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ABSTRACT

Exploring Criterion Shifting with Ecologically Valid Contexts:
An Investigation of Recollection Processes and the Impact of Social External Factors on

Decision-Making Strategies for Memory-Based Tasks

by

Courtney A. S. Durdle

The ability to accurately recall rich episodic memories and the decision-making
strategies used in memory-based tasks are critical in many real-world contexts, such as legal
testimony, healthcare, and education. Criterion shifting is a decision-making strategy that
adjusts decision thresholds based on individual task demands and has been found to be a
uniquely stable cognitive trait. The goal of this research was to systematically explore
criterion shifting behavior in ecologically valid scenarios, focusing on recollection processes
and the influence of social external factors.

The research begins with an ecologically valid scenario in Experiment 1 (Chapter 2),
where criterion manipulations were introduced during an interview to examine how
participants adjusted their recall strategies after a stressful autobiographical episodic event.
The findings revealed that conservative instructions led to stricter decision criteria and more
selective recall, whereas liberal instructions did not significantly lower the already liberal
baseline criterion. Given these results, the subsequent experiments aimed to systematically

examine how criterion shifting functions in both controlled laboratory settings and more
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ecologically valid scenarios, providing insights into how individuals adapt their decision-
making strategies across different contexts.

Experiments 2 and 3 (Chapter 3), in a controlled laboratory setting, isolate the
components of social context and criterion shifting. Experiment 2 investigates how
competition and public rankings influence criterion shifting during recognition memory
tasks, while Experiment 3 considers how collective outcomes influence performance in a
group-based task. Neither experiment found significant impacts from social pressure on
criterion shifting tendencies, supporting the view that such tendencies are stable cognitive
traits. However, Experiment 3 revealed that collective outcomes can enhance discriminability
when tasks are relatively easy, suggesting that social influences may improve memory
performance under favorable conditions.

Experiment 4 (Chapter 4) focused on understanding recollection processes through a
within-subject design that systematically increased reliance on recollection across image
recognition and word cue tasks. This study tested predictions from the Dual Process Signal
Detection (DPSD) model, which views recollection as a thresholded process, and the
Unequal Variance Signal Detection (UVSD) model, which treats recollection as a continuous
process with Gaussian memory strength distributions. The results revealed consistent
criterion shifting across both tasks, indicating that participants employ a generalized
decision-making strategy that adapts to varying cognitive demands. The linearity of the z-
transformed ROC curves further supports the UVSD model’s predictions, which challenges
the DPSD model’s assumption that recollection is a discrete process.

Overall, this dissertation contributes to a broader understanding of how criterion

shifting operates in diverse contexts, providing insights into the stability of this cognitive trait
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across different memory tasks and the extent to which social factors and recollection
processes influence decision-making. The findings underscore the need for future research to

further explore criterion shifting with ecological validity in mind.
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Chapter 1: Introduction

“This research was not carried out by uneducated or incompetent people; some of the
best minds in psychology have worked and are presently working in the area of memory.
Why, then, have they not turned their attention to practical problems and natural settings?”
This quote by Ulric Neisser, the “father of cognitive psychology,” demonstrates his zealous
advocacy for ecological validity in psychological experiments (Neisser, 1982). Neisser
gained recognition for his focus on memory within real-world settings, notably through his
well-known case study of John Dean, President Richard M. Nixon’s former White House
Counsel, who testified to the Senate Watergate Committee regarding his role in the
Watergate scandal. Neisser compared Dean’s testimony to tape recordings from the Oval
Office and used the many discrepancies he found to shed light on how malleable memory can
be. Neisser noticed that Dean reported events more accurately if the same type of event
happened more than once. However, the unique details of particular events were often
wrongly reported as occurring during a different but related event. This phenomenon led
Neisser to coin the term “repisodic” memory to describe a generic memory resulting from a
mixture of repeated memories (Neisser, 1981). While Neisser’s research shows how Dean
distorted his own memory, it fails to touch on how the persistent questioning of the Senate
Watergate Committee could have influenced Dean’s memory.

In June 1973, John Dean was doggedly questioned by Republican Senator Howard
Baker to determine precisely what happened during the meetings Dean had with President
Nixon. At the beginning of his testimony, Dean relayed information about what occurred in
President Nixon’s office as if he were a tape recorder, describing “exact” details about
various events and providing the “exact” words and phrases people said in conversation. In
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one instance, Dean used the phrase “I recall the President very clearly saying to me...” in
responding to a question about a conversation he had. Senator Baker was determined to get
as accurate information as possible from Dean, asking him repeatedly to be more specific
with his reporting. By pressing Dean to be more precise, Senator Baker was essentially
prompting Dean to be more cautious and strict with how he recalled information about what
he had experienced. Dean reacted to Senator Baker’s more intense questioning by providing
more conservative responses, such as stating that he was making inferences or could not
remember exactly what happened. Testimony, or relaying any memory to another person,
involves making a decision about what information to report. Each individual uses a unique
threshold, or criterion, to determine the amount of information they need to feel comfortable
sharing a given memory. Dean’s testimony is a prime example of how the criterion shifting
process can be manipulated to change how people recall events they experienced.

In many scenarios, such as eyewitness accounts, the context can be dynamic, and the
consequences of a decision error can be severe, which makes having the cognitive flexibility
to optimize decisions very beneficial. This ability to adapt to the most optimal decision
strategy is known as criterion shifting. Extensive research has shown that people performing
memory recognition tasks can be easily influenced to shift their decisions to be more liberal
or conservative (depending on what is most optimal) when reporting whether they have seen
something before. What deserves further study is the extent to which a witness freely
recalling their experience in an ecologically valid setting can optimize their memory-based

decision-making in the same way.



1.1  Episodic Memory and Free Recall

The term “memory” has frequently been described as any state that results from the
linear process of encoding, storage, and retrieval. However, this perspective, titled the
“received view,” is too broad and can apply to almost all human executive functioning. More
updated definitions of memory describe it as an autonoetic experience, where the emphasis is
on reliving an experienced event from the individual’s point of view (Tulving, 1984). This
sense of self and spatial and temporal information from the remembered event are the three
necessary components of episodic memory (Tulving, 2002). This experience of temporality
(reacquainting oneself with one’s own past experiences) differs from simply knowing facts
about the past, such as semantic information (i.e., referencing past information in the
present). Thus, reliving an episodic memory should be considered the true definition of
“memory,” not the more all-encompassing declarative definitions of memory—such as
procedural or semantic—often used in today’s literature (Klein, 2015).

Recognition memory and cued recall are different methods by which to probe
memory. Early work in the memory literature by Hollingworth (1913) compared recognition
memory to recall and found that the primary difference is that, for recall, the individual is
provided the context and then must retrieve the target information, while in recognition, it is
the opposite (the individual is provided the target and then must retrieve the context). Free
recall tasks allow participants to recall items in any order and with as much or as little detail
as they choose. This method of studying memory tracks back to Ebbinghaus’s time when
subjects would be asked to recall word lists (Ebbinghaus, 1913). In the early 1970s, scientists
such as Kintsch (1970) and Anderson and Bower (1972) theorized that recall, in general,

involves two stages: first, a person generates knowledge about something, then later, that



person goes through a recognition process about that knowledge. This is known as the
generate-and-recognize model. In a typical study under this model, it is believed that when
recalling an item, a subject will first begin a search process and bring items to mind, then go
through a recognition process where they will determine if the item is from the original task.
In other words, generation involves recalling details or information, while recognition is a
decision process that excludes generated details or information from being reported.

Jacoby and Hollingshead (1990) later revised the generate-and-recognize model to
specify that people may bypass the recognition assessment if they can generate what they
recall relatively easily, quickly, or fluently. Task design could play a significant role in the
memory-based decision process, not only for the accuracy and number of items or details but
for the intentional effort given to the task. It is important to point out that this revised
generate-and-recognize model is based on a task that allows participants to rely on
perceptually driven cues (e.g., word stem test cues) and thus allows participants to base their
decisions on their feelings of ease, speed, and fluency. Most free recall tests involve less
perceptual memory-based evidence and more conceptual information (Roediger et al., 1989).
These two cognitive processes rely on different variables to trigger memory-based behaviors.
The perceptual approach is cued by the appearance of the recalled item, while the conceptual
approach concentrates on the meaning of the item. In their study, Guynn and McDaniel
(1999) updated the design of Jacoby and Hollingshead’s (1990) task by creating semantic
category label cues in order to be more conceptually than perceptually driven (e.g.,
perceptual: kan_ for kangaroo vs. conceptual: animal category for kangaroo). They found
that conceptually-based free recall tasks sometimes showed results in line with the revised

model’s specification of bypassing the recognize phase and directly retrieving the



information. Under other circumstances, the participants would rely on the more reflective
generate-and-recognize strategy. Ultimately, with these conflicting results, they concluded
that free recall involves a variety of retrieval strategies that can be employed depending on
the requirements of the recall task. While these studies focus on the original and revised
generate-and-recognize models, there may be other means or methods that a participant may
utilize to make memory-based decisions.

Signal Detection Theory (SDT) is one such prominent theoretical framework for
understanding how people make decisions. This theory has been applied to decision-making
in many contexts, including medicine (to evaluate competing diagnostic tests), machine
learning (to evaluate competing pattern-recognition algorithms), and weather forecasting (to
test competing weather prediction models) (Wixted, 2020). Researchers have also applied
SDT to the study of memory, specifically to people’s decisions regarding whether they
remember an event. SDT is especially applicable to recognition memory research, as the
participant is attempting to decipher whether a stimulus is “old” (acting as the target/signal)
or “new” (acting as the lure/noise). How well a participant distinguishes between the signal
and noise of the stimuli is known as the strength of discriminability, or d". In their studies
designed to test memory and decision-making under a SDT framework, researchers have
judged participant responses to recognition memory tasks by categorizing them as hits,
misses, correct rejections, or false alarms. If a participant correctly identified a piece of
studied or previously seen information as “old” (i.e., reporting that they remembered it), that
response would be considered a “hit,” and if they incorrectly identified that information as
“new,” then the response would be deemed a “miss.” If a participant correctly identified new

information (also known as a lure) as “new,” the response would be categorized as a “correct



rejection,” while if they incorrectly designated it as remembered information, then this
response would be regarded as a “false alarm.”

SDT provides a possible explanation for the decision-making process that people go
through when freely recalling a rich episodic memory. In their 2008 study, Wright and
colleagues examined how memory recall is affected by varied response criteria. First,
participants were shown four complex still images and then given lenient or strict recall
instructions. These instructions asked participants not to worry about mistakes or guessing
(the liberal/lenient criterion) or to report items if they were sure their response would be
accurate (the conservative/strict criterion). They found that those with liberal/lenient
instructions recalled more accurate details than those with conservative/strict instructions but
also had higher rates of reporting inaccurate information. The conservative/strict instructions
were found to reduce the amount of inaccurate information reported, and the number of
accurate details recalled.

Some scientists, such as Roediger and Payne (1985), argue that recall accuracy is
independent of criterion thresholds. In their experiment, Roediger and Payne (1985) wished
to determine if the accuracy of recalled items would increase if participants relaxed their
criterion threshold. They tested this using three different levels of criterion thresholds based
on recall type: (1) uninhibited (guessing allowed - liberal/relaxed threshold), (2) free recall
(no guessing allowed - middle/mixed threshold), and (3) forced (having to write a certain
number of words - conservative/strict threshold). Their results showed that having a more
conservative criterion threshold did not mean that subjects had lower rates of recall. In fact,
there was no significant difference in accuracy between any of the conditions. More

generally, they held that there is no criterion effect in any recall task. However, it is possible



that Roediger and Payne did not sufficiently motivate their participants to shift their criteria.
Influencing participants to act more conservatively or liberally in their memory reports
without more explicit direction likely reduces the extent to which a person may shift, while
greater criterion shifting is likely to be shown with increased motivation. In Rhodes and
Jacoby’s (2007) study on criterion shifting in recognition memory, they ensured that
participants knew the probability of the correct answers they would use, resulting in the
criterion shift behavior. When the researchers were not explicit in pointing out the probability
changes to participants, the subjects did not show a criterion shift.

Miller and Wolford (1999) argue that the recall of the critical lure in a word list recall
task is based on a criterion shift. They proposed that participants who showed high false
alarm rates for critical lures likely had a more liberal criterion threshold for items related to
the word lists’ theme. In their 2011 paper, Miller & Wolford followed up on their previous
research, specifically arguing that a participant’s criterion will be more liberal for any item
related to the gist of the list items (including the critical lure). They found that participants
believed that if they relied on the memory gist for the list of words, knowledge of the gist
would help them decide if they had seen an item before. This belief resulted in high memory
errors. If participants were warned not to rely on the gist memory, they showed significantly
fewer memory errors. This study provides evidence for the idea that participants are able to
control their responses strategically and have the potential to mitigate false alarms. If the
experimental task is designed to provide participants with explicit information on optimizing
performance, then they would not necessarily rely on the gist of a memory to make a
decision. Instead, they would be forced to acknowledge a decision strategy that likely

depends on generated recollections.



1.2 Criterion Shifting

According to SDT, decisions based on memory can be especially difficult because
memories can be vague and ambiguous (i.e., the strength of discriminability is low), so
people will set a standard of evidence, called a decision criterion threshold, on a spectrum of
memory strength (Hirshman, 1995; Macmillan & Creelman, 2005). Criterion shifting is the
ability to adaptively shift the placement of this decision threshold. In some situations, the
need to rely on criterion shifting to make a decision is not entirely necessary due to high
discriminability strength (d”), which is the increased ability to discriminate between signal
and noise. In other words, as the strength of discriminability increases, the need for criterion
shifting decreases (Macmillan & Creelman, 2005). Under other decision-making
circumstances, where the strength of discriminability is low, an individual may rely on
relatively weaker memory evidence (i.e., relying on a more lax or liberal criterion), while
others would only accept strong memory evidence (i.e., acting more conservatively) (Miller
& Kantner, 2019). It has been established from recognition memory studies that criterion
placement and shifting are considered to be two independent behaviors (Kantner & Lindsay,
2012; Layher et al., 2020). SDT defines strategic criterion shifting as an intentional decision
strategy that requires a person to be more aware of the relative rewards or consequences of
different response types as situations change (Macmillan & Creelman, 2005). Shifting
decision criteria involves proactive control, which is when a person maintains a particular
goal to optimize memory-based decisions. Explicit information is provided to the individual
so they may form this decision strategy that will provide them with the greatest payoff.
Criterion shifting is a particularly important strategy to maximize potential benefits when

there is uncertainty in the detected signal.



Much of the previous research and theories developed around criterion shifting
behaviors have relied on group-averaged analysis, which has only highlighted the between-
subject variability (Ulehla, 1966; Parks, 1966; Thomas & Legge, 1970; Kubovy, 1977,
Hirshman, 1995; Maddox & Bohil, 2005; Benjamin et al., 2009; Lynn & Barret, 2014;
Layher et al., 2020). More recent works have systematically evaluated these individual
differences as well as explored the within-subject stability of criterion shifting habits. Results
from these studies have provided support for the idea that this behavior is a uniquely
individualistic and consistent cognitive trait. While some people routinely shift their criteria
to extreme degrees across situations, others do not tend to shift their criteria at all (Aminoff
etal., 2012, 2015; Kantner et al., 2015; Frithsen et al., 2018; Layher et al., 2018; Miller &
Kantner, 2019; Layher et al., 2020; Layher, Santander et al., 2023). Many studies have
attempted to find predictors for criterion shifting tendencies and have found very few
significant correlations (Aminoff et al., 2012, 2015; Kantner et al., 2015; Kantner & Lindsay,
2012, 2014, Frithsen et al., 2018; Layher et al., 2018; Miller & Kantner, 2019; Layher et al.,
2020). Individual strategic criterion shifting tendencies have been shown to be largely
consistent across different task stimuli (i.e., word vs. facial recognition; Aminoff et al., 2012;
Kantner et al., 2015; Frithsen et al., 2018), stable across criterion bias manipulations (i.e.,
base rates of targets and nontargets shown vs. monetary incentivization; Kantner et al., 2015;
Rhodes & Jacoby, 2007; Frithsen et al., 2018; Layher et al., 2020), and constant in various
decision domains such as recognition memory, visual detection, or visual discrimination
judgments (Frithsen et al., 2018; Layher et al., 2020).

These individual differences in strategic criterion shifting do not necessarily indicate

that some people are incapable of criterion shifting. On the contrary, certain individuals



appear unwilling to shift their criteria (Miller & Kantner, 2019). For example, Layher and
colleagues (2020) conducted a recognition memory experiment in which participants simply
rated their confidence with low, medium, or high confidence on each test trial. Participants
received instructions in a separate memory test to alter their criteria based on their confidence
levels. In the conservative criterion condition, participants were instructed only to respond
“old” when they had high confidence an image was old; otherwise, they were to respond
“new.” The liberal criterion condition had the opposite instructions, in which participants
should only respond “new” when they had high confidence that an image was new. For most
subjects, the extent of criterion shifting proved to be much smaller than the extent to which
they established criteria for high confidence in the confidence rating tasks. This demonstrates
that participants are capable of shifting to more extreme extents if they simply use the same
high confidence thresholds in the confidence ratings task as they do for the criterion shifting
task, but individuals appear unwilling to do so. While some individuals shift well by
optimizing their decisional outcomes, others are considered poor shifters because they rely
too heavily on their sense of familiarity, which typically leads to suboptimal outcomes.
When participants were given more general recognition judgment instructions, such
as to base their decisions on high confidence only (or 100% confidence), they shifted to a
lower degree compared to when the confidence measurement was integrated into the decision
(a multipoint scale with varying degrees of confidence for an “old” and “new” choice;
Mickes et al., 2017; Layher et al., 2020). Researchers have suggested that strategic criterion
shifting (adapting one’s standard of evidence to the specific demands of the situation) may
result from a participant’s willingness to employ an explicit strategy and optimize their

outcome (Green & Swets, 1966; Wixted & Stretch, 2000; Aminoff et al., 2012; Kantner et
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al., 2015; Miller & Kantner, 2019; Layher et al., 2020; Layher, Santander et al., 2023). When
making a memory-based decision, a higher willingness to consider criterion shift strategies
instead of relying on weak memory evidence may explain why some people are more apt at
shifting than others. The literature holds that people do not shift when they are more focused
on the memory discrimination component of a task than on placing their criterion threshold
(Wickelgren, 1967; Macmillan & Creelman, 2005; Aminoff et al., 2012).

Past research has evaluated the sensitivity needed from a criterion shifting
manipulation in order to affect participant decisions. Manipulations can be implemented
explicitly (i.e., directly communicating the circumstances surrounding a decision; Banks,
1970; Healy & Kubovy, 1978; Rotello et al., 2005; Aminoff et al., 2012) or implicitly (i.e.,
providing feedback for reinforcement learning; Wixted & Gaitan, 2002; Han & Dobbins,
2008, 2009). When using implicit means to influence criterion shifting behavior, previous
studies have utilized trial-by-trial feedback to either encourage more liberal or conservative
decisions during recognition recall (Han & Dobbins, 2008). This feedback may be true or
false depending on how liberal or conservative the experimenter wants the participant to be.
Studies that employ reinforcement learning methods with feedback may improve criterion
shifting behavior in “poor shifters” by helping them “calibrate” their reliance on feelings of
familiarity and counteract its potential power on the decision-making process. Because of
this feedback, participants are more likely to “think twice” before basing their decision solely
on their level of familiarity. However, with false feedback designs, this implicit method can
take hundreds of trials before a participant demonstrates a shift in criterion placement.
Explicit instructions, on the other hand, take no training or sequence of trials for the

manipulation to occur. In summary, having implicit or explicit instructions will highly
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influence how quickly a participant is manipulated. Due to the fact that the convenience of
explicit instructions is highly valued, proactive block designs will be used to explore the

facets of criterion shifting under more real-world circumstances and with free recall.

1.3 Criterion Manipulations and False Memories

Decades of research have shown that memories are malleable. However, it is
challenging to determine the extent of how malleable memory truly is and how easily it can
be distorted. One of the primary reasons why researching this topic is difficult is that there
are so many potential confounds surrounding these possible distortions to account for, such
as how the memory is framed during reporting or whether misleading information is
introduced. These questions are particularly prevalent in the study of autobiographical
memory.

Many research studies have focused on paradigms to measure the rate of recall, but
these studies can have an alternative interpretation. Their designs can be seen as
manipulations of criterion thresholds that affect recall, especially studies done using hypnosis
(Dywan & Bowers, 1983; Whitehouse et al., 1988; Klatzky & Erdelyi, 1985). Researchers
have found that participants under hypnosis recalled more items and classified them as
memories with higher confidence ratings (for both correct and false memories; Dywan,
1988). This frequency of recall and greater confidence may be because hypnosis alters a
participant’s retrieval experience. Many subjects experience an “illusion of familiarity”
during hypnotic retrieval, meaning the level of perceptual fluency and vividness is on par
with remembering normally (Dywan, 1995). Whitehouse, Dinges, Orne, and Orne (1988)
substantiated this phenomenon in their study, where they had participants view videos and

then split them into control and hypnosis groups to recall details from the video. They found
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that accuracy was no different for either condition, but those under hypnosis tended to report
higher confidence for guessed responses. Signal detection theory provides a possible
explanation for this, suggesting that many of these distortions can be attributed to people’s
decision-making process when recalling a memory. Here, the confidence for guessed items
may be due to hypnosis, making a person more likely to accept vague details or inferences as
true, which would lower or relax the criterion thresholds participants use to report a memory.

