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ABSTRACT 

Background. Prospective memory (PM) refers to the intention to perform a future 

task held in memory that is executed without any explicit prompts. PM may be 

negatively impacted by depression, but the mechanisms that drive this association 

remain unclear. One idea is that rumination increases the frequency of task-

irrelevant thoughts, depleting attentional capacity, and thereby reducing PM 

accuracy and increasing response times. To date, no studies have examined the 

effects of state and trait rumination on PM using online testing to collect real-time 

data over time. Objectives. To examine the effect of (1) state and (2) trait rumination 

on a computerized PM test across accuracy and response times among younger and 

older adults using a real-time and repeated approach. Age effects were explored. 

Methods. 139 younger (18-59 years) and 17 older adults (≥60 years) were recruited. 

Participants completed measures of state unpleasant mood and rumination, followed 

by a PM task twice per week for two weeks. Mixed-effects models were fit to 

examine state and trait rumination, and age on PM over time and Spearman 

correlations were generated to examine trait rumination on PM at baseline. Results. 

State rumination was associated with poorer PM accuracy in younger adults, after 

controlling for mood and trait rumination. Generally, younger adults became 

increasingly faster and accurate over time, while older adults became slower over 

time. Age was associated with better PM accuracy, but slower response times. 

Significance. Overall, rumination demonstrates promise as a variable of interest to 

examine in the context of PM and depression in younger and older adults. 
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CHAPTER 1: LITERATURE REVIEW 

1  Brief Thesis Overview 

 Prospective memory (PM) refers to the intention to recall executing a task at an 

appropriate timepoint in the near future, such as recalling to take medication, turn off 

home appliances, or hand in assignments (Cohen & Hicks, 2017; Henry, 2021; McDaniel 

& Einstein, 2007a). PM tasks are defined by several characteristics: (1) they require 

explicitly formed intentions, (2) they are smaller delayed events that are bound by a time 

in the future, and, (3) they do not require an extended timeframe for execution (McDaniel 

& Einstein, 2007a). PM is thus distinct from other types of memory, such as long-term 

memory (LTM) which instead involves the recollection of retrospective events and 

information (McDaniel & Einstein, 2007a). PM errors are frequent in daily life, with 

more than half of all reported memory errors involving this type of forgetting, as opposed 

to retrospective errors (Haas et al., 2020). Given that PM tasks are practical in nature, PM 

errors predict functional outcomes, and exhibit a larger negative impact on activities of 

daily living compared to LTM errors (Henry, 2021; Sheppard et al., 2020).  

 PM tasks are heterogenous and vary along several parameters. PM tasks differ by 

event- (i.e., viewing a coffee commercial and recalling to buy coffee beans) or time-based 

tasks (i.e., completing a task by 1:00PM) (McFarland & Vasterling, 2018); if the tasks are 

experimental or naturalistic (Blondelle et al., 2020; Rummel & Kvavilashvili, 2019); and 

if the designs are cross-sectional or repeated (Kim et al., 2020; McFarland & Vasterling, 

2018). Experimental PM tasks are typically embedded in an ongoing task whereby 

individuals are required to interrupt the latter to execute the PM task. In such 

experiments, performance is measured by accuracy (i.e., completing the task or forgetting 
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to initiate the task) and response times (McDaniel & Einstein, 2007a). In turn, naturalistic 

tasks involve participants carrying out tasks at prescribed times or after certain events in 

their daily life and are typically measured by the success or failure of the intended action 

(Koo et al., 2021).  

