other
predictors) for each level of the random effect.12 Similarly, when a variable is entered as a
random slope, the model estimates the variability in slope by effectively calculating a
different slope coefficient (which indicates the amount of change in the outcome measure
with one unit change in a predictor) for each level of the random effect.

12

Non-Bayesian mixed effects modelling does not actually estimate the parameter for each level of the

random effect in the same way that the overall regression coefficient is estimated. Technically, only the
variance in the regression coefficient is considered as a statistical parameter in the model. However, this
simplification provides a sensible conceptual-level description of the operation of these models, even though
it misrepresents some of the underlying mathematical complexity.
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In all the models constructed in this thesis, question was entered as a random
intercept and random slope because each question occurred in every level of the fixed
effects. In other words, all participants received the same set of questions regardless of the
experimental condition they were assigned to.13 Participant was also included as a random
intercept and slope in all within-subjects analyses. The inclusion of random slopes for
participant is appropriate for predictor variables that are measured or manipulated withinsubjects because the effect of the predictor may vary across participants. For predictor
variables that are manipulated between-subjects, each level of the manipulation is
completed by a different group of participants. Thus, differences between the participants
reflect differences between the levels of the manipulation, rather than differences in how
participants respond to different levels of the manipulation. For this reason, only a random
intercept for participant was included in between-subject analyses.14
The mixed effects models reported in this thesis were created using the lme4
package (Bates, Maechler, Bolker, & Walker, 2015) in R, an open source language and
environment for statistical computing (R Development Core Team, 2015). The outcome in
all models was either accuracy (binomial, where 1 is correct and 0 is incorrect), quantity
(binomial, where 1 is volunteered a correct answer and 0 is did not volunteer a correct
answer) or control decision (binomial, where 1 is volunteered and 0 is withheld). As all
13

If participants had received different questions based on the experimental condition they were assigned to,

including a random slope for question would be inappropriate because the effect of condition could not vary
based on question, as each condition would receive only one set of questions.
14

The models constructed in Study 1 only included random intercepts for participant and question as the

importance of including random slopes has only been convincingly demonstrated in recent literature (e.g.,
Murayama et al., 2014; Westfall et al., 2014) and was, therefore, not apparent at the time that these analyses
were run. As the design of subsequent studies was based largely upon the Study 1 results, I did not re-run
these analyses.
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outcome measures were dichotomous, a logit link function was most appropriate. Thus,
the mixed effects modelling used in this thesis is an extension of logistic regression rather
than normal regression. This means that the probability of the outcome given a certain
value of the predictor is estimated (Jaeger, 2008).
When constructing each model, the random effects were entered first, followed by the
fixed-effect predictor/s.15 When multiple predictors were entered, they were added in order
from those of least interest to those of most interest. For each predictor added to the
model, the models generated a regression coefficient (b) and a standard error for the
regression coefficient (SEb). In logistic regression, the regression coefficient represents the
amount of change in the log odds of the outcome with one unit change in the predictor
when all other variables are zero. When categorical predictors with more than two levels
(e.g., experimental condition) are entered, the categories are considered in
alphabetical/numerical order with the first category used as the reference category to which
all other categories are compared (Winter, 2013). For example, when there are three
conditions such as control, experimental condition A and experimental condition B, the
reference condition will be the control condition, and experimental condition A and
experimental condition B will be the comparison conditions. While the model takes all of
the conditions into account when the parameters are estimated, it does not provide an
explicit significance test of the difference between the comparison conditions.16 Thus, the
analysis that uses the control condition as the reference will produce two regression
15

All continuous variables were centred prior to analysis. Throughout the thesis, I use the term predictor to

refer to fixed-effect predictors in contrast to random effects.
16

In order to obtain a significance test for the difference between the comparison conditions, a separate

analysis needs to be conducted which includes only the comparison conditions (e.g., experimental condition
A and experimental condition B). In this case, experimental condition A will be used as the reference
condition and experimental condition B will be the comparison condition.
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coefficients. One coefficient will represent the change in the slope of the line of best fit
between the control condition and experimental condition A. The other coefficient will
represent the change in the slope of the line of best fit between the control condition and
experimental condition B.
I assessed significance for the mixed effects models in two ways. The first
involved assessing whether model fit was significantly improved with the addition of a
particular predictor variable. Specifically, a model containing the predictor of interest was
compared to a model without that predictor (Jaeger, 2008; Winter, 2013). For example,
when assessing the effect of different instructions on accuracy, a model containing
instruction type as the predictor (in addition to a random intercept for participant and a
random slope and intercept for question) is compared to a model containing only the
random effects. A significant difference between the two models indicates that the more
complex model is a better fit to the data (Jaeger, 2008; Winter, 2013). All models
presented in this thesis were compared to a baseline model that included a random
intercept and slope for participant and random intercept and random slope for question.
The only exceptions to this were analyses that included a predictor variable that was
manipulated within-subjects. In these analyses, only a random intercept was included for
participant, along with a random intercept and slope for question. The second way I
assessed significance was with 95% confidence intervals (CI’s) to determine whether the b
values were significantly different from zero. Confidence intervals were calculated by
multiplying the standard error of the coefficient (SEb) by 1.96 and adding (upper limit) this
value to, or subtracting (lower limit) this value from the coefficient (b) (Gelman & Hill,
2006). When the 95% CI for an effect did not include zero (alpha level ≤ .05), it was
interpreted as significant.
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To further explain the mixed effect modelling approach, consider an example from
Chapter 4. Table 1 shows a set of model coefficients from Experiment 2. This experiment
considered whether instructions about mnemonic cues could improve monitoring and
whether such instructions impact on the quantity and accuracy of eyewitness memory
reports. The results presented are from an analysis that compared accuracy between a
condition that received instructions about confidence and three conditions that received
instructions about different mnemonic cues. While this analysis took all of the conditions
into account when the parameters were estimated, it did not provide an explicit
significance test of the difference between the comparison conditions, as explained earlier.
Thus, for each of the mnemonic cue conditions, the table lists the regression coefficient
(b), the standard error for that coefficient (SEb) and the 95% confidence interval for the
coefficient (95%CIb). The b values indicate the extent to which each mnemonic cue
condition differed from the confidence condition in terms of accuracy. A positive value
indicates that the mnemonic cue condition obtained higher accuracy than the confidence
condition, while a negative value indicates that the mnemonic cue condition obtained

Table 1
Fixed Effects Coefficients for Accuracy for the Clarity + Reasoning, Clarity + Thoughts,
and Visual Detail + Effortfulness Conditions in Comparison to the Confidence Condition
in Experiment 2
Condition

b

SEb

95% CIb

Clarity + reasoning

0.10

0.31

-0.50, 0.70

Clarity + thoughts

-0.14

0.25

-0.63, 0.35

Visual detail + effortfulness

-0.19

0.26

-0.69, 0.31
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lower accuracy than the confidence condition. Thus, in comparison to the confidence
condition, accuracy was higher in the clarity + reasoning condition but lower in the clarity
+ thoughts and visual detail + effortfulness conditions. However, as the 95% CIs include
zero, none of the differences were significant. Consistent with this, a model containing
condition as a predictor variable did not fit the data significantly better than a model that
did not contain condition as a predictor variable, χ2 (3) = 0.88, p = .830.
Coding of Quantity and Accuracy
As explained earlier, the participants in all of the studies presented in this thesis
saw the same video of a mock crime and responded to multiple questions about their
memory for this stimulus. With the exception of Study 1, participants also made control
decisions (i.e., decided whether to volunteer or withhold each answer). In order to assess
quantity and accuracy using mixed effects modelling, responses were coded as 0
(incorrect) or 1 (correct). The criteria for what was classed as correct and incorrect
depended on the type of outcome being assessed. When quantity is calculated as an
aggregate statistic for traditional analyses, the number of correct answers that are
volunteered is divided by the number of questions asked (Koriat & Goldsmith, 1994). In
effect, withheld answers are treated as incorrect. Thus, when coding quantity for mixed
effects modelling, correct answers that were volunteered were coded as 1 (correct) and all
other responses (including correct responses that were withheld) were coded as 0
(incorrect). Accuracy can be calculated in two ways in traditional analyses. First, it can be
calculated by dividing the number of correct answers (both volunteered and withheld) by
the number of questions (Koriat & Goldsmith, 1994). This type of accuracy can be termed
forced-report proportion correct but as I did not calculate proportions, it is referred to as
response accuracy throughout the thesis. When coding response accuracy for mixed
effects modelling, incorrect answers were coded as 0 (incorrect) and correct answers were
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coded as 1 (correct), regardless of whether they were volunteered or withheld. The second
way of calculating accuracy in traditional analyses is to divide the number of correct
answers that are volunteered by the total number of volunteered answers, ignoring all
questions for which answers are withheld (Koriat & Goldsmith, 1994). This type of
accuracy can be termed free-report accuracy, though I refer to it simply as accuracy
throughout the thesis. When coding for accuracy for mixed effects modelling, all withheld
answers were excluded and coded correct answers that were volunteered were coded as 1
(correct), and incorrect answers that were volunteered were coded as 0 (incorrect).
Assessment of Monitoring and Response Bias
Experiments 2-5 explored the impact of particular manipulations on monitoring
ability. Participants in these experiments had the opportunity to make control decisions
(volunteer or withhold), and their answers were coded as either correct or incorrect.
Traditionally, this type of data would be assessed using Type-2 Signal Detection Theory
(SDT) measures whereby hit and false alarm rates are used to calculate a measure of
discrimination (i.e., the extent to which correct details are volunteered and incorrect details
are withheld) and a corresponding measure of response bias (i.e., tendency to volunteer
information) (Higham, 2002). However, as explained earlier, calculation of these
aggregate measures is problematic when performance is at the extremes (i.e., when hit or
false alarm rates are 0% or 100%) and they do not take variance due to item into account.
The mixed effects modelling I used is based on the work of Murayama et al. (2014), and
while the approach assesses monitoring and response bias in a way that is analogous to
Type-2 SDT measures, it avoids the limitations of the traditional by assessing all data
points and accounting for random effects. The models presented in the thesis considered
the extent to which control decisions (volunteer or withhold) were predicted by response
accuracy (correct or incorrect) across different experimental manipulations.
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Each model was constructed by initially entering control decisions (i.e., volunteer
vs. withhold) as the outcome measure. After adding the random effects, experimental
condition, response accuracy, and the interaction between experimental condition and
response accuracy were entered as predictor variables. The experimental condition
variable assesses response bias by considering whether the tendency to volunteer differs
between the control condition and each experimental condition. The response accuracy
variable assesses the extent to which the accuracy of a response predicts control decisions.
Thus, it is a global measure of monitoring and gives no information about the extent to
which monitoring differs between the control condition and each experimental condition.
This information is obtained from the interaction. Throughout the thesis, the results of
these analyses are presented in figures along with corresponding tables containing the
coefficients for each experimental condition (i.e., response bias) and the interaction
between experimental condition and response accuracy (i.e., monitoring). An example
figure (Figure 1) and table (Table 2) from Experiment 2 are provided below.
As explained earlier, Experiment 2 considered whether instructions about
mnemonic cues could improve monitoring and whether such instructions impact on the
quantity and accuracy of eyewitness memory reports. In the figure, the predicted logs odds
of volunteering is presented in the y-axis and experimental condition is presented on the xaxis. In this particular analysis, the clarity + reasoning, clarity + thoughts, and visual detail
+ effortfulness conditions were compared to the confidence condition. Monitoring is
represented by the relative difference between the log odds of volunteering correct and
incorrect responses, while the combined height of the correct and incorrect bars represents
response bias. A larger difference between the correct and incorrect bars reflects superior
monitoring and a higher combined height indicates that there is a stronger bias towards
volunteering.
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Figure 1. Predicted log odds of volunteering correct and incorrect answers as a function of
the type of instructions provided in Experiment 2.

Figure 1 shows that the relative difference between the bars for correct and
incorrect responses is similar across conditions. However, in comparison to the confidence
condition, the difference is slightly smaller for the clarity + reasoning and clarity +
thoughts conditions, and slightly larger for the visual detail + effortfulness condition.
Consistent with this, the coefficients for monitoring presented in Table 2 were negative for
the clarity + reasoning and clarity + thoughts conditions, and positive for the visual detail +
effortfulness condition. Thus, Figure 1 and Table 2 show that the clarity + reasoning and
clarity + thoughts conditions had less effective monitoring than the confidence condition,
while the visual detail + effortfulness condition had more effective monitoring than the
confidence condition. However, as the 95% CIs presented in Table 2 include zero, none of
the differences were significant. Furthermore, a model containing the interaction between
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experimental condition and response accuracy as a predictor variable did not fit the data
significantly better than a model that did not contain the interaction between experimental
condition and response accuracy as a predictor variable, χ2 (3) = 1.51, p = .680.

Table 2
Fixed Effects Coefficients for Response Bias and Monitoring for the Clarity + Reasoning,
Clarity + Thoughts, and Visual Detail + Effortfulness Conditions in Comparison to the
Confidence Condition in Experiment 2
Response bias
Condition

b

SEb

95% CIb

Clarity + reasoning

-0.41

0.34

-1.07, 0.26

Clarity + thoughts

-0.39

0.34

-1.05, 0.28

Visual detail + effortfulness

-0.35

0.34

-1.02, 0.33

Monitoring
Clarity + reasoning

-0.15

0.40

-0.93, 0.64

Clarity + thoughts

0.22

0.41

-0.59, 1.02

Visual detail + effortfulness

-0.27

0.41

-1.08, 0.54

Figure 1 also shows that the combined height of the correct and incorrect bars is
similar across conditions; though it is slightly lower for each of the experimental
conditions than for the confidence condition. Consistent with this, all the coefficients for
response bias presented in Table 2 were negative. Thus, Figure 1 and Table 2 show that
participants were less likely to volunteer answers in each experimental condition than in
the confidence condition. However, as the 95% CIs presented in Table 2 include zero,
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none of the differences were significant. Furthermore, a model containing experimental
condition as a predictor variable did not fit the data significantly better than a model that
did not contain experimental condition as a predictor variable, χ2 (3) = 1.81, p = .613.
Summary of Analytical Approaches
The data presented throughout this thesis were analysed using a logistic mixed
effects modelling approach. This method of analysis was selected due to the risks
associated with traditional approaches for categorical outcome measures, and the benefit of
controlling for random variation between participants and items. Assessments of
significance were made by considering whether model fit was significantly improved by
adding the predictor variables, and by considering whether the confidence intervals of
regression coefficients included zero.
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CHAPTER 3 – MNEMONIC CUES AND RESPONSE ACCURACY
Study 1
In Chapter 1 I explained that it may be possible to improve monitoring by
informing people of differences in the mnemonic cues associated with correct and incorrect
memories. I argued that the source monitoring framework (Johnson et al., 1993) provides
a description of the types of mnemonic cues which may be associated with correct and
incorrect memories. Specifically, I proposed that mnemonic cues associated with
memories created by an external stimulus may be associated with correct memories.
Conversely, I proposed that mnemonic cues associated with memories created internally
may be associated with incorrect memories. I also provided a summary of the literature
which has explored the mnemonic cues outlined in the source monitoring framework.
Although research within the literature has shown a consistent difference in the mnemonic
cues associated with different kinds of memories, much of it considers memory errors that
occur due to misinformation or deliberate imagination of events that did not occur, which
are termed suggestion-dependant distortions (Mazzoni, 2002). These suggestiondependant distortions have been studied at the expense of errors that occur due to the way
memory operates which are termed naturally occurring distortions (Mazzoni, 2002).
Furthermore, prior research has not considered whether witnesses already consider the
mnemonic cues when monitoring the accuracy of their memories. Study 1 aimed to
address the limitations of past research by (i) exploring whether the mnemonic cues
outlined in the source monitoring framework could discriminate between naturally
occurring correct and incorrect memories (i.e., memories not created via suggestion or
deliberate imagination), and (ii) assessing whether the mnemonic cues were predictors of
response accuracy after controlling for natural monitoring ability (i.e., the extent to which
people can differentiate between correct and incorrect memories without any intervention).
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The primary purpose of Study 1 was to identify mnemonic cues that could be used, in
subsequent experiments, to improve monitoring.
I chose to focus on naturally occurring memory distortions because they have not
been adequately in the literature, despite the fact that they are an important source of
memory errors (Mazzoni, 2002). As noted earlier, previous research into mnemonic cues
has often focussed on suggestion-dependent distortions. For example, Johnson et al.
(1988) studied real and imagined autobiographical events, while Schooler et al. (1986) and
Lane et al. (2007) studied memories for an event that was actually witnessed and
misinformation about the witnessed event. Although the DRM task does constitute a type
of natural memory distortion due to the unconscious nature of the memory errors that are
produced (Mazzoni, 2002), the task is based on sematic memory rather than episodic
memory. Furthermore, while some research has considered the relationship between
mnemonic cues and naturally occurring correct and incorrect memories (Robinson,
Johnson, & Herndon, 1997, Robinson et al., 2000), there are limitations to this work.
Robinson and colleagues (1997, 2000) had participants recall details about a video and rate
the extent to which they needed to reconstruct their memory for each detail, how vivid
each detail was, how much effort was required to retrieve each detail, and how confident
they were that each detail was correct. The results of these studies showed that memories
rated as vivid were more likely to be correct, memories rated as involving reconstruction
were more likely to be incorrect, and memories rated as being effortful to retrieve were
more likely to be incorrect. These results are consistent with the findings of studies which
have assessed suggestion-dependent memory distortions (as discussed in Chapter 1).
However, Robinson and colleagues (1997, 2000) did not assess all of the mnemonic cues
that have been outlined in the source monitoring framework. Thus, a main focus of Study
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1 was to expand upon the work of Robinson and colleagues by assessing a larger variety of
the mnemonic cues outlined in the source monitoring framework.
In keeping with the broad aim of identifying mnemonic cues that could be
manipulated in subsequent experiments, I needed to determine the extent to which people
spontaneously consider the mnemonic cues when monitoring response accuracy. As
explained in Chapter 1, people usually engage in heuristic processes when determining the
origin of a memory, though they are capable of using more systematic judgments to assist
their decision making process (Johnson et al., 1993). I argued that it may be possible to
improve monitoring by encouraging systematic processing. However, as some systematic
processing of the mnemonic cues may be occurring naturally, it was important to assess the
extent to which people engage in systematic assessment of the mnemonic cues without
intervention. Natural monitoring ability is thought to be represented by confidence
judgments which are known to predict response accuracy (Goldsmith & Koriat, 2008;
Koriat & Goldsmith, 1996; Weber & Brewer, 2008). Therefore, confidence judgments
should be based upon the heuristic processes that are used to judge memory accuracy, as
well as any systematic processes that people usually engage in. However, much of the
research into mnemonic cues has not measured confidence in addition to the mnemonic
cues (Johnson et al., 1988; Lane et al., 2008, 2007; Norman & Schacter, 1997; Schooler et
al., 1986). Furthermore, the only studies that have considered some of the mnemonic cues
outlined in the source monitoring framework did not control for confidence when assessing
the relationship between the mnemonic cues and response accuracy (Robinson, Johnson, &
Robertson, 2000). Thus, previous research has not explored whether the mnemonic cues
discriminate between different types of memories after controlling for natural monitoring
ability. Consequently, it is possible that the mnemonic cues assessed in the literature form
part of the natural monitoring processes of witnesses. If this is the case, any manipulation
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of the mnemonic cues identified in the literature may not improve eyewitness monitoring.
To address this gap in knowledge, confidence judgments were collected in Study 1 in
addition to ratings of a variety of the mnemonic cues outlined in the source monitoring
framework to determine whether any of the mnemonic cues predicted response accuracy to
a greater extent than confidence alone.
Obtaining confidence judgments also allowed me to explore the basis of confidence
judgments, though this was not the primary focus of the study. Currently, research into the
basis of confidence judgments in eyewitness testimony is limited. However, there is some
evidence which suggests that witnesses may consider ease of visualisation and subjective
retrieval effort when judging how confident they are about the accuracy of their memories.
As explained earlier, Robinson et al. (1997) had participants recall details about a video
they had been shown and rate: (i) the extent to which they needed to reconstruct their
memory for the item (as opposed to being able to visualise it easily), (ii) how much effort
was required to retrieve each detail, and (iii) how confident they were that each detail was
correct. The results showed that reconstruction and perceived retrieval effort were
negatively related to confidence. Specifically, memories that were effortful to retrieve and
memories that required reconstructive processing received lower confidence ratings. In a
similar study, Robinson et al. (2000) had participants recall details about a video they had
been shown and rate how vivid each detail was, how much effort was required to retrieve
each detail, and how confident they were that each detail they provided was correct. The
results showed that both memory vividness and perceived retrieval effort were significant
predictors of confidence. Furthermore, the participant’s estimates of retrieval fluency (i.e.,
estimate of the number of seconds taken to answer each question) also predicted
confidence. Thus, confidence judgments may be based primarily on vividness, the extent
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to which a memory is reconstructed/visualised, perceived retrieval effort, and perceived
retrieval fluency.
In Study 1, participants watched a stimulus video depicting a mock bank robbery
and answered a series of closed questions about it. In accordance with the source
monitoring framework, I assessed three sensory characteristics (i.e., visual detail, clarity,
and vagueness) and four cognitive processes (i.e., reasoning, thoughts, effortfulness, and
perceived retrieval fluency) that were associated with the memories participants retrieved.
I predicted that the extent to which memories were associated with visual detail and clarity
would correlate positively with response accuracy. Conversely, I predicted that the extent
to which memories were associated with vagueness, reasoning, thoughts, effortfulness, and
perceived retrieval fluency would correlate negatively with response accuracy.
Method
Participants. Sixty-three participants17 (53 females and 10 males) took part in the
study for course credit or payment ($15). All had normal or corrected-to-normal vision
and spoke English as their first language. Participants ranged in age from 17 to 48 (M =
20.49, SD = 4.93).
Materials.
Stimulus video. As my focus was on naturally occurring correct and incorrect
memories, I needed a stimulus video that would elicit a sufficient number of incorrect
details for analysis. I chose a video used by Tuckey and Brewer (2003) which has been

17

Before data collection began I decided to recruit 60 participants and ended data collection in the week that

I reached 60 participants. One participant did not follow instructions correctly, typing a ‘don’t know’
response as their answer to 38.89% of the closed questions they answered. Another participant appeared to
misunderstand 20% of the closed questions they answered. These responses were ignored in the analyses but
the participants were not excluded.
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found to produce memory errors due to the ambiguous stimuli incorporated within it
(Tuckey & Brewer, 2003). As ambiguous stimuli are likely to be a common source of
memory errors in real crimes (Tuckey & Brewer, 2003), the use of this video also
strengthens the applied implications of my findings.
The video depicted a staged bank robbery with a duration of approximately 60 s.
Two robbers, a male and a female, approached and entered a bank. The female robber’s
gender was made to appear ambiguous (i.e., no typical feminine characteristics such as
long hair and body shape, were observable). The male went to the counter while the
female stood off to the side pointing a bag at the counter as though it might contain a
weapon. The male robber did not explicitly demand money but held his jacket pocket up
to the cashier as though it might contain a gun. He also told the female cashier to hurry as
she emptied the cash draw. The cashier handed the money to the male robber who tucked
it away, though it was not clear whether it was put into a bag or his pocket due to the angle
at which the scene was filmed. The robbers then left the bank and escaped. The male got
onto a bus and the female escaped on foot.
Recall task. Participants were asked a series of closed questions about their
memory for the video. For each robber, questions asked for a general physical description
(i.e.., gender and build), a description of their clothing, a description of any weapons
and/or bags, and a description of how each robber escaped. As the robbers wore different
items of clothing (e.g., one wore a jacket and the other wore a jumper), I used yes/no filter
questions such as ‘Was the robber wearing a jumper?’ and presented the same set of
questions for both robbers. Including the filter questions also assisted in avoiding guess
responses for items participants believed they did not see. When participants responded
yes to a filter question, they were presented with either one or two closed questions that
requested a description of the item in question. Thus, although there were 14 filter
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questions and 34 closed questions in total (see Appendix A),18 the number of closed
questions participants were presented with depended partially on responses to the filter
questions. For example, one participant may have indicated that the robber by the counter
was wearing a disguise and subsequently been asked about the colour and type of disguise
worn. Conversely, another participant may have indicated that the robber by the counter
was not wearing a disguise and, therefore, would not have been presented with the two
follow up questions. Assuming all other filter questions were answered in the same way
by both participants, the first participant would have answered two additional questions.
As the purpose of this study was to identify mnemonic cues that could be used to
improve eyewitness monitoring, it was important to collect data for all memories that could
be retrieved, including those that participants were not very confident about. Thus,
participants completed the closed questions in a forced-report format (i.e., they did not
have the option of withholding answers to the closed questions). Although this may have
resulted in some guesses, the filter questions are likely to have prevented participants from
creating answers about things they believed they did not see.
A scoring guide was constructed to code the participants’ answers as either correct
or incorrect. A mean number of 22.48 (SD = 2.65) responses were coded as either correct
or incorrect per participant and coding was completed by myself and an independent rater
using all of the data. There was an acceptable level of interrater agreement, κ = .83 [.80,
.85]. Although most of the incorrect answers appeared to be genuine erroneous memories,
some seemed to result from confusion. For example, some participants appeared to
confuse the robbers entirely, or provided information in the wrong question (see Appendix

18

Only data from the closed questions is included in the analyses presented throughout the thesis.
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B for an explanation of how these responses were coded).19 Two data sets were
constructed; one that included all of the data and another that ignored any items that
involved some form of coder interpretation (e.g., items where participants were judged to
have confused the robbers or to have provided information in the wrong question). All
analyses were run using both data sets. The results presented are for the full data set.
However, where differences emerged, the results for data set which ignored responses
requiring coder interpretations are presented as footnotes.
Confidence scale. I used a confidence scale ranging from 0% to 100% with 10%
intervals (i.e., 0%, 10%, 20%, etc.) to measure the participants’ confidence in their
answers.
Mnemonic cue rating scales. I used rating scales to measure the mnemonic cues
because they are more precise than open-ended questions, and allow smaller differences to
be detected between correct and incorrect information (Lampinen, Neuschatz, & Payne,
1997). However, rating scales may also prompt people to search for information which
they would not normally consider (Lampinen et al., 1997). Although Lampinen et al.
(1997) view this as a limitation, it is actually an advantage in this case because my aim was
to identify information that people have access to, but do not consider spontaneously when
monitoring the accuracy of their memories. Thus, it is essential that the rating scales
prompt people to think about information that they may not spontaneously consider, rather
than simply indexing the information people spontaneously draw upon.
The rating scales were based on the source monitoring framework, and were
designed to elicit information about the sensory characteristics and cognitive processes
19

Sometimes, participants also appeared to misunderstand the question. For example, it is clear that the

participant who responded ‘brown’ to the question ‘What was the general build of the robber by the
counter?’, did not understand the question. Answers where participants appeared to misunderstand the
question were ignored because they do not constitute memory errors.
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associated with the participants’ memories. I used seven ratings scales, each starting with
the stem “My memory for the item”, and completed with: (i) is effortful, (ii) involves
reasoning, (iii) includes many thoughts, (iv) is clear, (v) is visually detailed, (vi) is vague,
and (vii) came to mind quickly.20 As access to information about cognitive processes
decays quickly (Ericsson & Simon, 1980), the scales measuring perception of cognitive
processes were presented first, followed by the scales measuring sensory characteristics
and, finally the perceived retrieval fluency scale. The ratings were made on a five-point
scale ranging from 0 (not at all) to 4 (very much). This five-point scale was selected
because scales with fewer than five points are unreliable and people have difficulty using
scales with more than seven points (Thomas, 2004).
Procedure. After giving informed consent, participants were shown the video,
followed by a 10-minute delay in which they completed mazes of increasing difficulty.
Participants then answered the questions on a computer. Filter questions were answered by
clicking either a yes or a no button. Regardless of which button was selected, participants
rated how confident they were in their response. After rating confidence, they proceeded
to the next question if they had selected no in response to the filter question, or proceeded
to a closed follow-up question if they had selected yes in response to the filter question.
For each closed question, a text box was provided in which participants typed their answer.
Participants then completed the seven mnemonic cues ratings and a confidence rating. The
mnemonic cue ratings were completed after each question rather than after all questions
because the characteristics of memories are strongest at the time of retrieval, particularly
any cognitive processes involved (Ericsson & Simon, 1980). Filter questions were

20

No additional information was provided about these anchors. Additional explanation of such anchors does

not appear to be common in the literature given that no mention is made of such explanations in the
methodology (see Johnson et al., 1988 for an example).
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proceeded by either one or two closed questions. When there were two closed questions,
participants answered the first question, rated the mnemonic cues and confidence for their
answer to the first question, then repeated this process for the second closed question.
Participants were instructed to answer all questions.
For each question in the recall task I measured only: (i) the participant’s response,
(ii) their confidence in the response, (iii) the rating they gave for each mnemonic cue
(closed questions only), and (iv) the reaction time for each of these responses (which were
not analysed). There were no manipulations.
Results
The relationship between mnemonic cues and confidence. Initially, I was
interested in conducting discriminant validation to determine whether any of the
mnemonic cues were measuring the same constructs. Such mnemonic cues would not
have needed to be analysed separately. Furthermore, as the purpose of Study 1 was to
identify mnemonic cues that could be used to improve eyewitness monitoring (which is
represented by confidence), I also examined the extent to which each mnemonic cue was
related to confidence. Mnemonic cues that are strongly related to confidence are likely to
be measuring confidence or a construct upon which confidence is based, though they may
not be the only basis of confidence judgments. Mnemonic cues that are strongly related to
confidence would be unlikely to improve monitoring if they were manipulated because
their relationship with confidence would indicate that they are considered spontaneously
when witnesses judge the accuracy of their memories.
I conducted a series of correlations to test the relationships between the mnemonic
cues and confidence (Table 3). In accordance with recommendations in the literature
(Gelman & Hill, 2006), a cut-off of .80 was used to determine whether the variables were
measuring the same constructs because this is the level at which multi-collinearity
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Table 3
Correlations Between the Seven Mnemonic Cues and Confidence
Effortfulness
Effortfulness

r
95% CI

Reasoning

r
95% CI

Thoughts

r
95% CI

Clarity

Reasoning

Thoughts

Clarity

Visual detail

Vagueness

Perceived
retrieval fluency

Confidence

.63

.62

-.18

-.14

.30

-.21

-.20

[.60, .66]

[.59, .65]

[-.23, -.13]

[-.19, -.09]

[.25, .35]

[-.26, -.16]

[-.25, -.15]

.66

-.08

-.06

.24

-.08

-.11

[.63, .69]

[-.13, -.03]

[-.11, -.00]

[.19, .28]

[-.13, -.03]

[-.16, -.06]

-.06

-.01

.21

-.03

-.08

[-.11, -.01]

[-.06, .04]

[.16, .26]

[-.08, .02]

[-.13, -.03]

.85

-.68

.76

.76

[.84, .87]

[-.70, -.65]

[.74, .78]

[.74, .78]

-.67

.72

.75

[-.70, -.64]

[.70, .74]

[.72, .77]

-.58

-.67

[-.62, -.55]

[-.69, -.64]

r
95% CI

Visual detail

r
95% CI

Vagueness

r
95% CI

Perceived retrieval
fluency

r
95% CI

Note. df = 1414 and r is significant at the .05 level when CI does not include 0.