Signal detection theory may also provide an alternative explanation for the changes in
participants’ free recall reporting after being exposed to misleading post-event information.
There is an ongoing debate about the “misinformation effect,” a phenomenon that Loftus,
Miller, and Burns (1978) found in their study of how event information supplied after the
event impacts a person’s memory of that event. Loftus and her colleagues found that
misleading information provided to participants post-event, such as altering a detail in the
memory or implanting new information, could impair what they recalled. They determined
that this misinformation could result in witnesses developing very richly detailed false
memories, a finding that has direct ties to the efficacy of eyewitness testimony. This research
led Loftus to develop the alteration hypothesis that post-event information irreparably
changes, or even replaces, an original memory (Loftus, Miller, & Burns, 1978; Loftus, 2005).
However, some researchers believe Loftus’s findings are too broad and that the type of post-
event information matters as to whether that information impacts the original memory trace
(McCloskey & Zaragoza, 1985).

McCloskey and Zaragoza (1985) argue against the alteration hypothesis and point out
major methodological flaws in Loftus’s work on this topic, such as having subjects make a

forced choice decision between the original and the misleading information. McCloskey and
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Zaragoza redesigned the study to give participants the choice between the original and
unencountered information, leaving out the misleading information in the forced choice task.
The results showed that participants would more often than not choose the original piece of
information, thus showing that the original memory trace is still available even though the
participant was exposed to post-event information. Their study, along with others (Dodd &
Bradshaw, 1980), showed that a post-event effect on memory depends on the types of test,
original information, and source of misleading information. They further state that
misleading information affects participants by biasing them toward the new information,
especially if the original memory was weak. They posit that misleading information does not
necessarily change a participant’s memory but provides more evidence for a participant to
report that false item as a memory. This supports the theory that while memories do not
change, decision criterion thresholds do shift.

While Loftus and McCloskey, in this debate, do not explicitly investigate the impact
of criterion thresholds on memory, it is possible that the effects of misinformation they
witnessed came from a change in the participant’s criterion. Providing a participant with
misleading post-event information is similar to lowering a participant’s inhibitions under
hypnosis - in both scenarios, the experimenter is giving the participant a reason to change
their criterion threshold. Post-event information is functionally equivalent to any other
information that a person typically draws on when deciding to report on what they recall.
This information may be used as new evidence that moves a participant towards or away
from their already established criterion threshold.

Another primary method of looking at false memory effects is the Deese, Roediger,

and McDermott (DRM) paradigm. Under this method, researchers instruct subjects to
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memorize a list of words. This list of words has a high association with a single target word
that is not present in the list. This single word is known as a critical lure. For example, if the
target word is “sleep,” the list will contain words that relate to the word sleep, such as “bed”
or “tired,” but not the actual word “sleep.” It has been found that the critical lures are recalled
above chance during the free recall portion of the task, thus showing evidence of false
memory implantation (Roediger & McDermott, 1995). On the other hand, Miller and
Wolford (1999) argue that the recall of the critical lure is based on a criterion shift instead.
As previously discussed, Miller & Wolford showed in their 2011 follow-up study that a
participant’s criterion was more liberal for any item related to the gist of the list items, which
may include the critical lure. However, when participants were warned not to rely on the gist
memory, participants showed significantly fewer memory errors, providing evidence that
participants can strategically control their responses and potentially suppress a false memory
effect.

Collectively, these studies indicate that criterion shifting exists in free recall tasks and
can help explain the errors many researchers have found in their studies on human memory.
The next step in this line of research should be to utilize free recall in a task that tests
autobiographical memory, the type of memory most members of the public consider

“memory” in general, and the type of memory constantly scrutinized in our legal system.

1.4  Taking an Ecologically Valid Approach to Criterion Shifting and Free Recall
John Dean’s testimony during the Watergate scandal highlights the real-world

implications of society’s reliance on free recall. This reliance can be readily seen in the

institutions that impact everyday lives—the legal system, the healthcare system, and many

academic fields, to name a few—and illustrates how important a better understanding of
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decision-making processes in the context of the free recall of rich episodic memories can be.
Building off of the previous criterion shifting literature, especially the studies that establish
this behavior as a uniquely individualized cognitive trait, one aim of this dissertation is to
explore the application of criterion shifting to new contexts. More specifically, the goal is to
further the understanding of criterion shifting for ecologically valid situations, which means
considering recollection processes and whether social external factors influence decision
strategies.

The first experiment, discussed in Chapter 2, intended to create an ecologically valid
scenario (i.e., one with stressful social pressure) to examine how criterion manipulations
impact the free recall of a rich autobiographical event. Observing the results of that study
then led to a decision to break out the components—social pressure and recollection
processes—to examine them in a more controlled setting. In Chapter 3, Experiments 2 and 3
adopted a laboratory approach to investigate how different social contexts (competition and
public rankings in Experiment 2, collective outcomes in Experiment 3) may affect criterion
shifting during recognition memory tasks. Chapter 4 focused on exploring theories of
recollection processes through a within-subject experiment that systematically increased the
reliance on recollection while ensuring that the shifting conditions were easily identifiable for
participants. This design was created to compel participants to identify and utilize a decision
strategy so that the findings would lend support to either the Dual Process Signal Detection
(DPSD) model or the Unequal Variance Signal Detection (UVSD) model. These models
have been highly debated, with the former outlining that recollection is a thresholded process
while the latter promotes a continuous process. Finally, Chapter 5 will discuss the overall

findings from these experiments and lay out future directions.
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Chapter 2: Experiment 1 - Free Recall of a Stressful Real-World Event

2.1 Introduction

In this study, participants experienced a richly detailed event that generated a stress
level analogous to what an eyewitness may encounter in real life. Most previous research on
the relationship between stress and memory has used stressors unrelated to the material
participants were recalling (Wolf, 2019). For example, Smeets, Otgaar, Candel, and Wolf
(2008) would have participants complete the DRM paradigm, followed by the cold pressor
stress (CPS) task before the recall phase. The CPS task is a low-risk and reliable method to
induce stress in participants by having them dip one of their elbows into very cold water for
about three minutes. While these studies provide insights into the connection between stress
and memory, they offer a limited understanding of the recall of stressful events (like
eyewitness testimony). Every moment of our lives is rich with a myriad of details — objects,
people, sights, sounds, smells, tastes, and feelings surround us at any given second. Recalling
these rich details requires activating complex cognitive processes, such as recall and
decision-making, and setting appropriate decision criteria before making any memory-related
judgments. Researchers have debated the malleability of memory, with some positing that
distortions will change the memory itself and others believing these distortions affect
decision thresholds, not the memory itself. Previous research on decision-making thresholds
has focused on recognition memory tasks or simple episodic memory events. This study

explores whether criterion manipulations affect the recall of live, ecologically valid events.
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2.1.1 - Trier Social Stress Test

Understanding the effects of criterion threshold manipulations during the free recall
of live events has the potential to improve how eyewitness testimony is collected and
presented in the legal system. This is why the present study utilizes the Trier Social Stress
Test (TSST), which integrates the experience and the stress as part of the event to be recalled.
In 1993, Kirschbaum, Pirke, and Hellhnammer developed the TSST to induce moderate
psychological stress that can be measured physiologically in a laboratory setting. This
protocol has been utilized for over two decades to reliably induce stress in participants
(Kudielka, Hellnammer, & Kirschbaum, 2007). The TSST consists of a ten-minute
anticipation period followed by ten minutes of testing. The testing procedure entails
delivering a five-minute free speech about the participants’ dream job and their
qualifications. During the following five minutes participants completed an arithmetic task
where they had to count down from 2023 in increments of 17.

Wolf (2019), in his study on long-term memory, found that participants who
experience a stressful event are more likely to remember the central aspects of it due to the
positive effects of stress on memory consolidation. Participants in Wolf’s study completed
the TSST while several common office supplies were scattered around the judge’s table,
some of which the judges used during the task. These items were considered “central”
because they were directly related to the judges, i.e., the stressor. Wolf, as well as those who
replicated his study, found that subjects recalled the central items more than any other item
type, suggesting that items associated with the primary source of stress are more memorable
(Herten, Otto, & Wolf, 2017; Wiemers, Sauvage, & Wolf, 2014). This study used the TSST

protocol because it provides a reliable, standardized, and, most importantly, a richly detailed
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autobiographical event for participants to recall, all while inducing a type of stress (public
speaking) that people encounter in their everyday lives. Additionally, having participants
speak to a panel of confederates (acting as judges) allowed this study to incorporate measures
similar to eyewitness testimony research, and filling the room with objects (both “central”
and background) allowed participants to be tested with recognition memory tasks (similar to

Wolf’s 2019 study).

2.1.2 - Cognitive Interview Method

Ed Geiselman and Ron Fisher (1985) developed the cognitive interview method to
enhance witness interviews, and it has since been established as an effective approach for
gathering detailed information from eyewitnesses. This information-gathering technique has
been tested thoroughly in over 100 laboratory experiments, with volunteers acting as
witnesses to either a live, innocuous event or a videotape of a simulated crime (Geiselman,
Fisher, MacKinnon, & Holland, 1985). These studies have involved a diverse array of
witnesses, including adults, children, people with learning disabilities, and the elderly. Some
studies have found that interviews completed soon after the event can improve recall
accuracy, while delays in recall and biased questioning procedures have been shown to cause
errors. The cognitive interview has been successfully implemented by a wide variety of
interviewers, from trained and experienced police officers to students with minimal
interviewing experience (Memon, Meissner, & Fraser, 2010).

The cognitive interview is designed to have witnesses freely recall the event and then
have investigators ask open-ended questions. The four most important techniques for
conducting a successful cognitive interview are: emphasizing context, encouraging

participants to report everything, asking participants to consider a variety of perspectives, and
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varying temporal order. First, successful interviewers will emphasize the physical and
personal context of the event and have the witness mentally reconstruct these components.
The second technique involves encouraging participants to report all the details of their
recalled event, including partial or incomplete ones. Thirdly, interviewers should have
participants consider other witnesses’ perspectives and recall events from another person’s
point of view. The final technique has participants recall information from differing time
points (whether from beginning to end, backward, or at other salient points in the event). A
good cognitive interviewer should meet the individual needs of the witness by making the
interview experience witness-centered and giving the person control of the narrative.
Including a cognitive interview helps align the proposed study with a typical
eyewitness experience. The process begins by transferring control to the participant acting as
an eyewitness, putting them at ease. This is a key component because it reduces the
unintentional bias some individuals feel with perceived power and authority figures, such as
law enforcement personnel. For example, the interviewer should demonstrate patience by
allowing time for long pauses while the participant gathers their thoughts (Lacy & Stark,
2013). The cognitive interview method has been shown to lessen the effects of misleading
questions (Geiselman, Fisher, Cohen, Holland & Surtes, 1986; Memon et al. 2010; Milne &
Bull, 2003) and avoid contributing to the creation of false memories (Sharman & Powell,
2013). Geiselman et al. (1986) found that the likely reasons for this are a greater reliance on
open-ended questions and the use of context reinstatement, where the interviewer directs the
witness back to the original memory record. Geiselman and Fisher (1992) then enhanced the
cognitive interview by adding components such as building rapport, instructing witnesses not

to guess, and encouraging focused memory techniques like having the witness concentrate on
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mental images to guide recall. These additions resulted in a greater number of details being
recalled with higher accuracy compared to previous cognitive interview protocols or other

types of interviews.

2.1.3 - Present Study

This study’s primary motivation is to explore people’s decisions when recalling a rich
autobiographical event. While some researchers argue that any manipulation would change
the memory itself, this work aims to demonstrate how it is actually the decision criteria of a
memory that will be affected by criterion shift manipulations. The analysis aimed to compare
the number of details reported between the first and second interview sessions while also
comparing the conditions (conservative vs liberal) to see whether results from this novel free
recall task aligned with prior criterion shifting research based on recognition memory tasks
(e.g., participants in the liberal manipulation group reporting more details overall, accurate or
not, than those in the conservative manipulation group). The hypothesis of this study was that
the cognitive interview manipulations would shift the participants’ criterion for their freely
recalled experience to be more conservative or liberal, depending on the conditions they were
randomly assigned.

This study utilized a significantly tested social stressor as a controlled live event to
determine an individual’s ability to accurately recall details of said event. Additionally, this
study used the well-established cognitive interview method to determine the baseline amount
of information a participant would provide. The cognitive interview method has been a
reliable way for interviewers to gain the highest volume of and most accurate details from

witnesses while simultaneously lessening the likelihood of possible distortions. Most
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importantly, the study aims to expand our knowledge of episodic memory in an ecologically

valid manner.

2.2 Method

2.2.1 - Participant Recruitment

Participants for Experiment 1 enrolled through the University of California, Santa
Barbara (UCSB) research participation website. The experiments were approved by the
UCSB Human Subjects Committee Institutional Review Board (IRB). All participants gave
signed informed consent.

A total of 62 subjects were recruited to participate in this study, split evenly into two
groups. However, only 56 participants’ data were ultimately used (n = 56 [44 female], M =
19.4 years, range = 18-24 years, SD = 1.43), as four participants did not finish the task and
two encountered technical difficulties that prevented them from completing the task. Study
participants self-identified their race on a demographic questionnaire: 3 participants (5%)
identified as Black, 8 participants (14%) identified as Asian, 16 participants (29%) identified
as Latine, 3 participants (5%) identified as Middle Eastern, 18 participants (32%) identified
as White, and 8 participants (15%) identified as multiracial, which included 5 (9%)
identifying as Asian and White, 2 (4%) identifying as Latine and White, and 1 (2%)

identifying as Middle Eastern and White.

2.2.2 - Procedure
Each participant made one visit split into two segments. The first was the encoding
segment, where subjects filled out questionnaires and then underwent the TSST. The second

segment, the recall phase, began with participants completing an unrelated recognition
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memory-based criterion shift task on a computer for at least seventeen minutes before sitting
for their first cognitive interview. This time between the TSST and the interview was
deliberately included to give enough time for participants to process their experience into
long-term memory and simulate the amount of time in a real-world scenario that would
elapse before someone would be interviewed by a first responder. The first cognitive
interview established a baseline report for each participant. After the first interview,
participants completed written questionnaires for roughly five minutes while the interviewer
exited the room. Upon returning, the interviewer would inform participants that they needed
to do another interview and provide them with instructions that contained either a
conservative or liberal criterion manipulation. The different instructions were as follows:

Liberal: “I just had our behavioral analyst review my notes of what you
reported happened during the speech task and they said that you had missed a
lot of things that happened. | was not there, so | do not know what did or did
not happen. I’m going to have you report what happened again but this time,
please report all information — even little details that you think may not be
important. Guessing is ok, just let me know if you are.”

Conservative: “I just had our behavioral analyst review my notes of what you
reported happened during the speech task and they said that you had reported
quite a few things that actually did not happen or were not present. | was not
there, so I do not know what did or did not happen. I’'m going to have you
report what happened again but this time, please only report information if
you are very sure about it, do not guess.”

The second interview was designed to evaluate the participants’ episodic memory
accuracy and durability for what they reported. Both interviews began with a complete free
recall (no cues), followed by open-ended questions. This has been shown to be the most
efficient method to encourage comprehensive reporting of details by participants.

Additionally, the people involved and set up of the testing environment were the exact same
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for every participant to reduce any variance caused by external factors and possible biases
during the recall phase.

The questionnaires participants completed over the course of the task were meant to
investigate any potential individual differences. For example, the Big 5 Inventory was used
to evaluate if a personality trait could help to predict the amount of reported information
(especially after criterion manipulation) (John, Donahue, & Kentle, 2010). The State-Trait
Anxiety Inventory, which measures the current and general feelings of anxiety levels, was
administered before and after the TSST as a manipulation check to evaluate its effectiveness,
as well as before and after the second interview to investigate if the autobiographical recall

stimulated any anxiety (Spielberger, 2010).

2.2.3 - Qualitative Coding Protocol

This experiment employed an open coding methodology to identify themes in the
data. This process involved two undergraduate research assistants conducting an initial
review of the baseline and criterion manipulation interview transcripts to identify potential
coding category themes. The identified codes were then organized into broader categories.
This process helped create categories that encapsulated related concepts, structuring the data
into coherent groups. Detailed definitions were written for each category to ensure
consistency in the application of the codes. The final list of categories and their descriptions,
drawn from our codebook, included both “Gist” and “Detail” codes. “Gist” codes captured
broader, more conceptual themes, while “Detail” codes focused on specific details mentioned
by participants. Additionally, the coding scheme included categories for reported “Correct
Items” and “False Alarms.” In total, there were 53 categories: 12 “Gist” categories for correct

information, 0 “Gist” categories for false alarm information, 31 “Detail” categories for
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correct information, and 10 “Detail” categories for false alarm information. Research
assistants were asked to review the baseline and criterion manipulation interviews to compare
themes between the time points and the two manipulations. No additional themes were
identified in the criterion manipulations that would fit within the “Correct Items” or “False
Alarms” categories. See Tables 1, 2, and 3 for the complete codebook separated by Correct

Gist items, Correct Detail items, and False Alarm items.

Table 1
Qualitative Cadeboak: Correct Gist ltems

Post- Liberal Conservative
Detail / Baseline Manipulation Manipulation Manipulation
Category Name Gist  Definition Frequency  Frequency Frequency Frequency
Dream job speech Gist  The participant mentioned that they gave a speech about their dream 53 43 26 17
job.
Prepare speech Giist The participant mentioned that they prepared a speech. 50 44 25 19
Experimenter knocked on Gist The participant mentioned that the experimenter knocked on the door 7 13 9 4
door to signal for the judges to come in.
Mentions that they hadto Gist  The participant mentioned that they had to stand. 44 36 20 16
stand
Give a speech Gist  The participant mentioned that they presented their speech, were 55 kii] 26 4
mierviewed by the judges, or had an interview.
Math task Giist The participant mentioned that they had to do a math task or do 54 51 26 25
caleulations.
Restart math task Gist The participant mentioned that they had to restart the math task of 39 29 15 14
they subtracted incorrectly.
Not allowed to stop Gist  The participant mentioned that they were not allowed to stop talking 30 17 7 10
talking until 5 minutes during their speech until the five-minute timer had expired. This gist
WETE OVer was counted if the participant mentioned they were running out of
things to say or that they were trying to fill the time, which msinuates
they knew they had to talk for the full five minutes.
3 judges Giist The participant mentioned that there were three judges. 51 44 21 23
Judge set a timer Gist  The participant mentioned that the judges set a timer or had a timer. 17 41 22 19
This gist was included even if the judges’ use of a timer was only
msinuated as opposed to explicitly stated.
Filled out a questionnaire Giist The participant mentioned that they were asked or told they had to 16 15 7 L]
complete a guestionnaire or survey
Camera person / initial Gist  The participant mentioned that & person was operating the camera or 31 22 13 9
experimenter present standing behind the camera. This gist was included even if the

participant did not say "camera person” specifically, but instead
deseribed the experimenter operating the camera {e.g. "the
experimenter who brought me in" and “the blonde gird™).
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Table 2

Qualitarive Codeboak: Correct Detail Items

Post- Liberal Conservative
Dietanl / Bascline Manipulation Manipulation Manipulation
Category Mame Gist Drefinition Frequency  Frequency Frequency Frequency
Preparation ime was 5 Dietail  The participant mentioned that they had five minutes to brainstorm 44 44 23 21
minutes or that the experimenter set a timer for five minutes.
Were given a pen and Dietail  The participant mentioned that they were given a pen and paper for 34 14 1% 15
paper brainstorming.
Pen provided was broken  Detaill  The participant mentioned that the pen they were originally given [ 17 10 7
was broken.
First pen provided was Detail  The participant mentioned that the pen that they were oniginally 0 4 2 2
Blue provided was blue.
The new pen provided 1s Detail  The participant mentioned that the new pen was grey or had black 0 4 2 2
grey with black ink mk. This detail was not counted 1f the participant said the pen itself
was black.
Three knocks on door Dietail  The participant mentioned that the experimenter knocked on the door 1 5 1 4
exactly three times.
Brainstorm paper was Dietail  The participant mentioned that the paper they used for brainstorming 23 28 13 15
taken away their speech was taken away or was otherwise unavailable when they
gave their speech.
Stand on the X Dietail  The participant mentioned that they had to stand on an “X" marked 39 15 21 14
on the floor.
X made of duct tape Dictasl  The participant mentioned that the “X" on the floor was made out of ) ] ] 2
duct tape.
Specch was 5 minutes Dietail  The participant mentioned that their speech was timed to be no more 45 42 21 21
(detail) than five minutes or that a five-minute timer was set.
Math task was 5 minutes Dietail  The participant mentioned that the math task was timed to be no kL] 27 15 12
more than five minutes or that a five-minute timer was set.
Subtraction in increments  Detaill  The participant mentioned that they had to subtract in increments of 45 39 1% 20
of 17 seventeen during the math task.
Math task started from Dietail  The participant mentioned that they had to start the math task by 45 41 1% 23
2023 (detail) subtracting from 2023,
Math task was mental Dietail  The participant mentioned that they had to do mental math, do the 16 9 7 2

math

subtraction calculations in their head, or had to do the math
calculations without using a pen and paper or calculator.
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Table 2 (continued)