 Evidence suggests that PM performance is affected by several factors. For this 

thesis, the effects of mood and age-related changes in cognition are specifically examined 

(McFarland & Vasterling, 2018; Schnitzspahn et al., 2020). Firstly, the effect of 

depressive symptomatology on PM is an example of one poorly understood factor 

(McFarland & Vasterling, 2018). Although individuals with depression show poorer PM 

accuracy and slower reaction times, less is known on the specific mechanisms driving 

this effect (McFarland & Vasterling, 2018). Research on the effects of depression on PM 

to date has focused on negative affect as a mechanism for impacting PM, which has 

produced equivocal findings, suggesting other features of depression are central to 

explaining this poorer performance (Fredman Stein et al., 2018). Rumination has become 

a subsequent variable of interest as it may impact retrieval of intentions which, in turn, 

leads to poorer performance (McFarland & Vasterling, 2018). Specifically, state (i.e., 

ruminating in the moment) and trait rumination (i.e., the general tendency to ruminate) 

may contribute to poorer PM as postulated by the resource allocation hypothesis in that 

attentional capacity is reduced during rumination due to the presence of task-irrelevant 

thoughts (Ellis, 1990; Fredman Stein et al., 2018; Primosch, 2017). Secondly, studies 

examining age-related changes in cognition across PM tasks have produced mixed 

evidence (Schnitzspahn et al., 2020). As age increases, positive effects of aging occur in 

PM (i.e., greater accuracy) when examined in naturalistic settings but negative effects 
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occur in PM (i.e., poorer accuracy) when examined in laboratory settings, leading to an 

age-PM-paradox (Schnitzspahn et al., 2020). The effects of mood and increasing age 

across PM remain unclear and necessitate further investigation given the importance of 

PM in daily functioning (Henry, 2021). 

 The present study examined the effects of state and trait rumination on accuracy 

and reaction times of a computerized PM task among younger and older adults in a real-

time and repeated-measures design, which to date has not been examined and is novel in 

applied memory research. Participants completed demographic measures and measures of 

mood, rumination, and a PM task twice per week for two weeks. The first and second 

aims examined the effects of state and trait rumination on PM performance, respectively. 

Lastly, this study explored age effects of PM between younger and older adults. Overall, 

this study sought to elucidate mechanisms of depression on PM across younger and older 

adults, with specific examination of rumination.  

 

2  Prospective Memory 

 Prospective memory (PM) refers to the intention to perform a future task retained 

in memory that is executed without any explicit prompts and during other ongoing tasks 

that require attention (Cohen & Hicks, 2017). Ubiquitous in daily life, examples of these 

tasks include remembering to pick up groceries on the way home, or remembering to take 

medication at a specific time (McDaniel & Einstein, 2007a). They also involve a 

prospective (i.e., recalling an intention that is to be completed) and a retrospective 

component (i.e., recalling the contents of that intention). Historically, studies have 

focused on other types of memory by challenging retrospective parts of memory, like 
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long-term memory (LTM) to uncover its processes and properties, rather than the 

prospective parts. In LTM, specific processes include three main parts: encoding, 

retention, and retrieval (Ericsson & Kintsch, 1995). For example, participants in LTM 

research are instructed to encode and remember lists of words (i.e., testing the 

retrospective part), whereby the explicit instruction that the words will need to be 

subsequently recalled eliminates the need to remember to recall the list (i.e., minimizing 

the prospective component) (McDaniel & Einstein, 2007a). In contrast, PM research aims 

to isolate and test the prospective components of memory by challenging individuals to 

recall completing a task at some point in the near future, while minimizing the amount of 

information to recall (McDaniel & Einstein, 2007a).  

 Given the wide breadth of PM tasks, they are defined by several features 

(McDaniel & Einstein, 2007a). To illustrate these, an example of preparing a turkey in an 

oven is used throughout. Firstly, as outlined, execution of the intention should not be 

immediate, and there must be a prospective component (McDaniel & Einstein, 2007a). 

After waiting for the turkey to cook, an individual suddenly recalls that upon seeing a 

commercial for buying an oven, they disengage from watching television and instead, 

switch to removing the turkey from the oven. In this case, the individual is cued by a 

stimulus that is salient to the prospective task, and ultimately, signals the appropriate 

moment for the intention to be executed. Individuals can also be cued by time, such 

having to remove the turkey from the oven at 6:00PM. As such, the PM task is set in the 

immediate future, and does not occur immediately (McDaniel & Einstein, 2007a). 