.71
[.68, .73]
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becomes a problem. Variables with a correlation of below .80 are unlikely to be
completely redundant with one another. With the exception of the correlation between
clarity and visual detail, all correlations were below .80 which suggested that most of the
mnemonic cues were measuring different constructs from each other and from confidence.
However, as the correlations were unable to account for the mixed-effects structure of the
data (i.e., the repetition of the ratings across questions and participants), it is possible that
the relationships between the variables were overestimated. For example, it is possible
that questions which elicited higher clarity ratings on average also elicited high visual
detail ratings on average, making it appear as though clarity and visual detail were more
closely related than they really are. Due to possibility of the inflated correlations, and
because the correlation between clarity and visual detail was only just above the .80 cutoff (i.e., .85), I decided to treat clarity and visual detail as separate variables in all
subsequent analyses.
The relationship between mnemonic cues and response accuracy. As the
primary aim of Study 1 was to identify mnemonic cues that could be used to improve
eyewitness monitoring in subsequent experiments, I examined whether the mnemonic cues
predicted response accuracy to a greater extent than can be achieved naturally. According
to Koriat and Goldsmith’s (1996) metamemory framework, confidence judgments (i.e., the
assessments of the likely accuracy of memory) are thought to represent people’s natural
monitoring ability. Thus, I controlled for the effect of confidence in the analyses. The
data suggested that this was a sensible strategy given that confidence was a significant
predictor of response accuracy, b = 0.29, SEb = 0.08, [0.14, 0.44]. This means that for
every 10% increase in confidence, the log odds of an accurate response increased by .29.
Seven logistic mixed effects models were constructed with response accuracy entered as
the outcome measure. Confidence was always added as the first predictor, followed by one
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of the mnemonic cues. Thus, the analyses assessed the extent to which the mnemonic cues
predicted response accuracy in addition to what is already predicted by the confidence
judgment. Each model was compared to a model that included only confidence and
random intercepts for participant and question (see Table 4 for model fit statistics and
Table 5 for coefficients). The results showed that model fit was significantly improved

Table 4
Model Fit Statistics for Logistic Mixed Effects Models Predicting Accuracy from the
Mnemonic Cues after Controlling for Confidence in Study l
Fixed effect

χ2(1)

p

Effortfulness

1.10

.158

Reasoning

5.66

.017

Thoughts

5.55

.018

Clarity

5.69

.017

Visual detail

0.71

.399

Vagueness

4.66

.031

Perceived retrieval fluency

3.71

.054
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Table 5
Fixed Effect Coefficients for Logistic Mixed Effects Models Predicting Accuracy from the
Mnemonic Cues after Controlling for Confidence in Study 1
Fixed effect

b

SEb

95% CIb

Effortfulness

-0.20

0.07

-0.34, -0.07

Reasoning

-0.24

0.07

-0.39, -0.10

Thoughts

-0.23

0.08

-0.38, -0.08

Clarity

0.53

0.08

0.38, 0.68

Visual detail

0.45

0.08

0.29, 0.60

Vagueness

-0.44

0.07

-0.59, -0.30

Perceived retrieval fluency

0.52

0.09

0.35, 0.69

with the addition of reasoning, thoughts, clarity21 and vagueness, and that each of these
variables was a significant predictor of response accuracy. The coefficients revealed that
reasoning, thoughts, and vagueness were negative predictors of response accuracy while
clarity was a positive predictor of response accuracy. Although model fit was not
21

For the data set that ignored responses involving coder interpretations, clarity was not a significant

predictor of response accuracy after controlling for confidence, b = 0.20, SEb = 0.11, [-0.02, 0.42], and
adding it to the model did not significantly increase fit, χ2 (1) = 3.06, p = .080. This reduction in the
coefficient is likely due to the fact that responses were often removed when participants confused the
robbers. Such memories are likely to be poor and also lack clarity, meaning that their removal erases a
subset of items for which clarity is very diagnostic of response accuracy. Therefore, excluding these items
from analysis would have truncated variability (as some of the incorrect items most strongly related to clarity
were removed), limited potential covariance, and resulted in the true effect being masked. For this reason,
the analyses which used the full data set are likely to be more reliable and as a result my conclusions are
based on those results.
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significantly improved with the addition of perceived retrieval fluency, the coefficient
showed that it was a significant predictor of response accuracy.22 Specifically, it was a
positive predictor of response accuracy. The fit of the model was not significantly
improved with the addition of effortfulness or visual detail, and these mnemonic cues were
not significant predictors of response accuracy after controlling for confidence.
I explored the findings for effortfulness and visual detail further to determine
whether these mnemonic cues were completely unrelated to response accuracy.
Specifically, I examined whether effortfulness and visual detail were significant predictors
of response accuracy without controlling for confidence. Two new logistic mixed effects
models were constructed (one for effortfulness and another for visual detail) that did not
include confidence as a predictor variable. Model fit was significantly improved with
addition of effortfulness, χ2 (1) = 8.45, p = 0.33, and visual detail, χ2 (1) = 31.05, p < .001.
Furthermore, the coefficients showed that effortfulness, b = -0.20, SEb = 0.07, [-0.34, 0.07], and visual detail, b = 0.45, SEb = 0.08, [0.29, 0.60], were significant predictors of
response accuracy with effortfulness being a negative predictor and visual detail a positive
predictor. Thus, the findings showed that effortfulness and visual detail are related to

22

For the data set that ignored responses involving coder interpretations, perceived retrieval fluency was not

a significant predictor of response accuracy after controlling for confidence, b = 0.15, SEb = 0.12, [-0.08,
0.37], and adding it to the model did not significantly increase fit, χ2 (1) = 0.12, p = .217. As explained in the
previous footnote, this reduction in the coefficient is likely due to the fact that responses were often removed
when participants confused the robbers. Such memories are likely to be poor and also take longer to retrieve,
meaning that their removal erases a subset of items for which perceived retrieval fluency is very diagnostic of
response accuracy. Therefore, excluding these items from analysis would have truncated variability (as some
of the incorrect items most strongly related to perceived retrieval fluency were removed), limited potential
covariance, and resulted in the true effect being masked. For this reason, the analyses which used the full
data set are likely to be more reliable and as a result my conclusions are based on those results.
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response accuracy, though they do no uniquely predict response accuracy when confidence
is taken into account.
Combinations of the mnemonic cues and their prediction of response
accuracy. In addition to examining each mnemonic cue separately, I also explored
whether there was a set of mnemonic cues that was most efficient at predicting response
accuracy. Specifically, I examined whether any combination of the mnemonic cues
significantly improved the fit of the model. In these analyses, the five mnemonic cues
identified as significant predictors of accuracy were used and they were ordered from
strongest to weakest according to absolute b value: clarity, perceived retrieval fluency,
vagueness, reasoning, and thoughts. I began the analyses by creating a logistic mixed
effects model containing the mnemonic cues with the first and second strongest b values
(i.e., clarity and perceived retrieval fluency). This model was compared to the two simpler
models that contained only one mnemonic cue, confidence, and the random effects. This
process was repeated until all possible pairs had been considered. A pair was considered to
be better when model fit was improved compared to both of the simpler models, and both
of the mnemonic cues were significant predictors of response accuracy (see Table 6 for
model fit statistics). Only two pairs significantly improved model fit over both simpler
models: clarity + reasoning and clarity + thoughts. Furthermore, in each of these models
both mnemonic cues were significant predictors of response accuracy (see Table 7 for
coefficients). A model containing all three of these mnemonic cues was not significantly
better than the clarity + reasoning model, χ2 (1) = 1.35, p = .246, or the clarity + thoughts
model, χ2 (1) = 1.32, p = .251. Thus, the models that combined the clarity cue with either
the reasoning cue or the thoughts cue provided the best fit to the data, optimising the
prediction of response accuracy.
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Table 6
Model Fit Statistics for Logistic Mixed Effects Models Predicting Accuracy from Mnemonic Cue Pairs in Study 1
Mnemonic cue pairs
Clarity & perceived
retrieval fluency

Clarity & vagueness

Clarity & reasoning

Clarity & thoughts

Single mnemonic cue

χ2(1)

p

χ2(1)

p

χ2(1)

p

χ2(1)

p

Clarity

0.98

.322

2.02

.155

5.30

.021

5.33

.021

Perceived retrieval fluency

2.97

.085
3.06

.080
5.34

.021
5.47

.019

Vagueness
Reasoning
Thoughts
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Table 7
Fixed Effect Coefficients for Logistic Mixed Effects Models Predicting Accuracy from
Mnemonic Cue Pairs in Study 1
Clarity + reasoning
b

SEb

95% CIb

Clarity

0.25

0.10

0.05, 0.45

Reasoning

-0.17

0.07

-0.32, -0.03

Fixed Effect

Clarity + thoughts
Clarity

0.25

0.10

0.05, 0.45

Thoughts

-0.18

0.08

-0.33, -0.03

Discussion
My primary aim in Study 1 was to identify mnemonic cues that could be used to
improve monitoring in subsequent experiments. The results revealed that five mnemonic
cues may have been able to help people monitor the accuracy of their memory for an
episodic event more efficiently: reasoning, thoughts, clarity, vagueness, and perceived
retrieval fluency. Furthermore, the findings showed that it may have been possible to
affect the greatest change in monitoring by targeting the clarity cue and either the
reasoning cue or the thoughts cue in subsequent experiments. However, it appeared that
targeting the effortfulness and visual detail cues in subsequent experiments may not have a
meaningful impact on monitoring because it appears that people already utilise these
mnemonic cues when judging the accuracy of their memories. Thus, encouraging people
to consider these mnemonic cues is unlikely to impact on their monitoring ability.
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The results were consistent with the idea that the mnemonic cues outlined in the
source monitoring framework can discriminate between naturally occurring correct and
incorrect memories. In Chapter 1 I proposed that mnemonic cues associated with
externally derived memories may be associated with correct memories while mnemonic
cues associated with internally derived memories may be associated with incorrect
memories. In support of this argument, the results showed that reasoning, thoughts,
vagueness, perceived retrieval fluency, and effortfulness were negative predictors of
response accuracy, while clarity and visual detail were positive predictors of response
accuracy. These results are consistent with past research which has focussed on memory
distortions produced by experimental manipulations such as misinformation or task content
(Johnson et al., 1988; Lane et al., 2008, 2007; Norman & Schacter, 1997; Schooler et al.,
1986), and with the work of Robinson and colleagues (1997, 2000).
Study 1 also extended upon previous research as the results showed that many of
the mnemonic cues outlined in the source monitoring framework predict response accuracy
after natural monitoring ability (i.e., confidence) is taken into account. As explained in the
introduction of this chapter, previous research that has assessed the relationship between
mnemonic cues and response accuracy has either not measured confidence (Johnson et al.,
1988; Lane et al., 2008, 2007; Norman & Schacter, 1997; Schooler et al., 1986) or has not
controlled for it when analysing the data (Robinson et al., 1997, 2000). Study 1 addressed
both of these limitations and the results revealed that five of the mnemonic cues were
significant predictors of response accuracy after controlling for confidence: reasoning,
thoughts, clarity, vagueness, and perceived retrieval fluency. This indicated that people do
not fully utilise these mnemonic cues when they monitor the accuracy of their memories.
Therefore, it appeared that manipulating these mnemonic cues in subsequent studies could
lead to improved monitoring and consequently allow people to maximise the quantity and
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accuracy of their eyewitness memory reports. However, the findings also indicated that it
may not be necessary to target all of these mnemonic cues in order to improve monitoring.
Specifically, the findings indicated that encouraging people to make better use of the
clarity cue in combination with either the reasoning cue or the thoughts cue were
potentially the most efficient ways of improving monitoring.
The results of Study 1 also provided information regarding the basis of confidence
judgments in eyewitness testimony. The fact that visual detail and effortfulness were no
longer significant predictors of response accuracy after confidence was taken into account
suggested that these mnemonic cues may inform eyewitness confidence judgments. This is
consistent with the correlational evidence supplied by Robinson and colleagues (1997,
2000) which showed that confidence was negatively related to retrieval effort and
positively related to vividness. However, it must be noted that while I observed a strong
correlation between visual detail and confidence, the correlation between confidence and
effortfulness was weak. If effortfulness is one of the mnemonic cues that witnesses use to
judge confidence, I would have expected it to have a stronger correlation with confidence.
Indeed, Robinson et al. (1997) observed a correlation of -.73, much higher than the -.20
correlation I observed. However, their correlation was calculated within-subjects rather
than collapsed across participants and items as I have done. When calculated within-
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subjects, the correlation between confidence and effortfulness was -.76,23 consistent with
Robinson et al.’s (1997) finding. Thus, my findings provided further evidence that the
effortfulness and visual detail of memories informs confidence judgments.
The fact that reasoning, thoughts, clarity, vagueness, and perceived retrieval
fluency remained significant predictors of response accuracy after controlling for
confidence suggested that these mnemonic cue ratings are not completely captured within
confidence judgments. The finding for clarity was somewhat surprising because it seems
at odds with the result I observed for visual detail and the prior research conducted by
Robinson and colleagues (1997, 2000) regarding vividness. I would have expected the
clarity of a memory to be highly associated with its visual detail and vividness, meaning
that clarity should not have remained a significant predictor of response accuracy after
confidence was taken into account. The extent to which witnesses use clarity during
monitoring is explored further in Experiment 2. The fact that perceived retrieval fluency
remained a significant predictor of response accuracy after controlling for confidence also
seems to contradict Robinson et al.’s (2000) finding that confidence judgments are based
on estimates of retrieval fluency. However, this discrepancy may be explained by a key
methodological difference between Study 1 and Robinson et al.’s (2000) study.
23

This disparity is most likely due to the fact that different participants used the effortfulness scale in quite

different ways. For example, one participant may use a 2 to indicate a relatively high level effortfulness and 0
to indicate a relatively low level of effortfulness, whereas another participant may use 4 to indicate a
relatively high level of effortfulness and 2 to indicate a relatively low level of effortfulness. By collapsing
these ratings across participants, this variation would have artificially reduced the relationship between
effortfulness and confidence. It is important to note that when a random intercept is included, mixed effects
models can account for the difference in scale usage while still considering all of the data. Thus, mixed
effects models provide the best possible analysis of data like this.
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Specifically, participants in my study were asked to rate how quickly each memory came
to mind, while Robinson et al.’s (2000) participants provided an estimate of the number of
seconds taken to answer each question. It could be that specific estimates provide a better
basis for confidence judgments.
In conclusion, Study 1 provided evidence that naturally occurring correct and
incorrect memories can be distinguished by their association with a variety of mnemonic
cues. It also appeared as though people do not fully utilise some of these mnemonic cues
(i.e., reasoning, thoughts, clarity, vagueness, and perceived retrieval fluency) when they
monitor the accuracy of their memories. Therefore, based on these results, it seemed that
manipulating these mnemonic cues in subsequent experiments could result in improved
monitoring. However, the findings also indicated that the greatest benefits in monitoring
might be produced by targeting just two of the mnemonic cues: clarity and reasoning or
clarity and thoughts.
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CHAPTER 4 – IMPROVING MONITORING: MANIPULATING KNOWLEDGE OF
MNEONIC CUES
In two experiments, I manipulated knowledge of the mnemonic cues in an attempt
to improve monitoring and maximise the quantity and accuracy of memory reports about
an episodic event. In contrast to Study 1, Experiments 2 and 3 used free-report questioning
procedures which gave participants the opportunity to regulate the information contained
in their eyewitness memory reports.24 Specifically, for each question, participants made a
control decision whereby they decided whether to volunteer or withhold their response.
Knowledge of the mnemonic cues was manipulated by providing participants with
information about particular mnemonic cues and encouraging them to consider these
mnemonic cues when making control decisions. Similar manipulations have been found to
improve performance on source memory (Lane et al., 2007) and recognition tests (Lane et
al., 2008), as explained in Chapter 1. The aim of these experiments was to maximise type2 discriminability; indicated by an increase in the amount of correct details that were
volunteered (i.e., hits) and/or a decrease in the amount of incorrect details that were
volunteered (i.e., false alarms). It was expected that maximising discriminability would
allow people to maximise the accuracy of their eyewitness memory reports with minimal
cost to quantity.

24

The fact that participants were not given the explicit option of withholding responses does not mean that

they were completely unable to regulate their memory reports in some other way (e.g., by giving memories
they would have withheld a very low confidence rating).
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Experiment 2
The design of Experiment 225 was based on the results of Study 1 which showed
that the clarity, reasoning, thoughts, vagueness, and perceived retrieval fluency cues were
significant predictors of response accuracy after controlling for confidence. Study 1 also
revealed that combining the clarity cue with either the reasoning cue or the thoughts cue
was found to be the most efficient way of predicting response accuracy. This suggested
that providing witnesses with instructions about one of these mnemonic cue pairs may be
the best way to improve monitoring. As Study 1 provided no basis for choosing between
these pairs, one experimental condition received instructions about the clarity and
reasoning cues, and the other received instructions about the clarity and thoughts cues.
Two control conditions were also included in Experiment 2. The first control
condition received information about confidence because such instructions were not
expected to alter performance (i.e., type-2 discrimination, quantity, or accuracy). Recall
that Koriat and Goldsmith’s (1996) metamemory framework proposes that people use
confidence to judge response accuracy, and that Study 1 provided support for this
proposition given that confidence was found to be a significant predictor of response
accuracy. Therefore, I did not expect monitoring judgments or control decisions to be
affected by telling people to consider something they already use without being
encouraged. The second control condition received instructions about the visual detail and
effortfulness cues because these cues were not found to be significant predictors of
response accuracy after controlling for confidence in Study 1. Thus, I did not expect
instructions about these mnemonic cues to alter performance. Including this control
condition allowed me to examine whether any differences in performance between the
25

Although this was the first experiment, it was the second study I conducted. Thus to ensure that no two

studies shared the same number I chose to call my second study Experiment 2.
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confidence and experimental conditions were the result of (i) the consideration of
potentially useful mnemonic cues (i.e., clarity and reasoning or thoughts) when judging
response accuracy and making control decisions, or (ii) receiving information about any
mnemonic cues that prompt more careful consideration of response accuracy and control
decisions.
I predicted that the experimental conditions would have better monitoring (type-2
discriminability) than each of the control conditions. However, the impact of any
improvements in monitoring on quantity and accuracy could manifest in different ways.
For accuracy to be improved the proportion of volunteered information that is correct must
be increased. This can be achieved by (i) increasing the amount of correct information
being volunteered, (ii) reducing the amount of incorrect information being volunteered, or
(iii) a combination of both. Each of these options constitutes an improvement in
monitoring. Thus, if the experimental conditions exhibited better monitoring than each of
the control conditions, accuracy was also expected to be higher for the experimental
conditions than for each of the control conditions. However, to avoid reducing quantity,
the proportion of retrieved information that is both correct and volunteered must be
maximised. This means that I only expected quantity to be higher for the experimental
conditions if they volunteered a higher amount of correct information than the control
conditions.
Method
Participants. One-hundred and twenty participants26 (85 females and 35 males)
took part in the study for course credit or payment ($15). All had normal or corrected-to-

26

Before data collection began I decided to recruit 120 participants, 30 per condition. Initially, I recruited 35

participants to test the manipulation. After determining that the manipulation was working satisfactorily
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normal vision and spoke English as their first language. Participants ranged in age from 18
to 61 (M = 22.66, SD = 6.07).
Materials.
Stimulus video and recall task. Participants viewed the same video and completed
the same questions that were used in Study 1. However, several small changes were made
to the questions due to the responding irregularities observed in Study 1. To avoid
confusion over the term ‘disguise’, the disguise questions were presented after the clothing
questions. An extra instruction was also included before participants answered the
questions to reduce the likelihood of participants providing information in the wrong
question. Specifically, participants were informed that there would be several questions
about the top/s possibly worn by each robber. They were told that there would be
questions asking whether each robber was wearing a jacket, shirt and/or jumper and were
asked to respond in the appropriate question. They were given the following example,
‘…if you remember that one of the robbers was wearing a jumper, but not a jacket,
respond No to the question that asks if they were wearing a jacket and yes to the question
that asks if they were wearing a jumper.’
Monitoring instructions. Participants in the clarity + reasoning, clarity + thoughts,
and visual detail + effortfulness conditions were told that research had identified two
memory characteristics which help distinguish between correct and incorrect memories.
They were encouraged to consider this information when judging the correctness of their
memory and deciding what to volunteer. Participants in the clarity + reasoning and clarity
+ thoughts conditions both received information about the clarity cue. They were told that

(based on analysis of the manipulation check questions) I collected the remaining 85 participants and ended
data collection in the week that I reached 120 participants.
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clear memories are likely to be correct and should be volunteered. Participants in the
clarity + reasoning condition were also told that memories involving reasoning are likely to
be incorrect and should be withheld, while participants in the clarity + thoughts condition
were told that memories including many thoughts are likely to be incorrect and should be
withheld. Participants in the visual detail + effortfulness condition received information
about the visual detail and effortfulness cues. Specifically, they were told that visually
detailed memories are likely to be correct and should be volunteered, and that effortful
memories are likely to be incorrect and should be withheld. Participants in the confidence
condition were asked to rely on confidence when judging the correctness of their memory
and deciding what to volunteer. They were told that memories witnesses are highly
confident about are likely to be correct and should be volunteered.
Confidence scale. As in Study 1, confidence was measured using a 0% to 100%
scale with 10% intervals (i.e., 0%, 10%, 20%, etc.).
Mnemonic cue rating scales. For each closed question, participants completed
ratings for the two mnemonic cues they were instructed to consider when judging the
correctness of their memory and making control decisions. The ratings scales were the
same as those used in Study 1. Thus, participants were asked to rate the extent to which
each of their answers was associated with the mnemonic cues on a five-point scale ranging
from 0 (not at all) to 4 (very much).
Although research has not found any advantage of obtaining ratings in addition to
providing mnemonic cue instructions (Lane et al., 2008, 2007), I believed it was important
to obtain these ratings for two reasons. First, the ratings constitute a second part of the
manipulation as they served as a reminder to the participants that they should consider the
mnemonic cues throughout the recall task. Second, the ratings allowed me to assess the
replicability of my Study 1 results. Third, in the event of ineffective manipulations, the
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ratings allowed me to test whether (i) the instructions were ineffective because participants
did not use the mnemonic cues they were instructed to consider when making their control
decisions, or (ii) the mnemonic cues were simply unreliable indexes of response accuracy
in these circumstances.
Manipulation check questions. I included 14 questions after the closed questions
as a manipulation check to assess whether participants remembered and understood the
instructions. The first two questions27 were in a multiple choice format and asked the
participants (i) what information they should use when judging whether their memory is
correct and (ii) what information they should use when deciding whether to volunteer or
withhold information. They were instructed to select two responses from the following
options: (i) level of confidence in the memory, (ii) whether the memory is clear, (iii)
whether the memory involves reasoning, (iv) whether the memory includes thoughts, (v)
whether the memory is visually detailed, and (vi) whether the memory is effortful. The
next six questions asked participants to rate how likely memories were to be correct when
they were associated with high confidence or an experience of each mnemonic cue on a
scale ranging from 0 (likely to be incorrect) to 4 (likely to be correct) scale. The final six
questions asked whether participants should volunteer or withhold an answer if: (i) they
were highly confident in their memory, (ii) their memory was clear, (iii) their memory
involved reasoning, (iv) their memory included a lot of thoughts, (v) their memory was
visually detailed, and (vi) their memory was effortful. All participants were presented with
the full set of manipulation check questions regardless of condition.
Procedure. After giving informed consent, participants were randomly assigned to
one of four levels of the only manipulation: clarity + reasoning, clarity + thoughts, visual
27

These questions were added after pilot testing. Thus, data for these questions are only available for 85 of

the 120 participants.
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detail + effortfulness or confidence (n = 30 in each condition). Participants were then
shown the stimulus video and completed the 10-min maze filler task that was used in Study
1. All participants completed the experiment on a computer.
After the filler task, participants received their monitoring instructions (the exact
wording of all instructions is provided in Appendix C). These instructions were repeated
after a practice filter and closed question (also included in Appendix C), and participants
then completed the recall task. When presented with filter questions, participants had two
response options, yes and no. When they said yes, they were presented with a closed
follow-up question and typed an answer in the text box provided. Participants in the clarity
+ reasoning, clarity + thoughts, and visual detail + effortfulness conditions then rated the
two mnemonic cues that were relevant to their condition. All participants then rated how
confident they were that their answer was correct. Finally, they were asked whether they
wanted to include the answer in their eyewitness memory report by selecting one of two
response options: Submit Answer or Withhold Answer. When all the recall questions were
complete, participants responded to the manipulation check questions.
For each question in the recall task I measured only: (i) the participant’s response,
(ii) their confidence in the answer, (iii) their mnemonic cue and ratings (closed questions
only), (iv) whether they chose to volunteer or withhold the answer (closed questions only),
and (v) the reaction time for each of these responses. Their responses to the manipulation
check questions, and the reaction times of these responses were also recorded (none of the
reaction time data were analysed).
Results
The relationship between mnemonic cues and response accuracy. To assess the
replicability of my findings from Study 1 I examined whether the mnemonic cues
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predicted response accuracy. A separate logistic mixed effects model was constructed for
each mnemonic cue and response accuracy was used as the outcome measure because it
allows all of the participants’ answers to be examined. I did not control for confidence in
these analyses because the instructions appeared to be having an impact on confidence
judgments. This was illustrated by the fact that the correlations between confidence and
each of the mnemonic cues that were measured in Experiment 2 (i.e., clarity, thoughts,
visual detail, and effortfulness) were stronger than those observed in Study 1 (Table 8).
Furthermore, the CI’s for these mnemonic cues did not overlap between Study 1 and
Experiment 2, suggesting that the differences were meaningful. However, the correlation
between confidence and reasoning was very similar across both studies and there was a
high degree of overlap in the CI’s which suggested a negligible difference. Thus, with the
exception of reasoning, participants seemed to have used the mnemonic cues when making
confidence judgments. Therefore, controlling for confidence when assessing whether the
mnemonic cues predicted response accuracy may have masked some of the effects.
The results for the logistic mixed effects models revealed that model fit was
significantly improved with the addition of clarity, visual detail, effortfulness, and
thoughts, but not with the addition of reasoning (Table 9). Furthermore, clarity, visual
detail, effortfulness, and thoughts were significant predictors of response accuracy, while
reasoning was not (Table 10). These findings replicated my Study 1 results for the clarity,
visual detail, effortfulness, and thoughts cues, but not the results for the reasoning cue.
This suggested that reasoning may not be a reliable predictor of response accuracy.
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Table 8
Comparison of the Correlations between Confidence and Five of the Mnemonic Cues for
Study 1 and Experiment 2
Study 1