Dualitative Codebook: Corvect Detail ftems

Paost- Liberal Conservative
Dretail / Bascline  Manipulation Manipulation Manipulation
Catcgory Mame Gist Definition Freguency  Frequency Frequency Frequency
Chair present Dietail  The participant mentioned that there was a chair present or that they 48 37 20 17
=at in a chair when they were brainstorming.
Yellow chair Detail  The participant mentioned that the ehair was yellow. 22 17 10 T
Table present Detail  The pamicipant mentioned the table that they sat at while they were 47 35 18 17
brainstorming.
Brainstorm table is Detail  The pamicipant mentioned that the table they sat at while they were 2 1 o 1
square brainsterming was square.
Camera present Detail  The pamicipant mentioned there was a camera. This detail was not 42 33 20 13
counted if the participant only said they were being filmed or
otherwise failed to explicitly state that thers was a camera.
Judges had straight faces Dietail  The participant mentioned that the judges had straight faces, had 45 i 18 o
“poker faces,” were not responsive, did not smile, or otherwise did
not show any emotion.
Judges wore white lab Detail  The pamicipant mentioned that the three judges were all wearing 22 17 12 5
coats white lab coats.
Judges sitting Detail  The pamicipant mentioned that the judges were sitting during the 30 33 18 15
task.
Judge was writing notes Detail  The parmicipant mentioned that one of the judges was taking notes. T o o ]
This detail was counted if the participant mentioned that “the judges™
were taking notes.
Judge coughed'sneezed Dietail  The participant mentioned that a judge coughed or sneezed. 13 12 9 3
Timer mentionaed Detaill  The participant mentioned that a imer was present in the task. 50 47 26 21
Plant present Detail  The pamicipant mentioned that there was a plant. 11 o & 1
Plant is fake Detail  The participant mentioned that the plant was fake or that they did not 1] o o ]
think it was real.
Curtain present Detail  The pamicipant mentioned a curtain. 42 26 15 11
Camera person standing Detail  The pamicipant mentioned that the camera person was standing at the 18 24 14 10
at a table with the podium, next to the table with the computer, or generally by the
computer computer.
Phrenology head present Detaill  The participant mentioned that there was a small sculpture of a head 5 1
present. This detail was included even if the participant did not
specifically describe the sculpture as a “phrenology head.™
Turtle present inside Detaill  The participant mentioned that the animal mside the plant was a 1 1
plant turtle

27



Table 3

Qualitative Codebook: False Alarm ftems

Post- Liberal Conservative
Detail / Baseline Manipulation Manipulation Manipulation
Category Name Gist  Definition Frequency  Frequency Frequency Frequency
Different time other than ~ Detail  The participant explicitly stated an amount of time other than five 0 0 0 0
5 min to prepare speech minutes when referring to how much time they had to brainstorm for
their speech.
Different time other than ~ Detail  The participant explicitly stated an amount of time other than five 0 0 0 0
5 min to give a speech minutes when referring to how much time they had to give their
speech.
Wrong number of judges  Detail  The participant explicitly stated a number of judges present besides 1 0 0 0
three.
Different color pen Detail  The participant explicitly stated that the pen they were oniginally 0 0 0 0
given was not blue or that the replacement pen they were given was
black.
Wrong writing tool Detail  The participant explicitly stated that they were given something other 1 1 0 1
than a pen to use for brainstorming (such as a pencil).
Real plant Detail ~ The participant explicitly stated that the plant was real. 0 0 0 0
Wrong animal inside Detail ~ The participant explicitly stated that an animal other than a turtle was 1 1 1 0
plant in the plant.
Math task did not start at Detail ~ The participant explicitly stated that they had to start the math task 1 1 1 1]
2023 by subtracting from a number other than 2023.
Different time other than ~ Detail  The participant explicitly stated an amount of time other than five 0 1 1 0
5 min for math task minutes when referring to how much time they had to do the math
task.
Chair color was wrong Detail  The participant explicitly stated that the color of the chair was a color 0 1 1 0

other than yellow.

Three new research assistants were then trained on the category system and asked to
independently apply the codes to the interview transcripts. Qualitative coders met weekly to

discuss the coding process, working through ten interviews during each session. This process

enabled the coders to reconcile any disagreements that emerged and have a discussion to

achieve consensus. Coders first coded the baseline interviews and then coded the post-
criterion shift manipulation interviews. Each coder rated all 56 subjects across 53 categories,

resulting in 2968 ratings per coder for the baseline interview and 2968 ratings for the

criterion manipulation interview.
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2.2.4 - Qualitative Coding Inter-rater Reliability Method of Analysis

Krippendorff’s Alpha was selected as the primary measure for assessing inter-rater
reliability (IRR) due to its robustness and flexibility to accommodate various data types,
handle missing data, and suitability for any number of coders (Krippendorff, 2011).
Krippendorff’s Alpha compares observed agreement among coders to the agreement
expected by chance, providing a comprehensive measure of coding consistency. To assess
the consistency and reliability of the coding performed by the three coders, Krippendorff’s
Alpha was calculated using the ‘irr’ package in R with the ‘kripp.alpha’ function for all
possible combinations of coder pairs as well as for all three coders together. The key strength
of Krippendorff’s Alpha lies in its ability to compare the observed agreement among coders
to the agreement that would be expected purely by chance. A higher alpha value signifies
greater agreement beyond what would be expected by chance, indicating more reliable
coding overall. Interpretation guidelines for Krippendorff’s Alpha vary, but generally, an
alpha above 0.800 is considered to suggest excellent agreement, a value between 0.610 and
0.800 represents substantial agreement, and a score below 0.610 indicates questionable
agreement among the coders (Krippendorff, 2011; Hallgren, 2012).

Given the binary nature of the data and the high agreement observed in preliminary
analyses, bootstrapping was employed to estimate the 95% confidence intervals for
Krippendorff’s Alpha. After the first 1,000 iterations, the results showed robust confidence
intervals. These steps were taken to ensure that the confidence intervals were not an artifact
of too few bootstrap samples and demonstrated the stability of the estimates. Cohen’s Kappa
was calculated for each pair of coders to further confirm the inter-rater reliability. Cohen’s

Kappa is a more widely used method to measure the inter-rater reliability for categorical
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items, providing a robust measure of agreement adjusted for chance. This step was critical to
compare with Krippendorff’s Alpha and to ensure the reliability of pairwise coder
agreements.

Finally, Fleiss’ Kappa was measured to understand the agreement among all three
coders simultaneously. This statistical method is an extension of Cohen’s Kappa for more
than two raters. While Krippendorff’s Alpha offers versatility and effectively handles
missing data, Fleiss’ Kappa is specifically designed for multiple raters assigning items to
mutually exclusive categories, making it more robust for this study’s binary coding data.
Multiple reliability measures are used to confirm the initial results, strengthening the coding

reliability conclusion.

2.2.5 - Signal Detection Analysis Data Preparation

The present study utilized an equal-variance SDT model, which categorizes
participants’ responses to ambiguous stimuli into one of four categories: hits (H; correctly
identifying a stimulus that was present), misses (M; not identifying a stimulus that was
present), false alarms (FA,; identifying a stimulus that was not present) or correct rejections
(CR; not identifying a stimulus that was not present). The signal detection metrics of hit rate
(HR), false alarm rate (FAR), discriminability (d”), and criterion placement (c) were
calculated for each participant using the following equations:

HR=H/(H+M)
FAR = FA/(CR + FA)
d’ = z(HR) - 2(FAR)
¢ =-0.5* [z(HR) + z(FAR)]

Ac = c(conservative) — c(liberal)
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where z represents the density of the standard normal distribution (Macmillan & Creelman,
2005).

The hit rates and false alarm rates were determined by the proportion of agreed upon
ratings by the three qualitative coders. These rates were then converted to z-scores to
compute the sensitivity index, d-prime, which represents the participant’s ability to report
category items that are considered signal (correct items) and noise (false alarm items). The
decision threshold, criterion, was also calculated to understand the participant’s tendency to

freely report “signal” versus “noise” information.

2.3 Results

2.3.1 - Inter-rater Reliability

The analysis revealed substantial to almost perfect agreement among the coders, as
demonstrated by the high values of Krippendorff’s Alpha, Cohen’s Kappa, and Fleiss’
Kappa. The result of Krippendorff’s Alpha for all three coders was 0.758, indicating
substantial agreement. This level of agreement suggests that the coders were consistent in
their coding and that the coding scheme was reliably applied across all subjects. To further
investigate the reliability of the coding, pairwise comparisons of coders were also conducted
using Krippendorff’s Alpha. The pairwise comparisons reveal that the highest agreement was
between Coder 1 and Coder 2, with an alpha of 0.905, suggesting an almost perfect
agreement between these two coders. The agreement between Coder 2 and Coder 3 was
substantial, with an alpha of 0.728, while the agreement between Coder 1 and Coder 3 was
also substantial, with an alpha of 0.724. These results indicate that while there is strong
agreement among all coders, some pairs of coders were more consistent in their coding than

others. See Table 4.
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Table 4
Krippendor(f's Alpha for Coders

95% CI 05% CI

Coders Subjects  Ratings Raters o (Low) (High)
All Coders 56 5936 3 0.786 0.773 0.799
Coder 1 & Coder 2 56 5936 2 0.905 0.893 0.915
Coder 1 & Coder 3 56 5936 2 0.728 0.709 0.745
Coder 2 & Coder 3 56 5936 2 0.724 0.705 0.742

Krippendorf's Alpha interpretation: = 0.800 {almost perfect agreement), 0.610 - 0.B00 (substantial agreement),
< (.610 (moderate agreement)

Cohen’s Kappa statistical tests were calculated to further understand the pairwise
reliability estimates and determine whether the observed agreement is significantly higher
than what would be expected by chance. Cohen’s Kappa values indicated substantial
agreement between all coder pairs. The Kappa values were 0.905 for Coders 1 and 2, 0.728
for Coders 2 and 3, and 0.724 for Coders 1 and 3. The Cohen’s Kappa high values reinforce
the reliability of the coders’ ratings, adjusting for chance agreement, suggesting that the
pairwise comparisons are robust. Regarding the agreement between each coder and the
consensus ratings, Cohen’s Kappa results indicate almost perfect agreement with Coder 2
exhibiting the highest agreement with the consensus at 0.945, followed by Coder 1 also with
almost perfect agreement at 0.938, and last is Coder 3 at 0.753 which is substantial
agreement. The z-scores and p-values for all comparisons indicate that the kappa values are

highly significant, demonstrating strong reliability in the coding process. See Table 5.
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Table 5
Cohen's Kappa for Pairwise Comparisons and Individual Coders Against

Consensus

Coders K SE z p
Coder 1 & Coder 2 0.905 0.003 319.788 = 0.0001
Coder | & Coder 3 0.728 0.005 153911 =< 0.0001
Coder 2 & Coder 3 0.724 0.005 152.101 < 0.0001
Coder | & Consensus 0.938 0.002 409.607 < 0.0001
Coder 2 & Consensus 0.945 0.002 439,535 =< 0.0001
Coder 3 & Consensus 0.753 0.005 166.962 =< 0.0001

Cohen's Kappa interpretation: = 0.80 (almost perfect agreement), 0.60 - 0.80 (substantial agreement),
< 0.60 (moderate agreement)

To confirm the measure of consistency observed in the pairwise comparisons and extend it to
the overall agreement among all coders, a Fleiss’ Kappa was calculated. The high Fleiss’
Kappa value at 0.786 supports the conclusion that the coders’ ratings are reliable and
consistent. See Table 6.

Table 6
Fleiss' Kappa for All Coders

95% CI 55% CI
Coders Subjects  Ratings Raters K {(Low) (High)

All Coders 56 5936 3 0.786 0.778 0.793

Fleiss' Kappa interpretation: > 0,800 (almost perfect agreement), 0.610 - 0,800 (substantial agreement),
< 0610 (moderate agreement)

The inter-rater reliability analysis demonstrated substantial to almost perfect
agreement among the coders, indicating that the coding scheme was reliably applied. The
individual comparisons of each coder against the agreed rating underscore the robustness of

the coding methodology. Despite the varying levels of agreement, all coders exhibited
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substantial consistency with the agreed ratings, affirming the validity of the coding outcomes.
The highest reliability was observed between Coder 1 and Coder 2, suggesting that these two
coders were particularly consistent in their coding. The overall high levels of agreement
across all coders and pairs of coders provide strong evidence for the reliability of the coding

process.

2.3.2 - Frequency of Participant Reported Information

Linear mixed-effect models were fitted to compare the frequency of reported
information in the Baseline versus the Criterion Condition (Conservative vs. Liberal). This
model was chosen because of its handling of repeated measures data structures and ability to
account for within-subject correlations by including a random intercept for individual
subjects. This will allow the model to account for the multiple data points each participant
provides, thus a more accurate estimate of the fixed effects can be calculated.

The first linear mixed-effects model was used to examine the relationship between the
three sessions (Baseline, Conservative, and Liberal) and the frequency of reported
information for all information (regardless of correct or false alarm information coding
categories). Individual differences were also controlled by including random intercepts for
each participant. Additionally, the model was fit using restricted maximum likelihood
estimation and this converged successfully at 8152.6. The random intercept variance was not
statistically significant (¢? = 0.008, SD = 0.087), suggesting that there was minimal variation
in the reporting of information in the Baseline condition across participants. Further model
diagnostics such as the scaled residuals did not show any substantial deviations from the
assumptions of linearity. The fixed effects of session on the frequency of reported

information are presented in Table 7. The average frequency score for the Baseline condition
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was 0.409 (SE = 0.015, t(52) = 28.052, p < .001). Participants in the Conservative condition
had significantly lower frequency scores ( =-0.100, SE = 0.017, t(52) = -5.989, p < .001)
compared to the Baseline condition. However, there was no significant difference in the
frequency scores between the Liberal condition and the Baseline condition (B = -0.002, SE =
0.017, t(52) = -0.106, p = .916). See Figure 1 for a scatter plot showing the mean frequency
score per subject for both their Baseline condition and criterion manipulation.

Table 7
Model Summary: Frequency of All Reporied Information - Baseline Reference

Frequency of Reported Information

Terms B SE 95% CI ! p
(Intercept) 0.409 0.015 0.380 - 0.437 28.052 < 0.001
Condition: Baseline vs. Conservative -0.100 0.017 -0.133 - -0.067 -5.989 < 0.001
Condition: Baseline vs. Liberal -0.002 0.017 -0.034 - 0.03] -0.106 0.916

Random Effects

o 0,23
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To examine the impact of the criterion manipulations on the frequency of correctly
reported information, two linear mixed-effects models were calculated with different
reference conditions. One is to compare the Baseline condition against the criterion
manipulation conditions (Conservative or Liberal) and the second is to understand the direct
difference between those criterion manipulations. The first linear mixed-effects model that
used the Baseline as a reference, showed that the frequency of correctly reported information
has a significant main effect of Condition (F(2, 5934) = 20.875, p <.001). As seen in Table
8, participants in the Conservative condition ( =-0.123, SE = 0.019, t(52) = -6.463, p <
.001) reported significantly fewer correct items compared to the Baseline condition ( =
0.502, SE = 0.018). However, there was no significant difference in the frequency of correct
information reported between the Liberal condition (f = -0.004, SE = 0.019, t(52) = -0.130, p
= .847) and the Baseline condition.

Random intercepts for participants were included in the model to account for
individual differences in Baseline reporting tendencies. The variance of the random
intercepts (6? = 0.012, SD = 0.110) suggests that there was some variability in baseline

reporting frequencies across participants, but this variability was relatively small.
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Table 8
Model Summary: Frequency of Correct Information Reported - Baseline Reference

Frequency of Reported Information

Terms B SE 95% Ci ! 2

(Intercept) 0.502 0.018 0.467 - 0.537 28.420 < 0.001
Condition: Baseline vs. Conservative -0.123 0.019 -0.160 - -0.085 -6.463 < 0.001
Condition: Baseline vs. Liberal -0.004 0.019 -0.041 - 0.034 -0.130 0.847

Random EfTects

o 0.23

Tax RBubjes I 0.01

ICC 0.05

N Suljon 1D Sﬁ
Observations 4816
Marginal B* / Conditional R* 0.011 / 0.059

In the second model for correct information reported, the Liberal condition was used
as the reference to directly evaluate the criterion manipulation relationship. As seen in Table
9, the average frequency of reported correct information in the Conservative condition ( = -
0.119, SE = 0.026, t(52) = -4.635, p <.001) was significantly lower than in the Liberal
condition ( = 0.498, SE = 0.022). For the Liberal and Baseline conditions ( = 0.004, SE =
0.019, t(52) = 0.193, p = .847), no significant difference was calculated (similar to the

Baseline as reference model).
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Table 9

Model Summary: Frequency of Correct Information - Liberal Reference

Frequency of Reported Information

Terms B SE 05% CI ! P
(Intercept) 0.498 0.022 0.456 - 0.541 22 828 < 0.001
Condition: Baseline vs. Liberal 0.004 0.019 -0.034 - 0.041 0.193 0.847
Condition: Conservative vs. Liberal -0.119 0.026 -0.169 - -0.069 -4.635 < 0.001

Random Effects

a’ 0.23

T Sbjost 1Ix 0.01

1CC 0.03
- 56
Observations 4816
Marginal R? / Conditional R? 0.011 /0.059

Similar to the reported correct information analysis, two linear mixed-effects models
were calculated to evaluate the frequency of reported false alarms, one with the Baseline as a
reference and the other with the Liberal condition. The fixed effects of the frequency of
reported false alarms with the Baseline as a reference are presented in Table 10. The average
frequency score for the Baseline condition was 0.007 (SE = 0.004, t(52) = 1.858, p = .065).
Participants in the Conservative condition had slightly lower frequency scores (3 = -0.004,
SE = 0.007, t(52) = -0.544, p = .587) compared to the Baseline condition, but this difference
was not statistically significant. Additionally, participants in the Liberal condition had higher
frequency scores (f = 0.007, SE = 0.007, t(52) = 1.088, p = .277) compared to the Baseline
condition, though this difference was also not statistically significant. These results suggest
that neither the Conservative nor the Liberal conditions had a significant impact on the
frequency of false alarms reported compared to the Baseline condition. The random intercept

variance was minimal and not statistically significant (o2 = 3.347¢-05, SD = 0.006),
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suggesting very little variation in the reporting of false alarms in the Baseline condition
across participants. The residual variance (6> = 0.008, SD = 0.089) indicated that most
variability in false alarm reporting occurred within subjects rather than between subjects.
With the Liberal condition acting as the reference value, no significant differences
were found in the frequency of reporting false alarms between the Baseline, Conservative,
and Liberal conditions. As shown in Table 11, participants in the Liberal condition reported a
statistically significant number of false alarms with an average frequency score of 0.014 (SE
= 0.005, t(52) = 2.628, p = .009). Comparatively, participants in the Baseline condition
reported slightly fewer false alarms than those in the Liberal condition ( = -0.007, SE =
0.007, t(52) = -1.088, p = .277), but this difference was not statistically significant. Similarly,
participants in the Conservative condition reported fewer false alarms than those in the
Liberal condition (B =-0.011, SE = 0.008, t(52) = -1.394, p =.164), yet this difference also

did not reach statistical significance.
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Table 10
Model Summary: Frequency of False Alarms Reported - Baseline Reference

Frequency of Reported Information

Terms B SE 95% CI t p

(Intercept) 0.007 0.004 0.000 - 0.015 1.858 0.063
Condition: Baseline vs. Conservative -0.004 0.007 -0.016 - 0.0109 -0.544 0.587
Condition: Baseline vs. Liberal 0.007 0.007 -0.006 - 0.020 1.088 0.277

Random Effects

a’ 0.01

Too Subject_ID 0.00

ICC 0.00

N Subjeet D 56
Observations 1120
Marginal R? / Conditional R* 0.002 / 0.006
Table 11

Model Summary: Frequency of False Alarms Reported - Liberal Reference

Frequency of Reported Information

Terms B SE 095% CI ! p

(Intercept) 0.014 0.005 0.004 - 0.025 2.628 0.009
Condition: Baseline vs. Liberal -0.007 0.007 -0.020 - 0.006 -1.088 0.277
Condition: Conservative vs. Liberal -0.011 0.008 -0.026 - 0.004 -1.394 0.163

Random Effects

o 0.01

Tow gagenr 1D 0.00

ICC 0.00

N Sabjoct 1D Sﬁ
Ohbservations 1120
Marginal R* / Conditional R* 0.002 / 0.006

For further information about individual item frequencies, please see the codebook Tables 1,

2,and 3.

2.3.3 - Signal Detection Analysis
Given the low false alarm rates observed in this study, a detailed Signal Detection

Analysis (SDA) was not feasible. The false alarm rates were very low, with the average
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frequency score for the Baseline condition being 0.007 (SE = 0.004, t(52) = 1.858, p = .065).
Participants in the Conservative condition had a false alarm frequency score of -0.004 (SE =
0.007, t(52) = -0.544, p = .587), and those in the Liberal condition had a false alarm
frequency score of 0.007 (SE = 0.007, t(52) = 1.088, p = .277). These low frequencies
rendered individual-level SDA unreliable, as the values would be predominantly driven by
hit rates. Additionally, the variability in false alarm reporting was minimal, indicating very
little variation in reporting false alarms in the Baseline condition across participants.