Secondly, the delayed intention (i.e., removing the turkey out of the oven) requires 

interruption of some ongoing activity (i.e., watching television) (McDaniel & Einstein, 
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2007a). Thirdly, PM tasks are constrained within a window of opportunity, whereby an 

intention is formed to complete the action at a later time, and forgetting to execute that 

intention within the window constitutes an error or a failure in PM (McDaniel & Einstein, 

2007a). As such, PM tasks are operationalized as successes or failures based on execution 

outcome (McDaniel & Einstein, 2007a). In naturalistic studies, the use of external aids 

are typically allowed and do not impact the success of the PM task (Au et al., 2018). The 

window of opportunity may range from several seconds to days depending on the PM 

tasks, but are no longer considered PM tasks if their completion could occur at any point 

(McDaniel & Einstein, 2007a). For example, an individual must remove the turkey out of 

the oven by an appropriate amount of time. Otherwise, they forget to execute the task and 

spoil the turkey. Fourth, PM tasks are circumscribed events that do not require an 

extended timeframe for execution, as opposed to more lengthier and open-ended tasks 

such as taking a trip or training for a job (McDaniel & Einstein, 2007a). Thus, the 

intention of removing the turkey is a PM task as it represents a small, delayed activity 

that must be completed by a specified time. In this case, failure would be described as 

burning the food, or other worse safety-related outcomes. This highlights one specific but 

potentially dangerous instance and ultimately, how instrumental PM is in daily life 

(Trawley et al., 2017).   

 

2.1  Cognitive Bases of Prospective Memory  

 PM involves various cognitive processes that underlie planning future actions, 

such as undertaking other tasks while keeping the planned intention in mind, having the 

ability to retrieve the intention, and successfully switching tasks when appropriate 
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(Kliegel et al., 2002). One challenge has been specifying the precise processes underlying 

PM, for which, several models are proposed to explain these mechanisms and integrate 

these cognitive processes (Ellis, 1996; Kliegel et al., 2002; McFarland & Vasterling, 

2018). In particular, a five-factor model is proposed with phases for (1) intention 

formation, (2) maintenance/monitoring, (3) retrieval, (4) inhibition, and (5) execution in 

PM that form a framework for conceptualizing PM (McFarland & Vasterling, 2018).  

 These five phases implicate multiple parts of the brain including the frontoparietal 

executive control system and the medial temporal lobes (McFarland & Vasterling, 2018). 

The frontoparietal executive control system is involved in executive functioning (EF) 

which is defined as a higher-order cognitive process that ultimately leads to decision-

making and goal-oriented behaviours (McFarland & Vasterling, 2018). Namely, these 

skills promote adaptation to novel situations, creativity, planning, reasoning, problem-

solving, and other functions that require effortful top-down processes (Diamond, 2013). 

EFs are typically broken down into three core parts. The first, inhibition, is the ability to 

interrupt an ongoing action or to ignore distracting information (Diamond, 2013). 

Cognitive flexibility is a second core EF, which involves the ability to shift attentional 

focus from one task to another (Diamond, 2013). Lastly, updating is the ability to 

manipulate and replace information currently in the mind, and is closely related to the 

notion of working memory (WM) (Diamond, 2013; Miyake et al., 2000). Although often 

used interchangeably with “short-term memory”, WM implies additional functions of 

limited storage and mental manipulation of information, such as in mental calculations 

(Baddeley, 2000). The capacity stores in WM are separated into visuo-spatial and verbal 

information, in addition to parts that oversee transfer between these components, such the 
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transfer of information from WM to LTM (Baddeley, 2000). In LTM, information is 

encoded when engaged in the initial learning of information, after which the information 

is stored and maintained over time. Retrieval occurs when that information is accessed 

from LTM and brought back into WM (Melton, 1963). The medial temporal lobes thus 

function as an explicit memory system and facilitate LTM for facts and events, 

connecting these processes together (McFarland & Vasterling, 2018). As such, 

prospective remembering is dynamic and includes EF, WM, and LTM components and 

their respective subcomponents. 