Experiment 2

r

.76

.90

95% CI

[.74, .79]

[.89, .91]

r

-.12

-.13

95% CI

[-.17, -.07]

[-.20, -.06]

r

-.09

-.33

95% CI

[-.14, -.04]

[-.39, -.23]

r

.74

.88

95% CI

[.72, .77]

[.86, .89]

r

-.21

-.48

95% CI

[-.26, -.16]

[-.54, -.42]

Clarity

Reasoning

Thoughts

Visual detail

Effortfulness

Note. All r values were significant with p < .001. The correlations between confidence and
each mnemonic cue in Experiment 2 are for a subset of the total sample as not all
participants completed all mnemonic cue ratings. Participants in the clarity + reasoning
and clarity + thoughts conditions contributed to the correlation for clarity, participants in
the clarity + reasoning condition contributed to the correlation for reasoning, participants
in the clarity + thoughts condition contributed to the correlation for thoughts, and
participants in the visual detail + effortfulness conditions contributed to the correlation for
visual detail and effortfulness.
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Table 9
Model Fit Statistics for Logistic Mixed Effects Models Predicting Response Accuracy from
the Mnemonic Cues in Experiment 2
Fixed effect

χ2(1)

p

Effortfulness

10.46

.001

Visual Detail

11.70

< .001

Clarity

17.40

< .001

Thoughts

5.72

.017

Reasoning

1.83

.176

Table 10
Fixed Effect Coefficients for Logistic Mixed Effects Models Predicting Response Accuracy
from the Mnemonic Cues in Experiment 2
Fixed effect

b

SEb

95% CIb

Effortfulness

-0.45

0.14

-0.73, -0.18

Visual Detail

0.65

0.18

0.29, 1.01

Clarity

0.63

0.13

0.39, 0.88

Thoughts

-0.31

0.13

-0.55, -0.07

Reasoning

-0.16

0.11

-0.38, 0.06

Manipulation checks. To assess the success of my manipulations, I began by
examining whether the mnemonic cues and confidence predicted control decisions (i.e.,
volunteer/withhold decisions). Two logistic mixed effects models were constructed for the
clarity + reasoning, clarity + thoughts, and visual detail + effortfulness conditions (one for

77

each mnemonic cue they were instructed to use), and one model was constructed for the
confidence condition. The results showed that model fit was significantly improved with
the addition of clarity, thoughts, visual detail, effortfulness, and confidence, while the
difference in model fit when reasoning was added approached significance (Table 11). In
addition, clarity, thoughts, visual detail, effortfulness, and confidence were all significant
predictors of control decisions (Table 12). The confidence interval for reasoning indicated
that it bordered on being a significant predictor of control decisions given that the upper
limit was 0.00. Thus, the findings were consistent with the notion that participants based
their control decisions on the information they were instructed to consider, though perhaps
to a lesser extent for reasoning. However, it was also possible that participants were
making their control decision before rating the mnemonic cues, and constructing their

Table 11
Model Fit Statistics for Logistic Mixed Effects Models Predicting Control Decisions from
the Mnemonic Cues used by Each Condition in Experiment 2
Condition

Mnemonic cue

χ2(1)

p

Confidence

Confidence

54.44

< .001

Clarity + reasoning

Clarity

42.23

< .001

Reasoning

3.78

.052

Clarity

59.00

< .001

Thoughts

12.33

< .001

Visual detail

55.97

< .001

Effortfulness

17.23

< .001

Clarity + thoughts

Visual detail + effortfulness
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Table 12
Fixed Effect Coefficients for Logistic Mixed Effects Models Predicting Control Decisions
from the Mnemonic Cues Used by Each Condition in Experiment 2
Condition

Mnemonic cue

Confidence
Clarity + reasoning

Clarity + thoughts

Visual detail + effortfulness

b

SEb

95% CIb

Confidence

1.78

0.33

1.13, 2.43

Clarity

3.01

0.49

2.04, 3.97

Reasoning

-0.95

0.48

-1.89, 0.00

Clarity

2.74

0.40

1.96, 3.52

Thoughts

-1.26

0.37

-1.98, -0.55

Visual detail

3.15

0.48

2.21, 4.09

Effortfulness

-2.63

0.70

-4.05, -1.29

ratings based on their control decision.28
I also examined the data for the manipulation check questions to determine whether
the instructions changed the participants’ conscious awareness and knowledge about the
mnemonic cues and confidence.29 Chi-square tests were used to analyse data from the
multiple choice manipulation check questions which asked what information should be
considered when judging response accuracy (Table 13) and deciding what information to
volunteer (Table 14). A separate analysis was undertaken for each mnemonic cue. The
condition(s) that was(were) instructed to use a particular mnemonic cue was(were)

28

When answering questions, participants were instructed to enter their answer, complete the mnemonic cue

ratings, and then make a control decision. However, it is possible that participants made a control decision
within their own minds prior to completing their mnemonic cue ratings.
29

Mixed effects analysis was not required for these data because there was a single observation for each

participant for all items.
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compared to all other conditions. For example, when analysing clarity, the clarity +
reasoning and clarity + thoughts conditions that were instructed to use the clarity cue were
compared to the visual detail + effortfulness and confidence conditions. Chi-square tests
were used to analyse the data from the questions that asked whether memories should be
volunteered or withheld if they were associated with high confidence or an experience of
each mnemonic (Table 15). Data for the questions that asked participants to rate how
likely memories were to be correct when they were associated with high confidence or an
experience of each mnemonic cue were analysed using t-tests (Table 16). These ratings
were on a five-point scale ranging from 0 (likely to be incorrect) to 4 (likely to be correct).
The results for the manipulation check questions revealed that participant
knowledge regarding clarity, visual detail, and confidence was similar regardless of the
instructions participants received. The majority of participants knew it was important to
consider confidence, visual detail, and clarity when judging response accuracy and making
control decisions. Furthermore, regardless of instruction condition, almost all of them
knew they should volunteer clear memories, visually detailed memories, and memories
associated with high confidence; and a majority of them also knew that clear and visually
detailed memories were likely to be correct. Although participants who received
confidence instructions rated memories associated with high confidence as being
significantly more likely to be correct than participants who did not receive confidence
instructions, the mean for both groups was on the likely to be correct side of the scale (i.e.,
above 2). This indicated that most participants were aware that memories associated with
high confidence are likely to be correct. These findings suggested that the confidence and
visual detail instructions do act as suitable control instructions. However, they also
showed that the clarity instructions were unsuccessful in altering knowledge about the
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Table 13
Percentage of Participants Citing Confidence, Visual Detail, Effortfulness, Clarity, Reasoning, and Thoughts as Important to Consider when
Judging Response Accuracy in Experiment 2
Group 1 %

Group 2 %

χ2(1)

p

φ

CR, CT & VE

61.90

50.00

0.49

.486

.10

VE

CR, CT & confidence

71.43

42.19

4.30

.038

.25

Effortfulness

VE

CR, CT & confidence

38.10

4.69

12.84

< .001

.43

Clarity

CR and CT

VE & confidence

79.07

52.38

5.60

.018

.28

Reasoning

CR

CT, VE & confidence

31.82

1.59

14.11

< .001

.45

Thoughts

CT

CR, VE & confidence

4.76

9.38

0.04

.834

.20

Mnemonic cue

Group 1

Group 2

Confidence

Confidence

Visual detail

Note. CR = clarity + reasoning, CT = clarity + thoughts, VE = visual detail + effortfulness. The phi φ coefficient is interpreted in the same way
as correlation coefficient. Thus, .10 is considered a small effect .30 is considered a medium effect and .50 is considered a large effect.
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Table 14
Percentage of Participants Citing Confidence, Visual Detail, Effortfulness, Clarity, Reasoning, and Thoughts as Important to Consider when
Deciding What Information to Volunteer in Experiment 2
Group1 %

Group 2 %

χ2(1)

p

φ

CR, CT & VE

80.95

51.56

4.49

.034

.26

VE

CR, CT & confidence

42.86

32.81

0.33

.567

.09

Effortfulness

VE

CR, CT & confidence

47.62

14.06

8.42

.004

.35

Clarity

CR and CT

VE & confidence

65.12

34.88

2.64

.104

.20

Reasoning

CR

CT, VE & confidence

50.00

5.35

18.48

< .001

.50

Thoughts

CT

CR, VE & confidence

23.81

6.25

3.46

.063

.25

Mnemonic cue

Group 1

Group 2

Confidence

Confidence

Visual detail

Note. CR = clarity + reasoning, CT = clarity + thoughts, VE = visual detail + effortfulness. The phi φ coefficient is interpreted in the same way
as correlation coefficient. Thus, .10 is considered a small effect .30 is considered a medium effect and .50 is considered a large effect.
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Table 15
Percentage of Participants Who Said Memories Should be Volunteered If They Were Associated with High Confidence or an Experience of Each
Mnemonic Cue in Experiment 2
Group1 %

Group 2 %

χ2(1)

p

φ

CR, CT & VE

100.00

100.00

-

-

-

VE

CR, CT & confidence

96.67

96.67

-

-

-

Effortfulness

VE

CR, CT & confidence

20.00

25.56

0.14

.712

.06

Clarity

CR and CT

VE & confidence

100.00

100.00

-

-

-

Reasoning

CR

CT, VE & confidence

23.22

43.33

3.01

.083

.18

Thoughts

CT

CR, VE & confidence

16.67

25.56

0.56

.455

.09

Group 1

Group 2

Confidence

Confidence

Visual detail

Note. CR = clarity + reasoning, CT = clarity + thoughts, VE = visual detail + effortfulness. The phi φ coefficient is interpreted in the same way
as correlation coefficient. Thus, .10 is considered a small effect .30 is considered a medium effect and .50 is considered a large effect.
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Table 16
Means and Standard Deviations for How Likely Participants Thought Memories Were to be Correct When They Were Associated with High
Confidence or an Experience of Each Mnemonic Cue in Experiment 2
Group1 mean

Group 2 mean

t

df

p

Cohen’s d

CR, CT & VE

3.40 (0.67)

2.67 (1.11)

4.07

93.13

< .001

0.73

VE

CR, CT & confidence

3.00 (1.31)

3.24 (0.88)

0.95

38.02

.348

-0.25

Effortfulness

VE

CR, CT & confidence

1.10 (1.03)

2.02 (1.02)

4.26

49.24

< .001

0.91

Clarity

CR and CT

VE & confidence

3.28 (0.96)

3.20 (1.10)

0.44

115.78

.659

0.08

Reasoning

CR

CT, VE & confidence

1.63 (1.30)

2.16 (1.02)

2.01

41.46

.051

0.48

Thoughts

CT

CR, VE & confidence

1.43 (1.14)

1.95 (1.08)

2.06

47.85

.044

0.48

Mnemonic cue

Group 1

Group 2

Confidence

Confidence

Visual detail

Note. CR = clarity + reasoning, CT = clarity + thoughts, VE = visual detail + effortfulness. SD’s in parentheses. Scores can range from 0 (likely
to be incorrect) to 4 (likely to be correct).
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clarity cue, and instead suggested that witnesses may base their monitoring decisions on
confidence, visual detail, and clarity without being encouraged to do so.
The manipulation check question results also revealed that the thoughts instructions had
only a minimal impact on knowledge about the thoughts cue. The findings showed that
very few participants said it was important to consider thoughts when judging response
accuracy and making control decisions, regardless of the instructions they received. There
was also no significant difference in the percentage of participants who said memories
including a lot of thoughts should be volunteered, though there seemed to be a consensus
that memories that include a lot of thoughts should not be volunteered. The only indication
that the thoughts instructions had any impact of participant knowledge about this cue was
that participants who received thoughts instructions rated memories that include a lot of
thoughts as being significantly more likely to be incorrect than participants who did not
receive thoughts instructions. Together, these results showed that the manipulation of the
thoughts cue was generally unsuccessful.
Although it appeared that the manipulations of the clarity and thoughts cues were
unsuccessful, the reasoning and effortfulness instructions did appear to have altered
participant knowledge regarding reasoning and effortfulness, respectively. A higher
percentage of participants who received reasoning instructions said reasoning was
important to consider when judging response accuracy and making control decisions
compared to participants who did not receive reasoning instructions. Participants who
received reasoning instructions also rated memories involving reasoning as more likely to
be incorrect than participants who did not receive reasoning instructions. Although this
difference did not quite reach significance, the effect size was moderate, suggesting that
the difference was meaningful. Furthermore, the mean for participants who received
reasoning instructions was on the likely to be incorrect side of the scale (i.e., above 2),
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while the mean for participants who did not receive reasoning instructions sat roughly in
the centre of the scale. Regarding effortfulness, s higher percentage of participants who
received effortfulness instructions said that effortfulness was important to consider when
judging response accuracy and making control decisions compared to participants who did
not receive effortfulness instructions. Participants who received effortfulness instructions
also rated memories perceived as being effortful to retrieve as significantly more likely to
be incorrect than participants who did not receive effortfulness instructions. The fact that
both reasoning and effortfulness instructions altered the participants’ knowledge of these
mnemonic cues suggests that people may not consider them to be as important as they
should and that they may not use them to their full potential during monitoring. .
Overall, it appeared that the instructions provided increased awareness and
knowledge of the reasoning and effortfulness cues, but not the clarity, thoughts, or visual
detail cues. The clarity, thoughts, and reasoning instructions were expected to increase
awareness and knowledge of the clarity, thoughts, and reasoning cues, respectively,
because Study 1 suggested that these mnemonic cues are not fully utilised during
monitoring. However, the visual detail and effortfulness instructions were not expected to
increase awareness and knowledge of the visual detail and effortfulness cues, respectively,
because Study 1 suggested that witnesses do fully utilise these mnemonic cues during
monitoring. The fact that the clarity and visual detail instructions did not have an impact
on awareness and knowledge of clarity and visual detail, respectively, coupled with the
fact that most participants seemed to be aware of the importance and utility of these cues,
suggested that clarity and visual detail may be considered to their full extent during
monitoring. As very few participants seemed aware of the importance and utility of the
thoughts cue, regardless of the instructions that were provided, it appears that this
manipulation was unsuccessful. However, the fact that the reasoning and effortfulness
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instructions did have an impact on awareness and knowledge of reasoning and
effortfulness, respectively, suggested that these cues may not be fully utilised during
monitoring.
The effect of instruction type on monitoring and response bias. To assess the
impact of instruction type on monitoring (i.e., type-2 discriminability), I constructed a
logistic mixed effects model which compared the clarity + reasoning, clarity + thoughts,
and visual detail + effortfulness conditions to the control condition. This analysis also
allowed me to assess the impact of the instructions on response bias. The results of the
analysis are presented in Figure 2 and the coefficients are presented in Table 17. As
explained in Chapter 2, monitoring is represented by the relative difference between the
bars for correct and incorrect responses, while response bias is represented in the figure by
the combined height of the correct and incorrect bars.
The results showed that monitoring did not differ significantly between the
confidence condition and any of the experimental conditions. Figure 2 shows the relative
difference between the bars for correct and incorrect responses is similar across conditions.
However, in comparison to the confidence condition, the difference is slightly smaller for
the clarity + reasoning and clarity + thoughts conditions and slightly larger for the visual
detail + effortfulness condition. Consistent with this, the coefficients for the clarity +
reasoning and clarity + thoughts condition were negative, indicating that these conditions
had less effective monitoring than the confidence condition, though not significantly so. In
addition, the positive coefficient for the visual detail + effortfulness condition indicated
that this condition had more effective monitoring than the confidence condition, though not
significantly so. The lack of a significant difference in monitoring was confirmed by the
model fit comparison which showed that adding the interaction between condition and
response accuracy to the model did not significantly improve fit, χ2 (3) = 1.51, p = .680.
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Figure 2. Predicted log odds of volunteering correct and incorrect answers as a function of
the type of instructions provided in Experiment 2.

The results also showed that response bias did not differ significantly between the
confidence condition and any of the experimental conditions. Figure 2 also shows that the
combined height of the correct and incorrect bars is similar across conditions; though it is
slightly lower for each experimental condition than for the confidence condition. Indeed,
all the coefficients for response bias were negative. This indicated that the experimental
conditions were less likely to volunteer than the confidence condition, though not
significantly so. The lack of a significant difference in response bias was confirmed by the
model fit comparison which showed that adding condition to the model did not
significantly improve fit, χ2 (3) = 1.81, p = .613. In addition, there was a very strong bias
against withholding as the mean proportion of withheld responses was just 0.16 (SD =
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0.14) across conditions while the mean proportion of incorrect responses was .33 (SD =
0.12).

Table 17
Fixed Effects Coefficients for Response Bias and Monitoring for the Clarity + Reasoning,
Clarity + Thoughts, and Visual Detail + Effortfulness Conditions in Comparison to the
Confidence Condition in Experiment 2
Response bias
Condition

b

SEb

95% CIb

Clarity + reasoning

-0.41

0.34

-1.07, 0.26

Clarity + thoughts

-0.39

0.34

-1.05, 0.28

Visual detail + effortfulness

-0.35

0.34

-1.02, 0.33

Monitoring
Clarity + reasoning

-0.15

0.40

-0.93, 0.64

Clarity + thoughts

0.22

0.41

-0.59, 1.02

Visual detail + effortfulness

-0.27

0.41

-1.08, 0.54

The effect of instruction type on accuracy and quantity. As there was no
evidence that monitoring was significantly improved (or impaired) as a result of the
instructions, I did not expect any significant differences in accuracy or quantity between
the conditions, despite my initial predictions. Consistent with this, the results of a logistic
mixed effect analysis showed that accuracy did not differ significantly between the control
condition and any of the experimental conditions (see Table 18 for coefficients and Table
19 for estimated proportions). The lack of a significant difference in accuracy was
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confirmed by the model fit comparison which showed that adding condition to the model
did not significantly improve fit, χ2 (3) = 0.88, p = .830. Similarly, the results of another
logistic mixed effects model showed that quantity did not differ significantly between the
control condition and any of the experimental conditions. The lack of a significant
difference in quantity was confirmed by the model fit comparison which showed that
adding condition to the model did not significantly improve fit, χ2 (3) = 2.74, p = .434.

Table 18
Fixed Effects Coefficients for Accuracy and Quantity for the Clarity + Reasoning, Clarity
+ Thoughts, and Visual Detail + Effortfulness Conditions in Comparison to the
Confidence Condition in Experiment 2
Accuracy
Condition

b

SEb

95% CIb

Clarity + reasoning

0.10

0.31

-0.50, 0.70

Clarity + thoughts

-0.14

0.25

-0.63, 0.35

Visual detail + effortfulness

-0.19

0.26

-0.69, 0.31

Quantity
Clarity + reasoning

-0.23

0.24

-0.69, 0.23

Clarity + thoughts

-0.33

0.24

-0.79, 0.14

Visual detail + effortfulness

-0.36

0.24

-0.82, 0.11
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Table 19
Estimated Proportions for Accuracy and Quantity for Each Condition in Experiment 2
Condition

Accuracy

Quantity

Confidence

.75

.73

Clarity + reasoning

.76

.68

Clarity + thoughts

.72

.65

Visual detail + effortfulness

.71

.65

Discussion
My aim in Experiment 2 was to test whether mnemonic cue instructions could
improve monitoring and subsequently allow people to maximise the quantity and accuracy
of their eyewitness memory reports. Contrary to predictions, the results revealed that
monitoring was not improved by providing witnesses with information about the clarity
cue in combination with either the reasoning cue or the thoughts cue. In line with this, the
mnemonic cue instructions did not have a significant impact on quantity or accuracy. The
lack of improvement in monitoring for the clarity + thoughts condition was likely due the
unsuccessful manipulation, and it was possible the clarity + reasoning instructions were
unable to improve monitoring because reasoning is not a reliable predictor of response
accuracy. I would not expect providing information about a mnemonic cue that is not
diagnostic of response accuracy to improve monitoring. However, there are two other
possible explanations regarding the ineffectiveness of the clarity + reasoning instructions
which are discussed in detail below. These explanations could also explain why the visual
detail + effortfulness instructions did not have an impact on monitoring, quantity, or
accuracy.
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It was possible that the mnemonic cue instructions did not improve monitoring
because of the way participants made their control decisions. Overall, participants
withheld a mean proportion of 0.16 responses (SD = 0.14). This was despite the fact that
they retrieved a mean proportion of 0.33 incorrect responses (SD = 0.12). While this could
indicate that the participants were simply overestimating the accuracy of their memory, it
was also possible that the response format of the questions biased them towards
volunteering. Several studies have explored similar commitment effects for mugshot
exposure prior to a line-up (Brigham & Cairns, 1988; Dysart, Lindsay, Hammond, &
Dupuis, 2001; Goodsell, Gronlund, & Neuschatz, 2015; Gorenstein & Ellsworth, 1980;
Memon, Hope, Barlett, & Bull, 2002). Research employing the mugshot commitment
design presents participants with a target face and has them view a series of mugshots that
do not include the offender. Participants are encouraged to select one of the innocent
individuals from the mugshots. During a subsequent line-up, participants are highly likely
to falsely identify the person from the mugshot as the offender, even when the actual
offender is present. Although no theoretical account if offered for this commitment effect
in the literature, it is possible that the participants from Experiment 2 were also
experiencing a commitments effect. Specifically, as participants in Experiment 2 entered
each answer before making a control decision, they may have felt committed to the
answers they entered, and consequently felt compelled to volunteer them, though this
explanation is purely speculative. The instructions given to participants may not have been
strong enough to overcome this bias towards volunteering.
It was also possible that the reasoning and effortfulness instructions were unable to
improve monitoring because they were overshadowed by the clarity and visual detail
instructions. The results for the manipulation check questions indicated that participants
who received instructions about clarity and visual detail did not differ from the other
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participants in terms of their level of knowledge about these cues. However, the results
also showed that the reasoning and effortfulness instructions did impact on participants’
knowledge about these cues. It may be that when participants were given instructions
about clarity and reasoning or visual detail and effortfulness, they focussed on using the
mnemonic cue that was familiar to them (i.e., clarity or visual detail) at the expense of
using the mnemonic cue that could have been more helpful (i.e., reasoning or
effortfulness). Thus, the reasoning and effortfulness instructions may have been
ineffective because, although they increased knowledge about an appropriate mnemonic
cue, they may not have changed usage of the appropriate mnemonic cue. In line with this
explanation, the results showed that reasoning bordered on being a significant predictor of
control decisions. Conversely, effortfulness was found to be a significant predictor of
control decisions. However, it may be that effortfulness was not being used extensively
enough to have an effect on monitoring. Indeed, the coefficients indicated that visual
detail was a stronger predictor of control decisions than effortfulness.
In sum, Experiment 2 provided evidence that mnemonic cue instructions do not
improve monitoring or allow people to maximise the quantity and accuracy of their
eyewitness memory reports. However, it was also possible that the mnemonic cue
instructions were unable to improve monitoring because the method via which participants
responded to questions produced an extremely strong bias towards volunteering.
Furthermore, it could also be that improvements in monitoring were prevented by the
mnemonic cue combinations that were used because the mnemonic cue pairs consisted of a
familiar and regularly used cue and a potentially less familiar and used cue. These
possibilities were explored in Experiment 3 by altering the mnemonic cue instructions and
having participants answer the recall questions in two phases; an initial free-report phase
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and second phase in which they provided responses to any unanswered questions from
phase one.
Experiment 3
Experiment 3 aimed to further explore whether providing people with information
about particular mnemonic cues can improve their monitoring ability and allow them to
maximise the quantity and accuracy of their eyewitness memory reports. The basic
procedure of Experiment 3 was the same as Experiment 2. However, I altered the way
participants made their control decisions based on the findings obtained in Experiment 2.
In the discussion section of Experiment 2, I explained that the response format of the
questions may have led participants to avoid withholding. Specifically, participants could
have felt compelled to volunteer their responses to the recall questions because they
entered them prior to making a control decision. Therefore, to address this limitation,
Experiment 3 utilised a two-phase reporting procedure which more closed aligned with the
approaches used in the literature for obtaining responses (see Koriat & Goldsmith, 1996;
Weber & Brewer, 2008). Participants first answered the recall questions in a free-report
manner by either volunteering an answer or saying don’t know. In a second forced-report
phase, participants provided responses to all the questions for which they selected the don’t
know response, as this data is required in order to conduct the Type-2 SDT analyses.
While the phases are typically presented in the opposite order in the literature (i.e., forcedreport followed by free-report), presenting the free-report phase first meant that the
experiment duration could be minimised as not all questions needed to be repeated in the
forced-report phase.
Experiment 3 consisted of one control condition and two experimental conditions.
In contrast to Experiment 2, the control condition did not receive any cue-related
instructions or instructions about confidence. The decision not to include a no-instruction
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control condition in Experiment 2 was based on Koriat and Goldsmith’s (1996)
metamemory framework which proposes that people use confidence to judge response
accuracy. However, in retrospect, I acknowledged the possibility that while people may
use confidence during monitoring without being encouraged to do so, explicitly instructing
them to consider confidence may cause them to examine their memories more closely than
they would without such instruction, potentially leading to improved monitoring. Thus, a
no-instruction control condition was included in Experiment 3. The first experimental
condition received reasoning instructions while the second received effortfulness
instructions. Instructions about clarity and visual detail were omitted for two reasons.
First, the results of Experiment 2 indicated that people consider these cues during
monitoring without being instructed to, 30 and therefore, instructions about them would not
be expected to improve monitoring. Second, it was possible that the inclusion of clarity
and visual detail instructions prevented the reasoning and effortfulness instructions from
having an impact on monitoring in Experiment 2, as explained in the discussion section for
that experiment. Thus, omitting the clarity and visual detail instructions in Experiment 3
allowed me to examine this as a potential explanation for the findings observed in
Experiment 2.
Including conditions that only received reasoning or effortfulness instructions, also
allowed me to explore the inconsistent findings of Study 1 and Experiment 2. Although
reasoning was found to be a significant predictor of response accuracy in Study 1, it was
not in Experiment 2, and it was not possible to determine whether the result for Study 1
was a Type I error or whether the result for Experiment 2 was a Type II error. Similarly,
the results of Study 1 suggested that people may consider effortfulness during monitoring
without being instructed to, while the findings of Experiment 2 suggested the opposite and
30