Due to these low false alarm rates, the frequency of hits was used as a proxy measure
for shifts in criterion. This approach aligns with previous research that utilized the amount of
detail recalled to indicate criterion shifts (Glanzer & Adams, 1985; Glanzer et al., 2009). The
analysis revealed that participants in the Baseline condition reported an average frequency of
0.409 (SE = 0.015), while those in the Conservative condition reported significantly fewer
details, with an average frequency of 0.309 (SE = 0.017). In contrast, the Liberal condition
yielded an average frequency of 0.407 (SE = 0.017), closely mirroring the Baseline
condition. As shown in Table 8, the significant reduction in the number of details reported in
the Conservative condition (B =-0.123, SE = 0.019, t(52) = -6.463, p <.001) compared to the
Baseline condition (f = 0.502, SE = 0.018) suggests a shift towards a stricter decision
criterion. Participants in the Liberal condition did not show a significant difference in the
frequency of correct information reported (B = -0.004, SE = 0.019, t(52) =-0.130, p = .847)
compared to the Baseline condition, indicating that the liberal instructions did not
significantly alter the reporting criterion from the baseline. Moreover, participants in the
Liberal condition reported a statistically significant number of false alarms with an average

frequency score of 0.014 (SE = 0.005, t(52) = 2.628, p = .009; See Table 11). Comparatively,
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participants in the Baseline condition reported slightly fewer false alarms than those in the
Liberal condition (B =-0.007, SE = 0.007, t(52) = -1.088, p = .277), but this difference was
not statistically significant. Similarly, participants in the Conservative condition reported
fewer false alarms than those in the Liberal condition (f = -0.011, SE = 0.008, t(52) = -1.394,
p = .164), yet this difference also did not reach statistical significance.

The use of hit rates as a proxy for criterion shifting is supported by the significant
main effect of condition on the frequency of correct information reported. This shift towards
a more conservative reporting criterion under the Conservative condition can be interpreted
as participants being more cautious and selective in their recall, likely due to the instructions
emphasizing accuracy over quantity. Conversely, the Liberal condition did not produce a
significant change in recall behavior, suggesting that the instruction to report more freely did
not substantially affect the participants’ decision criterion. This indicates that participants
may have been reporting details fairly liberally in the Baseline condition due to the use of the
Cognitive Interview method, which encourages comprehensive recall. Therefore, the liberal
instructions did not significantly alter their existing reporting behavior, as the baseline

instructions had already set a relatively low threshold for recalling and reporting details.

24 Discussion

This study investigated the impact of criterion manipulations on the free recall of
stressful autobiographical events using the Trier Social Stress Test (TSST) and the Cognitive
Interview method. The results demonstrated that participants instructed to adopt a
conservative reporting criterion reported significantly fewer details than those in the baseline

and liberal conditions. These findings suggest that instructing participants to adopt a
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conservative reporting criterion can lead to a more selective recall process, reducing the
number of reported details without necessarily improving accuracy.

Caution is necessary when interpreting these results because the decrease in reported
details in the Conservative condition could also reflect changes in memory quality. However,
this is considered unlikely based on previous findings in similar research contexts, which
have consistently shown that instructions to be conservative typically affect the decision
criterion rather than the memory trace itself (Wixted & Mickes, 2010; Benjamin et al., 2009).
The fact that the Liberal condition did not produce a significant change in the frequency of
reported information compared to the Baseline condition also provides further evidence for
this interpretation. Since the Cognitive Interview method used at Baseline encourages
comprehensive recall and operates under a liberal criterion, the similarity in the amount of
information reported between the Baseline and Liberal conditions suggests that participants
were already utilizing a liberal reporting strategy. This consistency supports the notion that
the observed decrease in the Conservative condition is primarily due to a shift in reporting
criterion rather than a deterioration in memory quality.

Furthermore, this interpretation aligns with the broader body of research on memory
and decision-making, which suggests that manipulations in reporting criteria primarily
influence the threshold for reporting details rather than the underlying memory trace (Mickes
et al., 2011). Previous studies have shown that participants can adjust their decision criteria
based on the instructions provided, leading to variations in the quantity of information
reported without significant changes in memory accuracy (Hilford et. al., 2019). Therefore,

the significant reduction in reported details under the Conservative condition, coupled with
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the stable reporting behavior in the Liberal condition, strongly indicates that the observed
effects are due to shifts in criterion rather than changes in memory quality.

This analysis highlights the importance of considering both the quantity and quality
of recalled information when evaluating memory performance under different criterion
conditions. The findings suggest that while conservative instructions may reduce the quantity
of recalled details, they do not necessarily improve the accuracy of the recalled information,
as indicated by the unchanged false alarm rates. These low false alarm rates observed across
the conditions suggest a floor effect, where participants are unlikely to report details that did
not occur. Several factors could contribute to this floor effect, such as the immediacy of the
test, the limited novelty of items, or the uniqueness of the situation, making it difficult for
participants to confuse the event with other life experiences. This phenomenon may not be an
issue with the paradigm but rather a natural tendency of participants to avoid reporting
incorrect information.

Importantly, future iterations of this study should continue to address real-world
problems. As seen in the research on John Dean’s case, rich episodic memory is susceptible
to errors such as false recall and distortion. While the research conducted since John Dean’s
Senate testimony has increased the understanding of how criterion thresholds interact with
memories, more research is still needed to measure these thresholds and determine recall
accuracy for rich episodic events. This research is critical because much of our societal
functioning relies on human memory (Lacy & Stark, 2013). A striking example is the legal
system’s heavy use of eyewitness testimony in civil and criminal cases. Without compelling
scientific research on memory, cases are often decided based on how well attorneys can play

to jurors’ misconceptions about memory. The Innocence Project has found that eyewitness
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misidentification played a role in about 71% of over 360 wrongful convictions overturned by
post-conviction DNA testing. This is likely only a fraction of the total number of wrongfully
convicted people, as DNA evidence is only available in a limited number of cases (“DNA
Exonerations in the United States,” 2020). Future episodic memory research could
profoundly impact how the legal system treats and values eyewitness testimony and influence
other fields where reliance on memory is underappreciated or misunderstood.

The in-person interviews used to deliver criterion manipulations in this study
underscore the potential role of social components in influencing participants’ reporting
behavior. This observation inspired the next chapter’s investigation into how different social
contexts might affect criterion shifting during recognition memory tasks. By taking a more
controlled laboratory approach, the subsequent research aims to isolate and examine various
aspects of social influence, such as monetary rewards, social competition, and group impacts.
This shift from real-world social interactions to controlled social manipulations seeks to
provide nuanced insights into the interplay between social influences and cognitive
processes, furthering our understanding of memory-based decision-making and the factors

that drive criterion shifts.

45



Chapter 3: Experiments 2 and 3 - Social Pressure and Criterion Shifting

3.1 Introduction

Research on decision-making has generally attempted to understand our ability to
process multiple alternatives and choose an optimal course of action. This has been true for
the study of criterion shifting, which is the ability to adapt to the most favorable decision
strategy when the relative rewards or consequences of different response types change.
However, what is “optimal” for the individual is dependent on the context of the decision,
and one important context to consider is the human need to be accepted by social groups.
Previous research has found that the need to belong is a powerful, fundamental, and
extremely pervasive motivation (Baumeister & Leary, 1995). Numerous studies have
explored how humans view social acceptance as a means to secure a broad range of social,
occupational, financial, recreational, and relational opportunities (DeWall & Bushman, 2011;
Juvonen et al., 2005), and how social rejection can result in diverse negative outcomes
(Leary, 2010), such as subpar performance on challenging intellectual tasks (Baumeister et
al., 2002), increased aggression (DeWall et al., 2009), and a decrease in impulse control
(Baumeister et al., 2005). The importance of social acceptance as a driver of human decision-
making has even been documented neurologically, as researchers have found that neural
activity across the ventromedial prefrontal cortex associated with reward increases when a
person feels they have conformed to a group (Campbell-Meiklejohn et al., 2010; Nook &
Zaki, 2015; Chen et al., 2023). This need to belong is tied to social decision-making, which is
defined as making a decision that affects others where an individual considers the
preferences of others in addition to their own (Fehr & Camerer, 2007). Humans make many
important decisions within the context of social interactions, with these choices further
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contingent upon the decisions and reactions of others (Sanfey, 2007; Rilling & Sanfey,
2011).

The intent behind Experiments 2 and 3 was to examine the intersection between
social pressure and criterion shifting, specifically regarding memory-based decision-making.
Much of the previous research and theories on criterion shifting have suggested that this
behavior reflects a distinctive and consistent cognitive trait in individuals. As discussed
earlier, while previous research demonstrates that criterion shifting is quite stable across
various situations (Aminoff et al., 2012; Kantner et al., 2015; Frithsen et al., 2018, Layher et
al., 2020; Layher, Santander et al., 2023), it has not yet examined criterion shifting under the
application of social pressure. The novel goal of these experiments was to explore whether
social pressure impacts memory-based decision-making and see if individuals who did not
typically shift their criteria would shift when they were exposed to social pressure. The first
social pressure experiment (Experiment 2) examined the effect of a competitive social
context (publicly known ranked performances) on participants’ criterion shifting on a
memory-based task. Participants were placed in four different conditions: receiving points or
monetary compensation for their performance, which was then either unranked or publicly
ranked against other participants. The second social pressure experiment (Experiment 3)
analyzed the effect of known collective outcomes (group punishment and reward) and
criterion manipulations on a memory-based task. Subjects completed the same task design
twice. In one condition, their performance for a monetary bonus only affected them, and in
the second condition, their individual performance could result in a loss of money or
additional money for their fellow participants. These experiments investigated how either

group-based pressure (induced by publicly shared performance rankings) or consequences
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(induced by the threat of collective punishment or the prospect of collective reward) would
affect individual criterion shifting for memory-based decisions. It was hypothesized that
individuals would shift their decision-making criteria and potentially improve performance
on a recognition memory computer task when exposed to social pressure compared to a

condition without such pressure.

3.1.1 - Social Pressure and Individual Outcomes

One way to analyze the social context of decision-making is to look at how
individuals react to their perception of status within a group. Extensive research by Herbert
Marsh and colleagues (1984; 2007) over the years has shown that relative position to a group
matters for individual well-being. For example, Marsh and others have found that the “big-
fish-little-pond” effect, where individuals tend to prefer to be a “big fish in a little pond”
(e.g., a good student in an average school) rather than a “little fish in a big pond” (e.g., an
average student in a high-achieving school), is a universal phenomenon across different
countries and cultures (Marsh & Seaton, 2015; Marsh et al., 2017).

Subsequent studies have documented that the knowledge of relative positions also
affects individual performance. This has been shown through numerous studies in the
education space. In a natural experiment, Azmat and Iriberri (2010) found that students in the
Basque region of Spain received better grades in subsequent classes after receiving report
cards that provided them with their relative rank compared to the class average. In a
controlled experiment, Tran and Zeckhauser (2012) showed that undergraduates in a one-
semester English course at a university in Hanoi, Vietnam who received bi-monthly public
updates on their rank in the class performed better on tests than the control group and a

second test group that received their ranking information privately. In a professional work
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context, researchers have shown that the presence of highly productive workers can pressure
their peers to be more productive as well (Mas & Moretti, 2009) and that just the
announcement of a relative ranking scheme, regardless of whether it was conveyed publicly
or privately, increased worker’s performance on a standardized math task (Kuhnen &
Tymula, 2012). Researchers have also found that participants will perform better on tasks
when they know their performance will be measured against their peers even when better
performance brings no monetary rewards (Falk & Ichino, 2006). However, the research on
social pressure from status comparisons is not uniformly positive. Multiple studies have
found that feedback during a task can weaken performance by causing them to make more
mistakes (Eriksson et al., 2009; Hannan et al., 2008). Barankay (2011) found that workers
recruited to analyze images on Amazon’s Mechanical Turk website were less likely to do a
task if ranks were given, those given ranks were less likely to sign up for subsequent tasks
and ranked workers were less productive than their unranked peers.

Given the depth of the research suggesting that public rankings can induce changes in
behavior, incorporating public rankings into the design of Experiment 2 was anticipated to
provide a reliable way to exert social pressure on participants. For Experiment 2, participants
experienced four different conditions for completing a memory-based task, two of which
were unranked and two of which were ranked, and the results were publicly shared. It was
predicted that the ranked conditions would motivate better performance and therefore result

in significant criterion shifting on the recognition memory task.

3.1.2 - Social Decision-Making and Collective Outcomes
The effects of social pressure can also be seen in how individual decisions are tied to

group outcomes in contemporary society. For example, in the education system, it is common
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for educators to threaten their entire class with punishment, such as taking away free time or
assigning additional work, to motivate their students to behave more respectfully in the
classroom (Heckathorn, 1990). Conversely, many teachers use a class-wide reward system to
encourage good behavior or productivity (Little et al., 2015). Much of the literature on how
group members are held accountable for one another’s conduct breaks down into these two
broad categories: collective punishment, where all group members are punished for one
person’s transgressions, regardless of individual culpability, and collective reward, where all
group members benefit from the efforts of others regardless of their individual contributions
(i.e., the “free-riding” problem) (Heckathorn, 1990).

Collective punishment is used in numerous situations where the goal is to encourage
specific behavior or deter future offenses by punishing an entire group for one person’s
decision or mistake (Bolle, 2021). Unsurprisingly, numerous studies argue that collective
punishment is a harmful practice, with some studies showing that collective punishment can
harm cognition, including spatial reasoning (Heckathorn, 1990), perceptual speed (Reysen,
2007), and semantic memory (Cacioppo & Hawkley, 2009). Others have asserted that
collective punishment can be morally fraught. Fabricant (2011), for example, argues that
zero-tolerance policing, where crime by a few individuals can lead to indiscriminate search-
and-seizure operations in the communities where those crimes occur, can be seen as a form
of unwarranted collective punishment.

Interestingly, in laboratory settings, there have been mixed results regarding the
effectiveness of collective punishment as a social motivator. Chapkovski (2021) found that
collective punishment was generally less effective than individualized punishment in

promoting cooperation in a standard public goods game (where participants had a choice to
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either cooperate or “free-ride”). Bolle (2021) designed a study to examine the effects of
collective punishment on groups of people who transgress against an authority (the
experimenter) for a collective good (e.g., a strike for higher wages) versus people who
transgress for an individual gain (e.g., corporations polluting despite regulations or athletes
taking performance-enhancing drugs). The study showed that collective punishment is
entirely ineffective against actors working towards a collective good because, in those
scenarios, agents can only avoid collective punishment by reaching a critical mass of
resistance against an authority. In other words, because there is no individual benefit,
collective punishment simply motivates more resistance. By contrast, when an individual is
transgressing for personal benefit, if that benefit is not deemed to be worth the punishment,
then collective punishment can serve as an effective deterrence. However, when compared to
collective rewards, other studies utilizing similar laboratory-setting public goods games have
found that collective punishment can be more effective for promoting cooperation. Gao and
colleagues (2015) found that collective punishment was decidedly more effective for
promoting cooperation, especially in smaller groups and when the need for cooperation was
immediate, while collective reward was ineffective at promoting cooperation on its own with
large groups. In a similar study, Milinski and Rockenbach (2012) found that collective
punishment alone is more effective than a combined collective punishment and reward
system in addressing the issue of “free-riding” in a public goods game.

Although less studied, the research on collective rewards is also mixed as to its
efficacy as a motivating force. Collective rewards, which can be financial (Kreitner &
Kinick, 2007) and non-financial (e.g., formal acknowledgments of achievement, free lunches

or dinners, the first choice of vacation time; Luthen, 1998) are frequently employed in
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business settings to improve employee attitudes toward their work (Olubusayo et al., 2014)
and increase job performance (Madu & Anyalebechi, 2016). Some manufacturing companies
across Europe have transitioned away from purely individual performance-based pay
schemes and towards offering collective pay schemes based on factory- or company-wide
performance (Brown, 2020). Research shows that companies that offer some form of
collective reward saw better work performance across a variety of metrics, such as product
quality, production speed, and flexibility with manufacturing new products, compared to
their previous individual-only pay structures (Kankara$ & van Houten, 2015; Codero et al.,
2005). However, as with collective punishment, collective reward appears highly context
dependent. Stubbs and Bentley (2024) found that the impact of collective rewards in work
settings can vary greatly between supervisors and standard employees. In laboratory settings,
researchers have found that the size of the reward can significantly influence people’s
behaviors in a public goods game, with higher rewards leading to higher gains but also
inducing a larger “free-riding” problem (Tambunlertchai & Pongkijvorasin, 2020).
Additionally, in situations where individual contributions are difficult to measure or where
tasks require interdependent efforts, collective rewards can negatively impact the perceived
fairness of the reward system (Nguyen et al., 2018).

This research highlights the degree to which the use of collective outcomes depends
on understanding the context and goals of the specific social situation they are implemented
(Heckathorn, 1990; Bolle, 2021). In a comprehensive meta-analysis of 187 studies on
collective punishments and rewards, Balliet and colleagues (2011) found that the usage of
punishments and rewards did not statistically differ in their impact on cooperation and that

other variables, such as the cost or source of incentives, was more predictive of effectiveness.
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The variability in the research on these collective outcomes may stem from the fact that most
empirical observations come from interactions in tightly controlled laboratory settings
(Balliet, 2011), which lack the real-world factors that can further influence decision-making
(Molho et al., 2020). Collective outcomes also have to be measured against related
consequences. For example, militaries routinely use collective punishment during basic
training to reinforce their soldiers’ identity as a part of a uniform, cohesive group, despite
evidence that such tactics may lead to an increased chance of adverse mental health effects
later in life, such as PTSD (Bonner & Ellender, 2022; Bowker & Levine, 2016; Langan,
2018). It is up to the individuals and group at large whether using an arguably effective
collective punishment for one purpose (e.g., better combat effectiveness) is worth the societal
and moral cost in other areas.

The design of Experiment 3 was meant to incorporate these collective outcomes into
a recognition memory task, similar to how Experiment 2 integrated competition pressure into
its design. Experiment 3 included two conditions, an individual condition where participants
completed the classic recognition memory task, and the second entails a collective outcome
where participants would complete a group bonding activity prior to the computer task. Even
though Experiment 3 did not include direct group collaboration, participants shared the same
goal to (1) avoid the negative social consequence of triggering the collective punishment
(losing the monetary reward) for the group and (2) achieve the positive social consequence of
earning a higher collective reward for the group through their performance. By building both
motivations into the task, Experiment 3 aimed to maximize the chance of social pressure
exerting influence on participants’ memory-based decision-making and potentially discern

which has the more significant impact through analyzing their performance against their
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responses on the Social Anxiety Questionnaire for Adults (Caballo et al., 2012), the Self-
Report Altruism Scale (Philippe et al., 1981), and the Watts Connectedness Scale (Watts et

al., 2022).

3.2 General Method

3.2.1 - Participant Recruitment
Participants across Experiments 2 and 3 enrolled through the UCSB SONA website.
The experiments were approved by the UCSB Human Subjects Committee Institutional

Review Board (IRB). All participants gave informed consent.

3.2.2 - Signal Detection Theory

Experiments 2 and 3 utilized an equal-variance SDT model, which categorizes
participants’ responses to ambiguous stimuli into one of four categories: hits (H; correctly
identifying a stimulus that was present), misses (M; not identifying a stimulus that was
present), false alarms (FA,; identifying a stimulus that was not present) or correct rejections
(CR; not identifying a stimulus that was indeed not there). From this, we can formulate
scores into rates for each category. For example, the hit rate (HR) is obtained by dividing
participants’ total hits by the total possible correct categories, whereas the false alarm rate
(FAR) is the total false alarms divided by the total possible incorrect categories. SDT
measures of discriminability (d°) and criterion placement (c) were obtained using the

following equations:
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HR = (number of H) / (number of H + number of M)
FAR = (number of FA) / (number of total possible FA)
d’ = 2(HR) — z(FAR)
¢ =[z(HR) + z(FAR)] / 2
Ac = c(conservative) — c(liberal),
where z represents the density of the standard normal distribution (Macmillan & Creelman,

2005).

3.2.3 - Materials

Both experiments were completed on the UCSB campus, in the Miller Memory Lab,
with computers provided by the researchers. Experiment 2 used face stimuli from the 10k
U.S. Adult Faces database. These faces were cropped out of their original image in an oval
fashion and pasted onto a white square background to create an overall image size of about
256 x 256 pixels (Bainbridge, Isola, & Oliva, 2013). Experiment 3 utilized two different
versions of 1,024 scene images, one containing a single person and another edited not to
include a person (Layher, Santander et al., 2023). The resolution of the scene images was 500
by 500 pixels. Participants conducted all tasks on a computer using MATLAB with version
R2017B (Experiment 2) or R2021A (Experiment 3), incorporating open-source code from
Psychophysics Toolbox, v3 (Brainard, 1997). Both experiments configured the computer task
to display instructions in white text on a black background.
3.3 Experiment 2

The objective of Experiment 2 was to investigate whether different types of
motivations, specifically monetary rewards and social competition, influence criterion

shifting behavior. Criterion shifting behavior is recognized as a distinctive and consistent
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cognitive trait, with significant variability observed across individuals (Aminoff et al., 2012;
Kantner et al., 2015; Frithsen et al., 2018, Layher et al., 2020; Layher, Santander et al.,
2023). Some individuals readily shift their criterion, while others show little to no change.
Understanding the factors that drive these differences is crucial, particularly the potential
impact of external motivations. Given the strong influence of social factors on decision-
making documented in social psychology (see Baumeister & Leary, 1995; Sanfey, 2007;
Rilling & Sanfey, 2011), it is plausible that social competition might also affect criterion
shifting. Thus, Experiment 2 aimed to assess whether monetary rewards or social competition
through public ranking could prompt individuals to alter their criterion shifting strategies

during a recognition memory task.