 

2.1.1  Intention Formation  

 During the intention formation phase, EF is recruited to develop and plan an 

intention to be recalled in LTM (McFarland & Vasterling, 2018). As part of intention 

development, individuals plan how and when to execute the action which can be 

dependent on certain time- or event-related cues (i.e., at 6:00PM, remove the turkey from 

the oven). While this planning occurs in the frontoparietal executive control system, this 

episode (i.e., including the plan and contextual details present at the time) is encoded in 

the medial temporal lobes as an episodic LTM for later retrieval (McFarland & 

Vasterling, 2018). 

 

2.1.2  Maintenance, Monitoring, and Retrieval 

 After intention formation, the relevant cues related to the consciously formed 

intention are maintained in LTM, while an individual is engaged in another unrelated 

ongoing task during the maintenance/monitoring phase (McFarland & Vasterling, 2018). 
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During cooking, an individual is typically engaged in other ongoing tasks such as 

watching television or washing the dishes while the intention of removing the turkey is 

planned and maintained as it bakes (Trawley et al., 2017). Attentional processes in EF are 

engaged during this stage. Thus, the executive frontoparietal system is critical for 

allocating resources for intention rehearsal, and monitoring the environment for cues as 

the ongoing task is occurring (McFarland & Vasterling, 2018).  

 There are two pathways by which a cue can elicit retrieval of the PM intention 

from LTM (McFarland & Vasterling, 2018). If a link between a cue and the intention is 

salient, retrieval is heavily dependent on the medial temporal lobes as the intention is 

more likely to be spontaneously retrieved from memory (i.e., in a “bottom-up” fashion), 

whereas a poorly recognized link between the two would engage the frontoparietal 

system for a more effortful and strategic “top-down” search, particularly if the cue is not 

salient or easily detected (McFarland & Vasterling, 2018). For example, watching an 

oven commercial on television is salient to cooking, prompting the individual in a 

bottom-up fashion to recall their turkey in the oven. Thus, existing strategies are 

separated into a reactive/bottom-up, or proactive/top-down approach. One characteristic 

of the top-down approach is that it is highly costly to be continually monitoring the 

environment for a cue (Einstein & McDaniel, 2005). Given these costs, individuals may 

only periodically evaluate if conditions are correct for performing a task (Einstein & 

McDaniel, 2005). In this case, associating a time with completing a task may require 

monitoring processes such as occasionally checking the clock for the time or relying on 

an internal estimate of the elapsed time when having to cook the turkey (Einstein & 

McDaniel, 2005; McDaniel & Einstein, 2007d). For tasks that are not time-based, 



RUMINATION IN PROSPECTIVE MEMORY 

9 
 

attentional monitoring may still facilitate retrieval as proposed by the preparatory 

attentional and memory processes (PAM) theory (McDaniel & Einstein, 2007b; Smith, 

2003). Intention retrieval thus involves a WM strategy to actively monitor the 

environment for an appropriate event to perform the task (Smith, 2003). If individuals are 

using a monitoring strategy, then their attentional capacity is allocated partially to this 

monitoring and, consequently, PM performance declines as a function of the difficulty of 

the ongoing task (Anderson et al., 2019). Conversely, the use of reactive or bottom-up 

strategies (i.e., spontaneous retrieval, such as having the intention “pop” into the mind) 

have also been posited (McDaniel & Einstein, 2007b; Scullin et al., 2013). In this case, 

the cost of monitoring is eliminated by a salient cue that triggers an involuntary retrieval 

process through automatic associative recall (Einstein & McDaniel, 2005). PM 

performance should thus not be impacted by the difficulty of the ongoing tasks since 

spontaneous retrieval involves automatic and non-effortful processes (Einstein & 

McDaniel, 2005).  

 Overall, the differential recruitment of these strategies have prompted the 

development of a multi-process theory where several processes support PM depending on 

task characteristics (Einstein et al., 2005). For example, younger adults completed two 

PM tasks that varied by saliency of its cue to the ongoing task (Anderson & McDaniel, 

2019). When the cue related less to the task, participants engaged in more monitoring 

which led to task interference and reduced PM accuracy (Anderson & McDaniel, 2019). 