Study 1 also suggested that people consider visual detail during monitoring without instruction.
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indicated that effortfulness may be a reliable predictor of response accuracy. Therefore,
including experimental conditions that either received reasoning or effortfulness
instructions (and ratings) allowed me to obtain further evidence about how these cues
relate to accuracy and whether encouraging their use can improve monitoring.
I predicted that the reasoning and effortfulness conditions would have better
monitoring (i.e., type-2 discriminability) than the control condition. However, as explained
in the introduction of Experiment 2, the impact of any improvements in monitoring on
quantity and accuracy could manifest in different ways. For accuracy to be improved there
needs to be (i) an increase in the amount of correct information being volunteered, (ii) a
decrease in the amount of incorrect information being volunteered, or (iii) a combination of
both. Each of these options constitutes an improvement in monitoring. Thus, if the
reasoning and effortfulness conditions exhibited better monitoring than the control
condition, accuracy was also expected to be higher for the reasoning and effortfulness
conditions than for the control conditions. However, to avoid reducing quantity, the
proportion of retrieved information that is both correct and volunteered must be
maximised. This means that I only expected quantity to be higher for the reasoning and
effortfulness conditions if they volunteered a higher amount of correct information than the
control condition.
Method
Participants. Ninety participants31 (66 females and 24 males) took part in the
study for course credit or payment ($15). All had normal or corrected-to-normal vision
and spoke English as their first language. Participants ranged in age from 17 to 39 (M =
21.84, SD = 5.13).
31

Before data collection began we decided to recruit 90 participants, 30 per condition. I ended data

collection in the week that I reached 90 participants.
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Materials.
Stimulus video and recall task. Participants viewed the same video that was used
in Study 1 and Experiment 2 and completed the same modified recall task from
Experiment 2.
Monitoring instructions. Participants either received reasoning instructions,
effortfulness instructions or no cue-related or confidence instructions. The reasoning
instructions informed participants that memories involving reasoning are likely to be
incorrect, and that they should respond don’t know when their memory involves reasoning.
Similarly, the effortfulness instructions informed participants that memories that are
effortful to retrieve are likely to be incorrect, and that they should respond don’t know
when their memory is effortful to retrieve.
Mnemonic cue rating scales. Participants in the reasoning and effortfulness
conditions completed ratings of reasoning and effortfulness, respectively, in the same way
as Study 1 and Experiment 2. As explained in the methodology section of Experiment 2,
these ratings constituted a second part of the manipulation as they served as a reminder to
the participants that they should consider the mnemonic cues throughout the recall task.
Manipulation check questions. The first two manipulation check questions were
open-ended and asked what information participants should use when judging whether
their memory is correct and what information they should use when deciding whether to
volunteer an answer or respond don’t know. These questions were included to determine
whether participants could spontaneously recall the information given in the instructions.
A marking guide was constructed to code these responses, and coding was completed by
me and an independent rater on a sample of the data from 12 randomly selected
participants. There was an acceptable level of interrater agreement, κ = .81 [.68, .94].
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Responses were coded using seven categories: reasoning, effortfulness, confidence, visual
detail, retrieval fluency, don’t know, and other. Some participants were assigned several
codes as they provided multiple responses.
Participants also completed 10 other manipulation check questions that asked how
important different types of information were to consider when judging correctness and
making don’t know decisions. Although I was primarily interested in the participants’
perceptions of the importance of considering effortfulness and reasoning, I also included
questions about retrieval fluency, confidence, and visual detail to minimise demand effects.
Participants rated the importance of each cue on a five-point rating scale ranging from 0
(not at all important) to 4 (extremely important).
Procedure. After giving informed consent, participants were randomly assigned to
one of three levels of the only manipulation: reasoning, effortfulness, or control (n = 30 in
each condition). Participants were shown the video and completed the 10-min maze filler
task that was used in Study 1 and Experiment 2. All participants completed the experiment
on a computer.
After the filler task, participants received their monitoring instructions (the exact
wording of all instructions is provided in Appendix D). These instructions were repeated
after a practice question (also provided in Appendix D), and participants then completed
the recall task. When presented with filter questions, participants had two response
options, yes and no. When they said yes, they were presented with a closed follow-up
question. Participants were asked to think of their best possible answer before proceeding.
After indicating that they had retrieved an answer, but without reporting the answer,
participants in the reasoning and effortfulness conditions rated reasoning and effortfulness,
respectively. Participants in the control condition did not complete any ratings. All
participants were then asked whether they would like to provide the answer they had in
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mind or say don’t know. When they indicated that they wanted to provide the answer, the
question was presented again with a text box to type the answer. When participants had
responded to all of the questions, they were asked to provide an answer to the questions
that had received a don’t know response. Participants were asked to think back to the
answer they had in mind when they were first presented with the question. Before being
presented with these questions, participants were told that although saying don’t know
when they are unsure is good; the purpose of asking for responses to these questions was to
get an idea of what their best guess was. No other ratings were made in this phase of the
experiment. Upon completion of the questions, all participants responded to the
manipulation check questions.
For each question in the recall task I measured only: (i) the participant’s response,
(ii) the score they gave on the rating scale (reasoning and effortfulness conditions only),
(iii) whether they chose to volunteer or withhold the answer (closed questions only), and
(iv) the reaction time for each of these responses. Responses to the manipulation check
questions, and the reaction times of these responses were also recorded (none of the
reaction time data were analysed).
Results
The relationship between mnemonic cues and response accuracy. As in
Experiment 2, I assessed whether the mnemonic cues predicted response accuracy. The
results of a logistic mixed effects model showed that reasoning was not a significant
predictor of response accuracy, b = -0.10, SEb = 0.09, [-0.28, 0.08], and adding it to the
model did not significantly improve fit, χ2 (1) = 1.20, p = .272.32 However, the results of
another logistic mixed effects model showed that effortfulness was a significant predictor
32

As only participants in the reasoning condition completed these ratings, this analysis only includes the

reasoning condition.
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of response accuracy, b = -0.26, SEb = 0.09, [-0.43, -0.08], and its addition to the model
significantly improved fit, χ2 (1) = 8.04, p = .004.33 Thus, it appeared that while the
effortfulness cue was a reliable predictor of response accuracy, the reasoning cue was not.
Manipulation checks. To assess the success of the manipulations, I initially
examined whether reasoning and effortfulness predicted control decisions. The results of a
logistic mixed effect model showed that reasoning was a significant predictor of control
decisions, b = -4.06, SEb = 1.11, [-6.23, -1.89], and adding it to the model significantly
improved fit, χ2 (5) = 312.46, p < .001. Similarly, effortfulness was a significant predictor
of control decisions, b = -2.89, SEb = 0.84, [-4.53, -1.25], and adding it to the model
significantly improved fit, χ2 (5) = 332.75, p < .001. The direction of these relationships
was consistent with the instructions participants received. Specifically, participants in the
reasoning and effortfulness conditions were more likely to withhold responses that were
associated with high reasoning or effortfulness ratings, respectively. Thus, the findings
were consistent with the notion that participants based their control decisions on the
information they were instructed to consider. However, it is also possible that participants
were making their control decision before rating the mnemonic cue, and constructing their
rating based on their control decision.34
Next, I examined data for the open-ended manipulation check questions that asked
what information should be considered when judging response accuracy and responding
don’t know. I used chi-square tests to assess the percentage of participants who cited

33

As only participants in the effortfulness condition completed these ratings, this analysis only includes the

effortfulness condition.
34

When answering questions, participants were instructed to bring an answer to mind, complete the

mnemonic cue rating, and then make a control decision. However, it is possible that participants made a
control decision within their own minds prior to completing their mnemonic cue rating.
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reasoning and effortfulness in response to these questions (Table 20).35 The reasoning
condition was compared to a group containing the effortfulness and control conditions, and
the effortfulness condition was compared to a group containing the reasoning and control
conditions. The results showed that a higher percentage of participants in the reasoning
condition cited reasoning as important to consider when judging response accuracy and
responding don’t know compared to the effortfulness and control conditions. Similarly, a
higher percentage of participants in the effortfulness condition cited effortfulness as
important to consider when judging response accuracy and responding don’t know
compared to the reasoning and control conditions. Thus, it appeared that the instructions
did alter the participants’ perceptions of what information is important to consider when
judging response accuracy and responding don’t know.
However, the percentages also indicated that the manipulation may have been
ineffective for a large number of participants. In the effortfulness condition the percentage
of participants citing effortfulness was quite low (i.e., below 30%), and in the reasoning
condition the percentage of participants citing reasoning did not exceed 50%. These
percentages suggested that many participants either did not remember the instructions, or
were unable to spontaneously recall them, which could indicate that the manipulations
were unsuccessful. Alternatively, it was possible that participants did not realise they were
being asked about the instructions they received. For each open-ended manipulation check
question, 14.44% of participants either left the question blank, or said they were unsure
about what information they should consider when judging response accuracy and
responding don’t know. Thus, the participants may have been confused about how to
answer the open-ended manipulation check questions. Some may have thought the
35

Mixed effects analysis was not required for these data because there was a single observation for each

participant for all items.
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Table 20
Percentage of Participants Who Said Reasoning and Effortfulness Were Important to Consider When Judging Response Accuracy and
Responding Don’t Know in Experiment 3
Judging accuracy
Group 1

Group 2

Group 1 %

Group 2 %

χ2(1)

p

φ

Reasoning

R

E&C

33.33

5.00

10.80

.001

.38

Effortfulness

E

R&C

26.67

3.33

8.79

.003

.35

Mnemonic cue cited

Responding don’t know
Reasoning

R

E&C

43.33

6.67

15.24

< .001

.44

Effortfulness

E

R&C

16.67

0.00

7.65

.005

.34

Note. R = reasoning, E = effortfulness, C = control
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question was asking what information they thought was important to consider, others may
have thought that it was asking what information they had been told was important to
consider, and some obviously did not understand what was being asked. Thus, it was
difficult to judge the effectiveness of the mnemonic cue instructions based on the results
for the open-ended manipulation check questions. However, based on the assumption that
these manipulation check questions were assessing the information participants were told
was important, it appeared that the reasoning manipulation may have only been successful
for approximately half of participants, while the effortfulness manipulation may have only
been successful for approximately a third of participants.
Finally, I examined the manipulation check questions that asked how important it is
to consider reasoning and effortfulness when judging response accuracy and responding
don’t know. The data were analysed using t-tests and a separate analysis was conducted
for each question (Table 21).36 For questions that asked about reasoning, the reasoning
condition was compared to a group containing the effortfulness and control conditions,
while for questions that asked about effortfulness, the effortfulness condition was
compared to a group containing the reasoning and control conditions. The results showed
that participants in the reasoning condition rated reasoning as significantly more important
to consider when making don’t know decisions compared to the other conditions, though
they did not rate reasoning as significantly more important to consider when judging
response accuracy. However, the latter difference did approach significance and the effect
size was moderate which suggested that the difference may be meaningful. Participants in
the effortfulness condition rated effortfulness as significantly more important to consider
when judging response accuracy compared to participants in the reasoning and control
36

Mixed effects analysis was not required for these data because there was a single observation for each

participant for all items.
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Table 21
Means and Standard Deviations for How Important Participants Thought Reasoning and Effortfulness Were To Consider When Judging
Response Accuracy and Responding Don’t Know in Experiment 3
Judging correctness
Group 1

Group 2

Group1 mean

Group 2 mean

t

df

p

Cohen’s d

Reasoning

R

E&C

2.93 (1.05)

2.52 (0.81)

1.91

46.97

.062

0.47

Effortfulness

E

R&C

3.17 (0.70)

2.47 (0.99)

4.02

76.43

< .001

0.77

Mnemonic cue

Responding don’t know
Reasoning

R

E&C

2.90 (0.92)

0.96 (0.57)

2.55

59.99

.013

0.57

Effortfulness

E

R&C

2.77 (0.94)

2.56 (0.99)

1.03

59.72

.309

0.22

Note. R = reasoning, E = effortfulness, C = control. SD’s in parenthesis. Scores can range from 0 (not at all important) to 4 (extremely
important).
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conditions, though they did not rate effortfulness as significantly more important to
consider when making don’t know decisions. This could indicate that participants were not
basing their control decisions on effortfulness, though the mixed effects analysis suggested
that effortfulness was predictive of control decisions.
Overall, it appeared that the reasoning instructions were successful in changing the
participants’ awareness and knowledge about reasoning, though it is possible that the
manipulation was not successful for all participants based on the open-ended manipulation
check questions. The success of this manipulation may be problematic given that
reasoning was not found to be a significant predictor of response accuracy. Encouraging
usage of a mnemonic cue that is not predictive of response accuracy would not be expected
to improve monitoring and could even worsen monitoring if its usage results in the neglect
of other mnemonic cues that are diagnostic of response accuracy. The results also
indicated that the effortfulness manipulation may have only been successful for around a
third of participants.
The effect of instruction type on monitoring and response bias. To assess the
impact of instruction type monitoring (i.e., type-2 discriminability), a logistic mixed effects
model was constructed that compared the reasoning and effortfulness conditions to the
control condition. This analysis also allowed me to assess the impact of the instructions on
response bias. The results of the analysis are presented in Figure 3 and the coefficients are
presented in Table 22. Recall that monitoring is represented by the relative difference
between the bars for correct and incorrect responses and response bias is represented by the
combined height of the correct and incorrect bars.
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Predicted Log Odds of Volunteering

3

2
Incorrect

Correct
1

0
Effortfulness

Control

Reasoning

Figure 3. Predicted log odds of volunteering correct and incorrect answers as a function of
the type of instructions provided in Experiment 3.

Table 22
Fixed Effects Coefficients for Response Bias and Monitoring for the Reasoning and
Effortfulness Conditions in Comparison to the Control Condition in Experiment 3
Response bias
Condition

b

SEb

95% CIb

Reasoning

-0.34

0.33

-0.98, 0.30

Effortfulness

-0.25

0.33

-0.89, 0.40

Monitoring
Reasoning

0.41

0.43

-0.40, 1.23

Effortfulness

0.18

0.40

-0.60, 0.97
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The results showed that monitoring did not differ significantly between the control
condition and the reasoning or effortfulness conditions. Figure 3 shows that the relative
difference between the bars for correct and incorrect responses is similar across conditions.
However, the difference is slightly larger for the reasoning and effortfulness conditions
than for the control condition. Consistent with this, positive coefficients were observed for
the reasoning and effortfulness conditions, indicating that these conditions had more
effective monitoring than the control condition, though not significantly so. The lack of a
significant difference in monitoring was confirmed by the model fit comparison which
showed that adding the interaction between condition and response accuracy to the model
did not significantly improve fit, χ2 (2) = 0.93, p = .627.
The results also showed that response bias did not differ significantly between the
control condition and the reasoning or effortfulness conditions. Figure 3 shows that the
combined height of the correct and incorrect bars is similar across conditions; though it is
slightly lower for the reasoning and effortfulness conditions than for the control condition.
Indeed, both coefficients for response bias were negative. This indicated that the reasoning
and effortfulness conditions were less likely to volunteer than the control condition, though
not significantly so. The lack of a significant difference in response bias was confirmed by
the model fit comparison which showed that adding condition to the model did not
significantly improve fit, χ2 (2) = 1.11, p = .574. In addition, there was a very strong bias
against withholding as the mean proportion of withheld responses was just 0.19 (SD =
0.13) across conditions.
The effect of instruction type on accuracy and quantity. As there was no
evidence that monitoring was significantly improved (or impaired) as a result of the
instructions, I did not expect any significant differences in accuracy or quantity between
the conditions, despite my initial predictions. Consistent with this, the results of a logistic
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mixed effects model showed that accuracy did not differ significantly between the control
condition and the reasoning or effortfulness conditions (see Table 23 for coefficients and
Table 24 for estimated proportions). The lack of a significant difference in accuracy was
confirmed by the model fit comparison which showed that adding condition to the model
did not significantly improve fit, χ2 (2) = 1.61, p= .448. Similarly, the results for another
logistic mixed effects model showed that quantity did not differ significantly between the

Table 23
Fixed Effect Coefficients for Logistic Mixed Effects Models Predicting Accuracy and
Quantity from Instructions Type in Experiment 3
Accuracy
Instruction type

b

SEb

95% CIb

Reasoning

0.33

0.29

-0.25, 0.91

Effortfulness

0.29

0.26

-0.22, 0.79

Quantity
Reasoning

0.07

0.26

-0.44, 0.59

Effortfulness

-0.03

0.26

-0.53, 0.48

Table 24
Estimated Proportions for Accuracy and Quantity for Each Condition in Experiment 3
Condition

Accuracy

Quantity

Control

.73

.50

Reasoning

.79

.52

Effortfulness

.78

.50
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control condition and reasoning or effortfulness conditions. The lack of a significant
difference in quantity was confirmed by the model fit comparison which showed that
adding condition to the model did not significantly improve fit, χ2 (2) = 0.14, p = .930.

Discussion
The aim of Experiment 3 was to further explore whether mnemonic cue instructions
could improve monitoring and subsequently allow people to maximise the quantity and
accuracy of their eyewitness memory reports. The results showed that reasoning and
effortfulness instructions did not produce an improvement in monitoring, and quantity and
accuracy were not significantly affected by the instructions. It is likely that the reasoning
instructions were unable to improve performance because this cue is not a reliable
predictor of response accuracy. I will return to this point in the general discussion of this
chapter as it is also relevant to Experiment 2. There was also some indication that the
effortfulness instructions may not have changed the way participants used this cue when
making control decisions, which could explain why receiving instructions about
effortfulness did not improve performance. This finding could indicate that people
consider effortfulness when making control decisions without being encouraged to do so.
However, if this were the case, I would not have expected participants who received
effortfulness instructions to rate effortfulness as significantly more important to consider
when judging response accuracy than participants who did not receive such instructions.
Thus, two other explanations for the ineffectiveness of the effortfulness instructions are
more plausible. First, participants may not have remembered or believed the effortfulness
instructions, meaning they did not use effortfulness to make their control decisions.
Second, the effortfulness instructions may not have been strong enough to affect a change
in control decisions.
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The findings of Experiment 3 also allowed me to rule out the explanations I
proposed for the findings observed in Experiment 2. The fact that monitoring, quantity,
and accuracy remained unchanged by the reasoning and effortfulness instructions even
though the clarity and visual detail instructions were omitted in Experiment 3 suggested
that the clarity and visual detail cues were not overshadowing the reasoning and
effortfulness cues in Experiment 2. Similarly, the inability of the mnemonic cue
instructions to improve monitoring in Experiment 2 cannot be explained by the response
format that was used, which asked participants to enter their responses prior to making a
control decision. If response format was responsible for the low withholding rate observed
in Experiment 2, I would have expected higher withholding rates in Experiment 3 because
participants did not know they would be asked to answer the questions to which they
responded don’t know. Contrary to this, similarly low withholding rates were observed
across both studies, suggesting that the low withholding rates observed in Experiment 2
were not the result of a commitment effect.
General Discussion
The results of Experiments 2 and 3 suggested that providing people with
information about mnemonic cues does not improve their monitoring ability or help them
maximise the quantity and accuracy of their eyewitness memory reports. In contrast to
Study 1, reasoning ratings did not reliably predict response accuracy, which is likely to
explain why the reasoning instructions were unsuccessful. However, this explanation did
not hold for the effortfulness instructions as ratings of effortfulness were found to reliably
predict response accuracy across Experiments 2 and 3, though these ratings did not predict
accuracy in Study 1. A brief discussion of the discrepancies between Study 1 and
Experiments 2 and 3 is provided below. Following this discussion, a potential explanation
for the inability of the effortfulness instructions to improve monitoring is considered.
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Finally, a potential reason behind the low withholding rates observed across Experiments 2
and 3 is explored.
The discrepancies observed between Study 1 and Experiments 2 and 3 may be
explained by differences in the cues participants were considering across these studies. In
Study 1, participants completed ratings for seven mnemonic cues while in Experiments 2
and 3 participants only completed ratings for one or two mnemonic cues. It is possible that
reasoning was found to be a significant predictor of response accuracy in Study 1 because
this rating was informed by some of the other ratings. For example, reasoning was highly
correlated with both thoughts and effortfulness in Study 1. Thus, participants may have
been using effortfulness and thoughts to make their reasoning judgments, and when these
mnemonic cues were no longer considered alongside reasoning in Experiments 2 and 3,
participants could not adequately judge reasoning. Similarly, it is possible that rating
reasoning and thoughts detracted from the effortfulness ratings in Study 1. For example, it
may be that much of what is considered to be effortfulness was captured in the reasoning
and thoughts ratings in Study 1, reducing the ability of the effortfulness rating to predict
response accuracy. Thus, in Experiments 2 and 3, when reasoning and thoughts were not
rated in conjunction with effortfulness, participants may have considered these cues when
making their effortfulness ratings, causing the effortfulness ratings to be a stronger
predictor of response accuracy.
The effortfulness instructions may have been unable to improve monitoring
because witnesses require additional information about the accuracy of eyewitness memory
in order to fully utilise the effortfulness cue. As explained in Chapter 1, warnings about
potential memory errors have sometimes been found to reduce the DRM false recognition
effect (McCabe & Smith, 2002; Starns et al., 2007) and the misinformation effect
(Christiaansen & Ochalek, 1983; Echterhoff et al., 2007; Oeberst & Blank, 2012; Szpitalak
111

& Polczyk, 2010). For example, Starns et al. (2007) warned participants about the
associative nature of DRM lists after participants had studied the lists and informed them
that people often falsely recognise critical theme words as having been studied. This
warning reduced the DRM false recognition effect, increased the participants’ ability to
discriminate between studied words and critical theme words, and induced a more
conservative response bias (i.e., more withholding). While much of the reduction in the
DRM false recognition effect was accounted for by improved discrimination, response bias
also played a significant, albeit smaller, role. Thus, it may be important to alter response
bias so that people can maximise the quantity and accuracy of their eyewitness memory
reports. For example, consider a witness whose average confidence in incorrect memories
drops from 70% to 60% in response to mnemonic cue instructions. If this witness sets
their response criterion at 60%, the improvement in monitoring will have little impact on
the false alarm rate because many incorrect memories will still be above the criterion. It
may be that making witnesses more aware of the limitations of their memory will prompt
them to consider the accuracy of their memories more carefully and allow them to make
better use of the effortfulness cue when they receive instructions about it. This, in turn,
should lead them to withhold more inaccurate information because effortfulness appears to
be a reliable predictor of accuracy that witnesses do not utilise fully without instruction.
Thus, in addition to informing witnesses about effortfulness, they may also need to be
explicitly informed that they are likely to recall memories that are incorrect.
Evidence suggests that providing information about the limitations of memory
accuracy may be effective because people often have misconceptions about memory,
particularly in relation to accuracy. In a study comparing monitoring ability in an
eyewitness recall task and a general knowledge test, Perfect (2004, Experiment 2) found
that participants believed they would perform better on the eyewitness memory task than
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the general knowledge test prior to undertaking the tasks. However, performance was not
significantly better in the eyewitness task, and ratings of predictive success were unrelated
to performance on the eyewitness task. This finding suggests that witnesses may
overestimate their ability to correctly remember details about a crime. The results of
Experiments 2 and 3 seem to support this argument given that participants did not withhold
information very often, indicating that they may have had an unwarranted level of trust in
the information that came to mind. Consistent with this idea, Simons and Chabris (2011)
found that 63% of people from a representative sample of the US population believed that
human memory works like a video camera and accurately records events for later
inspection. Thus, it seems that people may believe that memory is more accurate than it
actually is.
In addition, research into judgments of learning has revealed that people’s beliefs
can affect their metacognitive judgments (Mueller, Tauber, & Dunlosky, 2012).
Judgments of learning (JOLs) are predictions about the likelihood of remembering studied
information (Dunlosky & Metcalfe, 2009), and people generally give higher judgments
(indicating a greater likelihood or remembering) to word pairs that are related as opposed
to unrelated, which is termed the relatedness effect (Mueller et al., 2012). Mueller et al.
(2012, Experiment 2) examined whether people based their JOLs on beliefs about the
relatedness of word pairs. Participants either made their JOLs immediately after studying
each word pair, or prior to study. Before making pre-study JOLs, participants were told
whether the forthcoming word pair would be related or unrelated. The results showed that
pre-study JOLs did produce a relatedness effect, albeit to a smaller degree than immediate
JOLs. Thus, people’s beliefs about relatedness affected their judgments about the
likelihood of remembering word pairs that they had not yet studied. This finding illustrates
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that metacognitive judgments can be based, at least partially, on beliefs about memory,
meaning that modifying beliefs may improve metacognitive performance.
The low withholding rates observed in Experiments 2 and 3 could also have been
due to the type of questions that were used. Accuracy is generally better when questions
are open-ended rather than specific and closed (Lipton, 1977), and accuracy rates of more
than 90% are often achieved under free-recall conditions (Fisher, 1995). Powell, Fisher,
and Wright (2005) have argued that open-ended questioning may allow witnesses to
exercise more control over what they volunteer. Thus, the use of closed questions in
Experiments 2 and 3 may have inhibited the participants’ natural control mechanism,
potentially causing them to volunteer incorrect information that they would have withheld
under open-ended questioning conditions. For example, participants may set a very liberal
response criterion when closed questions are used. This would lead to a greater number of
incorrect details being volunteered because a lower level of confidence would be required
to justify volunteering an answer, and answers associated with lower confidence are less
likely to be correct (Koriat & Goldsmith, 1996). Witnesses may set a more liberal
response criterion when answering closed questions than open-ended questions because
they feel more obliged to volunteer information. Indeed, evidence from Ackerman and
Goldsmith (2008) suggests that people do avoid leaving a large number of questions
unanswered during general knowledge tests in which the questions are closed. As closed
questions are specific and direct, instances of withholding are obvious because the witness
must explicitly state that they cannot remember or do not know the answer. Conversely, as
open-ended questions are general and allow for extended responses about a variety of
details, instances of withholding are subtle (perhaps unnoticeable) as it is likely that at least
some information could be provided in response to such questions. Thus, closed questions
may cause witnesses to withhold less information than open-ended questions because they
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feel uncomfortable withholding when closed questions are used. This discomfort may
stem from the maxim of quantity proposed by Grice (1975) whereby the social norms of
conversation dictate that people should provide as much information as possible.
It is also possible that the closed questions used Experiments 2 and 3 inhibited the
participants’ ability to distinguish between correct and incorrect memories (i.e.,
monitoring), or that the closed questions simply prompted the retrieval of more inaccurate
information than open-ended questions would have. Monitoring ability may have been
impaired because closed questions allowed incorrect details to come to mind more quickly
and easily than they would have if open-ended questions had been used. Specifically, the
presence of the retrieval cues that were not available during open-ended questioning may
have provided easier access to the memory, creating an illusion of fluency. This, in turn,
may have increased the participants’ confidence in these incorrect details to a level above
their response criterion, causing them to be volunteered. The closed questions may have
also increased the amount of incorrect information being retrieved because some of them
asked about things that participants did not remember well. Thus, some of the questions
would have been quite difficult. However, other questions may have been quite easy and
the task itself may have been considered reasonably simple because the questions were
specific and the participants knew exactly what information to search for in their
memories. As people’s metacognitive judgements are not as sensitive to changes in task
difficulty as they could be (Suantak, Bolger, & Ferrell, 1996), the participants may have
volunteered incorrect information because they did not adequately account for the
difficulty of some of the questions. Specifically, the participants may have set a lenient
response criterion due to their perception of the task and the presence of some easy
questions, but may not have raised this criterion for difficult questions where they may
have been overconfident.
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Overall, the findings of Experiments 2 and 3 suggested that providing witnesses
with instructions about mnemonic cues does not improve their monitoring ability or impact
on the quantity or accuracy of their eyewitness memory reports. It seemed likely that the
reasoning instructions were unsuccessful because this mnemonic cue was not found to be a
reliable predictor of response accuracy. However, this explanation did not hold for the
effortfulness instructions as the effortfulness cue was found to be a reliable predictor of
response accuracy. Instead there was an indication that witnesses may need to be informed
of the likely inaccuracy of their memory so that they can make more effective use of the
effortfulness cue. The aim of Experiment 4 was to explore this possibility. It was also
possible that the closed questions used in Experiments 2 and 3 interfered with the natural
retrieval, monitoring and/or control mechanisms of participants. Thus, Experiment 5
assessed the impact of question type (open-ended or closed) on these memory regulation
processes.
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CHAPTER 5 – IMPROVING MONITORING: MNEMONIC CUE KNOWLEDGE,
MEMORY INACCURACY WARNING AND RETRIEVAL INSTRUCTIONS
Experiment 4
Experiment 4 explored whether eyewitness monitoring could be improved using a
training technique combining instructions about effortfulness with a warning regarding the
retrieval of incorrect memories. The memory inaccuracy warning was included because
the low withholding rates observed in Experiments 2 and 3 could indicate that witnesses
have an unwarranted level of trust in the accuracy of their memory. Indeed, research has
suggested that people often have misconceptions about memory accuracy (Perfect, 2004;
Simons & Chabris, 2011), and that metacognitive judgments can be based upon beliefs
about memory (Mueller et al., 2012). Thus, it seemed possible that altering beliefs about
the accuracy of eyewitness memory could change the way people monitor the accuracy of
their memory. Warning witnesses about potential inaccuracies in their memory may
prompt them to adopt a more conservative response criterion, as has been observed in
research on the DRM paradigm (Starns et al., 2007) and misinformation effect (Echterhoff
et al., 2007; Szpitalak & Polczyk, 2010). Such a warning could increase accuracy on its
own if the more conservative response criterion results in increased withholding of
incorrect details. However, correct details may also be withheld which would reduce
quantity. If the memory inaccuracy warning is combined with information about
effortfulness, this outcome may be avoided as the warning could increase usage of
effortfulness. As effortfulness has been found to be a reliable predictor of response
accuracy (Experiments 2 and 3), increasing usage of this mnemonic cue should help
witnesses withhold more incorrect memories without also withholding correct memories.
Thus, the aim of combining a memory inaccuracy warning with effortfulness instructions
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was to increase withholding and improve monitoring simultaneously, allowing people to
maximise the quantity and accuracy of their eyewitness memory reports.
I also chose to include an experimental condition in which the effortfulness
instructions were incorporated into a broader set of instructions regarding how to go about
retrieving information from memory. The retrieval instructions were based on a study
conducted by Scoboria et al. (2014) which tested the impact of a brief training procedure
on responses to answerable and unanswerable questions (i.e., questions about information
that was present and not present in the stimulus video, respectively). Scoboria et al. (2014)
instructed participants to: (i) review the question, (ii) retrieve all possible responses, (iii)
consider the source of the possible answers, (iv) reflect on the likely accuracy of each
possible response, (v) and select the best response (i.e., one of the possible answers or
don’t know). Their results showed that while the trained condition achieved higher
accuracy for unanswerable questions than the untrained condition, accuracy for answerable
questions did not differ significantly between them.,. Although these findings suggest that
a brief training procedure may not be useful for improving the way people respond to
answerable questions, it could be that such instructions are more useful in situations where
ambiguous stimuli are present. Specifically, encouraging thoughtful consideration of
retrieved memories may increase awareness of the presence of schema-based intrusions.
Therefore, as the stimulus video used throughout this thesis contained a variety of
ambiguous stimuli, I chose to incorporate the effortfulness instructions into a training
procedure similar to the one used by Scoboria et al. (2014).Experiment 4 consisted of the
two experimental conditions (i.e., warning + effortfulness instructions and warning +
effortfulness and retrieval instructions) and a control condition that did not receive a
memory inaccuracy warning or any effortfulness or retrieval instructions.
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I predicted that the experimental conditions would have better monitoring (i.e.,
type-2 discriminability) than the control condition. I also predicted that the experimental
conditions would have a more conservative response bias than the control condition.
However, as explained in Chapter 4, the impact of any improvements in monitoring on
quantity and accuracy could manifest in different ways. For accuracy to be improved there
needs to be (i) an increase in the amount of correct information being volunteered, (ii) a
decrease in the amount of incorrect information being volunteered, or (iii) a combination of
both. Each of these options constitutes an improvement in monitoring. Thus, if the
experimental conditions exhibited better monitoring than the control condition, accuracy
was also expected to be higher for the experimental conditions than for the control
condition. However, to avoid reducing quantity, the proportion of retrieved information
that is both correct and volunteered must be maximised. This means that I only expected
quantity to be higher for the experimental conditions if they volunteered a higher amount
of correct information than the control condition.
Method
Participants. Ninety participants37 (62 females, 28 males) took part in the study
for course credit or payment ($15). All had normal or corrected-to-normal vision and spoke
English as their first language. Participants ranged in age from 17 to 49 (M = 23.13, SD =
7.23).