3.3.1 - Participants

A total of 62 subjects were recruited to participate in this study. However, only 61
participants’ data were ultimately used (n = 61 [42 female], M = 19.9 years, range = 18-29
years, SD = 2.10), as one participant encountered technical difficulties that prevented them
from completing the task. Study participants self-identified their race on a demographic
questionnaire: 2 participants (3%) identified as Black, 20 participants (33%) identified as
Asian, 17 participants (28%) identified as Latine, 3 participants (5%) identified as Middle
Eastern, 15 participants (24%) identified as White, 2 participants (3%) identified as Indian,
and 2 participants (3%) identified as multiracial, which included 1 (2%) identifying as Asian
and White and 1 (2%) as unidentified multiracial. Participants received a base payment of

$5 and could earn up to an additional $21 based on their task performance.
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3.3.2 - Procedure

Participants first completed the consent form, read through the task instructions, and
conducted a practice task. During the task, participants completed four cycles of a study
block followed by two test blocks, all conducted in a testing room alongside 6 or 7 other
participants. Each study block featured 108 face images presented sequentially for 300 ms
each, followed by a 100 ms crosshair display. The rapid stimulus presentation during the
study phase aimed to reduce discriminability performance to near-chance levels. Each test
block comprised 108 trials, with 54 items being previously studied (old) and 54 being novel
(new). On each test trial, an image appeared in the center of the screen, and participants used
the “f” and “j” keys to respond “old” or “new.” The mapping of each key to a specific
response type was counterbalanced across subjects. After each response, the text indicating
the response type (e.g., “f = old”) turned orange and was displayed for 300 ms before
transitioning to the next trial. Participants needed to respond within 1.8 seconds, otherwise
the next trial began automatically.

To manipulate the decision criterion, participants earned 6 points for a correct
response and lost 18 points for a critical error, but did not lose points for noncritical errors.
Additionally, participants lost 2 points for failing to respond on a test trial. In the
conservative criterion condition, participants lost points for a false alarm, while in the liberal
criterion condition, a miss served as the critical error. Before each test block, participants
received instructions specifying the criterion condition and viewed a reminder of the point
structure for correct and incorrect responses on every trial. After each study block,

participants completed one conservative and one liberal test block, presented in a random
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order. Following each test block, participants viewed a feedback screen informing them of
the total points earned during that test block.

There were four incentive conditions (points only, payment, social ranking, and social
ranking with payment) that aimed to influence the extent of criterion shifting. Each study/test
cycle involved one of these incentive conditions, presented in a random order. In the points-
only condition, participants did not receive money based on their point total, nor was their
point total shared with others in the testing room. In the payment condition, participants
earned one cent for each point accumulated, but their point total was not shared with others.
In the social ranking condition, participants’ point totals were displayed to all participants in
ranking order from highest to lowest. In the social ranking with payment condition, point
totals were ranked and displayed to all participants, with the top 2 scores receiving a $15

bonus each.
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Figure 2: Experiment 2 social competition recognition task.
3.3.3 - Results

3.3.3.1 - Discriminability (d’) Across Incentive Conditions

Mean d’ remained quite low across the points only (M = 0.25, SD = 0.29, 95% ClI
[0.17, 0.32]), payment (M = 0.27, SD = 0.26, 95% CI [0.20, 0.33]), social ranking (M = 0.24,
SD =0.21, 95% CI [0.19, 0.30]), and social ranking with payment (M = 0.29, SD = 0.22,
95% CI [0.24, 0.35]) incentive conditions. There were no significant differences in d’ across
the incentive conditions (F(3, 240) = 0.35, p =.79). The recognition memory task was made
intentionally difficult to encourage large criterion shifts. Table 12 presents the mean d’

values for all incentive and criterion conditions.
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3.3.3.2 - Criterion Shifting (4c) Across Incentive Conditions

On average, criterion shifting (Ac) was quite robust across the points only (M = 2.54,
SD = 0.81, 95% CI [2.34, 2.75]), payment (M = 2.71, SD = 0.66, 95% CI [2.54, 2.88]),
social ranking (M = 2.38, SD = 0.61, 95% CI [2.22, 2.53]), and social ranking with payment
(M = 2.46, SD = 0.68, 95% CI [2.29, 2.64]) incentive conditions, though there were vast
individual differences (Figure 3). However, there were no significant differences in Ac across
incentive conditions (F(3, 240) = 0.55, p =.65), indicating that the social pressure and
payment manipulations did not substantially affect criterion shifting strategies. In fact, mean
Ac was primarily influenced by test block order, as participants tended to shift criteria more
significantly between test blocks 1 (M = 2.09, SD = 0.67, 95% CI [1.92, 2.26]), 2 (M = 2.51,
SD = 0.47, 95% CI [2.39, 2.75]), 3 (M = 2.67, SD = 0.63, 95% ClI [2.51, 2.84]), and 4 (M =
2.81, SD =0.74, 95% CI [2.62, 3.00]), regardless of the incentive condition (F(3, 240) =
7.46, p < .01). This indicates that some participants learned to achieve more optimal decision
outcomes by making larger criterion shifts, especially between test blocks 1 and 2. The point
feedback received at the end of each test block may have helped participants better
understand the consequences of not making substantial shifts.

Pearson correlations revealed strong consistency in Ac across all six test condition
comparisons (r(59) range: 0.73 — 0.85), indicating that despite substantial individual
differences in the extent of criterion shifting, participants remained remarkably consistent

within themselves.
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Figure 3: Experiment 2 individual differences in criterion shifting (Ac) across test conditions (top) and test
block order (bottom). The mean (M) and individual subjects are displayed along the x-axis, ordered from left to
right according to the extent of criterion shifting in the points-only incentive condition.
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Table 12

Mean and standard deviation values (in parentheses) of criterion placemeni (c) and
discriminability (d') across incentive conditions (paid vs. unpaid, ranked vs.
unranked) and criterion conditions (conservaiive vs. liberal)

Incentive Condition  Criterion Condition C d'

Pay Conservative 1.44 (0.87) 0.37 (0.37)
Pay Liberal -1.26 (0.82) 0.17 (0.32)
Points Conservative 1.42 (0.78) 028 (D.38)
Points Liberal -1.13 (0.93) 0.21 (0.36)
Social Rank Conservative 1.32 (0.81) 0.29 (0.36)
Social Rank Liberal -1.06 (0.82) 0.20 (0.30)
Social Rank & Pay Conservative 1.38 (0.79) 0.39 (0.41)
Social Rank & Pay Liberal -1.09 (0.88) 0.20 (0.26)

3.3.4 - Discussion

The goal of Experiment 2 aimed to assess whether incentive manipulations, such as
payment and social ranking, could influence the extent to which individuals adjusted their
decision criteria during recognition memory tasks. While the social pressure conditions did
cause a criterion shifting effect, no significant differences in criterion shifting emerged
between any of the incentive conditions. These results, combined with the consistent criterion
shifting strategies observed across test conditions, further support the findings of Layher and
colleagues (2020), who identified criterion shifting as an individual and stable cognitive trait.
Although the incentive manipulations did not significantly affect criterion shifting or
discriminability, test block order had a notable impact. Participants exhibited more extreme
criterion shifts on average throughout the experiment, particularly between test blocks 1 and

2, regardless of the incentive condition. This pattern suggests that feedback from the initial
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test blocks might have helped some participants better understand the consequences of not
adjusting their criteria. Future research is needed to explore why some individuals shift their

criteria more significantly over the course of an experiment.

3.4  Experiment 3

Because the findings from Experiment 2 did not reveal significant effects of monetary
rewards or social competition on criterion shifting behavior, Experiment 3 was designed to
further investigate how social pressures may influence this cognitive process. Specifically,
Experiment 3 introduced a social pressure condition where participants were informed that
their performance would impact others, aiming to enhance the motivational aspect of the
social pressure. Additionally, the task difficulty was adjusted to better elucidate the
interaction between memory performance and criterion shifting. In Experiment 2, the low
discriminability (") was intended to induce large criterion shifts by creating a difficult task
with quick presentation times and numerous images per study block. However, this design
made it challenging to assess changes in discriminability that may result from social pressure.
To address this limitation, Experiment 3 incorporated a much easier recognition memory test,
allowing for a clearer separation of social influences on memory performance versus
criterion shifting. Additionally, Experiment 3 incorporated a “memory” task in which the
images were not shown during the test phase (hidden condition). The purpose of this task was
to assess criterion shifting performance in situations where memory evidence is completely
absent. To achieve the most optimal outcome, participants needed to maximize their
responses by either always responding “old” or always responding “new,” depending on
which response achieves the best decisional outcomes. This condition highlighted the critical

decision-making aspect of the task, emphasizing that any deviation from maximizing was a
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suboptimal choice. The hidden condition served to isolate the impact of social pressure on
decision strategies without the confounding influence of memory-based performance. By
assessing criterion shifting between a relatively easy recognition memory task (shown
condition) and a task where memory is unusable (hidden condition), we can better assess the
impacts of social pressure on criterion shifting and discriminability.

3.4.1 - Participants

Fifty-three undergraduate students at UCSB were recruited to participate in this study
through the University’s online recruitment database (SONA). Due to technical difficulties,
seven participants’ data were incomplete and are excluded from the final analysis, so only 46
participants’ data were used (n = 46 [32 female, 13 male, one non-binary], M = 19.02 years,
range = 18-22 years, SD = 1.22). Study participants self-identified their race on a
demographic questionnaire: 6 participants (13%) identified as Asian, 14 participants (30%)
identified as Latine, 14 participants (30%) identified as White, and 9 participants (20%)
identified as multiracial, which included 4 (9%) identifying as Asian and White, 2 (4%)
identifying as Asian and Latine, 2 (4%) identifying as Asian and White, and 1 (2%)
identifying as Black and White. 3 participants (7%) preferred not to answer questions about
their race. Participants received class credit and earned a monetary bonus (up to $25.60)
based on performance in the tasks.

3.4.2 - Measures

All participants completed the study on lab-provided computers within the Miller
Memory Lab at UCSB. The first portion of the study was completed via a Qualtrics online

survey (Qualtrics, Provo, UT). This included the consent form and questionnaires such as the
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Social Anxiety Questionnaire for Adults (SAQ), The Self-Report Altruism Scale, and the
Watts Connectedness Scale.

The SAQ consists of 30 items rated on a 5-point scale, from 1 = “Not at all or very
slight level of unease, stress or nervousness” to 5 = “Very high or extremely high level of
unease, stress or nervousness.” The scale identifies five factors that contribute to a total
score: (1) Speaking in public or talking with people in authority, (2) Interactions with the
opposite sex, (3) Assertive expression of annoyance, disgust, or displeasure, (4) Criticism
and embarrassment, and (5) Interactions with strangers. Each dimension consists of six items
distributed randomly throughout the questionnaire. There are scores for each dimension and a
global score for the entire questionnaire (see Appendix A; Caballo et al., 2012; Caballo et al.,
2016).

The Positive and Negative Affect Schedule short form is a 20-item questionnaire to
evaluate positive and negative emotional states. The present study instructed participants to
answer all questions to the extent of how they felt at that moment (Watson, Clark, &
Tellegen, 1988). The complete questionnaire, along with scoring instructions, can be found in
Appendix A.

The Self-Report Altruism Scale consists of 20 items. However, two questions were
removed based on participant location and age (see Appendix A). Participants would rate
how often they have engaged in altruistic behaviors, marking “Never,” “Once,” “More Than
Once,” “Often,” and “Very Often.” Higher scores indicate a higher frequency of self-reported
altruistic behavior (Philippe et al., 1981).

Finally, the Watts Connectedness Scale was utilized to measure an individual’s sense

of connectedness to the self, others, and the world. Participants were asked to reflect on their
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experience from the past two weeks and then rated 19 items on a 0—100 visual analog scale
(VAS), where 0 corresponded to “not at all” and 100 to “entirely.” See Appendix A for
scoring instructions for the three connectedness subscale categories: (1) to the self, (2) to
others, and (3) to the world (Watts et al., 2022).

3.4.3 - Procedure

Participants first reviewed the consent form via the Qualtrics survey and answered a
set of questionnaires, including the SAQ (Caballo et al., 2012), the Self-Report Altruism
Scale (Philippe et al., 1981), the Watts Connectedness Scale (Watts et al., 2022), and
demographics. The second portion of the study was conducted on a computer running
MATLAB software. Demographic information was collected, including age, race, ethnicity,
gender, handedness, and which region of the world they felt the most at home. Next, the
participants began the recognition memory task, which incorporated three types of
manipulations in a fully crossed 2x2x2 design: a criterion condition (monetary
manipulations: liberal vs conservative), a memory condition (“shown” versus “hidden”
images), and a social condition (group vs. individual consequences), all of which are
described in further detail below.

3.4.3.1 - Recognition Memory Task

The recognition memory task was split into two phases: a study phase and a retrieval
phase. In the study phase, participants were shown images of indoor and outdoor scenery that
either included a person in the image or not. Participants answered whether a person was
“absent” or “present” in the scene for each image. Participants had an equal chance of seeing
an image with a person “present” or “absent.” In the retrieval phase, participants were shown

images and asked to identify them as “old” (meaning they had seen the image in the most
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recent study phase) or “new” (they had not seen the image before). Participants then reported

99 ¢¢

their confidence rating as “low,” “medium,” or “high” after each response. Participants had
an equal chance of seeing an “old” or “new” image.

Every participant completed two practice blocks per condition: two eight-image study
phases and two eight-image retrieval phases. After these practice blocks, participants were
instructed that there would be four study blocks that were similar to the practice block. Each
study phase of the actual task had participants encode sixteen images, and each retrieval
phase had participants respond to four test blocks with sixteen images per test block. Every
photo shown to participants in the study phase was set to appear for 800 ms. Each study
phase image was followed by a crosshair shown for 500 ms before the next image. During
the recall phase, participants were given an unlimited amount of time to respond “old” or
“new” and report their confidence rating as “low,” “medium,” or “high” for each image in
the test block. Participants also received feedback after each test block to see how much they
earned in the recently completed block and their total amount earned in the task.

There were 24 practice trials (8 study trials and 16 test trials) and 256 test trials per
condition per participant. A total of 1,024 unique scenery images were utilized across
conditions (512 for the individual and 512 for the group conditions). There was also an equal
split within the condition of images with a human present and a human absent across
conditions (256 images with a human present in the image and 256 without a human present

for the individual condition; 256 images with a human present in the image and 256 without

a human for the group condition).
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Figure 4: Experiment 3 social pressure recognition task.
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Monetary incentives were used in each test phase to influence participants to be more

liberal or conservative with their decisions. In each test phase, participants received five

cents for correctly responding “old” to a studied image (a hit) and “new” to an unstudied

image (a correct rejection). In the liberal condition, participants were incentivized to choose

the “old” response because an incorrect selection of “new” for a studied image (a miss)

resulted in a $0.10 penalty, while an incorrect selection of “old” for an unstudied image (a

false alarm) was unpenalized. Conversely, participants were incentivized to choose the

68



“new” response in the conservative condition because they lost $0.10 for a false alarm, while
misses were unpenalized.

3.4.3.3 - Memory Condition

Participants were randomly presented with four different trial conditions during the
recognition memory task: liberal with shown images, liberal with hidden images,
conservative with shown images, and conservative with hidden images. Participants were
given the following instruction: “During half of the test blocks, the test images will be
hidden, meaning you will NOT be able to view the image. However, there will still be a
correct answer (either “old” or “new”). Participants were instructed to mark these blank
screens as “old” or “new” and provide a confidence rating, just as with the shown images.
Previous studies have examined how participants shift criteria in the absence of memory
evidence, positing that participants may turn to other forms of non-probative, internally
generated decision evidence outside the structure of the task (Kantner et al., 2015). The
hidden image trial portion of this experiment was intended to encourage participants to
maximize their monetary outcome based purely on the trial manipulations (liberal or
conservative). This experiment differs from previous study designs because memory
evidence was completely absent. All participants saw was a black screen, giving them
nothing on which to make a memory-based decision.

3.4.3.4 - Social Condition

For this study, participants were recruited four at a time, and all had to confirm upon
arrival that none of them knew each other before the experiment (i.e., everyone considered
each other a “stranger”). Each participant completed two rounds of the recognition memory

task, one under the “group” condition and one under the “individual” condition. In the
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individual condition, participants first answered two pre-task questions on a scale from “0” to
“7,” with “0” signifying “Not at all true” and “7” signifying “Very true”: “In general, I am
confident in my memory,” and “I am motivated to perform well during this task.” After
completing the recognition memory task, participants completed a post-task questionnaire
using the same 0-7 scale: “I put a lot of effort into this,” “I did NOT try very hard to do well
at this task,” “I tried very hard on this task,” “It was important to me to do well at this task,”
and “I did NOT put much energy into this task.” Participants earned a monetary reward for
the individual condition task based on their performance.

In the group condition, participants first engaged in a group bonding activity
facilitated by the researchers, which entailed having a seven-minute conversation to try to
find a niche commonality between the four of them (e.g., did their parents all have the same
birthday, did they unknowingly attend the same concert) to encourage connectedness (see
Appendix B for examples). After the group bonding activity, participants rated their feelings
of connectedness and sense of belonging in the group by answering the following questions
on the same 0-7 scale: “I feel accepted by the group,” “I feel a sense of belonging in this
group,” and “I feel good about being a part of this group.” Before doing the recognition
memory task, researchers explained to the participants that their performance on the
upcoming task would impact the payment outcome for each group member. Participants were
informed that if they did not earn at least five dollars in this computer task, the whole group
would lose their bonuses and receive nothing (i.e., a collective punishment). However, the
participants were also told that if they all earned at least five dollars individually, they would
each receive a bonus equal to the bonus of the highest earner in the group (i.e., a collective

reward). At the end of the study, participants were informed that if they did not meet the $5
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minimum in the group condition, they would not face collective punishment but would
instead receive the individual bonus earned during the group task.

Upon arrival, participant groups were randomly assigned an order to complete the
individual and group condition tasks, with six groups completing the individual condition
task first and six groups completing the group condition task first. This was done to
counterbalance the sample and avoid order effects.

3.4.4 - Results

3.4.4.1 - Discriminability (d’) for Shown and Hidden Stimuli Across Conditions

Mean discriminability (<) in the shown image task was significantly higher in the
group condition (M = 2.55, SD = 0.56, 95% CI [2.38, 2.71]) compared to the individual
condition (M = 2.02, SD = 0.59, 95% CI [1.84, 2.19]) on average (p =.002). Despite this
difference, d’ was strongly correlated across both conditions (r(44) = 0.64, p < .001; Figure
5, left). When considering test order effects of the individual vs. group condition in the
shown images task, no significant differences in mean 4’ were observed between the first (M
=2.22,SD = 0.66, 95% CI [2.03, 2.42]) and second (M = 2.34, SD = 0.64, 95% CI [2.15,
2.53]) test blocks, regardless of the social condition (p = .52). This suggests that there were
no substantial practice effects in improving discriminability from the first to the second test
block.

The hidden image task showed participants’ d’ remaining at chance, on average, in
both the individual (M = -0.04, SD = 0.42, 95% CI [-0.17, 0.08]) and group (M = 0.01, SD =
0.45, 95% CI [-0.13, 0.14]) conditions as anticipated. Additionally, as expected in the hidden

task, no significant relationship in d’ emerged between the individual and group conditions
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(r(44) = .24, p = .10), as discriminability performance relied on random chance (Figure 5,

right). Table 13 presents mean d’ values for all test conditions.
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Figure 5: Pearson correlation plots depicting mean d’ between the individual vs. group social conditions when
images were shown (left) and hidden (right) in Experiment 3. Mean values are presented in boxes on each axis,
with accompanying dashed gray lines. The Pearson r value is presented in the top left corner of each plot. Most
participants demonstrated a higher d’ in the group condition when images were shown, but could not control
discriminability in the hidden condition since performance was based on chance alone.

3.4.4.2 - Criterion Shifting (4c) for Shown and Hidden Stimuli Across Conditions

In the shown image condition, participants shifted their criteria (Ac) to modest extents
on average in both the individual (M = 0.43, SD = 0.93, 95% CI [0.15, 0.70]) and group (M
=0.41, SD = 0.98, 95% CI [0.11, 0.70]) conditions with no significant differences between
groups (p =.91). Strong correlations in Ac were observed in the shown images condition
between the individual and group conditions (r(44) = .61, p < .001) suggesting consistent
criterion shifting strategies (Figure 6, left). In the hidden image condition, participants shifted

criteria to large extents on average in both the individual (M = 2.55, SD = 1.27, 95% CI
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[2.18, 2.93]) and group (M = 2.70, SD = 1.30, 95% CI [2.32, 3.09]) condition, though there
were no significant differences between groups (p = .67). The extent to which participants
shifted their criteria between the individual and group condition was strongly correlated
(r(44) = 0.53, p <.001) (Figure 6, right). Table 13 presents mean c values for all test
conditions.