When the cue related more to the task, participants used less strategic monitoring which 

led to less task interference and higher PM accuracy (Anderson & McDaniel, 2019). As 

the associative link between an intention and its cue becomes more related, this reduces 
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the likelihood to recruit the frontoparietal executive control system as the intention is 

spontaneously retrieved and less processing is required (McFarland & Vasterling, 2018). 

However, if the link is less related to the ongoing task, the frontoparietal system may be 

recruited as more effortful monitoring would occur (McFarland & Vasterling, 2018).  

 

 2.1.3  Inhibition and Execution  

 Once a cue is detected or the task is recalled, the frontoparietal executive control 

system is involved in disengaging and inhibiting from the ongoing activity, and switching 

to the PM task. Execution of the PM task occurs only when the ongoing task is inhibited, 

and attention is shifted to the PM task intention. A summary of this is found in Table 1. 

 Other PM models have emphasized similar concepts of multiple cognitive 

processes involved in execution of PM tasks (Ellis, 1996; Kliegel et al., 2002). For 

example, a previous model includes formation and encoding of an intention and action, 

retention, performance, and initiation/execution of an intended action, and evaluation of 

outcome (Ellis, 1996). In addition, the process model of complex prospective memory 

includes phases of intention formation, retention, initiation, and execution; and 

emphasizes cognitive processes of LTM and planning, cognitive flexibility, and 

inhibition (Kliegel et al., 2002). Despite these previous developments, the current model 

was chosen as it uniquely addresses cognitive processes (i.e., monitoring, inhibition, and 

switching) and neural correlates (i.e., involvement of the MTL and the executive control 

system) that underlie PM, and incorporates the multi-process theory, which builds upon 

previous models (Kliegel et al., 2002; McFarland & Vasterling, 2018). 
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Table 1 

Functions of Networks Involved in Prospective Memory 

Cognitive Process Function Phase of PM 

Model 

 

 

 

 

Executive 

Functioning: 

 Frontoparietal 

control system  

 

(i.e., involved in 

continuous 

monitoring) 

 

 

Updating  

 

• Ability to manipulate and 

replace information in the 

working memory. 

 

 

• Development 

 

• Maintenance/ 

 

Monitoring 

 

 

 

 

 

 

 

 

Inhibition 

 

 

 

 

• Mental process that 

overrides or deactivates 

another mental process. 

 

• Processes where 

individuals must ignore or 

disengage from task-

irrelevant information. 

 

 

 

 

 

 

 

 

 

• Inhibition 

 

Set shifting 

 

• Switching attentional 

focus from one task to 

another. 

 

• Execution 

 

 

Long-term 

memory: 

 

Medial temporal 

lobe 

 

(i.e., involved in 

spontaneous 

retrieval) 

 

  

• Develops and retains an 

associative link between 

the cue with the intention. 

 

• Spontaneously retrieves 

and recalls intention  

 

• Maintenance/ 

Monitoring 

 

• Retrieval 
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3  The Measurement of Prospective Memory in Experimental Designs 

 PM tasks are classified according to various methodological characteristics 

(Blondelle et al., 2020). Experimental designs aim to capture PM performance by 

embedding a PM task in a specifically designed cognitive task in a well-controlled 

environment, where individuals must interrupt the latter to execute the former. A typical 

paradigm includes participating in a primary ongoing task, like an n-back WM task (i.e., 

pressing “M” if an image presented on one trial matches the image presented nth trials 

previously; and pressing “N” otherwise). This is operationalized as WM as individuals 

must retain in mind the image they saw previously while being presented new images 

(Nikolin et al., 2021). As part of the initial instructions, participants are also given a PM 

task, and are instructed to switch tasks (i.e., pressing the space bar) whenever a target 

image appears (McDaniel & Einstein, 2007a). Typically, there is a delay during the 

ongoing task before presenting the PM cues to decrease the likelihood that the participant 

is actively rehearsing the PM intention, thus making it more difficult to complete the PM 

task (McDaniel & Einstein, 2007a). Performance in these tasks are measured by the 

proportion of PM trials when participants execute the task correctly (i.e., “1” for success 

and “0” for failure) and reaction times of the correct trials (McDaniel & Einstein, 2007a).  