37

Before data collection began I decided to recruit 90 participants, 30 per condition. I ended data collection

in the week that I reached 80 participants.
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Materials.
Stimulus video and recall task. Participants viewed the same video that was used
in all previous studies and completed the same recall task that was used in Experiments 2
and 3.
Memory inaccuracy warning. Participants were warned that witnesses retrieve
more incorrect information than they think they do, rather than being provided with a more
general warning about the retrieval of incorrect information. Although, participants
usually chose to volunteer information in Experiments 2 and 3, instances of withholding
did occur. This indicated that participants were aware that their memory was wrong on
occasion because I would have expected them to volunteer everything if they believed their
memories were always correct. Therefore, simply telling witnesses that they will retrieve
some incorrect information may not be effective because they are already aware that this
occurs.38 They may discount such a warning and assume that they are correctly identifying
all of the instances where their memory is wrong. Therefore, it is important to make them
aware that they will underestimate the amount of incorrect information they retrieve from
memory.
The underestimation was also framed as being inevitable as opposed to being a
possibility. Blank & Launay (2014) conducted a meta-analysis on studies using postmisinformation warnings (i.e., warnings given after the misinformation has been
presented) to reduce the misinformation effect. Although they distinguish between four
different levels of warning specificity (i.e., possibility, presence, logic of opposition, and
identification), only two are relevant to the present study because the others apply
38

It is also possible that they were only withholding on occasions where they were guessing the answer. If

this is the case, a general warning about the retrieval of incorrect information may be effective. Thus, the
specific warning would be no less effective yet still have the chance of further benefit.
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exclusively to situations in which witnesses receive misinformation. Possibility warnings
inform participants that some of the information they received after watching the stimulus
video might have been incorrect, while presence warnings state that some of the
information was definitely incorrect (Blank & Launay, 2014). Although Blank and Launay
(2014) found that presence instructions were not significantly more effective at reducing
the misinformation effect than possibility instructions, they noted that this could have been
due to the limited number of studies available for the meta-analysis, and/or idiosyncrasies
between the studies that were included. It is also possible that they failed to find a
significant difference due to demand characteristics. Specifically, participants know that
the experimenter has put together the research materials and will therefore assume that the
experimenter knows whether the information provided contains inaccuracies. As a result,
participants may interpret possibility instructions as presence instructions. However, such
a bias is much less likely to occur in the context of eyewitness response accuracy more
generally (i.e., in the absence of misinformation). A possibility instruction regarding
general eyewitness response accuracy would involve telling witnesses that they might
retrieve more incorrect information than they think, while a presence instruction would
involve telling them that they will always retrieve more incorrect information than they
think. As witnesses generally seem to trust their memory, they may be more likely to
discount the possibility that their memory is less trustworthy than they believe it to be.
Therefore, in order to minimise the chance that the participants were discounting the
memory inaccuracy warning, presence instructions were used instead of possibility
instructions.
The memory inaccuracy warning also provided participants with some information
about why memory inaccuracies could occur. In their meta-analysis, Blank and Launay
(2014) considered the impact of enlightenment warnings on the misinformation effect.
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Such warnings inform participants that misinformation was present and explain why (i.e.,
the scientific motivation and logic behind the misinformation manipulation). Blank and
Launay’s (2014) results showed that when enlightenment warnings were provided, there
was no longer a significant misinformation effect. Blank and Launay (2014) argued that
warnings which do not provide further background information may induce scepticism or
reluctance in participants. Witnesses may also exhibit reluctance to believe that their
memory is wrong given how important memory is for adaptive functioning. Therefore,
participants were provided with some common reasons for the occurrence of memory
errors in an eyewitness context.
Retrieval and effortfulness instructions. As explained in the introduction of this
chapter, the instructions given were similar to those used by Scoboria et al. (2014). They
instructed their participants to (i) review each question, (ii) retrieve all possible responses,
(iii) consider the source of the possible answers, (iv) reflect on the likely accuracy of each
possible response, and (v) select the best possible response (i.e., one of the possible
answers or don’t know). Each of these elements was included in the instructions that were
given to the participants, though effortfulness instructions were used in place of the source
instructions. Participants were told to review each question before trying to retrieve an
answer and were informed that more than one answer could come to mind. In addition,
they were instructed to make a decision about the likely accuracy of each possible answer
that came to mind by considering effortfulness, and to select the answer that they believed
was most likely to be correct. As in Experiment 3, participants were told that memories
that are effortful to retrieve are likely to be incorrect and that they should respond don’t
know when their answer to a question was effortful to retrieve.
In contrast to Scoboria et al. (2014) participants were not provided with a printed
list of the instructions to refer to during the recall task because, as every other aspect of the
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study was conducted on computer, they may have forgotten to refer to it. Instead, the
instructions were restated briefly on-screen at several points throughout the questions to
ensure that the participants were keeping the instructions in mind throughout the
experiment.39
Confidence scale. As in Study 1 and Experiment 2, all participants rated their
confidence in each answer using a 0% to 100% scale with 10% intervals (i.e., 0%, 10%,
20%, etc.).
Effortfulness rating. Ratings of effortfulness were completed in the same way as
all previous experiments by participants in the experimental conditions only. As explained
in the methodology section of Experiments 2 and 3, these ratings constituted a second part
of the mnemonic cue manipulation as they served as a reminder to the participants that
they should consider effortfulness throughout the recall task.
Manipulation check questions. Three manipulation check questions were included
to assess whether participants remembered and understood the effortfulness instructions
and the memory inaccuracy warning. The first two questions asked participants to rate
how important it was to consider effortfulness and the likelihood that their memory was
incorrect when providing an eyewitness memory report on a five-point rating scale ranging
from 0 (not at all important) to 4 (extremely important). The third question asked
participants to rate the extent to which witnesses are likely to remember incorrect

39

It was not possible to use reaction time data to examine the extent to which participants engaged in the

specified retrieval activities. Reactions time data are subject to a large amount of individual variance
meaning that results will be unreliable. In retrospect, it would have been beneficial to include several
manipulation check question to assess whether participants could recall the retrieval instructions they were
given. While this would not have assessed whether they were actually engaging in the retrieval activities
during the questions, it would have provided some indication that they were aware of them.
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information on a five-point rating scale ranging from 0 (not at all likely) to 4 (extremely
likely).
Procedure. After giving informed consent, participants were randomly assigned to
one of three levels of the only manipulation: training (i.e., warning and effortfulness
instructions, n = 29), training + retrieval (i.e., warning and effortfulness instructions
included within retrieval instructions, n = 31), or control (n = 30). Participants were then
shown the stimulus video and completed the maze filler task that was used in all previous
studies. The time allowed for the filler task was determined by pilot testing the number of
minutes required to read each set of instructions. A pilot sample of 20 participants who did
not take part in the full experiment were randomly assigned to read one of the three sets of
instructions (n = 7 for each set of experimental instructions, and n = 6 for the control
instructions). The findings showed that the instructions took a mean of 2.62 (SD = 0.33),
2.68, (SD = 0.47), and 4.20 (SD = 1.44) minutes to read in the control, training and training
+ retrieval conditions, respectively. Thus, on average it took an extra minute for
participants to read the training + retrieval instructions. Therefore, to equalise the delay
between the presentation of the video and the recall questions, participants in the control
and training conditions were given 11 minutes to complete the maze task, while
participants in the training + retrieval condition were given 10 minutes. All participants
completed the experiment on a computer.
After the filler task, participants in training and training + retrieval conditions
received a memory inaccuracy warning and instructions about the effortfulness cue (the
exact wording of all instructions is provided in Appendix E). For participants in the
training + retrieval condition, the effortfulness instructions were incorporated into a set of
instructions regarding how to go about retrieving information from memory and deciding
how to respond. Participants in the control condition did not receive a memory inaccuracy
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warning, effortfulness instructions, or any specific instructions regarding how to go about
retrieving answers. However, the importance of accuracy was emphasised to participants
in the control condition. After receiving their instructions, all participants completed a
practice question (also included in Appendix E). Following the practice question, an
abbreviated reminder of the instructions was provided.
The recall task was presented in the same two-phase format used in Experiment 3.
When presented with filter questions, participants had two response options, yes and no.
When they said yes, they were presented with a closed follow-up question. Participants
were asked to think of their best possible answer before proceeding. Those in the training
and training + retrieval conditions then rated effortfulness, and all participants rated
confidence. They were then asked to decide whether to report the answer or respond don’t
know. When they indicated that they wanted to provide the answer, participants were
presented with the question again with a text box to type their answer into. An abbreviated
version of the instructions was repeated after the questions about the first offender and
again after the questions about the second offender (immediately prior to the final
questions regarding how the offenders escaped).
In the second phase of the recall task, participants were asked to answer the closed
questions to which they responded don’t know in phase one. Each of these questions was
presented on a separate screen with a text box for typing an answer. Participants were
asked to think back to the best possible answer they had in mind when they were first
presented with the question. Before being presented with these questions, participants
were told that saying don’t know when they are unsure is good, and that the purpose of
asking for responses to these questions was to get an idea of what their best guess was.
When this second questioning phase was finished, participants completed the manipulation
check questions.
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For each question in the recall task I measured only: (i) the participant’s response,
(ii) the score they gave on the effortfulness rating scale (training and training + retrieval
conditions only), (iii) their confidence rating, (iv) whether they chose to volunteer an
answer or say don’t know (closed questions only), and (v) the reaction time for each of
these responses. Responses to the manipulation check questions, and the reaction times of
these responses were also recorded (none of the reaction time data were analysed).
Results
The relationship between effortfulness and response accuracy. As in
Experiments 2 and 3, I began by assessing whether effortfulness predicted response
accuracy by constructing a logistic mixed effects model. The results showed that
effortfulness was a significant predictor of response accuracy, b = -0.33, SEb = 0.15, [-0.63,
-0.03], and adding it to the model significantly improved fit, χ2 (1) = 4.03, p = .045. Thus,
consistent with the findings of Experiments 2 and 3, effortfulness was found to be a
reliable predictor of response accuracy.
Manipulation checks. To assess the success of the warning manipulation, I
compared responses to the manipulation check questions that asked participants how
important it is to consider response accuracy when providing an eyewitness memory report
and how likely witnesses are to retrieve incorrect information.40 The results of a t-test
showed that participants who received the warning believed that witnesses were
significantly more likely to retrieve incorrect information (M = 2.83, SD = 0.91) than
participants who did not receive the memory inaccuracy warning (M = 2.23, SD = 0.86),
t(89) = 3.02, p = .003, Cohen’s d = 0.68. However, a second t-test revealed that there was
no significant difference in how important participants thought it was to consider response
40

A mixed effect analysis was not required for these data because there was a single observation for each

participant for all items.
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accuracy when providing an eyewitness memory report between participants who received
the warning (M = 3.33, SD = 0.77) and participants who did not receive the warning (M =
3.57, SD = 0.57), t(89) = 1.46, p = .147, Cohen’s d = -0.33. As both means were on the
extremely important side of the scale (i.e., above 2), it appeared participants were generally
aware that it is important to consider the accuracy of their memory when providing an
eyewitness memory report, regardless of whether they received a memory inaccuracy
warning. However, it is possible that the combination of participants believing they are
less likely to be correct and believing that accuracy is important to consider when
providing an eyewitness memory report could have resulted in more withholding.
However, the assessment of response bias that is reported in the next section suggested that
this was not the case. Thus, it appeared that the memory inaccuracy warning was
ineffective.
Next I examined whether the effortfulness instruction manipulation was successful
by assessing whether effortfulness predicted control decisions and whether the
effortfulness instructions changed how important participants thought it was to consider
effortfulness when providing an eyewitness memory report. The results of the logistic
mixed effects model showed that effortfulness was a significant predictor of control
decisions, b = -1.66, SEb = 0.19, [-2.04, -1.29], and adding it to the model significantly
improved fit, χ2 (1) = 58.94, p < .001. However, a t-test showed that there was no
significant difference in how important participants thought it was to consider effortfulness
when providing an eyewitness memory report between participants who received
effortfulness instructions (M = 3.02, SD = 0.89) and participants who did not receive
effortfulness instructions (M = 3.27, SD = 0.74), t(89) = 1.32, p = .189, Cohen’s d = -.30.41
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A mixed effect analysis was not required for these data because there was a single observation for each

participant for all items.
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These contradictory results meant that I was not confident regarding the success of the
effortfulness manipulation. However, due to the inconsistent results I observed for the
manipulation checks, and because I also included the retrieval instructions in one
experimental condition, I decided to continue with my assessment of monitoring, response
bias, accuracy, and quantity.
The effect of training type on monitoring and response bias. To assess the
impact of instruction type and monitoring (i.e., type-2 discriminability), a logistic mixed
effects model was constructed that compared the training and training + retrieval
conditions to the control condition. This analysis also allowed me to assess the impact of
the instructions on response bias. The results of the analysis are presented in Figure 4 and
the coefficients are presented in Table 25. As explained in Chapter 2, monitoring is
represented by the relative difference between the bars for correct and incorrect responses
and response bias is represented by the combined height of the correct and incorrect bars.
The results showed that monitoring did not differ significantly between the control
condition and the experimental conditions. Figure 4 shows that the relative difference
between the bars for correct and incorrect responses is similar across conditions; though
the difference is slightly larger for the training condition and slightly smaller for the
training + retrieval condition. Consistent with this, the coefficient for the training
condition was positive, indicating that this condition had more effective monitoring than
the control condition, though not significantly so. In addition, the negative coefficient for
the training + retrieval condition indicated that this condition had less effective monitoring
than the control condition, though not significantly so. The lack of a significant difference
in monitoring was confirmed by the model fit comparison which showed that adding the
interaction between instruction type and response accuracy to the model did not
significantly improve fit, χ2 (2) = 3.46, p = .178.
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Figure 4. Predicted log odds of volunteering correct and incorrect answers as a function of
the type of instructions provided in Experiment 4.

The results also showed that response bias did not differ significantly between the
control condition and the training condition or the training + retrieval condition. Figure 4
shows that the combined height of the correct and incorrect bars is similar across
conditions; though it is slightly higher for the training and training + retrieval conditions
than for the control condition. Indeed, the coefficients for response bias were positive.
This indicated that the training and training + retrieval conditions were more likely to
volunteer than the control condition, though not significantly so. The lack of a significant
difference in response bias was confirmed by the model fit comparison which showed that
adding condition to the model did not significantly improve fit, χ2 (2) = 2.64, p = .268.
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Table 25
Fixed Effects Coefficients for Response Bias and Monitoring for the Training and Training
+ Retrieval Conditions in Comparison to the Control Condition in Experiment 4
Response bias
Condition

b

SEb

95% CIb

Training

0.01

0.36

-0.70, 0.71

Training + retrieval

0.54

0.37

-0.18, 1.27

Monitoring
Training

0.62

0.41

-0.18, 1.42

Training + retrieval

-0.15

0.42

-0.97, 0.67

The effect of training type on accuracy and quantity. As there was no evidence
that monitoring was significantly improved (or impaired) as a result of the training, I did
not expect any significant difference in accuracy or quantity between the conditions,
despite my initial predictions. Consistent with this, the results of a logistic mixed effects
model showed that accuracy did not differ significantly between the control condition and
the experimental conditions (see Table 26 for coefficients and Table 27 for estimated
proportions). The lack of a significant difference in accuracy was confirmed by the model
fit comparison which showed that adding condition to the model did not significantly
improve fit, χ2 (2) = 1.54, p = .463. Similarly, the results for another logistic mixed effects
model showed that quantity did not differ significantly between the control condition and
the experimental conditions. The lack of a significant difference in quantity was confirmed
by the model fit comparison which showed that adding condition to the model did not
significantly improve fit, χ2 (2) = 0.26, p = .877.
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Table 26
Fixed Effect Coefficients for Accuracy and Quantity for the Training and Training +
Retrieval Conditions in Comparison to the Control Condition in Experiment 4
Accuracy
b

SEb

95% CIb

Training

-0.30

0.30

-0.89, 0.30

Training + retrieval

-0.37

0.31

-0.98, 0.24

Training type

Quantity
Training

-0.15

0.29

-0.71, 0.41

Training + retrieval

-0.08

0.28

-0.64, 0.48

Table 27
Estimated Proportions for Accuracy and Quantity for Each Condition in Experiment 4
Condition

Accuracy

Quantity

Control

.79

.55

Training

.74

.51

Training + retrieval

.73

.53

Discussion
The results of Experiment 4 showed that providing people with a memory
inaccuracy warning in addition to effortfulness instructions does not induce a more
conservative response bias, improve their monitoring ability, or help them maximise the
quantity and accuracy of their eyewitness memory reports Similarly, providing witnesses
with information about how to engage in retrieval as well as warning them about memory
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inaccuracy and instructing them to use effortfulness does not significantly affect
monitoring, response bias, quantity, or accuracy. These findings may be explained by the
fact that the warning and effortfulness manipulations were not entirely successful. The
discrepancies amongst the manipulation checks are discussed in detail below, followed by
a potential explanation for the ineffectiveness of the retrieval instructions.
The discrepancy between the manipulation checks for the memory inaccuracy
warning may have been a result of the instructions given to the control condition.
Although the warning increased the participants’ awareness of the fact that witnesses
remember more incorrect information than they think, the participants did not rate the
possibility of memory inaccuracy as more important to consider when providing an
eyewitness memory report than the control condition did. However, the group means for
the question that asked how important it was to consider memory inaccuracy when
providing an eyewitness memory report were close to the maximum possible score on the
scale (i.e., 4). Thus, participants seemed to believe that considering memory inaccuracy
was very important, regardless of the whether they received a warning. This may have
occurred as a result of the instructions given to the control group as they emphasised the
importance of providing an accurate memory report and strongly discouraged participants
from volunteering any information they thought might be incorrect. Thus, the instructions
given to the control condition could have increased the participants’ perception of the
importance of considering memory inaccuracy in a similar way to the warning, masking
any impact of the warning. However, if this were the case, I would have expected a higher
withholding rate in Experiment 4 in comparison to Experiments 2 and 3 because both the
warning and control instructions should have induced a more conservative response bias.
This was not the case as the mean withholding rate for Experiment 4 (M = 0.16, SD = 0.13)
was very similar to the withholding rates observed in Experiments 2 (M = 0.16, SD = 0.14)
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and 3 (M = 0.19, SD = 0.13). This comparison suggests that the warning manipulation was
indeed unsuccessful, which explains why it did not have a significant impact on
monitoring, quantity, or accuracy. It is possible that people may require more intensive
education regarding the accuracy of memory in order to alter their beliefs about it. Indeed,
Lane and Karam-Zanders (2013) have argued that changing people’s knowledge about
their memory may be quite difficult and will require more than mere exposure to accurate
factual information.
The fact that the memory inaccuracy warning appeared to have been unsuccessful
may also explain why the effortfulness instructions did not affect monitoring, quantity, or
accuracy, though it is also possible that the effortfulness manipulation itself was
unsuccessful. As explained in Chapter 4 participants may not make proper use of the
effortfulness cue if they believe their memory is usually correct because they see little
reason to use a mnemonic cue that helps identify incorrect memories. Based on this, I
argued that increasing awareness of the limitations of memory may prompt increased usage
of effortfulness because it should make witnesses more willing to consider the possibility
that their memory could be incorrect. As the memory inaccuracy warning I used in
Experiment 4 did not appear to increase awareness of memory limitations, it is
unsurprising that the effortfulness instructions were ineffective. However, there was some
indication that the manipulation of effortfulness was unsuccessful which could also explain
the findings. Specifically, participants who received effortfulness instructions did not
report believing it was more important to consider effortfulness when providing an
eyewitness memory report than participants who did not receive effortfulness instructions.
This finding could indicate that people consider effortfulness when providing an
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eyewitness memory report without being told to do so.42 Consistent with this, the means
for both groups were on the side of the scale that indicated effortfulness was thought to be
quite important (i.e., above 2). Thus, witnesses may spontaneously consider effortfulness
during monitoring.
There were several differences between the methodology used in Experiment 4 and
the methodology used by Scoboria et al. (2014) which may explain why the retrieval
instructions were ineffective. Scoboria et al. (2014) demonstrated their retrieval
instructions using an example which may have improved understanding of the instructions.
Consequently, this may have resulted in more successful application of the retrieval
technique, leading to improved performance (i.e., more correct rejections of unanswerable
questions). Thus, as the participants in Experiment 4 were not provided with a specific
example, their understanding and usage of the retrieval technique may have been lacking,
which could have impacted on the success of the technique. Understanding and usage of
the retrieval technique in Experiment 4 may have also been reduced because participants
were not asked to verbally articulate their retrieval process during the practice question.
Scoboria et al. (2014) had participants verbally articulate their retrieval process to an
interviewer who was able to monitor the participants’ understanding of the instructions and
answer any questions. This process may have been crucial for understanding and applying
the retrieval technique. Thus, that lack of a verbal articulation procedure in Experiment 5
may also explain why the retrieval instructions were ineffective.