When considering test block order effects for the hidden image condition, there was a
significant difference in the extent of criterion shifting between the first (M = 2.20, SD =
1.19, 95% CI [1.85, 2.56]) and second (M = 3.05, SD = 1.18, 95% CI [2.70, 3.41]) test block,
regardless of the social condition (p =.01). This suggests that some participants learned to
adjust their criterion more extremely during the second test block when they were unable to
rely on memory to enhance their decisional outcomes. However, no significant differences
occurred in the shown image condition between the first (M = 0.31, SD = 0.97, 95% ClI

[0.02, 0.60]) and second (M = 0.52, SD = 0.92, 95% CI [0.25, 0.79]) test block (p = .22).
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Figure 6: Pearson correlation plots depicting mean Ac between the individual vs. group social conditions when
images were shown (left) and hidden (right) in Experiment 3. Mean values are presented in boxes on each axis,
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with accompanying dashed gray lines. The Pearson r value is presented in the top left corner of each plot.
Participants shifted to much greater extents on average when images were hidden versus shown, but no
significant differences emerged between the individual and group conditions.

Table 13

Mean and standard deviation values (in parentheses) of eriterion placement (c) and
discriminability (d') across social conditions (group vs. self), memory conditions (hidden
ve. shown), and criterion conditions (conservative vs. liberal)

Social Memory

Condition Condition Criterion Condition c d'
Group Hidden Conservative 1.36 {(0.97) 0.02 {0.47)
Group Hidden Liberal -1.34 (0.94) -0.01 (0.46)
Group Shown Conservative -0.07 (0.46) 2.60 (0.62)
Group Shown Liberal -0.47 (0.45) 2.50 (0.59)
Self Hidden Conservative 1.30 {0.91) -0.07 (0.42)
Self Hidden Liberal -1.26 (0.94) -0.02 (0.46)
Self Shown Conservative 0.11 (0.49) 2.10 (0.63)
Self Shown Liberal -0.32 (0.54) 1.93 (0.67)
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3.4.4.3 - Criterion Shifting (4c) versus survey measures

Participants conducted a battery of surveys prior to completing the task. The main
purpose of these surveys was to assess whether characteristics such as social anxiety, current
emotional states, altruistic tendencies, and feelings of connection relate to criterion shift
strategies across conditions. Table 14 presents the mean survey scores and the Pearson r
correlations between each survey measure and criterion shifting (Ac) in both the individual
and group conditions, with images either shown or hidden. The majority of the survey
measures did not exhibit consistent relationships with criterion shift measures. However,
most SAQ scores demonstrated a moderate negative relationship with criterion shifting,
specifically in the hidden images condition. This suggests that individuals prone to stress and
anxiety may be less likely to maximize their responses in the hidden image condition. This
behavior could be influenced by demand characteristics, where participants feel compelled to
vary their responses, perceiving that consistently maximizing responses may appear as if they
are not putting in enough effort, despite it being the optimal strategy. However, future
research is needed to replicate this finding and to investigate why individuals more
susceptible to stress and anxiety are less likely to adopt a maximizing strategy, even when it

is the optimal approach.
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Table 14
Pearson Correlation Coefficients and 95% Cls (in Brackets) Between Ac in Shown vs. Hidden Condition and Individual vs. Group
Condition Against the Questionnaire Measures

Individual Group

Measure vs. Ac Mean (SD) Shown Hidden Shown Hidden

SAQ Total 9430 (16.58)  -.03[-32,.26](5.32)  -.37 [-60, -.09] (0.23) 21 [-.08, 47] (2.03) -.35 [-.58,-.07] (0.34)
SAQ (1) 20.00 (3.45) 06 [-24, .34] (5.07) -.40 [-.62, -.12] (0.14) 27[-.02, 52] (1.13) -.44 [-.65, -.17] (0.06)
SAQ (2) 19.22 (4.11) 08 [-.22, .36] (4.82) -.33 [-.56, -.04] (0.51) 24 [-.05, .50] (1.52) -.30 [-.54, -.01] (0.75)
SAQ (3) 20.52 (3.40) 02[-28,.31](5.41) -.35 [-.58, -.07] (0.35) 18 [-.11, 45] (2.67) -.35 [.58, -.07] (0.35)
SAQ (4) 17.61 (3.85) -05[-33, .25] (5.18) -22 [-48, .08] (1.99) 20 [-.09, 47 (2.22) 16 [-43, .13] (3.10)
SAQ (5) 16.96 (4.22) -22[-48,.07] (1.89)  -.34 [-.57, -.06] (0.40) 05 [-.24, 34] (5.14) -.30 [-.54, -.01] (0.75)
PANAS Positive  26.04 (7.21) -16[-.43,.13] (3.07) - 10 [-.38, .20] (4.43) -.01 [-30, 28] (5.42) 07[-23,.35] (4.92)

PANAS Negative  15.30 (4.67) -271[-.52,.02] (1.14) -24 [-.49, .06] (1.63) .01 [-.28, .30] (5.44) 17 [-43,.13] (3.04)
Altruism Scale 28.72 (8.52) -.10[-.38,.19] (4.36) 31 .03, .55] (0.62) -.12[-40, .18] (3.98) 17 [-.13, .44] (2.98)

Watt General 5391 (12.20)  -.16[-.43,.14] (3.20) -07[-35, 23] (4.91) -.10[-38, .20] (4.47) .06 [-34, 23] (5.04)
Wat Self 63.50 (16.06) 07 [-.22, .35] (4.90) 01 [-.28, .30] (5.44) 09 [-.20, 37] (4.52) -.00 [-.29, .29] (5.44)
Watt Other 50.58 (18.45)  -.10[-38, .20] (4.49) 07 [-35, 22] (4.89) -.04[-32, .26] (5.29) 05[-.25, .33] (5.18)

Watt World 47.66 (19.58)  -26[-.51,.03] (1.20) 07 [-.35, 23] (4.94) -22[-48, .07] (1.88) -15[-43,.14] (3.28)

3.4.5 - Discussion

Experiment 3, like Experiment 2, showed a criterion shifting effect, but revealed no
significant differences in the extent of criterion shifting as a result of social pressure. This
finding indicates that social pressure is no larger of an influence on criterion shifting
compared to any other manipulation that has been previously studied (such as monetary
incentives). Criterion shifting tendencies were strongly correlated between the individual and
group conditions, providing further support to the notion that such tendencies are a stable
cognitive trait (Layher et al, 2020). In other words, people who have a tendency to employ
criterion shifting strategies employ them just the same under social pressure as they do under
other circumstances. An interesting relationship that did emerge is that criterion shifting
tendencies in the hidden condition were negatively correlated with most of the SAQ

measures. The hidden condition, specifically, requires participants to always respond “old” in
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the liberal condition and “new” in the conservative condition to maximize payouts.
Sometimes individuals applied this maximizing strategy while others did not. Some
participants may have been influenced by demand characteristics, possibly believing that
consistently providing the same response during a test block meant they were not putting
forth enough effort on the task. Since higher SAQ scores are associated with increased social
anxiety, the negative relationships could indicate that those who are more socially anxious
are less likely to implement the maximizing strategy in the hidden condition, regardless of
the social condition. However, it is notable that SAQ measures did not relate to criterion
shifting in the shown condition, indicating that this relationship might be specific to
maximizing behavior as opposed to criterion shifting in general. Future research should
better assess whether social anxiety is associated with the likelihood someone implements
maximizing behavior, and whether such a relationship is due to demand characteristics.
While social pressure did not affect criterion shifting strategies, it did impact
discriminability in the shown condition. The two ways in which participants can improve
their decisional outcomes during memory tests in this paradigm, is to increase the number of
correct responses and shift criteria to larger extents to avoid critical errors. In the group
condition, d’ substantially improved relative to the individual condition, indicating that
participants put more effort into memorizing the images. It is possible that participants put
greater effort to encode images in the study phase, or put more effort in their response at test,
when their decisions impacted the group. Importantly, the group condition did improve
decisional outcomes, but only by improving memory performance and not via larger criterion
shifts. It is intriguing that participants did not alter criterion shifting strategies to improve

decisional outcomes in the group condition, particularly in the hidden condition where it was
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impossible to utilize memory. This finding provides further evidence for the strong stability

of criterion shifting strategies.

3.5  General Discussion

These two experiments sought to examine whether social influences can impact
criterion shifting tendencies across individuals during recognition memory tasks. Experiment
2 aimed to investigate how different motivations, specifically monetary rewards and social
competition, influence criterion shifting behavior. Experiment 3 was designed to clarify any
potential effects of social influences on the interaction between memory performance and
criterion shifting by introducing a different type of social pressure and adjusting task
difficulty. Specifically, Experiment 3 aimed to determine whether participants’ knowledge of
their impact on others would influence criterion shifting behavior and memory performance.

The extent of criterion shifting varied substantially across individuals in both
experiments, but the degree to which individuals shifted was not significantly affected by
monetary incentives or social pressures. Criterion shifting tendencies remained quite
consistent across all experimental manipulations, providing further support that such
strategies are indicative of a stable cognitive trait (Layher et al., 2020). In fact, the test block
order proved to be the biggest factor in altering the extent of criterion shifting. Participants,
on average, shifted criteria to larger extents across subsequent test blocks, particularly
between test blocks 1 and 2, a finding that Layher and colleagues (2020) also identified. This
is due to some individuals shifting criteria more extremely across test blocks, possibly
influenced by the end-of-test block feedback that heightened their awareness of the
consequences of inadequate criterion shifts. Future research is necessary to identify the

underlying factors that cause some individuals to shift more extensively across test blocks.
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However, monetary incentives and social pressure manipulations did not significantly
influence criterion shifting.

Although criterion shifting tendencies remained consistent across manipulations, the
results of Experiment 3 indicate that social pressure with group consequences can enhance
memory performance in recognition tasks, specifically by improving discriminability (d°).
Participants in the group condition demonstrated significantly better recognition accuracy
compared to those in the individual condition, likely due to the motivational impact of social
pressure. It is possible that social pressures made participants more attentive during the study
phase and/or they put greater effort in their memory responses during tests. Since participants
were aware of the social condition before the study phase, improved discriminability may
have resulted from improving either encoding or retrieval processes. Social pressures in
Experiment 2, however, did not affect discriminability, which might be due to the extreme
difficulty of the recognition task in that experiment. Since performance was at near chance
levels, it is possible that extra effort to encode or retrieve items would prove fruitless. The
findings of Experiment 3 underscore the powerful influence that social acceptance can have
as a motivator to perform better. Whether driven by fear of consequences or potential for
commendation, individuals perform better when their performance affects the entire group
and is not constrained by extreme task difficulty. This indicates that while social pressure can
enhance memory performance, it does not necessarily alter the underlying decision-making
processes individuals employ.

The finding that social pressure enhances discriminability without affecting the extent
of criterion shifting is particularly interesting when considering the results of the hidden

image condition in Experiment 3. The hidden image condition creates a scenario where no
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memory evidence is available to inform participants’ decisions, leading to performance
inevitably at chance levels. The only way to achieve optimal decisional outcomes is to
maximize responses by always responding “old” in the liberal criterion condition and “new”
in the conservative criterion condition. While some individuals appropriately maximized,
others did not, regardless of the social condition. Given that participants in Experiment 3
demonstrated a willingness to improve discriminability performance under social pressure in
the shown image condition, it is curious why certain individuals were unwilling to adopt a
maximizing strategy in the hidden image condition to optimize group outcomes. One
possible explanation comes from significant relationships observed between maximizing
behavior in the hidden image condition and SAQ scores.

The moderate negative relationship between SAQ scores and criterion shifting in the
hidden image condition suggests that individuals with higher levels of social anxiety are less
likely to maximize their responses. This reluctance to maximize, despite it being the optimal
strategy, may be driven by demand characteristics. Individuals prone to stress and anxiety
might feel compelled to vary their responses, possibly to avoid appearing disengaged or
unmotivated to the experimenters. This behavior highlights how psychological factors can
influence decision-making processes, particularly under conditions of absolute uncertainty.
The observed reluctance among socially anxious individuals to adopt a maximizing strategy
in the hidden image task warrants further exploration. Future research should aim to replicate
these findings and investigate the underlying mechanisms that drive this behavior.
Understanding why individuals with higher social anxiety are less likely to maximize their
responses could provide valuable insights into how stress and anxiety influence cognitive

strategies.
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In summary, the results of Experiment 3 emphasize the significant impact of social
pressure on enhancing memory performance in recognition tasks. Participants are motivated
to improve discriminability to achieve greater decisional outcomes under social pressure, but
are unwilling to adjust criterion shifting strategies to do so. The consistency in criterion
shifting strategies across individual and group conditions suggests that decision-making
processes remain stable, even under social pressure. Experiment 3’s design, which allowed
for better disentanglement of social influences on memory performance and criterion
shifting, provided clearer insights compared to Experiment 2. This underscores the

importance of task difficulty and social context in shaping cognitive strategies.
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Chapter 4: Experiment 4 - Recognition and Cued Recall

4.1 Introduction

Recognition memory models are based primarily on the idea that people undertake
two distinguishable processes when evaluating whether they have encountered a stimulus
before: familiarity and recollection. Familiarity is viewed as an initial sense of a memory
signal related to a target item previously seen and is likely based on the perceptual features of
the target. Recollection, on the other hand, refers to the successful retrieval of source or
contextual information of the target item that affirms a sense of familiarity (Yonelinas,
2002). A prime example of this is Mandler’s (1980) “Butcher on the Bus” scenario, where a
person gets on a bus and seemingly recognizes another passenger, a man whom they felt they
“knew” prior. The person getting on the bus would likely conduct a mental search to figure
out why the man seems familiar, examining various contexts that could explain the
recognition. Eventually, the person concludes that the man is the butcher from the
supermarket. Mandler (1980) states that familiarity and recollection can work in parallel,
though he holds that familiarity is faster than recollection.

It is widely accepted in the memory literature that familiarity is a continuous process
that is ranked based on the relationship between confidence and accuracy (Mickes, Wais, &
Wixted, 2009). However, the process of recollection has been greatly debated, specifically,
whether it is represented by a continuous or thresholded process. A thresholded process
would assume that any item involving recollection would be reported as high confident ‘old.’
A continuous would not necessarily have this assumption, as recollected items can be
reported with high or low confidence, which may be correct (hits) or incorrect (false alarms).
This debate has led to the development of two prominent, competing models: the dual-
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process signal detection model (DPSD; which incorporates the equal variance signal
detection model) and the unequal-variance signal detection (UVSD) model. The DPSD
model characterizes recollection as a categorical procedure (or thresholded process)
(Yonelinas, 1994; Yonelinas, 2001; Yonelinas & Parks, 2007). The UVSD model, by
contrast, suggests that recollection is a continuous process that is graded like familiarity
(Wixted, 2007a; Mickes, Wais, & Wixted, 2009).

Regarding the DPSD model, Yonelinas (2001) theorizes that familiarity and
recollection lead to different thresholds for memory performance. He states that recollection
involves retrieving qualitative information, while familiarity involves a signal-detection
process where items that exceed a familiarity criterion are deemed previously viewed.
Because familiarity is primarily based on introspection akin to the “gut feeling” about a
memory (also known as a “familiarity value”), this is less complex than the recollection
process, which involves searching for and retrieving specific information to determine if the
stimulus was previously encountered. Based on Mandler’s research and comments by Estes
and Da Polito, recognition familiarity seems to rely on low levels of information storage. In
contrast, recollection requires higher levels of information storage to determine if the target
was previously seen.

Those in favor of the UVSD model have argued that it is a more accurate measure of
discriminability and criterion placement because, for recognition memory tasks, target
distributions will generally have a larger variance than lure distributions (see Figure 7; Egan,
1958; Mickes et al., 2007; Layher et al., 2020). To properly evaluate the UVSD model,
experimental designs must include several criterion manipulations or confidence ratings to

accurately assess the variance between the target and lure distributions (Macmillan &
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Creelman, 2005; Layher et al., 2020). Neuroimaging studies have also supported the UVSD
model’s stance on recollection being a graded process because participants have retrieved
details of encoded stimuli they claim not to recollect/remember. For example, in one study,
remember responses increased activation in the retrosplenial cortex and posterior cingulate

(Johnson, McDuff, Rugg, & Norman, 2009).
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Figure 7: From Wixted (2007b): Equal variance (upper) and unequal variance (lower) signal detection models
of recognition memory.

A more recent method to evaluate the recollection process within the DPSD model in
recognition memory tasks is to use receiver operating characteristics (ROC) analysis. ROC
analysis plots hit rates vs. false alarm rates across different levels of response bias (Wixted,

2020). Both models hold that familiarity behaves like a classic signal-detection process,
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where familiarity increases and produces a curved ROC as the response criterion relaxes
(Yonelinas, 2001). Under the DPSD model, a confidence-based ROC plotting hits and false
alarms for “remember” judgments would theoretically be linear if recollection were based on
an extremely high threshold, representing pure recollection. However, in practice, such
conditions are rarely observed. Because the DPSD model incorporates both familiarity and
recollection judgments, the resulting ROC is curvilinear, making it virtually indistinguishable
from data modeled by the UVSD framework. The key distinction lies in the underlying cause
of this curvature: the UVSD model suggests that the curvilinear ROC arises due to a
continuous signal detection process driven by familiarity, which results in unequal variances
between old and new items (Wixted, 2007b; Wixted & Mickes, 2010).

Another way to see the difference between the two models is by looking at reaction
times, which researchers have often used as a proxy for confidence (Starns & Ratcliff, 2014).
In their 1998 study, Stretch and Wixted asked participants to make remember/know
judgments and give confidence ratings for every recognition decision in the task. They found
that participants reported “remember” more quickly and with higher confidence than “know”
decisions, regardless of whether the judgment was correct or incorrect (see Table 15; Stretch

& Wixted, 1998b; Wixted & Stretch, 2004).

Table 15:
Average Confidence Ratings and Average Reaction Times (in
milliseconds) for Remember and Know Judgments to Targets
and Lures From Experiment 1 of Stretch and Wixted (1998)

Confidence Reaction Time
Remember Know Remember Know
Targets 4.64 3.03 TIR 797
Lures 3.82 2.80 734 812

The slower reaction time for “know” judgments may seem counterintuitive to the

signal detection model (see Figure 8) because if an individual requires less information, then,
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in theory, they should be making these “know” decisions faster. A key premise of the DPSD
model is that recollection is a slower process than familiarity (McElree, Dolan, & Jacoby,
1999; Yonelinas, 2002). For example, Gardiner (2001) defines recollection as ““a relatively
slow, effortful process, depending on conscious control, and that familiarity is a relatively
fast, automatic process, not dependent upon conscious control.” It may be that people are
inclined to take more time to generate concrete (potentially autonoetic) memory evidence and
see if recollection will “succeed” before they settle for making a response based on
familiarity alone (Starns & Ratcliff, 2014). The confidence ratings from this study support
this hypothesis because people tend to be less confident in their “know” judgments, thus
potentially indicating that when making the decision, people take extra time to try to generate
the evidence but are unable to do so, yet have enough of a feeling to commit to saying they
had seen the stimuli before. It is imperative to note that the types of memory evidence used to
make a decision may vary between feelings of familiarity and autonoetically generated
episodic recollection. The ability to remain flexible and shift these criteria (a.k.a. to criterion
shift), depending on the situation, is critical for successful decision-making (Wixted, 2020).

Know Remember

Lures Targets

Memory Strength

Figure 8: From Wixted (2007b): Signal detection interpretation of remember/know judgments.
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Whether recollection systems rely more on a thresholded and binary process or one
that is more continuous and graded is still an open question. Manipulating participants’
criteria in a cued recall task design could support the DPSD or the UVSD model. The design
of recognition memory tasks makes distinguishing a participant’s reliance on either
familiarity or recollection difficult, whereas a cued recall task design could prompt more
reliance on recollection than recognition tasks. The impetus for Experiment 4 was to explore
whether systematically increasing the reliance on recollection would test the presumptions of
these two models. The DPSD model relies on recollection to a higher degree than the UVSD
model. If the premise of the UVSD model is true, then criterion shift manipulations should be
effective in the cued recall task despite the increased reliance on recollection. However, if the
DPSD model is true, and a thresholded recollection process is impervious to a criterion shift,
then it should be clear from the cued recall task that participants are relying on their

recollection more than a decision strategy based on familiarity.
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Figure 9: From Wixted (2007b): Idealized ROC data predicted by the high-threshold model (A) and by the
signal-detection model (C). B and D show the corresponding ROCs in z-space.