 

3.1  PM Task Parameters  

 According to the multi-process theory, different strategies are employed based on 

task characteristics, like the type and focality of the cue (Anderson & McDaniel, 2019). 

These cues can be event- (i.e., the PM task is defined by a specific event that is distinct 
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from the ongoing task) or time-based (i.e., the PM task is defined by completion by a 

specific time) (McDaniel & Einstein, 2007a). Cues can be focal or non-focal which is 

defined as the degree of processing overlap between the ongoing and PM task (Einstein et 

al., 2005). Based on the multi-process theory, focal cues encourage spontaneous retrieval 

based on an automatic associative process; while non-focal cues require extra processing 

(Anderson et al., 2019). In the example of the television commercial, this would represent 

a focal cue since the oven is directly related to the act of cooking itself. Lastly, 

experiments will typically include PM trials that appear rarely to increase task difficulty 

as lower accuracy and longer reaction times have been observed for these types of tasks. 

This is hypothesized to be due to the fact that participants are likely engaged in costly 

monitoring for PM trials that appear rarely (Wilson et al., 2013). In general, task 

development is important to consider to capture appropriate differences in PM 

performance (Einstein & McDaniel, 2005; Scullin et al., 2010). 

 

3.2   Naturalistic vs. Laboratory-Based Tasks 

 Although laboratory-based PM tasks are advantageous in that there is a highly 

controlled and standardized environment, it is important to consider limitations of the 

their generalizability to real-life conditions, where naturalistic PM tasks may be more 

ecologically valid (Rummel & Kvavilashvili, 2019; Shiffman et al., 2008). Examples of 

naturalistic studies include those that require participants to recall to phone researchers at 

designated times, take their medication after breakfast, do exercises after dinner, etc. 

These naturalistic PM tasks are examples of performance-based measures of everyday 

PM (Rendell & Craik, 2000; Rendell & Henry, 2009; Rummel & Kvavilashvili, 2019). 
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Although not considered to be fully naturalistic, self-administered online 

neuropsychological assessments may be a close approximation to naturalistic PM tasks 

(Chaytor et al., 2020). These self-administered online assessments are perceived as less 

difficult and less distressing to participants, reduce costs of in-person assessment, and 

increase efficiency of testing (Chaytor et al., 2020). They provide opportunities to 

individuals who are homebound or living in rural communities to participate in research. 

In terms of validity, self-administered online assessments promote resemblance to daily 

cognitive performance conditions, as opposed to artificial testing conditions (Chaytor et 

al., 2020; Steinke et al., 2021). Limitations for naturalistic or online testing studies 

include variability in data due to uncontrolled conditions (e.g., living in a 

noisy/distracting house; testing at different times of the day; internet problems, etc.). 

Despite this, prior research demonstrates strong associations between lab and self-

administered online assessment scores in some conditions, suggesting there is merit to 

continuing the use of these designs in research (Chaytor et al., 2020). 

 

3.3  Cross-Sectional vs. Repeated Measures  

 Sampling PM repeatedly provides a unique opportunity to increase sensitivity and 

to monitor changes in cognition over time (Shiffman et al., 2008). PM tasks may result in 

relatively fewer data points to measure performance as these studies tend to be cross-

sectional, and PM trials have dichotomous outcomes (i.e., succeed or fail) and appear 

rarely (Livner et al., 2008). As such, repeated measures designs of PM provide 

opportunities to increase frequency of PM trials while not compromising the difficulty 

the task itself (Wilson et al., 2013). To date, one study has examined PM using repeated 



RUMINATION IN PROSPECTIVE MEMORY 

15 
 

measures where thirty-five community-dwelling older adults completed a PM task four 

times daily for one week (Schmitter-Edgecombe et al., 2020). Findings show daily 

fluctuations of cognition that were not captured cross-sectionally (Schmitter-Edgecombe 

et al., 2020). This is critical as monitoring cognition over time can reveal modifiable 

environmental factors and better clinical measurements of real-world competency 

(Gamaldo & Allaire, 2016). 