42

Of course, it is also possible that the manipulation check responses reflected demand effects. Specifically,

participants may have been saying what they thought was expected of them. However, the lack of objective
metacognitive and memory differences between groups suggest that demand effects did not simply mask an
otherwise effective manipulation.
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It is also possible that the discrepancy between my findings and those of Scoboria
et al. (2014) can be explained by the fact that they used explicitly unanswerable questions
(i.e., questions about information that was not present in the stimulus video). Specifically,
10 of the 20 interview questions asked by Scoboria et al. (2014) were unanswerable,
meaning that don’t know was the correct response for half of the questions. The fact that
there were so many unanswerable questions may have instilled a belief that don’t know
responses were actually helpful because participants were in a state where they were aware
that they did not know. In contrast, the majority of questions used in Experiment 4 could
be answered if the participants had been able to encode everything.43 This may have
instilled a belief in participants that they should know the answer to most questions,
meaning that they may have perceived the don’t know response as unhelpful. Ultimately,
this may have led to a reluctance to withhold, a reluctance that might be reduced when
there is a high proportion of objectively unanswerable questions, as in Scoboria et al.’s
(2014) study.
In conclusion, Experiment 4 found no evidence that eyewitness monitoring can be
improved by providing a memory inaccuracy warning, effortfulness instructions, or
retrieval instructions. The withholding rate was very low, and similar to that rate observed
in Experiments 2 and 3, with the memory inaccuracy warning being unable to induce a
more conservative response bias. As the findings suggested that the warning and
effortfulness manipulations were unsuccessful, more effective means of manipulating
knowledge about the limitations of memory and knowledge about effortfulness may need
to be explored. Further exploration of the effectiveness of retrieval instructions is also
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Some closed questions were unanswerable if participants answered a filter questions incorrectly. For

example, if a participant said the robber by the counter was wearing a jumper even though they were not, it
would not be possible to answer questions about the colour and type of jumper worn.
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required as there may have been issues with the comprehension and application of the
retrieval technique within Experiment 4.
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CHAPTER 6 – CONTROL, MONITORING AND RETRIEVAL OF INCORRECT
INFORMATION DURING OPEN-ENDED AND CLOSED QUESTIONING
Experiment 5
Experiment 5 examined whether the low withholding rates observed in
Experiments 2-4 were a consequence of the type of questions that were used. In Chapter 4,
I explained that the closed questions I used may have inhibited the participants’ natural
control mechanism, which could have caused them to volunteer incorrect information that
they would have withheld if open-ended questions had been used. This explanation was
based on Powell et al.’s (2005) assertion that open-ended questions may elicit more
accurate memory reports than closed questions because they allow witnesses to exercise
more effective control over what they volunteer. However, as explained in Chapter 4, it is
possible that the closed questions inhibited the participants’ monitoring ability because
they allowed incorrect details to come to mind more quickly and easily than they would
have if open-ended questions had been used, which may have interfered with the
participants’ ability to identify the incorrect details. In addition, the closed questions could
have simply prompted the retrieval of a greater amount of incorrect information than openended questions would have because some of the questions were probably quite difficult to
answer, while others may have been quite easy and the task itself may have been
considered reasonably simple. As metacognitive judgements are not as sensitive to
changes in task difficulty as they could be (Suantak et al., 1996), the participants may have
volunteered incorrect information because they did not adequately account for the
difficulty of some of the questions. To discover whether the closed questions used in
Experiments 2-4 could account for the low withholding rates that were observed,
Experiment 5 aimed to (i) compare the control strategies employed during open-ended and
closed questioning, (ii) evaluate monitoring ability during open-ended and closed
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questioning, and (iii) assess the amount of incorrect information retrieved in response to
open-ended and closed questions.
Exploring potential differences in retrieval, monitoring, and control between openended and closed questions may assist in developing techniques that allow witnesses to
maximise the quantity and accuracy of their eyewitness memory reports when closed
questions are used. As explained in Chapter 1, open-ended questions tend to yield more
accurate eyewitness memory reports than closed questions (Fisher, 1995; Lipton, 1977).
Thus, understanding why this open question accuracy advantage occurs may uncover ways
of increasing accuracy in response to closed questions. For example, if monitoring and
control strategies are more effective during open-ended than closed questioning, reasons
for the difference can be explored. Should the regulation strategies used during openended questioning be successfully applied to closed questioning, the accuracy of
eyewitness memory reports obtained via closed questions should be increased (though it is
important that this increase in accuracy is not accompanied by too great a reduction in
quantity). Thus, determining why open-ended questions result in more accurate
eyewitness memory reports may help develop ways to improve the way witnesses respond
to closed questions.
In order to assess differences in the quality of retrieved information, monitoring,
and control between open-ended and closed questions, I required a method that measured
withheld responses as well as volunteered responses for open-ended questions. In typical
open-ended questioning procedures, participants are asked one or more broad questions
(e.g., ‘Can you describe the sequence of events?’ and ‘Can you describe how the offender/s
escaped?’), and can give as extensive a response as they choose. The answer they provide
may represent everything they were able to retrieve from memory, or it could represent
only the subset of retrieved information that they felt comfortable volunteering. Even if
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participants are asked to write down everything that comes to mind, it is unknown whether
they would have withheld some of the information if given the option. As an explicit
distinction between volunteered and withheld information is required to assess monitoring
and control, typical open-ended questioning procedures are inadequate. Therefore, to
obtain responses for open-ended questions, I used an externalised free-recall technique
(Carneiro & Fernandez, 2013; Hollins, Lange, Berry, & Dennis, under review; Hollins,
Lange, Dennis, & Longmore, 2015; Kahana, Dolan, Sauder, & Wingfield, 2005;
Unsworth, Brewer, & Spillers, 2010) which asked participants to be more liberal in their
output and distinguish between details they wanted to volunteer and withhold.
Traditional externalised free-recall tasks ask participants to volunteer everything
that comes to mind during retrieval, and to indicate which of the retrieved details are
believed to be correct (Carneiro & Fernandez, 2013; Kahana et al., 2005; Unsworth et al.,
2010). However, I chose to ask participants to distinguish between responses they wanted
to volunteer and withhold because the correct/incorrect method would have required me to
assume that responses marked as correct would be volunteered and responses marked as
incorrect would be withheld. This would not have been ideal because correct/incorrect
distinctions may not always match volunteer/withhold distinctions. For example, a
participant may be 70% confident in a particular detail and decide it is correct when forced
to a make a 2-alternative accuracy decision (i.e., if they decide to say correct for
everything above 60%). However, this participant may choose to withhold this
information if given the opportunity because confidence is below their report criterion (i.e.,
if their criterion is set at 80%). Due to this potential problem, it was important to have an
explicit measure of control, which was also used in the assessment of monitoring. Thus,
using the externalised free-recall task with volunteer/withhold decisions allowed
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uninhibited recall while also providing the necessary information to assess monitoring and
control for open-ended questions.
Although there are various formats for getting people to indicate which responses
they want to volunteer and withhold, the most appropriate for the purposes of Experiment
5 was the two-column method rather than the asterisk or button press method. In the
asterisk method, participants mark the responses they want to withhold with an asterisk
(Carneiro & Fernandez, 2013). They do this during the recall process rather than
retrospectively to allow observation of online monitoring processes (Carneiro &
Fernandez, 2013). However, participants cannot be stopped from adding asterisks
retrospectively, and there is no way to determine whether this has occurred. One way to
prevent this retrospective monitoring is to have participants enter responses via a computer
and press a particular key (e.g., the space bar) when they want to withhold a response
(Unsworth et al., 2010). However, it is possible that participants could forget about the
withhold option and/or they may accidentally press the button for a response they want to
volunteer. Another alternative is to provide participants with two columns in which to
write their responses (Hollins et al., under review, 2015); a volunteer column and a
withhold column. Although it is still possible for participants to retrospectively move an
answer from one column to the other in this situation (i.e., by using an arrow or by crossing
out the answer and re-writing it in the other column), the instances where this occurs can
be recorded. The two-column method also serves as a subtle reminder of the externalised
free-recall instructions because both options are always present during recall. Therefore,
participants in Experiment 5 were provided with volunteer and withhold columns in the
externalised free-recall task.
Two conditions which differed in the extent to which accuracy was emphasised
were included to assess adherence to the externalised free-recall instructions. Participants
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in the weak accuracy emphasis condition were told that they should try to provide correct
information. They were told to write responses in the volunteer column when there was a
high chance that they were correct. However, participants in the strong accuracy emphasis
condition were told it was important to only provide correct information. They were
instructed to only write responses in the volunteer column when they were absolutely sure
they were correct, and were told that if they had any doubt about their memory, they
should not use the volunteer column. When accuracy is strongly emphasised, participants
should write fewer responses in the volunteer column and more responses in the withhold
column than when accuracy is only weakly emphasised. The amount of information
retrieved overall should not differ between the conditions if they are using the withhold
column as instructed.
I predicted that open-ended questions would result in higher accuracy than closed
questions. Due to the exploratory nature of Experiment 5, no specific predictions were
made about differences between the two question types in terms of the retrieval of correct
and incorrect information, monitoring (i.e., type-2 discriminability), or control (i.e., type-2
response bias). However, I expected to observe a difference between the question types for
at least one of these dependant measures if a difference in accuracy was apparent.
Method
Participants. Eighty participants44 (52 females, 28 males) took part in the study
for course credit or payment ($10). All had normal or corrected-to-normal vision and spoke
English as their first language. Participants ranged in age from 18 to 49 (M = 23.85, SD =
7.92).

44

Before data collection began we decided to recruit 80 participants, 40 per condition. I ended data

collection in the week that I reached 80 participants.
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Materials.
Stimulus video and closed question recall task. Participants viewed the same
video that was used in all previous studies and they completed the same set of filter and
closed questions that were used in Experiments 2-4.
Open-ended question recall task. The open-ended recall questions were
administered via an externalised free-recall task described in the introduction of this
chapter. There were six questions: (i) ‘What can you recall about the sequence of events?’,
(ii) ‘What can you recall about the appearance and clothing of the robber by the counter?’,
(iii) ‘What can you recall about the appearance and clothing of the robber off to the side?’,
(iv) ‘What can you recall about how the robber by the counter escaped?’, (v) ‘What can
you recall about how the robber off to the side escaped?’ and (vi) ‘Is there anything else
you can recall?’.
A coding guide was constructed to code participants’ responses as either correct or
incorrect. Each discreet piece of information was coded separately. For example, if a
participant said one of the robbers was wearing a black balaclava, they would get one code
for describing the colour of the disguise and one for describing the type of disguise (the
full coding guide provided in Appendix F). Responses relating to the physical (e.g.,
clothing, build, height etc.), behavioural (e.g., speech and movements/actions), and
sequential (e.g., order of robber entry/departure) aspects of the stimulus video were coded.
Responses relating to emotions and intentions were ignored because of their subjective
and/or speculative nature. Predictions about what may have happened after the recording
ended were also ignored. Coding was completed by me and an independent rater on a
random sample of 10 open-ended recall tasks. There was an acceptable level of interrater
agreement at the item level, κ = .84 [.83, .87].
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Manipulation checks. In addition to the accuracy emphasis manipulation outlined
in the introduction of this chapter (i.e., one condition instructed to volunteer responses that
had a high chance of being correct and another instructed to only volunteer responses that
were definitely correct), a set of eight general knowledge questions were included. These
questions were answered using the two-column method to determine whether participants
understood and followed the externalised free-recall instructions.45 Four of the questions
related to very basic facts that most participants were expected to answer correctly (i.e.,
easy questions), while the other four questions related to obscure facts that most
participants were expected to answer incorrectly if forced to respond (i.e., difficult
questions). These expectations were confirmed by the data with mean proportions correct
of .95 (SD = .21) and .03 (SD = .18) for the easy and difficult questions, respectively. The
difficulty of the questions was varied so that both correct and incorrect answers would be
retrieved. If participants were adhering to the externalised-free-recall instruction, correct
answers should predominantly be written in the volunteer column and incorrect answers
should predominantly be written in the withheld column.46
Procedure. After giving informed consent, participants were randomly assigned to
one of two levels of the accuracy emphasis manipulation: strong emphasis or weak
emphasis (n = 40 in each condition). Participants were then shown the stimulus video and
completed the 10-minute maze filler task that was used in all previous studies. After the
filler task, participants received their accuracy emphasis instructions, completed the open-

45

In contrast to the open-ended interview questions, the general knowledge questions were presented in

cued-recall format.
46

Alternatively, volunteering and withholding could have been compared between easy and difficult

questions. However, I chose to compare volunteering and withholding between correct and incorrect answers
because some people may know facts that are, on average, rarely known and vice versa.
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ended questions, and then the closed questions. Thus, question type was manipulated
within-subjects and the question types were presented in a fixed order.
Each open-ended question was presented on a single piece of paper and participants
provided hand-written responses. On each page, the question appeared at the top followed
by the instruction ‘Please write down everything that comes to mind’. Under the question
and instruction were two columns marked volunteer and withhold. For participants in the
strong accuracy emphasis condition, ‘(absolutely correct)’ was written under the volunteer
heading. Before completing the questions, participants were given detailed instructions on
how to use the two columns, including an example unrelated to the stimulus video.
The closed questions were completed on the computer in the same format as
Experiments 3 and 4. When presented with filter questions, participants had two response
options, yes and no. When they said yes, they were presented with a closed follow-up
question. Participants were asked to think of their best possible answer before proceeding.
When presented with a closed question, participants were asked to think of an answer
before proceeding. They were then asked whether they would like to provide the answer
they had in mind or say don’t know. When they indicated that they wanted to provide the
answer, the question was presented again with a text box for typing the answer. When
participants had responded to all of the closed questions, they were asked to provide an
answer to the questions that had received a don’t know response. Participants were asked
to think back to the answer they had in mind when they were first presented with the
question. Before being presented with these questions, participants were told that although
saying don’t know when they are unsure is good; the purpose of asking for responses to
these questions was to get an idea of what their best guess was.
When participants had completed both sets of questions, they were asked to answer
the general knowledge questions. They were given the list of questions and a separate
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sheet of paper with the volunteer and withhold columns. As in the initial open-ended
question recall task, ‘(absolutely correct)’ was written under the volunteer heading for
participants in the strong accuracy emphasis condition. Participants were told to complete
the task in the same way as they had completed the first set of open-ended questions. They
were asked to provide answers to all of the general knowledge questions, even if they had
to guess. No other instructions were given.
For each open-ended question and the manipulation check task, I measured only: (i)
the participant’s responses, and (ii) the column in which they recorded each response. For
each closed question, I measured only: (i) the participant’s response, (ii) whether they
chose to volunteer or withhold the answer, and (iii) the reaction time for each of these
responses (none of the reaction time data were analysed).
Results
Manipulation checks. It was not possible to properly assess adherence to the
externalised free-recall instructions by comparing control decisions and the amount of
information retrieved in the weak and strong accuracy emphasis conditions because the
accuracy emphasis manipulation was unsuccessful. Specifically, a logistic mixed effects
model revealed that the strong accuracy emphasis condition did not achieve significantly
higher accuracy than the weak accuracy emphasis condition, b = 0.47, SEb = 0.26, [-0.04,
0.98], and adding accuracy emphasis condition to the model did not significantly improve
fit, χ2 (1) = 3.37, p = .066. As the accuracy emphasis manipulation did not have a
significant impact on accuracy, it was not expected to have had an impact on control
decisions. Consistent with this expectation, a logistic mixed effects model showed that the
strong accuracy emphasis condition did not withhold significantly more details than the
weak accuracy emphasis condition, b = -0.58, SEb = 0.30, [-1.16, 0.00], and adding
accuracy emphasis condition to the model did not significantly improve fit, χ2 (1) = 3.79, p
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= .051. Thus, although there was no significant difference in the amount of retrieved
information between the strong (M = 32.95, SD = 9.23) and weak accuracy emphasis
conditions (M = 31.15, SD = 8.92), t(77.91) = 0.89, p = .378, d = 0.20, I cannot determine
whether participants were following the externalised-free recall instructions based on the
accuracy emphasis manipulation.
Fortunately, it was possible to assess adherence to the externalised free-recall
instructions by examining data from the general knowledge questions. Responses to the
general knowledge questions were counted as being consistent with the externalised freerecall instructions if they were: (i) correct and written in the volunteer column, or (ii)
incorrect and written in the withhold column. Incorrect answers written in the volunteer
column, correct answers written in the withhold column, and non-responses47 (i.e., when
participants wrote ‘don’t know’, ‘unsure’ or left a blank space) were coded as failures to
follow the externalised free-recall instructions. The participants’ responses were consistent
with the instructions in 82.34% of cases. This finding suggested that participants
comprehended and were compliant with the externalised free-recall instructions.48
The effect of question type on accuracy, the quality of retrieved information,
monitoring and response bias. I ran the analyses on each of two different subsets of the
data to assess potential differences between the question types. As the ultimate aim of my
47

This type of response occurred in only 11.88% of cases.
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The general knowledge task was not designed to assess the participants’ ability to discriminate between

correct and incorrect answers. Rather, it was designed to examine whether the majority of participants wrote
down a response for all answers and used the columns as instructed (i.e., by placing answers they believed to
be correct or incorrect in the volunteer or withhold columns, respectively). If the task had included
moderately difficult questions, it would be impossible to determine whether a participant who placed an
incorrect answer in the volunteer column did so because they were unable to follow the instructions or unable
to recognise the answer as incorrect.
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research was to discover ways to train witnesses to monitor the accuracy of their memory
more effectively in response to closed questions, I first assessed performance for items that
were referred to in the closed questions. Including items that could only be provided
during open-ended questioning (i.e., because there were no closed questions about these
items) may not reveal any useful information about how to improve monitoring during
closed-ended questioning. For example, monitoring may be better for items that were only
provided during open-ended questioning but similar for items that could be provided in
both question formats. In this instance, learning more about the monitoring processes
operating during open-ended questioning is unlikely to improve the way people respond to
closed questions because they monitor the information covered in the closed questions to a
similarly effective degree. Therefore, the first set of analyses included items that could be
matched across open-ended and closed questions. Specifically, only open-ended items that
could be matched to one of the 34 closed questions were included in the first data set.
However, this ignores a large amount of the items provided during the open-ended
questioning, partially due to the limited number of closed questions that were included.
While the selection of closed questions used in the experiments presented in this thesis was
based on what police would be likely to ask during interviews, the data obtained during the
open-ended questions made it clear that the list of closed questions was not exhaustive. On
average, participants provided an extra 15.34 (SD = 6.74) details in response to the openended questions. Thus, if additional closed questions had been included, it may have been
possible to conduct a more balanced assessment of the monitoring processes that operate
during open-ended and closed questioning, a point that will be returned to in the discussion
section of this chapter. However, a second set of analyses was conducted that included all
of the data for the open-ended questions. If monitoring is found to be superior during
open-ended questioning in this analysis, it will be important for future studies to assess
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monitoring with a larger set of closed questions. The results for the matched data are
presented first, followed by the results for the full data set.
Matched data set. I began by assessing whether accuracy differed depending on
the type of questions that were used by constructing a logistic mixed effects model
comparing open-ended and closed questions. Contrary to expectations, the coefficients
revealed that closed questions did not result in significantly lower accuracy than openended questions in the matched data set, b = -0.43, SEb = 0.34, [-1.09, 0.24], and model fit
was not significantly improved with the addition of question type, χ2 (1) = 1.46, p = .227.
Although accuracy did not significantly differ between the two types of questioning, it was
possible that the two types of questioning achieved similar levels of accuracy via different
means. Thus, I continued with my assessment of the possible underlying mechanisms.
Initially, I examined whether there were differences in the quality of retrieved
information by considering the amount of correct and incorrect details that were retrieved
during open-ended and closed questioning. A two-way repeated measures ANOVA tested
whether the number of retrieved items differed between open-ended and closed questions
as a function of response accuracy (Figure 5). There was a significant main effect of
question type with participants retrieving significantly more items for closed questions
than for open-ended questions, F(1, 79) = 175.55, p < .001,  G2 = .20. There was also a
significant main effect of accuracy with participants retrieving more correct items than
incorrect items, F(1, 79) = 423.98, p < .001,  G2 = .74. The interaction was also significant,
F(1, 79) = 4.13, p = .045,  G2 < .01. Simple effects tests revealed that a greater number of
correct items were retrieved for closed questions than for open-ended questions, t(157.99)
= 4.50, p < .001, d = 0.72. Similarly, a significantly greater number of incorrect items
were retrieved for closed questions than open-ended questions, t(135.50) = 8.91, p < .001,
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d = 1.42. Thus, closed questions resulted in significantly more correct and incorrect items
being retrieved, but the effect was greater for incorrect items.
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Figure 5. Mean number of correct and incorrect details retrieved in response to openended and closed questions in Experiment 5 when items were matched across question
type. Error bars represent standard deviations.

Next, I assessed the impact of instruction type on monitoring (i.e., type-2
discriminability) by constructing a logistic mixed effects model comparing closed and
open-ended questions. This analysis also allowed me to assess the impact of question type
on response bias. The results of the analysis are presented in Figure 6. As explained in
Chapter 2, monitoring is represented by the relative difference between the bars for correct
and incorrect responses, while response bias is represented in the figure by the combined
height of the correct and incorrect bars.
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The results revealed that there were significant differences in both monitoring and
response bias between open-ended and closed questions. Figure 6 shows that the relative
difference between the bars for correct and incorrect responses is smaller for closed
questions than for open-ended questions, and the coefficients revealed that participants had
significantly less effective monitoring for closed questions than for open-ended questions,
b = -0.87, SEb = 0.38, [-1.60, -0.13]. The significant difference in monitoring was
confirmed by the model fit comparison which showed that adding the interaction between
question type and response accuracy to the model significantly improved fit, χ2 (1) = 5.40,
p = .020. Figure 6 also shows that the combined height of the correct and incorrect bars is
lower for closed questions than open-ended questions, and the coefficients revealed that
participants were significantly more likely to withhold for closed questions than for open-
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Figure 6. Predicted log odds of volunteering correct and incorrect answers as a function of
question type in Experiment 5 when items were matched across questions type.
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ended questions, b = -1.19, SEb = 0.25, [-1.68, -0.71]. The significant difference in
response bias was confirmed by the model fit comparison which showed that adding
question type to the model significantly improved fit, χ2 (1) = 17.98, p < .001.
Full data set. Data for the full data set were analysed in the same way as the
matched data set. Thus, I began by assessing whether accuracy differed depending on the
type of questions that were used by constructing a logistic mixed effects model comparing
open-ended and closed questions. As expected, the coefficients revealed that closed
questions resulted in significantly lower accuracy than open-ended questions in the full
data set, b = -1.08, SEb = 0.44, [-1.94, -0.21], and model fit was significantly improved
with the addition of question type, χ2 (1) = 5.82, p = .016. Having observed a difference in
accuracy, I went on to examine the mechanisms that may underlie this difference.
Initially, I examined whether there were differences in the quality of retrieved
information by considering the amount of correct and incorrect details that were retrieved
during open-ended and closed questioning. A two-way repeated measured ANOVA tested
whether the number of retrieved items differed between open-ended and closed questions
as a function of response accuracy (Figure 7). There was a significant main effect of
question type with participants retrieving significantly more items for open-ended
questions than for closed questions, F(1, 79) = 92.96, p < .001,  G2 = .22. There was also a
significant main effect of accuracy with participants retrieving more correct items than
incorrect items, F(1, 79) = 526.18, p < .001,  G2 = .71. The interaction was also significant,
F(1, 79) = 224.19, p < .001,  G2 = .27. Simple effects tests revealed that while a
significantly higher number of correct details were retrieved for open-ended questions
compared to closed questions, t(104.94) = 11.49, p < .001, d = 1.83, there was no
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significant difference in the number of incorrect details retrieved, t(151.64) = 1.66, p =
.099, d = 0.26.
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Figure 7. Mean number of correct and incorrect details retrieved in response to openended and closed questions in Experiment 5 when all responses to the open-ended
questions were included in the analysis. Error bars represent standard deviations.

Next, I assessed the impact of instruction type on monitoring (i.e., type-2
discriminability) by constructing a logistic mixed effects model comparing closed and
open-ended questions. This analysis also allowed me to assess the impact of question type
on response bias. The results of the analysis are presented in Figure 8. Recall that
monitoring is represented by the relative difference between the bars for correct and
incorrect responses, while response bias is represented in the figure by the combined height
of the correct and incorrect bars.
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Figure 8. Predicted log odds of volunteering correct and incorrect answers as a function of
question type in Experiment 5 when all responses to the open-ended questions were
included in the analysis.

The results revealed that there were significant differences in both monitoring and
response bias between open-ended and closed questions. Figure 8 shows that the relative
difference between the bars for correct and incorrect responses is smaller for closed
questions than for open-ended questions, and the coefficients revealed that participants had
significantly less effective monitoring for closed questions than for open-ended questions,
b = -1.03, SEb = 0.33, [-1.68, -0.39]. The significant difference in monitoring was
confirmed by the model fit comparison which showed that adding the interaction between
question type and response accuracy to the model significantly improved fit, χ2 (1) = 9.55,
p = .002. Figure 8 also shows that the combined height of the correct and incorrect bars is
lower for closed questions than open-ended questions, and the coefficients revealed that
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participants were significantly more likely to withhold for closed questions than for openended questions, b = -1.13, SEb = 0.20, [-1.53, -0.74]. The significant difference in
response bias was confirmed by the model fit comparison which showed that adding
question type to the model significantly improved fit, χ2 (1) = 18.83, p < .001.
Discussion
The aims of Experiment 5 were to (i) assess whether the low withholding rates
observed in Experiments 2-4 could be explained by the type of questions that were used,
(ii) examine the mechanisms that underlie the open-question accuracy advantage observed
in the literature, and (iii) explore whether the memory regulation processes that operate
during open-ended questioning offer a potential avenue for improving the way witnesses
respond to closed questions. The findings suggested that the closed questions used in
Experiments 2-4 did not inhibit the participants’ natural control mechanism. In addition,
the results showed that the open question accuracy advantage may occur due to differences
in the retrieval, monitoring, and control mechanisms that operate during open-ended and
closed questions. However, based on the results obtained, it is unclear whether the
memory regulation processes that operate during open-ended questioning could offer a
means of helping people maximise the quantity and accuracy of their eyewitness reports
when closed questions are used.
In contrast to the explanation I proposed in Chapter 4 regarding the low
withholding rates observed in Experiments 2 and 3 (and subsequently Experiment 4), the
results of Experiment 5 suggested that the closed questions used throughout this thesis did
not inhibit the natural control mechanism of participants by inducing an extremely liberal
response bias. When only considering items that were included in the closed questions
used in Experiments 2-5, withholding was higher in response to closed than open-ended
questions. This indicates that for the items considered across the experiments presented in
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this thesis closed questions may have in fact induced a more conservative response bias
than open-ended questions would have. However, it is important to note that this does not
necessarily mean that closed questions induce a more conservative response bias in
general. Although the results for the full data set also showed that withholding was higher
in response to closed than open-ended questions, open-ended questions prompted the
retrieval a large amount of additional information. Thus, the more liberal response bias
observed for open-ended questions in the full data set may be more reflective of the
additional information being retrieved, rather than a stronger tendency to volunteer
information.
It is possible that participants in Experiment 5 were able to retrieve and volunteer
additional information in response to open-ended questions due to the associative nature of
memory. When a witness is asked to provide a description of an offender (as opposed to
being asked a variety of closed questions about the offender), they may engage in a general
retrieval strategy in which they rely on the information that comes to mind freely (i.e.,
without a prompt or deliberate search). Such a retrieval strategy may give rise to a series of
very strong memories, increasing the witness’s confidence and reducing their inclination to
withhold information. Indeed, Craik and Tulving (1975) found that deeply encoded words
were more likely to be retrieved during a free-recall test than words that are encoded more
shallowly. Thus, it is plausible that the open-ended questions resulted in increased
retrieval of correct memories because they made participants more likely to retrieve
information that was well encoded. This idea aligns well with Anderson’s (1976, 1983a,
1983b) associative network model of memory which proposes that information is
represented in memory as a network of nodes linked via association. In this model, the
quality of encoding determines the strength of associative links. Thus, when a witness
retrieves a memory that was well encoded, it will prompt the retrieval of other strongly
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encoded memories. As open-ended questions provide very few cues regarding the
information that is sought, witnesses can take advantage of the associative networks that
exist within memory to retrieve memories that were encoded most strongly. Conversely,
when closed questions are used, the information being sought is specified in the question
and there is a greater chance of weakly encoded memories becoming activated. In
addition, even if a well encoded memory is retrieved in response to a closed question, and
it activates other strongly encoded memories, the witness may not provide this information
as it has not been requested.
The associative nature of memory can also help explain why monitoring was more
effective during open-ended than closed questioning. Specifically, participants may have
been better able to identify correct memories retrieved during open-ended questioning
because the memories that came to mind were their most strongly encoded memories about
the stimulus video. In contrast, the memories that came to mind during closed questioning
may have been a mixture of memories of various strengths because the questions would
have varied in difficulty. For example, there are likely to have been some questions that
asked about items that were well encoded and others that asked about items that were not
well encoded. This variability in question difficulty may have interfered with the
participants’ ability to judge accuracy and alter their response criterion accordingly.49 In
49