To this end, Experiment 4 had a within-subject design, requiring participants to
complete two tasks, one immediately after the other. First, participants completed a memory-
based decision task, rating images as either “old” or “new,” to establish a baseline for each
participant’s propensity to optimize their decisions (i.e., whether they are “good” or “bad” at
shifting). This first task was modeled after the classic criterion shifting recognition memory
paradigm that the Miller Memory lab is most well-known for, having established criterion
shifting as a unique cognitive trait (Layher et al., 2018; Miller & Kantner, 2019; Layher et
al., 2020). The recognition memory task was consistent with previous research using a

blocked design, meaning that each experimental block contained the same criterion shift
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manipulation. If the criterion shift manipulations had been randomized within a recall block,
then the burden of criterion shifting on a trial-by-trial basis may have been a factor that
discouraged participants from using the most optimal decision strategy (Stretch & Wixted,
1998a). Then, each participant completed a more complex task that asked them to recall an
image based on a question about a detail of that image, theoretically prompting participants
to rely more on recollection than the earlier recognition memory task.

This research is an important step in determining if criterion shifting manipulations
can be successfully applied to episodic free recall. If participants cannot criterion shift for the
cued recall task, then this is likely an indicator that recollection plays a more prominent role
in the decision-making process than familiarity, thus supporting the DPSD model. If criterion
shifting is observed, a future experiment with a free recall component could investigate
further if free recall aligns more closely with the thresholded DPSD model or the UVSD
model (this idea will be discussed further in Chapter 5). Looking beyond the models
themselves, knowing if free recall relies on a thresholded recollection system or one
dependent on continuous familiarity and a strict recollection process could lead to improved

interview techniques.

4.2 Method

4.2.1 - Participants

A total of 74 participants for Experiment 4 were recruited through the UCSB SONA
website and the web-based recruitment platform, Prolific (Prolific, London, UK). Due to
technical difficulties, 8 participants’ data from the 42 SONA subjects were incomplete and

were excluded from the final analysis, so only 66 participants’ data were used (n = 66 [42

89



female, 23 male, one non-binary], M = 27.48 years, SD = 9.16, range = 18 - 45 years).
Participants who enrolled through SONA received class credit, while participants from
Prolific were compensated $10 for their time. All participants had the chance to earn a
monetary bonus (up to $5) based on performance in the task.

Study participants self-identified their race on a demographic questionnaire: 10
participants (15%) identified as Black, 7 participants (10%) identified as Asian, 9 participants
(14%) identified as Latine, 36 participants (55%) identified as White, and 4 participants (6%)
identified as multiracial, which included 2 (3%) identifying as Latine and White and 2 (3%)
as identifying as Asian and White. Experiment 4 was approved by the UCSB Human
Subjects Committee Institutional Review Board (IRB). All participants gave informed

consent via Qualtrics (Qualtrics, Provo, UT).

4.2.2 - Signal Detection Theory

Experiment 4 utilized an equal-variance SDT model, which categorizes participants’
responses to ambiguous stimuli into one of four categories: hits (H; correctly identifying a
stimulus that was present), misses (M; not identifying a stimulus that was present), false
alarms (FA; identifying a stimulus that was not present) or correct rejections (CR; not
identifying a stimulus that was indeed not there). From this, we can formulate scores into
rates for each category. For example, the hit rate (HR) is obtained by dividing participants’
total hits by the total possible correct categories, whereas the false alarm rate (FAR) is the
total false alarms divided by the total possible incorrect categories. SDT measures of
discriminability (¢”) and criterion placement (c) were obtained using the following equations:

HR = (number of H) / (number of H + number of M)

FAR = (number of FA) / (number of total possible FA)
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d’ = z(HR) — z(FAR)
¢ =[z(HR) + z(FAR)] / 2
Ac = c(conservative) — c(liberal),

where z represents the density of the standard normal distribution (Macmillan & Creelman,
2005).

4.2.3 - Materials

Participants recruited through SONA completed Experiment 4 on the UCSB campus,
in the Miller Memory Lab, with computers provided by the researchers, and participants
enrolled through Prolific completed it online. Participants conducted all tasks using
PsychoPy v2021.2.3 (Peirce et al., 2019). The image recognition task used stimuli from the
THINGS Database, which contains a set of 1,854 diverse object concepts sampled
systematically from concrete picturable and nameable nouns (e.g., cow, turtle, bicycle) in the
American English language (Hebart et al., 2019). These images were displayed at a size of
500 x 500 pixels on a black background. The computer task for Experiment 4 was designed

to have a black background with white lettering for instructions.

4.2.4 - Procedure

It was important to systematically evaluate individual differences within and across
the image recognition and word cue tasks. Each task followed the same format, where
participants (1) viewed an encoding block of images and (2) completed a memory test phase.
In the encoding phase of the image recognition and word cue tasks, participants passively
viewed 6 encoding blocks of 54 images each. After each encoding block of the image
recognition and word cue tasks, participants were asked to complete 6 test blocks under three

[13%4]

explicit condition instructions: conservative, liberal, and neutral. Participants used the “j” and
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“k” keys to respond “old” or “new” after each image appeared on the screen, depending on
whether they believed they had seen the image in the most recent encoding phase. Each test
trial ended after making an “old” or “new” decision, but if participants did not respond within
1.8 seconds, the next trial began automatically. Each test block contained 54 trials, 9 related
to old stimuli and 9 related to new stimuli per condition (liberal, conservative, neutral) per
block. In total, each task required the participant to make a determination about 324 stimuli,
162 of which were repeated from the encoding phase and 162 of which were new. After each
trial, participants were asked to rate their confidence as “high,” “medium,” or “low.” Every
image shown to participants was set to appear for 550 ms. Each image in the encoding and
test phases was followed by a black screen for 200 ms before the next image. The brief
exposure to stimuli during the encoding phase was intended to diminish discriminability
performance to near-chance levels.

In the word cue task, instead of showing participants images, as in the image
recognition task, the test phase only contained cue words in a question, and participants
evaluated if the cue was “old” or “new.” For example, if a participant saw an image that
included a turtle in the encoding phase, they would be asked in the testing phase, “Did you
see a picture with a TURTLE?” and then they would select either “old” or “new.” The
questions posed to participants were intentionally limited to the details of the image to avoid
leading the participants to create false beliefs (i.e., implanting false memories or biasing the
participant to believe that more details provided correlated to an increased likelihood that the
image was studied). The description was written as a question as opposed to presented as a

single word to increase ecological validity.
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Criterion shift manipulations were the same for both tasks, utilizing the same
monetary motivation: participants were rewarded 5 points (with each point being
synonymous with one cent) for correctly responding “old” to a studied image (a hit) or “new”
to an unstudied image (a correct rejection). In the conservative condition, participants were
incentivized to choose the “new” response because an incorrect selection of “old” (a false
alarm) would be penalized 20 points, while there would be no penalty for an incorrect
selection of “new” (a miss). Conversely, in the liberal condition, participants were
incentivized to choose the “old” response by penalizing misses, not false alarms. In the
neutral condition, there were no penalties, only rewards for correct answers. At the end of

each test phase block, the task screen displayed the bonus earnings for that block, along with

an updated total of the participant's performance-based bonus earnings for the entire task.

ENCODING
PHASE

200 ms

TEST PHASE:
IMAGE
RECOGNITION

Liberal Condition Neutral Condition Conservative Condition

Did you see a picture with a Did you see a picture with a Did you see a picture with a

TEST PHASE: TURTLE TURTLE TURTLE
WORD CUE

Liberal Condition Neutral Condition Conservative Condition

Figure 10: Experiment 4 image recognition and word cue memory tasks.
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4.3 Results

4.3.1 - Discriminability (d’) for Image Recognition Task and Word Cue Task

Mean discriminability (¢’) was significantly higher in the image recognition task (M
=2.44,SD =1.07, 95% CI [2.29, 2.59]) compared to the word cue task (M = 1.07, SD = 0.78,
95% CI [0.96, 1.18]) on average (p < .001). Specifically, for the image recognition task, d’
was highest in the neutral condition (M = 2.52, SD = 1.08), followed by the conservative
condition (M = 2.46, SD = 1.06), and lowest in the liberal condition (M = 2.34, SD = 1.09).
For the word cue task, d” was highest in the neutral condition (M = 1.14, SD = 0.79),
followed by the conservative condition (M =1.11, SD = 0.85), and lowest in the liberal
condition (M = 0.95, SD = 0.71; see Table 16).

Despite the significant differences in discriminability, d” scores between the image
recognition and word cue tasks were strongly correlated (r(196) = 0.69, p < .001), indicating
that relative performance was consistent in both tasks. This relationship held across
conditions, with correlations ranging from r = 0.61 in the liberal condition to r = 0.74 in the
neutral condition, all highly significant (p <.001). As illustrated in Figure 11, the scatter plot
reveals a strong positive correlation between d’ scores for the image recognition and word
cue tasks, with a consistent trend across all conditions. This substantial difference in
discriminability, underscored by a large effect size (Cohen’s d = 1.46), suggests that the
image recognition task may be inherently easier or more reliant on familiarity processes,
whereas the word cue task likely required more reliance on recollection. These findings
indicate that, although the tasks differ in their overall difficulty, there is a consistent

individual difference factor that influences performance across both tasks.
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The disparity in d’ between the image recognition and word cue tasks may reflect the
differential reliance on cognitive processes such as familiarity and recollection. The higher
discriminability in the image recognition task implies it might be more dependent on
familiarity processes, which are generally faster and more automatic. In contrast, the word
cue task likely demands a slower and more effortful process, leading to lower d’ scores. The
strong correlation across tasks, however, points to underlying cognitive abilities that are
common to both tasks, such as general memory ability or attention to task-specific details.

Table 16

Discriminability (d'): mean, standard deviation values, and confidence intervals across
criterion conditions (conservative vs. neutral vs. liberal)

95% CI 95% CI

Condition Task M SD (Low) (High)
Conservative Image Recognition 246 1.06 2.20 2.72
Conservative Word Cue 1.11 0.85 0.90 1.32
Liberal Image Recognition 2.34 1.09 2.07 2.60
Liberal Word Cue 0.95 0.71 0.78 1.13
Neutral Image Recognition 2.52 1.08 2.26 2.79
Neutral Word Cue 1.14 0.79 0.95 1.34
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Pearson Correlation Plot for d' Between Image Recognition and Word Cue Tasks
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Figure 11: Pearson correlation plot depicting mean d’ between the image recognition task vs. word cue task in
Experiment 4. Mean values are presented in boxes on each axis, with accompanying dashed gray lines. The
Pearson r value is presented in the top left corner.

4.3.2 - Criterion Shifting (Ac) for Image Recognition and Word Cue Tasks
Across Conditions

Participants exhibited modest to moderate shifts in their decision criteria (Ac) across
different conditions in both the image recognition and word cue tasks, reflecting the varying
cognitive demands associated with each task. In the image recognition task, where
participants were more likely to rely on familiarity, criterion shifts were relatively modest. In
the conservative condition, participants demonstrated a conservative bias (M = 0.26, SD =

0.48, 95% CI [0.14, 0.37]), suggesting a slightly more cautious approach when identifying
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images. The liberal condition (M =-0.10, SD = 0.51, 95% CI [-0.22, 0.03]) showed a small

liberal bias (See Table 17).

Table 17
Criterion placement (c): mean, standard deviation values, and confidence intervals
across criterion conditions (conservative vs. neutral vs. liberal)

95% C1 95% C1

Condition Task M 5D (Low) (High)
Conservative Image Recognition (.26 0.48 0.14 0.37
Conservative Word Cue 0.39 0.89 0.31 0.48
Liberal Image Recognition -0.10 0.51 -0.22 0.03
Liberal Word Cue -0.30 0.97 -0.40 -0.21
Neutral Image Recognition 0.17 0.27 0.11 0.24
Neutral Word Cue 0.22 0.62 0.16 0.29

The word cue task resulted in more pronounced criterion shifts. In the conservative
condition, participants exhibited a moderate conservative bias (M = 0.39, SD = 0.88, 95% CI
[0.31, 0.48]), indicating a stronger bias toward a conservative response strategy when cues
demanded recollection. The liberal condition also showed a moderate bias (M =-0.30, SD =
0.97, 95% CI [-0.40, 0.20]), suggesting that when the task encouraged a more liberal
response criterion, participants were more willing to accept items as “old” even when they
might not have been.

Across both tasks, the bias in the neutral condition was slightly conservative. In the
word cue task (M = 0.22, SD = 0.62, 95% CI [0.16, 0.29]) participants demonstrated a
slightly more conservative bias compared to the image recognition task (M = 0.17, SD =
0.27, 95% CI [0.10, 0.24]). These results imply that participants on average maintained a

small bias even when explicit biasing cues were not provided.
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Pearson Correlation Plot for Ac Between Image Recognition and Word Cue Tasks
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Figure 12: Pearson correlation plot depicting mean Ac between the image recognition task vs. word cue task.
Mean values are presented in boxes on each axis, with accompanying dashed gray lines. The Pearson r value is
presented in the top left corner of the plot.

A paired t-test comparing the first (blocks 1-3) and second (blocks 4-6) halves of the
test blocks showed a significant shift towards a more conservative criterion in the second
half, t(65) = -2.99, p = .004, with a mean difference of -0.10, 95% CI [-0.16, -0.03]. This
shift likely reflects learning effects, fatigue, or strategic adjustments, highlighting a more
flexible and adaptive response strategy in the word cue task compared to the image
recognition task. These results suggest that while the image recognition task fostered stable
decision criteria, the word cue task allowed for more adaptive, condition-dependent

strategies, inferring different cognitive mechanisms are at play in these memory-based tasks.
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4.3.3 - Confidence Ratings for Image Recognition and Word Cue Tasks Across
Conditions

Further analysis focused on participants’ confidence ratings and decision strategy,
examining how these were influenced by the experimental conditions (liberal, neutral,
conservative) within the image recognition and word cue tasks. Confidence ratings were
converted into a numeric scale, where higher values indicated greater confidence.

A generalized linear mixed-effects model was used to examine the impact of
confidence ratings and task type on response accuracy, accounting for random intercepts
across participants. The analysis revealed significant main effects of both confidence ratings
and task type and notable interactions between these variables. Specifically, higher
confidence ratings were strongly associated with increased accuracy. Participants with
medium confidence were significantly more accurate than those with low confidence, =
0.79, SE =0.06, z = 13.72, p < .001, and those with high confidence showed even greater
accuracy, p=1.75, SE=0.06, z=31.79, p < .001. Task type also played a critical role, with
accuracy being lower in the word cue task compared to the recognition task, p = -0.52, SE =
0.05,z=-10.14, p <.001.

Significant interactions between confidence ratings and task type indicate that the

type of task moderated the relationship between confidence and accuracy. The benefit of

medium and high confidence on accuracy was reduced in the word cue task compared to the
image recognition task, f =-0.27, SE = 0.07, z = -3.98, p <.001, and  =-0.49, SE = 0.06, z
=-7.61, p <.001, respectively. These findings suggest that while higher confidence generally
predicts greater accuracy, this effect may be more reflective of the overall ease of the

recognition task rather than differences in the type of memory process. Specifically, the
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higher accuracy in the image recognition task could be attributed to the task’s relative
simplicity, where confidence more closely tracks performance levels, consistent with the
notion that confidence-accuracy relationships typically strengthen as d’ increases.

The ROC curves (see Figure 13) demonstrate a noticeable curvature across all
conditions, providing robust evidence supporting a SDT framework, particularly the UVSD
model. This model accounts for the observed asymmetry in the ROC curves by proposing
that the variances of the old (target) and new (lure) item distributions differ, with the old item
distribution typically showing greater variance. According to the UVSD model, the variance
of the old item distribution is greater than that of the new item distribution and is often
attributed to encoding variability. Specifically, some items are likely encoded more strongly
or distinctively than others due to variations in factors such as attention, context, or the
inherent properties of the stimuli themselves.

In the present study, the greater curvature seen in the image recognition task relative
to the word cue task likely stems from the increased reliance on familiarity-based recognition
in the image task, whereas the word cue task demands more effortful recollection processes.
As a result, the memory strength of old items in the image recognition task appears more
variable, leading to a more spread-out distribution, while new items maintain a more uniform
distribution since they have not been previously encountered and lack such variability.
Notably, when conducting a z-transformation on the hit and false alarm rates, the resulting z-
ROC curves become linear (see Figure 14), indicating that the underlying memory strength
distributions are Gaussian rather than rectangular. This linearity contrasts with threshold-
based models like the DPSD model, which would predict that raw hit and false alarm rates

would produce linear ROCs if recollection—a discrete, threshold-based process—were
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predominantly driving recognition. Instead, the straight lines observed after the z-transform
confirm that the distributions are Gaussian, reinforcing the notion that recognition memory is

better captured by a continuous, signal-detection-based framework rather than a threshold-

based model.
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Figure 13: Receiver operator characteristic (ROC) curve for image recognition and word cue tasks across
criterion conditions.
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Figure 14: z-Receiver operator characteristic (ROC) curve for image recognition and word cue tasks across
criterion conditions.

4.4  Discussion

Performance on memory tasks is generally believed to rely on familiarity and
recollection. During recognition memory tasks, participants rely heavily on familiarity to
inform their memory judgments, although recollection can play a substantial role. However,
during cued recall tasks, participants are forced to use recollection to identify previously
studied items. In most circumstances, recollection contributes to a greater extent during cued
recall tasks compared to recognition memory tasks. Given that recollection differentially
contributes to memory responses across these task types, cross-task assessments can help
determine how recollection is represented.

According to the DPSD model, recollection is theorized to be represented by discrete

states and, therefore, models recollection as a thresholded process. However, the UVSD
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model assumes that recollection is represented in a continuous manner, in which the
underlying memory strength distributions are Gaussian in nature. Since recollection is
presumed to play a substantial role in the cued recall task, the assumption under the DPSD
model would be that the UVSD model is a poor fit to show recall performance. However, if
memory distributions are continuous and best represented by Gaussian distributions, then the
UVSD model will fit performance data on cued recall and recognition memory tasks. By
incorporating criterion manipulations into each task, one can better assess the degree to
which the UVSD model fits the data. The UVSD model would predict prominent criterion
shifts across conditions regardless of whether familiarity or recollection contributed to the
judgment, as the threshold for identifying images as ‘old’ should shift towards stronger
memory evidence as incorrect ‘old’ responses become disadvantageous. However, the DPSD
model would predict that people will always recognize recollected items with high
confidence, a situation where criterion shifts would have little influence.

Criterion shifting (Ac) provides insight into participants’ strategic adjustments in
response to different cognitive demands across tasks. More complicated tasks are expected to
result in more significant shifting, so it was not surprising to see the more substantial
criterion shifts in the word cue task due to its increased difficulty. The consistency in
participants’ tendencies to criterion shift across both the word cue and image recognition
tasks strongly suggests participants’ use of common decision-making strategies that persist
regardless of the task’s cognitive demands.

The findings from the linear mixed-effects model demonstrate a robust positive
correlation between confidence levels and accuracy, especially in the image recognition task,

where high confidence was strongly linked to correct responses. This correlation implies that

103



confidence is a reliable indicator of accuracy in tasks that depend on familiarity-based
processes. Conversely, in the context of the word cue task, the diminished advantage of high
confidence suggests that even when participants are confident, the complexity of recollection
introduces greater uncertainty or potential for error, rendering confidence a less dependable
predictor of accuracy. However, since the cued recall task was more difficult, the reduced
accuracy to confidence ratings may be attributable to task difficulty rather than task type.
These results highlight the importance of considering task type, difficulty level, and
confidence when assessing performance. While confidence generally predicts accuracy well,
its reliability varies depending on the cognitive demands of the task, emphasizing the need
for careful experimental design.

The ROC curves demonstrate that the memory strength of both the recognition and
cued recall task appear to be best represented by Gaussian distributions, as predicted by the
UVSD model. According to the DPSD model, recollection is a thresholded process, which
would presume that the memory strength distributions are rectangular instead of Gaussian.
Since the cued recall task requires recollection for successful performance, the DPSD model
would expect linear ROC curves. However, ROC curves were curvilinear for both tasks. The
normalized ROC curves were also linear, indicating a solid fit for UVSD predictions relative
to thresholded models.

Overall, these findings contribute to the ongoing debate between the DPSD and
UVSD models by suggesting that while familiarity-driven processes in recognition tasks
align well with the DPSD model, the more variable performance in tasks requiring
recollection might be better explained by the UVSD model. The nuanced differences in how

confidence relates to accuracy across tasks emphasize the complexity of memory processes
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and suggest that familiarity and recollection may not be as distinctly separate as the DPSD

model proposes.
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Chapter 5: Conclusion

The overarching goals of this dissertation are to explore the application of criterion
shifting in ecologically valid situations, investigate the influence of social external factors on
decision strategies, and identify the recollection processes that provide the best framework
for future studies of memory and decision-making.

The results from Experiment 1 demonstrate how criterion shifts, influenced by the
instructions provided, played a significant role in how participants reported their recalled
experiences. Specifically, instructions to be more conservative led participants to adopt a
stricter decision criterion, resulting in fewer details being reported. This interpretation is
bolstered by the lack of significant change in the frequency of correct information reported in
the liberal condition, indicating that the liberal instructions did not further lower the already
liberal reporting threshold established during the Baseline condition. Consequently, the data
suggest that the conservative instructions effectively raised the decision threshold, leading to
a more selective recall process without necessarily improving the accuracy of the recalled
information. The findings from this research have the potential to impact the more complex
scenarios in society that depend on the free recall of rich episodic memories, such as
eyewitness testimony. Further research like this could also help to determine whether people
utilize a threshold for memory strength during the recall of autobiographical memories, what
the parameters of that threshold are, and to what extent that threshold can be manipulated.