 There are many factors to designing an experimental design in PM which include 

considerations to PM task parameters, the setting the study is taking place in, and the 

design of the study that may all ultimately impact the validity of the results collected. It is 

thus critical to ensure that parameters are well established to rule out any confounding 

methodological factors that may explain results.  

 

4  Depression in Prospective Memory 

 Major depressive disorder (MDD) is among one of the most prevalent mental 

health disorders, impacting approximately 350 million individuals worldwide (Dadi et al., 

2020; Li et al., 2021). MDD is diagnosed by a medical doctor or clinical psychologist 

using the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) based on a 

two-week duration of at least one of depressed mood and/or diminished interest; and at 

least five or more of the following symptoms for diagnosis: irritability, changes to sleep 

and/or appetite, psychomotor agitation, feeling worthless/helpless, concentration 

difficulties, low energy, and/or suicidality (American Psychiatric Association, 2013). 

These symptoms must cause significant distress and functional impairment, and should 

not be attributed to any other condition for diagnosis (American Psychiatric Association, 
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2013). Functional impairment in MDD commonly includes memory deficits, and research 

in LTM has demonstrated that individuals with depression recall previous memories with 

fewer details and use an overly general negative view (Falco et al., 2015; Wilson & 

Gregory, 2018). Critical to daily functioning is carrying out future tasks which is 

especially relevant for individuals with depression (e.g., taking medication at an 

appropriate time, attending therapy, etc.) (McFarland & Vasterling, 2018). Indeed, across 

two meta-analyses, clinical depression and depressive symptoms are associated with 

reduced performance in PM (McFarland & Vasterling, 2018; Zhou et al., 2017). Event-

based PM tasks with non-focal cues and time-based tasks were most strongly associated 

with poorer PM accuracy and slower reaction times in people with depression 

(McFarland & Vasterling, 2018). As individuals with depression may experience 

challenges with concentration and memory, they may also have difficulties with tasks 

that require greater self-initiation (i.e., tasks that employ monitoring strategies which are 

more effortful) (McFarland & Vasterling, 2018). Ultimately, challenges with PM in 

depression are common and can be associated with subsequent functional impairment. 

 Though recalling future intentions is suppressed in depression, the nature of how 

this impacts specific cognitive processes underlying PM remains unclear. Some 

depression-related impairments are found at the retrieval stage in PM (Lee et al., 2010; Li 

et al., 2013; McFarland & Vasterling, 2018). Poorer time-based PM performance occurs 

when tasks have longer delays between the ongoing task and the presentation of the PM 

cue (i.e., performance differences were greater at fifteen vs two minutes) in individuals 

with depression (Li et al., 2013). This suggests errors tend to occur in the retrieval phase 

as individuals must rely more on effortful LTM to recall the intention after fifteen 
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minutes which ultimately led to their errors in PM (Li et al., 2013). Without this reliance 

on LTM in retrieval, similar performance would have occurred regardless of the delay 

time (Li et al., 2013). Depression-related cognitive deficits are associated with other 

reductions in planning and imagining future events (Shum et al., 2013), inhibition, and 

task switching, which are also heavily implicated processes in PM (Schnitzspahn et al., 

2013). Although depression and PM share these cognitive processes, there is a limited 

understanding about their association (Cona & Rothen, 2019). Further, exact components 

of depression that most influence PM performance have not been specified (McFarland & 

Vasterling, 2018; Zhou et al., 2017). Beyond improving the understanding about 

associations between depression and PM, clarifying the contributions of these putative 

factors may provide opportunities for developing interventions that target PM and 

depression to improve functional outcomes (McFarland & Vasterling, 2018; Tsang et al., 

2022).  