Despite the large amount of data available, an exploration of item difficulty was beyond the scope of this

thesis. The only means of assessing item difficulty would have been to produce aggregate scores to identify
which questions were answered correctly and incorrectly by the majority of participants; a method that does
not account for individual differences. A question answered correctly by five participants would be classed
as a difficult according to the aggregate score. However, the participants who answered it correctly may
have been paying close attention to the detail in question and, consequently, would found the question easy to
answer. Future research could consider using manipulation of item difficulty (e.g., exposure duration or
picture quality) rather than relying of measurement and aggregate scores.
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fact, Koriat and Goldsmith (1996) have shown that use of the don’t know response is more
effective when confidence is polarised (i.e., when items elicit either very high confidence
or very low confidence) than when confidence is spread across the entire confidence scale.
Furthermore, as mentioned in the introduction of this chapter and in Chapter 4, people can
find it hard to adjust their metacognitive judgments to account for changes in task
difficulty (Suantak et al., 1996). Thus, the open question accuracy advantage may be a
consequence of more effective monitoring during open-ended questioning which results
from the activation of strongly encoded memories which are easier to identify as correct.
Based on the available data, it is unclear whether learning more about the
regulation strategies that underlie responses to open-ended questions will help develop
ways of improving responding to closed questions. In the matched data set, accuracy did
not differ significantly between open-ended and closed questioning, suggesting that the
superior monitoring observed during open-ended questioning did not help participants
provide a more accurate memory report. Conversely, the results for the full data set
suggested the opposite conclusion because accuracy was higher for open-ended than closed
questioning due to increased retrieval of correct information and more effective
monitoring. The methodology of Experiment 5 made it difficult to determine which of
these conclusions was the most appropriate. In the matched data set, participants had more
opportunities to increase accuracy in response to closed questions because more
information was retrieved for closed than open-ended questions in this data set. It is
possible that the order in which the recall tasks were completed contributed to this result
because research suggests that eyewitnesses can sometimes retrieve additional correct
information across a series of recall attempts (Bornstein, Liebel, & Scarberry, 1998;
Dunning & Stern, 1992; Eugenio, Buckhout, Kostes, & Ellison, 1982; Scrivner & Safer,
1988). Thus, the additional information retrieved in response to closed questions in the
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matched data set may be due to the fact that the closed questions were always presented
after the open-ended questions. If this is the case, the accuracy level observed for closed
questions in the matched data set may be artificially inflated. In the full data set, the
opposite problem is apparent because participants had fewer opportunities to retrieve
information for closed questions as the closed questions did not assess every aspect of the
video. It will be important for future studies to manipulate question type between-subjects
and include a broader set of closed questions so that a similar amount of retrieval
opportunities are available across the question types. This will allow for a more precise
assessment of the contribution monitoring and control make to accuracy when open-ended
and closed questions are used. If additional studies do find that accuracy is higher for
open-ended than closed questions in these circumstances, learning more about the
regulation strategies that underlie responses to open-ended questions may help develop
ways of improving responding to closed questions.
In conclusion, Experiment 5 suggested that the low withholding rates observed
throughout this thesis were not a consequence of the closed question that were used.
However, it was difficult to compare response bias between open-ended and closed
questions in this experiment overall because of the different retrieval opportunities
afforded by the two question formats. Despite this, it appears that monitoring ability is
superior when open-ended questioning is used. The task for future research will be to
determine more precisely the contribution that this superior monitoring makes to accuracy
by including a larger sample of closed questions and manipulating question type betweensubjects. This will help determine whether the regulation strategies employed during
open-ended questioning can assist in improving the way witnesses respond to closed
questions.
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CHAPTER 7 – GENERAL DISCUSSION
This thesis has described a series of studies designed to investigate ways of
improving monitoring ability, with the aim of helping witnesses simultaneously maximise
the quantity and accuracy of their memory reports. Based on the source monitoring
framework and previous research, I proposed that informing people of differences in the
mnemonic cues associated with correct and incorrect memories may be able to improve
monitoring because these mnemonic cues may not be used to their full extent when people
judge the accuracy of their memories. I began by examining whether the mnemonic cues
identified in the source monitoring framework could predict whether memories were
correct or incorrect in a situation where misinformation was not provided. I then attempted
to manipulate witness knowledge of these mnemonic cues in three experiments. The
results of these studies suggested that most of the mnemonic cues identified in the source
monitoring framework do reliably predict response accuracy, and that some of them are not
fully utilised by witnesses during monitoring. However, manipulating knowledge of one
of the mnemonic cues that are not fully utilised by witnesses during monitoring did not
result in better monitoring or impact on quantity or accuracy. Furthermore, warning
witnesses about the fallibility of eyewitness memory in addition to manipulating
mnemonic cue knowledge and providing retrieval instructions did not affect monitoring,
quantity, or accuracy. As there was some indication that withholding may be inhibited by
closed questions, which could result in lax monitoring, a final experiment examined
monitoring and control during open-ended and closed questions. The results indicated that
the low withholding rates observed in the previous experiments were not a consequence of
the use of closed questions. However, there was some indication that more effective
regulation strategies are employed during open-ended than closed questioning, though
additional research is required to explore these effects further.
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Mnemonic Cues, Response Accuracy, and Eyewitness Confidence
The first question addressed in this thesis was whether the mnemonic cues outlined
in the source monitoring framework (Johnson et al., 1993) can discriminate between
naturally occurring correct and incorrect memories. This question was primarily
investigated in Study 1, though Experiments 2-4 helped establish the reliability of the
relationship between response accuracy and a selection of the mnemonic cues. Study 1
provided evidence that both the sensory characteristics (i.e., visual detail, clarity, and
vagueness) and cognitive processes (i.e., reasoning, thoughts, and effortfulness) outlined in
the source monitoring framework do discriminate between correct and incorrect memories
in a complex eyewitness memory task where misinformation is not provided. However,
the reasoning cue was not found to be a reliable predictor of response accuracy across
studies as it was unrelated to response accuracy in Experiments 2 and 3. These results
demonstrate that the majority of the cues that discriminate between externally and
internally derived memories described in the source monitoring framework also
discriminate between naturally occurring correct and incorrect memories.
The findings also suggested that witnesses may not fully utilise all of the mnemonic
cues that discriminate between correct and incorrect memories when they monitor the
accuracy of their memories. Study 1 revealed that five of the seven mnemonic cues
measured were significant predictors of response accuracy after confidence was taken into
account. Thus, it initially appeared that witnesses do not spontaneously consider
reasoning, thoughts, clarity, vagueness, or perceived retrieval fluency during monitoring,
but that they do consider effortfulness and visual detail. Consistent with this, Experiment 2
suggested that the majority of people are aware that it is important to consider visual detail
when providing an eyewitness memory report, and that many do not consider thoughts or
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reasoning unless instructed to.50 However, some of the other findings from Study 1 were
contradicted by the results of subsequent experiments. Experiment 2 suggested that the
majority of people are aware of the importance of considering clarity when providing an
eyewitness memory report, while Experiments 2 and 3 suggested that most people are not
fully aware of the importance of considering effortfulness unless they are told to consider
this mnemonic cue. As explained in Chapter 4, these discrepancies in the results may be
due to differences in the amount and type of mnemonic cues being rated across the studies.
In Study 1, rating seven mnemonic cues may have meant that particular ratings were
informed by others. Thus, when only one or two ratings were made in Experiments 2-4,
participants may have been unable to adequately judge the mnemonic cue or cues.
Similarly, some of the mnemonic cue ratings may have detracted from others, meaning that
the ability of particular mnemonic cues to predict response accuracy could have been
underestimated in Study 1. In sum, it appears that reasoning, thoughts, vagueness,
perceived retrieval fluency, and effortfulness (but not clarity or visual detail) are not fully
considered by witnesses during monitoring. However, given the discrepancies between the
results, it will be important to replicate these findings in future research.
These findings also have implications for theories of confidence within eyewitness
testimony. To date, research into the basis of confidence judgments in eyewitness
testimony is limited, as explained in Chapter 3. However, Robinson and colleagues (1997,
2000) have found evidence that confidence judgments may be based on vividness, the
extent to which a memory is reconstructed/visualised, perceived retrieval effort, and
perceived retrieval fluency. In accordance with this, the results presented in this thesis
suggested that visual detail and clarity are spontaneously considered by witnesses when
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The fact that witnesses do not appear to consider reasoning may be advantageous given that this mnemonic

cue was not found to be a reliable predictor of response accuracy across my studies.
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they monitor the accuracy of their memories, as explained above. However, Study 1
seemed to contest Robinson et al.’s (2000) finding that confidence judgments are based on
perceived retrieval fluency, though this can probably be explained by differences in the
way participants made their estimates of retrieval fluency. Specifically, providing an
estimate of the number of seconds taken to answer each question may be a better cue to
base confidence judgments on than a more general rating of how quickly a memory came
to mind. The findings presented in this thesis also suggested that perceived retrieval effort
may not be fully captured within confidence judgments. Thus without instructions, people
may not fully utilise effortfulness during monitoring.
Mnemonic Cue Information, Memory Inaccuracy Warnings, and Retrieval
Instructions as Methods of Improving Eyewitness Monitoring
The second, though primary, question addressed in this thesis was whether
witnesses can be trained to engage in better monitoring of their own response accuracy so
that they can maximise the quantity and accuracy of their eyewitness memory reports.
Experiments 2-4 examined whether information about particular mnemonic cues, a
warning regarding the fallibility of eyewitness memory, or instructions regarding the
process of retrieving information from memory could improve witness’ ability to
discriminate between correct and incorrect memories. The findings suggested that
monitoring cannot be improved by any of these means and that these techniques do not
impact upon the quantity or accuracy of eyewitness memory reports.
The fact that providing information about mnemonic cues was unable to improve
monitoring is somewhat at odds with the literature on the DRM and misinformation
paradigms. As explained in Chapter 1, information about mnemonic cues that are
associated with studied words in the DRM paradigm have been found to reduce the DRM
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false recognition effect (Lane et al., 2008). Similarly, information about mnemonic cues
that are associated with real and suggested memories have been found to reduce the
misinformation effect (Bulevich & Thomas, 2012; Lane et al., 2007). However, I found no
evidence that providing information about a mnemonic cue that is associated with naturally
occurring correct and incorrect memories (i.e., effortfulness) is able to improve the way
witnesses respond to closed questions. This may be explained by the fact that the majority
of the participants in Experiments 2-4 were young adults who completed cued-recall tests.
In a misinformation study, Bulevich and Thomas (Experiment 2, 2012) encouraged
participants of different ages to consider visual imagery and auditory and contextual
information (which they termed supportive instructions) when completing either a
recognition or cued-recall test. For the older adults, Bulevich and Thomas (2012) observed
that the supportive instructions improved resolution and accuracy amongst older
participants regardless of the type of test they completed. However, the supportive
instructions only improved resolution and accuracy in recognition tests for the young
adults. Thus, it seems that mnemonic cue instructions may not be helpful for young adult
witnesses when they respond to cued-recall questions. Bulevich and Thomas (2012)
argued that this may be because younger adults automatically engage in deeper and more
efficient memory searches when answering questions in a cued-recall task. However, my
results suggest that even young witnesses do not consider all the important information that
they should when searching their memory for answers to questions in cued-recall tasks. It
could be that the older witnesses in Bulevich and Thomas’ (2012) study were more willing
to accept guidance about their monitoring processes given the baseline limitations of their
memory (i.e., lower response accuracy than young adults). Thus, the mnemonic cue
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instructions used in this thesis may be more beneficial for an older population.51
There are also several other reasons which may explain why the mnemonic cue
instructions used in this thesis failed to have an impact on monitoring, quantity, and
accuracy. In regards to the reasoning cue, it is likely that manipulating knowledge of this
cue did not have any impact on the core outcome measures because it is not a reliable
predictor of response accuracy. I would not have expected providing information about a
mnemonic cue that is not diagnostic of response accuracy to improve monitoring or help
people maximise the quantity and accuracy of their eyewitness memory reports. In regards
to the effortfulness cue, it is possible that the impact of considering effortfulness is small
and only detectable in a very large sample. For example, the presence of effortfulness may
be more helpful to witnesses than the absence of it because correct memories are likely to
be associated with other mnemonic cues that help witnesses recognise them as correct
(e.g., clarity and visual detail). Thus, correct memories might be volunteered even when
people do not consider the effortfulness of their memories. Incorrect memories, however,
may only be distinguished by the presence of effortfulness. Thus, if witnesses do not fully
consider effortfulness, they will be more likely to volunteer incorrect memories. Another
problem arises if only a small number of memories are effortful to retrieve such as when
the proportion of incorrect memories retrieved is low or when only some incorrect
memories are effortful to retrieve. If only a small number of memories are effortful to
retrieve, the effect of using effortfulness to guide control decisions will be very small when
the eyewitness memory report is examined overall. Furthermore, it is possible that the
effortfulness instructions provided in Experiments 2-4 were not detailed enough to produce
an effect. Indeed, the results of the manipulation checks generally suggested that the
51

It was not possible to test this in my experiments given that the average age of participants in my

experiments around 22 years, with very few participants over the age of 40.

164

information participants were given about effortfulness were either only having a small
impact on knowledge about this mnemonic cue or were only effective for a portion of the
participants. Thus, it may be important to explore the impact of more detailed instructions
in future studies, though this will initially require a more detailed assessment of exactly
what constitutes effortfulness.
In addition to the aforementioned explanations, it could also be that the
effortfulness instructions were ineffective because witnesses overestimate the accuracy of
their memories. The results of Experiments 2-4, showed that participants had a very strong
bias towards volunteering information. While I hypothesised that this tendency might have
been explained by the use of closed questions, the findings of Experiment 5 refute this
possibility as closed question did not result in higher levels of withholding than openended questions. Thus, it is more plausible that the tendency towards volunteering is
indicative of an overestimation of memory accuracy in eyewitness memory tasks. Indeed,
Perfect (2004) observed that while participants believed they would perform better on an
eyewitness memory task than a general knowledge test, their predictions did not match
actual performance. Furthermore, Simons and Chabris (2011) found that the majority of a
US sample of participants believed memory operated like a video recorder, suggesting a
strong belief in the accuracy of memory. Beliefs such as this may not be particularly
problematic when people are questioned in an open-ended format because Experiment 5
suggested that open-ended questions result in the retrieval of a lot of correct information
and people seem to be quite good at monitoring the accuracy of the information retrieved
during open-ended questioning. However, it may be less appropriate to trust information
that comes to mind when closed question are used because such questions can prompt the
retrieval of incorrect information that would not be retrieved during open-ended
questioning, as shown in Experiment 5. Thus, if witnesses rarely consider the possibility
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that their memory could be wrong when they are answering closed questions, they may not
make proper use of the effortfulness cue because the presence of effortfulness is associated
with incorrect memories.
Despite the fact that misconception about memory accuracy may contribute to
ineffective monitoring, it seems that a simple warning about the fallibility of eyewitness
memory will be unable to affect a change in people’s perceptions of the accuracy of their
memories given that such a warning was found to be ineffective in Experiment 4. Future
research could explore more effective means of altering the trust witnesses have in the
accuracy of their memories when they are answering closed questions, though it is possible
that such a change can only be achieved with relatively intensive (and therefore
impractical) training as suggested by Lane and Karam-Zanders (2013). For example,
Niedźwieńska (2004) found that an intensive 30-hour training course about
autobiographical memory (including information about potential sources of memory error)
was able to improve the accuracy of autobiographical memory reports for the September
11 terrorist attacks. Such a training regime is not feasible in the eyewitness context given
the limited resources of police (i.e., time and staff) and the need to conduct interviews as
soon as possible following the crime to increase the chances of apprehending the offenders
before they have the opportunity to destroy evidence or commit further crimes.
Although the results presented in this thesis indicated that retrieval instructions may
not be a useful means of improving the way witnesses respond to closed questions, further
study on this technique may be warranted. As explained in Chapter 5, differences between
the methodology used in Experiment 5 and the methodology used by Scoboria et al. (2014)
might explain why the retrieval instructions were ineffective. It may be that demonstrating
the instructions with an example and having witnesses verbally articulate their retrieval
processes allows them to better understand and utilise the instructions, which may
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consequently improve the way they respond to closed questions. The inclusion of an
example would be reasonably easy to implement and test in both the laboratory and the
field because participants and witnesses, respectively, could simply be provided with a
written copy of the instructions and the example. Verbal articulation of the retrieval
processes could also be implemented easily in the field and in experimental research,
particularly given that this method is likely to require less time to conduct than the
Cognitive Interview that is typically recommended for interviewing witnesses.
Retrieval, Monitoring, and Control Abilities during Open-Ended and Closed
Questioning
The third question addressed in this thesis was whether the retrieval, monitoring,
and/or control abilities of witnesses differ depending on the type of questions they are
asked given that open-ended questions typically elicit more accurate reports than closed
questions (Fisher, 1995; Lipton, 1977). The purpose of assessing this was to (i) determine
whether the low withholding rates observed in Experiments 2-4 were the result of the
closed questions that were used, (ii) examine underlying mechanism for the open question
accuracy advantage, and (iii) evaluate the memory regulation processes that operate during
open-ended questioning as this may be a potential avenue for improving the way witnesses
respond to closed questions. As explained earlier, Experiment 5 revealed that the use of
closed questions could not explain the low withholding rates observed in Experiments 2-4.
Although it was difficult to appropriately compare monitoring and control abilities
between open-ended and closed questions, there was some indication that monitoring is
more effective during open-ended questioning and these questions also appear to prompt
the retrieval of a large amount of additional information. Thus, learning more about the
memory regulation processes that operate during open-ended questioning may offer a
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means of helping witnesses maximise the quantity and accuracy of their eyewitness
memory reports.
The results reinforce the well-established importance of asking open-ended
questions when interviewing witnesses. The Cognitive Interview is comprised of various
social dynamic, communication, and cognitive components and encourages free-narrative
and open-ended questions as opposed to closed questions (Fisher & Geiselman, 1992), and
is considered best practice in many developed countries because it has been found to
increase the amount of correct information obtained from witnesses with only a small
increase in the amount of incorrect information (Köhnken, Milne, Memon, & Bull, 1999;
Memon, Meissner, & Fraser, 2010). It is. Consistent with this, the results of Experiment 5
showed that when all of the information retrieved during the open-ended questions was
assessed, significantly more correct information was retrieved for open-ended than closed
questions. Thus, open-ended questions resulted in the retrieval of a large amount of correct
information that would not have been retrieved if only this set of closed questions had been
asked. This is important because the effectiveness of closed questions is dependent upon
the interviewer knowing exactly what to ask. If the interviewer does not ask questions
about everything the witness can remember, they may miss potentially important
information, information that could have been volunteered in response to an open-ended
question. Furthermore, open-ended questions also appear to enable superior monitoring
which also helps explain the usefulness of the Cognitive Interview. Experiment 5 showed
that the superior monitoring exhibited by participants during open-ended questioning
meant that most of the additional correct information they retrieved was volunteered,
without increasing the amount of incorrect information that was volunteered. These
findings reinforce the importance of asking open-ended questions when interviewing
witnesses, in accordance with recommendations (Technical Working Group for Eyewitness
168

Evidence, 1999). In addition, the findings explain that open-ended questions elicit more
correct information because they increase the amount of correct information retrieved and
improve monitoring ability, allowing witnesses to volunteer more correct information than
they would in response to closed questions while withholding most of the incorrect
information.
The findings of Experiment 5 also confirmed the importance of improving
eyewitness’ monitoring during closed questioning as such questions may allow police to
obtain additional correct information that is not retrieved during open-ended questioning.
When only items that could be matched across the questions were considered in
Experiment 5, the findings showed that closed questions resulted in the retrieval of
significantly more correct information than open-ended questions. Thus, closed questions
resulted in the retrieval of some correct information that would not have been retrieved if
only open-ended questions had been asked. This is valuable from an applied perspective
as it suggests that police may be able to use closed questions to obtain additional correct
information about a crime that may be critical for the investigation or for legal reasons,
assuming that the additional correct information is volunteered. However, Experiment 5
also showed that closed questions resulted in the retrieval of significantly more incorrect
information, less effective monitoring, and a more conservative response bias than openended questions. Thus, witnesses may have difficulty determining that the additional
information is correct, and they may not be confident enough in the additional correct
information to volunteer it, meaning that the additional correct information may not be
volunteered. Furthermore, monitoring difficulties could also make it more likely that
additional incorrect information will be volunteered if witnesses are quite confident in the
incorrect information they retrieve. Therefore, the findings demonstrate the importance of
improving the way witnesses monitor the accuracy of their memory during closed
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questions because such questions may be able to elicit valuable information that witnesses
may not otherwise remember.
The results of Experiment 5 may also have implications for theories of confidence
within eyewitness testimony. The fact that closed questioning appears to interfere with
monitoring ability may suggest that people consider whether they should be able to answer
the question, in addition to what their actual answer is (i.e., an answer or a don’t know
response). This will be problematic if the witness believes they should be able to answer a
particular question but either cannot retrieve one, or can only retrieve one they are not
confident about. For example, the witness may be asked what type of jacket the offender
wore. As this is a central piece of information, they may believe they should know the
answer. However, they may have been paying attention to other aspects of the event and
neglected to fully encode the type of jacket worn by the offender. In this instance, the
witness may lack confidence in any answer they retrieve but choose to volunteer it because
they believe that it is something they should remember, devaluing their accurate
confidence judgment. Thus, confidence judgments may be inflated in situations where
witnesses answer closed questions. Furthermore, witnesses may base their confidence
judgments on the speed with which answers come to mind when they answer any type of
question (Robinson et al., 1997, 2000), regardless of whether it is open-ended or closed.
This strategy may be useful during open-ended questioning in which the strongest (and
therefore most likely to be accurate) memories are likely to be retrieved quite quickly.
However, during closed questions, fluency of retrieval may be distorted by the fact that a
retrieval cue is present. Thus, retrieval fluency may be a less reliable predictor of both
confidence and accuracy in the context of closed questions. However, given that Study 1
suggested that perceived retrieval fluency is not spontaneously considered by witnesses
when they judge the accuracy of their memory, this explanation may be less plausible.
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The Global Informativeness Criterion as an Explanation for the Liberal Response
Bias of Witnesses
As explained earlier, the strong tendency of witnesses to volunteer (i.e., liberal
response bias) information could be explained by an overestimation of the accuracy of
memory. However, it is possible that the extremely liberal response bias observed
throughout the experiments presented in this thesis is a consequence of a preference to
appear informative. Specifically, it may be that witnesses prefer to volunteer as much
information as possible and have some of this information be incorrect than provide only
information that they know for sure is correct. Ackerman and Goldsmith (2008) have
proposed that when people answer a series of questions, they consider how much
information they are volunteering overall when deciding whether to volunteer or withhold
each answer. In an experiment where participants answered general knowledge questions
and could decide how specific each answer was or withhold the answer entirely, Ackerman
and Goldsmith (2008) found that participants sometimes provided specific answers that
they were not confident about. Specifically, the findings showed that approximately 17%
of the answers participants volunteered were associated with a level of confidence below
their estimated response criterion (i.e., the level of confidence required to warrant
volunteering an answer). Ackerman and Goldsmith (2008) concluded that there may be a
global informativeness criterion that causes people to devalue non-specific information
and/or causes them to avoid withholding information. Therefore, the low rate of
withholding observed in the experiments presented in this thesis may be a consequence of
a global informativeness criterion which makes witnesses feel compelled to volunteer, thus
preventing them from giving don’t know responses for a large number of questions.
From a practical perspective, it is easy to see why witnesses may feel pressured to
avoid giving don’t know responses for a large number of questions. Research into the
171

usage of different components of the Cognitive Interview has found that although police
can have difficulty adhering to all of its components, they frequently use the report
everything instruction (Dando et al., 2008, 2009; Kebbell et al., 1999) which is designed to
discourage witnesses from withholding partial or incomplete information (Memon et al.,
2010). However, it is possible that this instruction also discourages witnesses from
withholding information they are unsure about. Furthermore, while the Cognitive
Interview also recommends that witnesses be reminded not to guess, the reminder may
only discourage blatant guessing. As a result, witnesses may continue to believe that the
report everything instruction is encouraging them to volunteer all information, even when
they are not entirely sure of its accuracy. Furthermore, research is mixed regarding how
often police actually remind witnesses not to guess. While Dando et al. (2008) found that
police self-reported using the reminder usually or almost always, Dando et al. (2009) found
that it was not used frequently during real police interviews. Thus, if witnesses receive a
report everything instruction, but not a do not guess instruction, they may volunteer
information they are unsure about.
Of course, if witnesses do volunteer information they are unsure about, they could
provide uncertainty qualifiers such as ‘I think…’, ‘I’m not sure, but…’, or ‘It might have
been…’ which indicate to the police that they are uncertain about such information.
Although such qualifiers are used more frequently by older witnesses, they have also been
observed in young adult witnesses (Brimacombe, Quinton, Nance, & Garrioch, 1997).
Future research could explore whether witnesses use more uncertainty qualifiers (or
different uncertainty qualifiers) for incorrect answers that they volunteer than for correct
answers that they volunteer to determine whether monitoring is occurring at this more
specific level. If such an effect is found, it may be possible to provide police with
information that can help them discriminate between information that is more likely to be
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correct (or incorrect). Providing police with guidance that can help them discriminate
between the correct and incorrect information they obtain from witnesses may be
particularly important given the pragmatic demands of conducting interviews. A common
barrier to conducting the Cognitive Interview in full is time constraints, with police
reporting that they often have very heavy workloads and feel pressured by more senior
officers to conduct their interviews quickly (Dando et al., 2008; Kebbell et al., 1999).
Such pressures may be conveyed to witnesses, either implicitly or explicitly, and cause
them to feel as though they must answer the interview questions as quickly as possible. It
may be that it is quicker for witnesses to provide uncertainty qualifiers for the answers they
are not confident about, rather than spend time engaging in careful monitoring and control
processes. If police are aware of the qualifiers and how they relate to response accuracy,
they may be able to determine which details they should trust and consequently follow-up
as part of their investigation.
Limitations
A number of important limitations are evident throughout this thesis which may
impact on interpretations and inform directions for future studies. First, the delay between
presentation of the stimulus and the recall task was relatively short in each experiment (i.e.,
10 minutes). However, research suggests that memory decays over time and that witnesses
remember less information as the delay between the event and the recall task increases
(Ebbesen & Rienick, 1998; Odinot & Wolters, 2006). Thus, the results observed in this
thesis only pertain to recall tasks conducted shortly after the stimulus event because little
time was allowed for forgetting to occur. Second, a single stimulus video and the same set
of closed questions were used to assess memory throughout this thesis. Future research
should aim to determine the extent to which the results generalise to other stimulus
materials and, as noted earlier, it will be particularly important to use a broader set of
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closed questions when comparing retrieval, monitoring, and control processes that operate
during open-ended and closed questioning. Third, the filter questions included in the recall
task added an additional component to the memory retrieval process. Such questions are
known to reduce accuracy (Lipton, 1977) and although they were not included in the
analyses, answering them may have impacted on the way people responded to closed
questions. Thus, forthcoming studies should aim to utilise a set of recall questions that do
not include forced-choice alternatives.
The fourth, though perhaps most critical limitation of the experiments presented in
this thesis relates to the way in which the retrieval processes were decomposed to allow
assessment of metacognitive monitoring and control. In each experiment, participants
were required to answer all questions, make explicit decisions about which answers to
volunteer and withhold, and provide ratings of metacognitive judgements (i.e., confidence
and mnemonic cues). Although the procedures used were necessary to appropriately
measure monitoring and control abilities, as well as quantity and accuracy, they are likely
to be very different from the conditions under which people would normally answer
questions about a crime. For example, a forensic investigator is unlikely to request a
confidence judgement for each piece of information a witness volunteers, and, if the
interview is conducted according to recommended practice, the witness will not be asked
to answer all questions as guessing should be discouraged (Fisher, 1995; Technical
Working Group, 1999). Recent evidence suggests that memory regulation processes can
differ depending on whether eyewitness memory reports are obtained via a two-phase
reporting procedure or a more naturalistic procedure (Sauer & Hope, 2015). Thus, there is
a possibility that the results observed in this thesis do not accurately reflect the regulatory
processes that people normally engage in.
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The fifth, though related, area of concern in this thesis was the externalised freerecall technique used in Experiment 5 to assess retrieval, monitoring, and control during
open-ended questioning. Typically, when people respond to open-ended questions, they
engage in narrative recall and the information they provide could either represent
everything they were able to retrieve or a subset of the retrieved information that they felt
comfortable volunteering. Either way, they are able to engage in uninterrupted recall. It is
possible that the two-column method used in Experiment 5 interfered with this recall
process because people were required to switch columns when they retrieved something
that they wanted to withhold. Interrupting recall in this way may have prevented
additional information from being retrieved because it could have hindered the associative
process involved in memory retrieval. Thus, Experiment 5 may have underestimated the
amount of information that could be retrieved in response to the open-ended questions.
However, it is important to remember that this was the first time this technique was utilised
in an eyewitness recall task, and that such as task was necessary because typical
procedures do not allow assessment of monitoring and control abilities. It may be useful to
compare the typical recall method with a variety of the externalised free-recall methods
(e.g., the asterisk method) to determine which methodology is most suited to assessing
monitoring and control in eyewitness recall tasks.
General Conclusions
The experiments reported in this thesis demonstrated that the mnemonic cues
outlined in the source monitoring framework can discriminate between correct and
incorrect memories, though some of them are spontaneously considered by witnesses
during the monitoring process. The findings also suggested that eyewitness monitoring
cannot be improved by (i) providing witnesses with information about mnemonic cues that
they do not take into full consideration during monitoring, (ii) warning witnesses of
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fallibility of eyewitness memory, or (iii) providing retrieval instructions. However, this
does not mean that it is impossible to improve monitoring, and it seems that exploring
eyewitness monitoring during open-ended questions may help uncover ways of improving
the way people respond to closed questions. Two important avenues for future research
will be to (i) use a broader set of closed questions to enable a more rigorous comparison of
the monitoring and control processes during open-ended and closed questioning, and (ii)
uncover why witnesses exhibit such a liberal response bias. Forthcoming experiments
could explore whether the liberal response bias of witnesses is the result of an
overestimation of the accuracy of memory and/or a global informativeness criterion. In
addition, it may be important to explore whether witnesses provide other information,
perhaps in the form of uncertainty qualifiers, which can give police some indication of
whether the information they volunteer is correct.
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APPENDIX A: CLOSED AND FILTER QUESTIONS USED IN RECALL TASKS
ACROSS ALL STUDIES/EXPERIMENTS
1. What was the sex of the robber by the counter?
2. What was the general build of the robber by the counter?
3. Was the robber by the counter wearing jacket?
a. What colour was the jacket?
b. What type of jacket was it?
4. Was the robber by the counter wearing a shirt?
a. What colour was the shirt?
b. What type of shirt was it?
5. Was the robber by the counter wearing a jumper?
a. What colour was the jumper?
b. What type of jumper was it?
6. What colour were the trousers of the robber by the counter?
7. What type of trousers did the robber by the counter have on?
8. Was the robber by the counter wearing a disguise?
a. What colour was the disguise?
b. What type of disguise was it?
9. Did the robber by the counter have a weapon?
a. What type of weapon?
10. Was the robber by the counter carrying a bag?
a. What colour was the bag?
b. What type of bag was it?
11. What was the sex of the robber off to the side?
12. What was the general build of the robber off to the side?
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13. Was the robber by the counter wearing jacket?
a. What colour was the jacket?
b. What type of jacket was it?
14. Was the robber by the counter wearing a shirt?
a. What colour was the shirt?
b. What type of shirt was it?
15. Was the robber by the counter wearing a jumper?
a. What colour was the jumper?
b. What type of jumper was it?
16. What colour were the trousers of the robber off to the side?
17. What type of trousers did the robber off to the side have on?
18. Was the robber off to the side wearing a disguise?
a. What colour was the disguise?
b. What type of disguise was it?
19. Did the robber off to the side have a weapon?
a. What type of weapon?
20. Was the robber off to the side carrying a bag?
a. What colour was the bag?
b. What type of bag was it?
21. Did the robbers use a getaway car?
a. What colour was the getaway car?
b. What type of car was it?
22. Did the robbers escape together?
a. (Yes) How did they escape?
a. (No) How did the robber that was by the counter escape?
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b. (No) How did the robber that was off to the side escape?
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APPENDIX B: EXPLANATION OF RESPONSE CODING FOR CLOSED QUESTIONS
Rather than coding responses by question (i.e., coding all of the responses for
question one, followed by all of the responses for question two, etc.), responses were coded
by participant (i.e., all of the first participant’s responses were coded first, followed by all
of the responses for the second participant, etc.). This was done because some participants
appeared to confuse the robbers (i.e., responses for the questions about the robber by the
counter were consistent with a description of the robber that was off to the side and vice
versa). Had responses been coded by question, it would have been difficult to determine
when participants had confused the robbers, which would have resulted in miscoding of the
responses. For example, if a participant who confused the robbers said the robber by the
counter was wearing a yellow hoodie, these responses (yellow and hoodie) would be coded
as incorrect because the robber by the counter wore a grey suit jacket. The robber off to
the side, however, did wear a yellow jumper, meaning their responses should actually be
coded as correct.
There were various instances in which participants provided a response about a
particular item in the wrong question (i.e., when asked for a description of the robber’s
disguise, they provided information about the clothing worn by the robber). However,
participants typically repeated information that was given in the wrong question in the
right question. When they did not repeat the response in the right question, the response
was ignored for the wrong question and the appropriate code was entered into the right
question. This meant that responses were not being discarded based on minor
misunderstanding of the questions.
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APPENDIX C: RECALL TASK INSTRUCTIONS FOR EXPERIMENT 2
Experimental condition
Clarity + reasoning