Future research may also consider using stimuli with emotional valence in mind to
improve ecological validity. Previous research has found that individuals rate negative
emotional memories as more subjectively vivid and are more likely to remember details of

negative events than neutral or positive experiences. Neuroimaging research has further
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supported this finding based on increased activation within the amygdala and orbitofrontal
cortex during the encoding and retrieval of negative stimuli (Kensinger, 2007). There is an
abundance of evidence that points to the stability of criterion shifting tendencies across
stimuli, tasks, situations, and decision domains (Layher et al., 2020; Layher, Santander et al.,
2023), but there has not been a study yet to confirm this stability in the presence of emotional
stimuli.

Experiments 2 and 3 provide nuanced insights into how social contexts may
influence individual decision-making strategies and discriminability during recognition
memory tests. Neither experiment showed a significant impact of social pressure on
individual criterion shifting tendencies, further supporting the notion that such tendencies are
stable cognitive traits (Layher et al., 2020; Layher, Santander et al., 2023). While tasks
designed to increase a sense of social competition (Experiment 2) did not significantly affect
discriminability under conditions of nearly complete uncertainty, tasks with collective
outcomes (Experiment 3) positively affected individual memory performance when the task
was relatively easy. This demonstrates that participants are willing to improve
discriminability under social pressure, but this improvement is only feasible when the task is
easy enough to allow for enhanced performance. The new group consequences design in
Experiment 3 addressed the potential limitation of Experiment 2 (that an indirect sense of
social competition was not a strong enough pressure) and provided more precise insights into
the interaction between social influences and cognitive processes. While these findings
further support the general idea that social pressure can be leveraged to increase
performance, that leverage might have a limit when it comes to specific cognitive tasks, such

as shifting decision criteria. Ultimately, these findings contribute to the broader
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understanding of how social contexts influence cognitive processes and open avenues for
future research to explore these effects in more detail.

The goal of Experiment 4 was to begin a systematic exploration of how criterion
shifting tendencies observed in recognition memory tasks extend to tasks that increasingly
rely on recollection, offering a preliminary step toward understanding these dynamics in the
context of the free recall of rich episodic events. This study focused on recognition tasks
without a free recall component, using both a word cue and image recognition paradigm.
While criterion shifts were expected during the recognition memory task, prior research on
criterion shifting tendencies during cued recall is lacking. Since the DPSD model predicts
recollection to be a thresholded process, it might be expected that participants may not shift
their criteria at all during cued recall since recollected items are predicted to encompass very
strong memories that should be virtually impervious to criterion setting. Interestingly, the
consistency in participants’ criterion shifts across both tasks, despite their differing cognitive
demands, indicates a robust underlying strategy that participants employed regardless of
whether the task relied more heavily on recollection or familiarity. This consistency suggests
that while the cognitive demands of the tasks differ, participants may apply a generalized
decision-making framework that adapts to the varying levels of difficulty but remains
fundamentally similar across different memory tasks. This finding supports the idea that
criterion shifting is a flexible yet consistent strategy employed by participants to optimize
their performance across varying contexts, whether the task predominantly involves
recollection or familiarity-based recognition.

Building on the observed consistency in criterion shifting across tasks, the z-

transformed ROC curves provide further insights into the underlying memory processes.
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Specifically, the linearity of the normalized curves supports the UVSD model’s assumption
that memory strength distributions are Gaussian, which contrasts with the rectangular
distributions predicted by the DPSD model for tasks dominated by recollection. Although the
results lean toward UVSD interpretations, the consistency in criterion shifts across both tasks
suggests that participants apply similar decision-making strategies regardless of cognitive
demand. These findings contribute to the broader discussion by highlighting that while
familiarity-driven processes in recognition tasks align with the DPSD model, the variability
introduced in recollection tasks may be better captured by a continuous signal detection
framework.

Requiring participants to rely increasingly on recollection for the memory evidence
they used to make decisions resulted in findings suggesting that the task’s nature
significantly influenced how participants adjusted their response criteria. The more
pronounced shifts in the word cue task highlight the increased cognitive demand of
recollection, where participants needed to exert greater control over their response criteria. In
contrast, the modest shifts observed in the image recognition task are consistent with the idea
that familiarity-based recognition is less demanding, allowing for more stable criterion
placement across conditions. Additionally, confidence was a better predictor of accuracy in
the image recognition task than in the word cue task, and high confidence was not reliably
predictive of higher accuracy for either task. This finding challenges the DPSD model’s
assumption of a high-threshold process for recollection and suggests that familiarity and
recollection may not be as distinct as the DPSD model assumes. However, it is important to
note that this effect could be influenced by task difficulty rather than task type alone, as the

d’ values were unbalanced between tasks, potentially contributing to the observed differences
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in confidence-accuracy relationships. The greater difficulty of the word cue task might have
led to lower accuracy and reduced the predictive power of confidence, confounding the
interpretation of these results.

The next experiment to conduct in this line of inquiry should assess whether criterion
shifting habits are present in a free recall task. As a precursor to the free recall task, a
different set of participants would be recruited to complete a description task. Participants
would view all the images that would be used in the free recall task and identify what they
believe are the most important details to describe each image. Each participant will come up
with four unique, one-to-four-word descriptors for the image, with explicit instructions not to
use the word that would be used as the cue word in the free recall task. The top four details
for each image would be used to assess hits in the subsequent free recall task. For example,
participants may see a picture of a sea turtle underwater above a coral reef with the cue word
“TURTLE” and come up with the following aggregate top-four detail list: green fins, hard
shell, blue water, coral reef.

The free recall experiment could include the same type of description as seen in the
word cue task, followed by a free recall task depending on the response. In both conditions, if
the participant selects “new,” they would complete the confidence rating before moving on to
the next trial. If the participant selects “old” in either criterion shifting condition to the cued
recall prompt, their response would be followed by a free recall prompt. The participant
would be directed to a text box to describe the image and receive criterion shift manipulation
instructions (to act more liberally or conservatively) in writing down what they recall.

Participants will be informed about the precursor task and that the top four most reported
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details will count in the free recall evaluations for the criterion shift manipulations. For
example, liberal instructions could be phrased as follows:

Please describe in detail what you remember. For every correct piece of information
reported, you will receive 10¢, and for every piece of information you do not include,
you will lose 20¢. There is no penalty for reporting incorrect information/guessing.
Remember, you will be evaluated on the top four descriptors reported by the prior
group of subjects when evaluating the most memorable aspects of the images.

In this testing phase, one of the test blocks would have a criterion shift manipulation
that is congruent with the initial manipulation condition (e.g., conservative during the word
cue portion and in the free recall), and in the other block, the manipulation would be
incongruent (e.g., conservative during the word cue portion and liberal in the free recall),
with the order randomized. Participants would receive additional information to help
establish a clear decision strategy. For example, if the free recall condition is congruent
(liberal) with the liberal initial decision manipulation, an extra instruction could be included
as follows:

If you choose “Old,” you will have the opportunity to earn more money by completing
a free recall task. In a previous study, other participants identified the most important
details needed to describe each image, and your job is to report what you can
remember about the image. You will need to recall the top four specific details about
the image: for each correct detail (x; out of four total), you earn +20¢. However, for
each detail you miss (y), -10¢ will be deducted. Incorrect details (z) do not affect your
score and count as 0¢ each.

For example, if you select “Old,” at the initial word cue and your choice is correct,
you will receive 10¢ for that choice, plus additional earnings based on how many
details you recall. However, missing details will lower your total score. The Reward
column in the table shows the maximum possible earnings if you recall all four correct
details. The Risk column shows the potential losses if you miss all four details, which
could result in a negative amount. If your initial selection of “Old” at the word cue is
incorrect, then you will not earn or lose anything based on your responses.
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Initial Free Recall Rules Equation Reward | Risk
Choice
New N/A N/A 10¢ -20¢
Old + 20¢ = Correct detail Correct “Old” 90¢ -30¢
—10¢ = Missed detail Choice:
0¢ = Incorrect/false 10 + 20x - 10y + 0z
detail
Incorrect “Old”
Choice:
0
ENCODING
PHASE
200 ms
TURTLE
Did you see a picture with a
(if old)
TEST PHASE - TURTLE
Congruent:
Remember, you will be evaluated on the top
_3 = Ol -) "‘ . NFW' tors reported by the prior group
0 or +10 -20 or +10 = +20. Missed = -10. Incorrect = 0
Liberal Condition Liberal Condition
TURTLE
Did you see a picture with a
(if old)
TEST PHASE - TURTLE
Incongruent:
Remember, you will be evaluated on the top
k = NEW four descriptors reported by the prior group
20 or +10 Correct = +20, Missed = 0, Incorrect = -10
Liberal Condition Conservative Condition

Figure 15: Future free recall task building on cued recall of Experiment 4.
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The next step would be to look at the details of each free recall report and evaluate
whether someone provided accurate details of the image based on the top four descriptors
from the precursor study. Because the description information will be set for each stimulus
prior to the free recall experiment, the reported information in the free recall can be
automatically evaluated. Unfortunately, with spelling errors, reported details may not be
given full credit, so two independent research assistant coders would later read each free
recall report to confirm the task correctly evaluated all information. The research assistants
will flag any discrepancies and assign a “1” if the participant mentions the detail or a “0” if
they do not. This design allows participants to have hits, false alarms, and misses. A correct
rejection is usually difficult to evaluate in a free recall context, but in this study design,
participants will have the opportunity to complete correct rejections in the word cue phase of
the task. Additionally, researchers could approach any false alarm detail in the free recall
(which can be generated after the data collection from the final participant reports) as a
correct rejection for those who did not report that detail.

Future studies could also evaluate the neural substrates of criterion shifting in cued
recall tasks using fMRI. The DPSD and UVSD models suggest different theoretical
perspectives on the neural mechanisms underlying criterion shifting in memory-based
decisions. Proponents of the DPSD model believe that different brain networks subserve
recollection and familiarity. More specifically, the lateral parietal region is related to
recollection, while activity in the superior parietal region is related to familiarity (Yonelinas,
Otten, Shaw, & Rugg, 2005). However, Wixted (2007b) suggests that recollection may not
be an all-or-nothing phenomenon. Instead, varying levels of confidence for a memory could

reflect different degrees of recollection, even in the absence of the full autonoetic experience
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(the feeling of re-living an event). This implies that recollection might occur implicitly,
without the person fully realizing they are recalling specific details of a memory, thus
blurring the lines between recollection and familiarity.

The remember-know memory literature suggests that remember responses are
associated with a sense of autonoetic awareness, which may be a more threshold-like process
than recollection. As Wixted (2007a) suggests, neural activity related to autonoetic
awareness, rather than recollection itself, may be what DPSD model supporters have
identified as correlated with activity in the posterior cingulate and other brain regions. The
increases in brain activation associated with remember responses likely reflect the retrieval of
strong memories rather than the exclusive presence of recollection. Therefore, the continuous
memory strength perspective proposed by the UVSD model could explain the higher degrees
of activation in the medial temporal lobe when completing remember-know judgments.
Neuroimaging studies have also demonstrated that the prefrontal cortex and parietal cortex
are involved in criterion shifting for memory-based decisions. For instance, the dorsolateral
prefrontal cortex (DLPFC) was found to be positively correlated with the degree of criterion
shifting in visual discrimination tasks, while increased activity in the superior parietal lobule,
an area associated with working memory, was observed in recognition memory tasks (Kim &
Cabeza, 2007). Carefully designed studies to explore the DPSD and UVSD models will
ultimately shed light on the neural substrates involved in strategic memory-based decisions.
This research is needed to fully elucidate the complex neural processes involved in

familiarity and recollection for criterion shifting during memory-based decisions.
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Appendix

Appendix A: Questionnaires

Social Anxiety Questionnaire for Adults (SAQ-A30):

Below are a series of social situations that may or may not cause you UNEASE,
STRESS, or NERVOUSNESS. Please place an “X”” on the number next to each social
situation that best reflects your reaction, where “1” represents no unease, stress, or
nervousness and “5” represents very high or extreme unease, stress, or nervousness.

If you have never experienced the situation described, please imagine what your level
of UNEASE, STRESS, or NERVOUSNESS might be if you were in that situation, and rate

how you imagine you would feel by placing an “X” on the corresponding number.

Level of Unease, Stress, or Nervousness

Not at all or very slight Slight Moderate High Very high or extremely high
1 2 3 4 5

Please rate all the items and do so honestly; do not worry about your answer because there
are no right or wrong ones.

1. Greeting someone and being ignored 12345
2. Having to ask a neighbor to stop making noise 12345
3. Speaking in public 12345
4. Asking someone attractive of the opposite sex for a date 12345
5. Complaining to the waiter about my food 12345
6. Feeling watched by people of the opposite sex 12345
7. Participating in a meeting with people in authority 12345
8. Talking to someone who isn’t paying attention to what I am saying 12345
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9. Refusing when asked to do something I don’t like doing

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Being mugged or robbed by an armed gang

Making new friends

Telling someone that they have hurt my feelings

Having to speak in class, at work, or in a meeting

Maintaining a conversation with someone I’ve just met

Expressing my annoyance to someone that is picking on me

Greeting each person at a social meeting when I don’t know most of them
Being teased in public

Talking to people I don’t know at a party or a meeting

Being asked a question in class by the teacher or by a superior in a meeting
Looking into the eyes of someone | have just met while we are talking
Being asked out by a person | am attracted to

Making a mistake in front of other people

Attending a social event where | know only one person

Starting a conversation with someone of the opposite sex that I like

Being reprimanded about something | have done wrong

While having dinner with colleagues, classmates or workmates, being asked

to speak on behalf of the entire group

27.

28.

29.

30.

One of my parents getting seriously ill
Telling someone that their behavior bothers me and asking them to stop
Asking someone | find attractive to dance

Being criticized
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12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345

12345



31. Talking to a superior or a person in authority 12345

32. Telling someone | am attracted to that | would like to get to know them better 12345

Note. Items 10 and 27 are control items and do not count at all for the dimensions score or
total score of the questionnaire. A score of 1 or 2 on both items is suspicious that the
questionnaire could have been answered at random. From Caballo, Salazar, Arias, et al.
(2010):

Scoring instructions for the SAQ and its dimensions:

Dimension |: Interactions with strangers (sum of the items 10, 13, 15, 17, 19, & 22)

Dimension 2: Speaking in public/Talking with people in authority (sum of the items 3, 7, 12, 18, 25, & 29)
Dimension 3: Interactions with the opposite sex (sum of the items 4, 6, 20, 23, 27, & 30)

Dimension 4: Criticism and embarrassment (sum of the items 1, 8, 16, 21, 24, & 28)

Dimension 5: Assertive expression of annoyance, disgust or displeasure (sum of the items 2, 5, 9, 11, 14, & 26)
Total score: Sum of all items of the questionnaire

Cut scores for every dimension and the whole questionnaire are included in table 10.
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The Self-Report Altruism Scale*:

Instructions: Check the category on the right that conforms to the frequency with which you

have carried out the following acts.

Never | Once More Often | Very
than once often

I have given directions to a stranger.

I have made change for a stranger.

I have given money to a charity.

I have given money to a stranger who needed it
(or asked me for it).

I have donated goods or clothes to a charity.

I have done volunteer work for a charity.

| have donated blood.

I have helped carry a stranger’s belongings
(books, parcels, etc.).

I have delayed an elevator and held the door open
for a stranger.

I have allowed someone to go ahead of me in line
(in a store, to order food).

I have pointed out a clerk’s error (in a bank, at the
supermarket) in undercharging me for an item.

I have let a neighbour whom I didn’t know too
well borrow an item of some value to me (e.g., a
dish, tools, etc.)

I have bought “charity” Christmas cards
deliberately because | knew it was a good cause.

I have helped a classmate who | did not know that
well with a homework assignment when my
knowledge was greater than theirs.

I have before being asked, voluntarily looked after
a neighbour’s pet or child without being paid for
it.
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I have offered to help a handicapped or elderly
stranger across a street.

I have offered my seat on a bus or train to a
stranger who was standing.

I have helped an acquaintance to move
households.

*Note: The original questionnaire created by Ruston et al. (1981) included 20 total
categories. Two of those categories, “I have helped push a stranger’s car out of the snow,”
and “I have given a stranger a lift in my car,” were removed from the questionnaire for this
study because they lacked relevance to the participant population. Language from other
categories was also updated to be more inclusive of gender roles.
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Watts Connectedness Scale:

Instructions
Reflecting on how you have felt over the past 2 weeks, please rate the following items on a
scale from “Not at all” to “Entirely” according to how you have felt over this time period.
Please answer every item, even if you are unsure or feel the item is unclear or poorly worded.
Drag the indicator to a position on the scale that shows how much you agree or disagree with
each of the following statements.

Response format
Each item is rated on a 0 — 100 visual analogue scale with the anchors 0 = Not at all, 100 =
Entirely

Final items

. I have felt trapped in my mind.

2. My mind has felt connected to my heart/emotion.

3. I have felt connected to my senses (touch, taste, sight smell, hearing).

4. | have felt connected to a range of emotions.

5. If I had chosen to, I could have “sat with” painful memories.

6. | have felt connected to my body.

7. I have been able to fully experience emotion, whether positive or negative.
8

9

[EEN

. I have felt alone.
. I have felt connected to friends and/or family.
10. I have felt connected to a community.
11. I have felt connected to all humanity.
12. | have felt unwelcome amongst others.
13. I have felt separate from the world around me.
14. | have felt connected to a purpose in life.
15. I have felt connected to nature.
16. I have felt connected to a spiritual essence (in the secular or religious sense).
17. 1 have felt connected to a source of universal love.
18. T have seen things from a broad perspective, “the bigger picture.”
19. I have felt that everything is interconnected.

Scoring

Connectedness to Self (CTS): (WCS2 + WCS3 + WCS4 + WCS5 + WCS6 + WCS7) / 6
Connectedness to Others (CTO): ((100 - WCS1) + (100 — WCS8) + WCS9 + WCS10 + (100
—WCS12) + (100 - WCS13)) / 6

Connectedness to World (CTW): (WCS11 + WCS14 + WCS15 + WCS16 + WCS17 +
WCS18 + WCS19) / 7

General Connectedness (WCS): (CTS + CTO + CTW) /3
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Positive and Negative Affect Schedule (PANAS):

Instructions: This scale consists of a number of words that describe different feelings and
emotions. Please read each item and then click the circle from the scale below that best
corresponds to how you feel. Indicate to what extent you feel this way right now, that is, at
the present moment.

;egofg%wﬁ A Little | Moderately | Quite a Bit | Extremely
1. Interested 1 ) 2 , -
2. Distressed 1 ) 2 , -
3. Excited L 5 ; ) -
4. Upset 1 ) ; ) -
5. Strong 1 ) 2 , -
6. Guilty L 5 ; ) -
7. Scared 1 ) ; ) -
8. Hostile 1 ) 2 ) -
9. Enthusiastic 1 ) 3 . -
10. Proud 1 ) 2 ) -
11. Irritable 1 ) 2 , -
12. Alert 1 ) 3 . -
13. Ashamed 1 ) 2 . -
14. Inspired 1 ) 2 , -
15. Nervous L 5 ; ) -
16. Determined 1 ) 2 , -
17. Attentive 1 ) 2 . -
18. lJittery 1 , ; . -
19. Active 1 ) 2 . -
20. Afraid 1 ) 2 ) -
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Scoring

Positive Affect Score: Add the scores on items 1, 3, 5, 9, 10, 12, 14, 16, 17, and 19. Scores
can range from 10 — 50, with higher scores representing higher levels of positive affect.
Mean Scores: 33.3 (SD£7.2)

Negative Affect Score: Add the scores on items 2, 4, 6, 7, 8, 11, 13, 15, 18, and 20. Scores
can range from 10 — 50, with lower scores representing lower levels of negative affect. Mean
Score: 17.4 (SD £ 6.2)

Your scores on the PANAS: Positive: Negative:
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Appendix B: Bonding Script with Examples

Instructions:

As mentioned before, this experiment asks you to have a conversation with your fellow
participants for 7 minutes about things you could potentially have in common. I, the
researcher, will facilitate this discussion and keep track of time.

Here is a list of potential similarities you all can discuss:

Low

Same:
e Major
Year
Eye color
Hair color
Height
Most physical traits
Color clothes (i.e. everyone has something black on)

Medium

Same:
e Music taste (genre)
Taste in clothes
Shoe size-unless obscure size like 15 or 16, that would be a high level similarity
Dog breed
Cat breed
Favorite TV/Movie
All first gen students
Plans for future
o Grad school
o Work right after college
e Seen the same band in concert (not at the same time)
o Saw the same band on the same tour
Grew up playing same instrument
Sports
o Growing up or in high school
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High

Same:

Hometown-better if you went to same high school
A Dbrother that is the same age
A sister that is the same age
Parents have the same birthday-year included
Plans to attend same grad school
o Same program
o Potentially same PI
Went to the same concert (unknowingly of course)
o Same band, tour, and showtime
All homecoming/prom queen/king
o Could have been on homecoming court/prom court
Attending church/place of worship
o Same pastor/priest/etc.
o In same area
Fluency in computer programing
Preschool
Parents met a similar way
o In high school-High school sweethearts
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