Clarity + thoughts

Visual detail + reasoning

Confidence

You will now be asked a series of questions about the video you saw earlier. Each question will be presented on a separate screen. We would
like you to imagine that you are giving a formal statement to the police. It is important that you provide as much information as possible. It is
also important that the information you provide is correct. Some of the questions require a yes/no response. For these questions, the screen will
show the question and 2 response buttons marked “Yes” and “No”. Your task is to select the appropriate button. You will then be asked to rate
how confident you are that your decision is correct. There are also some questions that require a typed response. For these questions, your task
is to type an answer in the text box provided and click “Done”.
You will then be asked to complete 2 questions about your memory. The questions will be presented on
separate screens. Each screen will display a statement and 5 response options ranging from “Not at All” to
“Very Much”. Your task is to select the option that best describes your memory.
You will then be asked to rate how confident you are that the answer is correct. You will be presented with a confidence scale ranging from 0100% with 10% intervals (e.g., 0%, 10%, 20% etc.). Select the percentage that corresponds to your level of confidence. Finally, you will be
asked whether you want to submit the answer or withhold it from your eyewitness report. It is important that you only provide correct
information. Incorrect eyewitness reports can seriously hinder an investigation and can result in the offenders escaping arrest. You should only
submit answers that you think are correct. It is also important that you do not withhold correct information. Police need to have all of the correct
information in order to catch the offenders. You should do your best to avoid withholding answers that you think are correct. If you want to
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include an answer in your eyewitness report because you think it is correct, select “Submit Answer”. If you want to withhold the

Clarity + reasoning

Clarity + thoughts

Visual detail + reasoning

Confidence

answer from your eyewitness report because you think it is incorrect, select “Withhold Answer”. Remember, police need to be sure that the
information you are providing is correct. Therefore, you should try to only submit correct answers. Also keep in mind that the police need all of
the correct information that you know. Therefore, you should avoid withholding correct answers.
When deciding whether an answer is correct or incorrect, we would like you consider the characteristics of

When deciding whether an answer

your memory. Research has identified 2 characteristics that can help distinguish between correct memories

is correct or incorrect, we would

and incorrect memories.

like you to consider your level of
confidence. Research has found
that confidence is able to
distinguish between correct and
incorrect memories.

It has been found that clear memories are likely to be correct. When

It has been found that visually

Memories that people are highly

your memory is clear, your answer is likely to be correct, and you

detailed memories are likely to be

confident about are likely to be

should submit it.

correct. When your memory is

correct. When you are highly

visually detailed, your answer is

confident in your answer, it is

likely to be correct, and you

likely to be correct, and you

should submit it.

should submit it.

It has also been found that

It has also been found that

It has also been found that

Memories that people are not

memories that involve reasoning

memories that include a lot of

memories that are effortful are

confident about are likely to be
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Clarity + reasoning

Clarity + thoughts

Visual detail + reasoning

Confidence

are likely to be incorrect. When

thoughts are likely to be incorrect.

likely to be incorrect. When your

incorrect. When you are not

your memory involves reasoning,

When your memory includes a lot

memory is effortful, your answer

confident in your answer, it is

your answer is likely to be

of thoughts, your answer is likely

is likely to be incorrect, and you

likely to be incorrect, and you

incorrect, and you should

to be incorrect, and you should

should withhold it.

should withhold it.

withhold it.

withhold it.

You will now be given a yes/no practice question and a question requiring a typed response. You will be asked to type a response even if you
respond “No” to the yes/no question.
PRACTICE FILTER QUESTION: Were there any customers in the bank at the time of the robbery?
PRACTICE CLOSED QUESTION: How many customers were in the bank at the time of the robbery?
You have now completed the practice question. For the interview questions, we will not ask for a typed response when you respond “No” to a
yes/no question. However, we wanted to give you practice answering a question that requires a typed response. Because there were two robbers,
they will be referred to by their location during the robbery. One will be referred to as “the robber by the counter”. This is the robber who took
the money from the cashier. The other robber will be referred to as “the robber off to the side”. There will be several questions about the top/s
possibly worn by each robber. You will be asked if each robber was wearing a jacket, a shirt, and/or a jumper. Please ensure that you respond in
the appropriate question. For example, if you remember that one of the robbers was wearing a jumper, but not a jacket, respond “No” to the
question that asks if they were wearing a jacket, and “Yes” to the question that asks if they were wearing a jumper. If you have any questions,
please ask the experimenter now.
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Clarity + reasoning

Clarity + thoughts

Visual detail + reasoning

Confidence

When deciding whether your answers are correct or incorrect, please remember to consider the

When deciding whether your

characteristics of your memory.

answers are correct or incorrect,
please remember to consider your
level of confidence.

When your memory is clear, your answer is likely to be correct, and

When your memory is visually

When you are highly confident,

you should submit it.

detailed, your answer is likely to

your answer is likely to be correct,

be correct, and you should submit

and you should submit it.

it.
When your memory involves

When your memory includes a lot

When your memory is effortful,

When you are not confident, your

reasoning, your answer is likely to

of thoughts, your answer is likely

your answer is likely to be

answer is likely to be incorrect,

be incorrect, and you should

to be incorrect, and you should

incorrect, and you should

and you should withhold it.

withhold it.

withhold it.

withhold it.
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APPENDIX D: RECALL TASK INSTRUCTIONS FOR EXPERIMENT 3
Experimental condition
Reasoning

Effortfulness

Control

You will now be asked a series of questions about the video you saw earlier. Each question will be presented on a separate screen. We would
like you to imagine that you are giving a formal statement to the police. It is important that you provide as much information as possible. It is
also important that the information you provide is correct. Some of the questions require a yes/no response. For these questions, the screen will
show the question and 2 response buttons marked Yes and No. Your task is to select the appropriate button. There are also some open-ended
questions. When these are presented you should think of an answer before clicking the “Next” button.
You will then be asked to rate the extent to

You will then be asked to rate how effortful

which your memory involves reasoning on a

your memory was to retrieve on a 5-point

5-point scale ranging from “Not at All” to

scale ranging from “Not at All” to “Very

“Very Much”. Your task is to select the

Much”. Your task is to select the option that

option that best describes your memory.

best describes your memory.

You will then be asked whether you want to provide your answer. There will be two response buttons on the screen, “Answer” and “Don’t
Know”. To provide your answer, select the “Answer” button. To withhold your answer, select the “Don’t Know” button.
When deciding whether to provide your

When deciding whether to provide your

answer, we would like you to consider

answer, we would like you to consider the

whether your memory involves reasoning.

effortfulness of your memory. Research has
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Reasoning

Effortfulness

Research has found that the level of reasoning

found that the effort involved in retrieving

involved in memory is able to distinguish

information from memory is able to

between correct and incorrect memories.

distinguish between correct and incorrect

Memories that involve a lot of

memories. Memories that are effortful to

Control

retrieve
reasoning are likely to be incorrect. When

are likely to be incorrect. When your memory

your memory does involve reasoning, it is

is effortful to recall, it is likely to be incorrect,

likely to be incorrect, and you should select

and you should select “Don’t Know”.

“Don’t Know”.
It is important that you only provide correct information. Incorrect eyewitness reports can seriously hinder an investigation and can result in the
offenders escaping arrest. You should only provide your answer if you think it is correct. You should say “Don’t Know” if you are unsure about
your answer. When you decide to provide your answer, you will be presented with another screen containing a text box in which you can type
your answer. Select “Done” when you have finished typing your answer. When you select the “Don’t Know” button, you will proceed to the
next question. You will now be given an open-ended practice question.
PRACTICE FILTER QUESTION: Were there any customers in the bank at the time of the robbery?
PRACTICE CLOSED QUESTION: How many customers were in the bank at the time of the robbery?
You have now completed the practice question. Please press “Next” to continue. Because there were two robbers, they will be referred to by
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Reasoning

Effortfulness

Control

their location during the robbery. One will be referred to as “the robber by the counter”. This is the robber who took the money from the
cashier. The other robber will be referred to as “the robber off to the side”. There will be several questions about the top/s possibly worn by
each robber. You will be asked if each robber was wearing a jacket, a shirt, and/or a jumper. Please ensure that you respond in the appropriate
question. For example, if you remember that one of the robbers was wearing a jumper, but not a jacket, respond “No” to the question that asks if
they were wearing a jacket, and “Yes” to the question that asks if they were wearing a jumper.
When deciding whether to provide your

When deciding whether to provide your

answer, please remember to consider whether

answer, please remember to consider whether

your memory involves reasoning. When your

your memory if effortful to recall. When your

memory involves reasoning, your memory is

memory is effortful to recall, your memory is

likely to incorrect, and you should select

likely to incorrect, and you should select

“Don’t Know”.

“Don’t Know”.

RECALL TASK (see Appendix A for list of filter and closed questions)
You have finished the interview questions. Now we would like you to think back to the questions where you responded “Don’t Know”.
Responding “Don’t Know” when you are unsure about your answer is good. However, we would like to know what your best guess was for the
questions where you responded “Don’t Know”. You are going to be presented with these questions again. Please, think back to the answer you
thought of when you were first presented with these questions. Do not try to come up with new answers. On each screen, there will be a
question, a text box, and a button marked “Done”. Please type the answer you were considering when you were first presented with the question
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and click “Done”.

APPENDIX E: RECALL TASK INSTRUCTIONS FOR EXPERIMENT 4
Experimental condition
Training

Training + retrieval

Control

You will now be asked a series of questions about the video you saw earlier. Each question will be presented on a separate screen. We would
like you to imagine that you are giving a formal statement to the police.
It is important to understand that you will remember more incorrect information than you think.

You should take your statement very seriously

There are many factors that can cause a witness to remember incorrect information. For

because the information you provide will

example, there may be issues with perception/attention because witnesses can’t look at the

almost certainly play a vital role in the

entire event at once; also some things may be too dark to see. Witnesses may also consider

investigation. Approximately 85% of police

related information or prior beliefs that impact on what they remember later. For these reasons

say that their major leads usually come from

and more, witnesses always remember more incorrect information than they think they do. This

witnesses. This means that the statement you

means that you will remember more incorrect information than you think you will. Please keep

provide could be critical for the arrest and

this in mind throughout the questions you will answer soon.

conviction of the perpetrators. It is absolutely
essential that the information you provide is
correct. Do not provide any information that
could be wrong. If you provide information
that is wrong, it could send the investigation
off track and result in the offenders escaping
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arrest. You should only provide correct

Training

Training + retrieval

Control
information.

Some of the questions require a yes/no response. For these questions, the screen will show the question and 2 response buttons marked ‘Yes’ and
‘No’. Your task is to select the appropriate button. There are also some open-ended questions.
When these questions are presented, you

When you’re presented with these questions,

When these questions are presented, you

should think of an answer before clicking the

you should review what is being asked first.

should think of an answer before clicking the

‘Next’ button. The answer could be a best

After reviewing the question, you should try to ‘Next’ button. The answer could be a best

guess if you cannot remember. You should

retrieve an answer. More than one option

consider how effortful the answer was to

could come to mind. This is perfectly normal.

retrieve. Research has shown that memories

The answer could be a best guess if you

that are effortful to retrieve are more likely to

cannot remember. Once you have retrieved

be wrong. If an answer was effortful to

your answer/s, you must make a decision

retrieve, it is probably wrong.

about how likely it is that each possible
answer is correct. You should also consider
how effortful each answer was to retrieve.
Research has shown that memories that are
effortful to retrieve are more likely to be
wrong. If an answer was effortful to retrieve,
it is probably wrong. When evaluating

guess if you cannot remember.
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Training

Training + retrieval

Control

certainty and effortfulness, consider each
possible answer separately. Decide which
answer is most likely to be correct. This is
your best answer. You may not necessarily
believe that your best answer is correct and it
could be a guess if you were unable to retrieve
an answer. The important thing is that it is the
best answer you can think of.
You will be asked to provide two ratings for your answer. First, you will rate how effortful

Next, you will rate how confident you are that

your memory was to retrieve on a 5-point scale ranging from ‘Not at All’ to ‘Very Much’.

the answer is correct.

Your task is to select the option that best describes your memory. Second, you will rate how
confident you are that the answer is correct.
You will be presented with a confidence scale ranging from 0-100% with 10% intervals (e.g., 0%, 10%, 20% etc.). Select the percentage that
corresponds to your level of confidence. Finally, you will be asked whether you want to provide your answer. There will be two response
buttons on the screen, ‘Answer’ and ‘Don’t Know’. To provide your answer in your statement to police, select the ‘Answer’ button. To
withhold your answer from your police statement, select the ‘Don’t Know’ button.
When deciding whether to provide your

When deciding whether to provide your

Remember, it is absolutely essential that the

answer or respond ‘Don’t Know’, keep in

answer or respond ‘Don’t Know’, keep in

information you provide is correct. Do not
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Training

Training + retrieval

Control

mind that you will remember more incorrect

mind that you will remember more incorrect

provide any information that could be wrong.

information than you think. Consider how

information than you think. Cast your mind

You should only provide correct information.

effortful the answer was to retrieve and

back to when you were selecting your best

remember that memories that are effortful to

answer. Consider how certain you are that the

retrieve are usually wrong.

answer is correct. Consider how effortful the
answer was to retrieve and remember that
memories that are effortful to retrieve are
usually wrong.

When you decide to provide your answer, you will be presented with another screen containing a text box in which you can type your answer.
Select ‘Done’ when you have finished typing your answer. When you select the ‘Don’t Know’ button, you will proceed to the next question.
You will now be given an open-ended practice question.
PRACTICE FILTER QUESTION: Were there any customers in the bank at the time of the robbery?
PRACTICE CLOSED QUESTION: How many customers were in the bank at the time of the robbery?
You have now completed the practice question. Please press ‘Next’ to continue. Because there were two robbers, they will be referred to by their
location during the robbery. One will be referred to as ‘the robber by the counter’. This is the robber who took the money from the cashier. The
other robber will be referred to as ‘the robber off to the side’. There will be several questions about the top/s possibly worn by each robber. You
will be asked if each robber was wearing a jacket, a shirt, and/or a jumper. Please ensure that you respond in the appropriate question. For
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example, if you remember that one of the robbers was wearing a jumper, but not a jacket, respond ‘No’ to the question that asks

Training

Training + retrieval

Control

if they were wearing a jacket, and ‘Yes’ to the question that asks if they were wearing a jumper. If you have any questions, please ask the
experimenter now.
Please keep in mind that you will remember

Please keep in mind that you will remember

Do not provide any information that could be

more incorrect information than you think.

more incorrect information than you think.

wrong. You should only provide correct

You must consider how effortful the answer

You must always review the question being

information.

was to retrieve. Memories that are effortful to

asked and retrieve all possible answers. You

retrieve are usually wrong.

must consider your level of certainty, and how
effortful the answer was to retrieve. Memories
that are effortful to retrieve are usually wrong.

RECALL TASK (see Appendix A for list of filter and closed questions)
You have finished the interview questions. Now we would like you to think back to the questions where you responded ‘Don’t Know’.
Responding ‘Don’t Know’ when you are unsure about your answer is good. However, we would like to know what your best guess was for the
questions where you responded ‘Don’t Know’. You are going to be presented with these questions again. Please, think back to the answer you
thought of when you were first presented with these questions. Do not try to come up with new answers. On each screen, there will be a
question, a text box, and a button marked ‘Done’. Please type the answer you were considering when you were first presented with the question
and click ‘Done’.
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APPENDIX F: CODING GUIDE FOR EXTERNALISED FREE-RECALL ANSWERS
IN EXPERIMENT 5
Throughout the coding guide CR is used to describe the robber by the counter during the
robbery and SR is used to describe the robber that was off to the side during the robbery.
Entry order x1: CR entered the bank first
Sex x2 (1 for each robber): CR was male, SR was female. They may not mention sex at
all, or they may only mention it for one robber. They can state male/female or could refer
to he and she. Interpret guy as male.
Age x2 (1 code per robber): Young adults, 20s-30s.
Ethnicity x2 (1 code per robber): Both were Caucasian/white.
Eye colour x2 (1 code per robber): Brown/dark for CR. Any answer for SR is wrong as this
is not determinable from the video.
Hair colour x2 (1 for each robber): Any answer is wrong as no hair was seen.
Lips x1: CR had normal lips, if the say large, code as incorrect.
Face/head shape x2 (1 code per robber): CR had long/thin/slender face. No close up of SR
so too difficult to judge, any answer incorrect.
Eyebrows: CR had dark (x1), bushy (x1) eyebrows. Did not see SR eyebrows so any
answer is incorrect
Build x2 (1 code per robber): CR was slim/thin/average/medium. SR was
bigger/chubby/fat/stocky/overweight/beer gut/wider (not average but if they say
stocky/average, code as correct)
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Height x2 (1 code per robber): SR was tall/fairly tall/taller. CR was short/shorter (not
average). Exact height is not required but heights should be considered relative to each
other if they give both (i.e., CR height should be larger than SR height). SR shouldn’t be
more than around 5.2 and SR should be greater but no more than 6ft (but if the relative
difference is correct, code both as correct).
CR jacket: 1 code for colour (dark, dark grey, grey, charcoal, pin stripes), 1 code for type
(suit, formal/sport/business jacket, blazer, button-up, just jacket), 1 code for fit (baggy), 2
codes for buttons (1 for each cuff, there were 3 button on both). If they just say suit, give 1
correct mark for jacket type and another for trouser type. If they specify the colour of the
suit, give 1 mark for jacket colour and 1 mark for trouser colour. If they just say clothes
were dark coloured or grey, give correct for jacket colour and trouser colour and incorrect
for shirt colour (all incorrect if they say black clothing). If they say most clothes were dark
or grey, give correct for jacket colour and trouser colour and no ode for shirt.
SR jumper: 1 code for colour (yellow), 1 for type (hoodie pocket in front, sports type, US
flag, jumper, pullover, windcheater, sweatshirt, sweater), 1 for logo (capital/block letters,
writing, USA), 1 for logo colour (dark, black), 1 for jumper sleeves (rolled/pushed up or
not rolled/pushed up is correct as they were rolled up in some parts of the video and not
others). Do not code if they just say top.
CR shirt: 1 code for colour (only white is coded as correct, any other colour including a
light/pale colour is incorrect), 1 for type (may just say shirt but could also describe the shirt
in some way such as button-up, collared, business/suit shirt).
SR shirt: no visible shirt, any answer coded as incorrect.
CR trousers: 1 code for colour (dark, dark grey, grey, charcoal, pin stripes), 1 code for type
(suit pants, slacks, formal, business, formal). If they just say suit, give 1 correct mark for
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jacket type and another for trouser type. If they specify the colour of the suit, give 1 mark
for jacket colour and 1 mark for trouser colour.
SR trousers: 1 code for colour (dark, dark blue, blue, navy), 1 code for type (jeans, baggy,
loose, long)
CR tie: 1 code for saying CR wore a tie, 1 code for tie colour (red, patterned/striped, some
red, maroon, dark/deep red, some grey and white, dark)
Shoe colour x2 (1 code for each robber): Dark, black
Shoe type x2 (1 code for each robber): Closed shoes. Code anything more specific than
closed shoes as incorrect. Do not give correct for just saying they wore shoes
Disguise colour x2 (1 code for each robber): Dark, black
Disguise type x2 (1 code for each robber): Balaclava, mask, ski mask, face
hood/mask/cover, anything that generally describes a face mask (beanie over face with
hols for eyes is ok)
Weapon x2 (1 code for each robber): Neither robber actually carried a visible weapon but
made it appear as though they had weapons (probably guns). If they don’t say anything
about weapons, don’t code anything. Any indication that they did not actually see
weapons (e.g., CR hid gun in jacket pocket, SR hid gun in large bag, ‘gun’ in quotations) is
coded as correct. If they just say there was a gun or weapon but do not mention anything
about it being concealed/not visible, code as incorrect.
CR bag: CR did not have a bag. If they say he had a bag, they get an incorrect mark for
bag, if they also describe the type and/or colour, they get an incorrect mark for type and/or
colour, if the specifically say he did not have a bag, mark bag as correct.

210

SR bag: 1 code for saying there was a bag, 1 code for colour (black, dark, yellow or green
writing), 1 code for type (duffel/sports/gym bag, large/long/rectangular bag, Asics), 1 code
for logo (Asics). If Asics is the way they describe the bag, code correct in type and
nothing for logo. If they say Asics in addition to another descriptor (e.g., sports bag) then
also code correct for logo
Socks: Not visible so any answers are incorrect
Gloves: Neither had gloves so any mention of gloves is incorrect. If they explicitly say
they did not wear gloves, code as correct.
Glasses: Neither had sunglasses on so any mention of glasses (regular or sun) is incorrect.
If they explicitly say they did not wear glasses, code as correct.
Tattoos: Neither had visible tattoos so any indication of a tattoo is incorrect. If they
explicitly state that they didn’t have visible tattoos, code a correc.
Money (1 code): CR had money, it was never handed off to SR, any indication that SR had
the money is incorrect. If they say that the robbers didn’t get money, code as incorrect. If
they don’t explicitly specify who the money was handed to (i.e., cahier handed money to
robber at counter or robber at counter had money), do not code.
Money location (1 code): The money was tucked away into the right side of CR’s jacket.
If they say this give correct mark. It was not placed in a bag, so if they say this, code as
incorrect. Don’t code anything if they don’t specify where the money was put
Money type: Rolls of $50 notes, do not code for exact amount.
No alarm (1 code)
Exit order (1 code): SR exited bank first, followed by CR
211

CR escape: 1 code for each of the following (still wearing the balaclava, looked up at
ceiling when leaving, stuck tongue out at camera, touched the door, ran from the bank, ran
down the stairs, did not pause at bottom of stairs, headed right/east, took a bus, did not
escape with bag, did not knock anyone over)
Bus: 1 code for each of the following: zone (any zone is incorrect because we didn’t see
the zone number. However if they say the first bus stop, this is correct), age (old), type
(Adelaide metro), colour (white), number (216, started with 2 and/or had 3 digits), bus
route 1 (Gepps Cross), bus route 2 (City), bus route 3 (Goodwood Road), passengers (it
was not possible to tell if there were other people on the bus so code anything as incorrect),
CR did not validate ticket, the bus was near trees, there was no bike on the bus
SR escape: 1 code for each of the following (still wearing the balaclava, did not look up at
ceiling when leaving, did not stick tongue out at camera, touched the door, ran from the
bank, ran down the stairs, did not pause at bottom of stairs, headed left/west, ran rather
than taking the bus, escaped with bag, did not look back, did not knock anyone over, did
not run with a limp). 1 correct if they say SR ran towards the gym/buildings, Flinders
gym, Alan Mitchell sports centre/hall, lower car park (wrong if they say Sturt gym).
Direction: 1 code if the say the split up, separated or went in opposite direction and/or
don’t specify who went left/right (if they specify direction for one and also say split up or
opposite direction, code one for each rather than the direction code)
Talking: SR did not talk (1 code), people in the bank didn’t speak (1 code), there was no
demand for money or request to stop and freeze (1 code)
If they say that hurry up (1 code) or sorry (1 code) were said by SR, mark as incorrect,
otherwise mark as correct. 1 code if they say CR said something but do not specify what
(unless they have already said that he said hurry up and sorry, then code as incorrect)
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Teller who handed over money: 1 code for each of the following: female, Caucasian, age
(middle aged, mid-late 30s, 40s), hair colour (brown, red/brown, dark hair), hair style (up
but short), height (short), gold ring with red stone, right hand (4 codes, 1 for each detail),
gold bracelet on right hand (3 codes, 1 for each detail), was not wearing glasses, short
colour (white), shirt type (collar, button-up, elbow length sleeves), wore a scarf, scarf
colour (patterned, grey, blue, black, navy)
Other teller at counter: 1 code for each of the following: female, Caucasian, age (middle
aged, mid-late 30s, 40s), hair length (short), hair colour (dark, black hair), shirt colour
(white), shirt type (collar, button up, elbow length sleeves)
Teller at back: 1 code for each of the following: male, Caucasian, age (30s), beard, hair
colour (dark/black hair), hair length (short), suit, suit colour (dark/black), shirt colour
(white), shirt type (business shirt, collared, button-up, can just say shirt), tie, tie colour
(grey, blue).
Customer: 1 code for each of the following: female, Caucasian, age (young, 20s), hair
colour (dark, brown, red/brown hair, auburn), hair was up, top colour (white), top type (
sleeveless, collared, could just say shirt), skirt colour (light, pale, pink, baby pink), skirt
type (knee-length or just skirt), shoe colour (dark, brown, black), shoe type (slip on, open
back), covered her face
Number of tellers: 3, if they describe all three, give correct for this, they may also just say
there were 3, if they say there were less than three, code as incorrect, if they give a range
that contains the true value (e.g., 1-4), give correct
Number of customers: 1
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Total number of witnesses in the bank: 4 (only code for this if they have not specified
between workers and customer)
Witnesses present: if they just say there were other witnesses in the bank and don’t specify
the amount code correct
Witness on stairs: 1 code for each of the following: male, Asian, dark/black hair,
sunglasses (can just say glasses)
Bank: ANZ
Location: Flinders University
Time frame: if the give a range than contains the correct answer (1 minute), give correct
Time of day: day time, mark correct if they say it was sunny
Injuries: none
Threats: none
Scream: no one screamed (code the separate from whether witnesses talked)
Register type: wood
Street: street was quiet rather than crowded
The bus was near an electric box
Electric box was green
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