 

4.1  Affective States in Prospective Memory   

 The specific impact of negative affect in depression has been examined to explain 

the impaired mechanisms in PM, though evidence has been inconclusive (Pupillo et al., 

2020, 2022). One study shows that as participants’ affective states change from negative 

to positive (i.e., away from their average), the likelihood of success in their naturalistic 

event- and time-based PM tasks increases; similarly, the effect of negative affect trends 

towards significantly reducing PM accuracy among younger and older adults (Pupillo et 

al., 2022). Similar associations between negative affect and reduced time- and event-

based PM performance in younger, but not older adults are shown (Pupillo et al., 2020; 
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Schnitzspahn et al., 2014). As participants may experience alterations to the availability 

of their attentional resources due to their own negative affect, this may interfere with task 

processing and negatively influence their performance (Ellis, 1990). Mechanisms thus 

propose that negative affective states lead to increased amounts of task-unrelated 

thoughts that subsequently decrease attentional resources (Ellis, 1990; Pupillo et al., 

2022). Despite these theories, negative affect can improve PM performance and positive 

affect can impair PM, in some cases (Kliegel & Jäger, 2006; Rummel et al., 2012). 

Underlying this alternative explanation, positive affect is thought to promote a broader 

processing style, compared to negative affect which promotes a more item-specific 

processing style (Storbeck & Clore, 2007). With such focus, negative affect alternatively 

may produce improved performance (Storbeck & Clore, 2007). Although these may 

provide explanations for the findings on the mixed effects, other studies have failed to 

provide evidence to suggest any impact of negative affect on PM (Kliegel et al., 2005). 

Inconclusive evidence may be related in part to various methodological limitations. For 

example, induction methods are typically used to induce affect in participants prior to the 

instruction of the PM task which may produce inadequate changes in negative affect 

(Gillies & Dozois, 2021; McFarland & Vasterling, 2018; Pupillo et al., 2020). More 

broadly, these inconclusive results in negative affect suggest that other factors within 

depressed mood can better explain poorer PM performance (McFarland & Vasterling, 

2018; Zhou et al., 2017).  
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5  Rumination in Depression 

 Rumination is defined as the maladaptive tendency to repetitively focus on one’s 

self, feelings, and negative experiences and feelings as a coping style (Nolen-Hoeksema 

et al., 2008; Watkins & Roberts, 2020). It can exist as a state (i.e., momentary 

rumination) or trait (i.e., an individual’s general tendency to ruminate which is stable 

across time) (Fredman Stein et al., 2018; Nolen-Hoeksema, 2000). Rumination is 

robustly related to the onset and maintenance of depression (Watkins & Roberts, 2020). 

Namely, individuals who are trait and state ruminators experience higher levels of 

depressive symptoms over time due to a reciprocal relationship between depression and 

rumination (Watkins & Roberts, 2020; Whitmer & Gotlib, 2013). That is, individuals 

who ruminate are more likely to overgeneralize their past, present, and future situations 

as negative (Arditte Hall et al., 2019; Nolen-Hoeksema, 2000). Thus, as rumination 

increases self-focus, it magnifies the repetitive cycle between negative mood and 

negative thinking, wherein each increases the likelihood of the other (Watkins & Roberts, 

2020). Importantly, rumination mediates the relationship between depression and EF. 

This suggests that ruminative thoughts that are difficult to control in the context of 

reduced EF can contribute to the development of clinical depression (von Hippel et al., 

2008; Whitmer & Gotlib, 2012). As such, rumination is a critical feature to address in 

depression to prevent further decline (von Hippel et al., 2008). 

 

5.1  Rumination on Cognitive Processes 

 One approach to clarifying the potential role of depression in PM is to examine 

theoretical relevant mechanisms that link the two constructs. The analytical rumination 
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hypothesis attests that depression promotes the onset of rumination, which is an evolved 

function to analyze, and problem-solve solutions related to the triggering concern 

(Andrews & Thomson, 2009). In turn, this exhausts attentional resources and induces 

anhedonia which further causes less desire in the individual to engage in other activities 

(Andrews & Thomson, 2009). Rumination promotes a trade-off where an individual 

focuses on their negative feelings to prioritize concerns causing the depression rather than 

other goals (Andrews & Thomson, 2009). Likewise, rumination is posited to lead to a 

narrowed attentional scope, increasing the likelihood that these negative thoughts will be 

repetitive over time (Nolen-Hoeksema et al., 2008; Whitmer & Gotlib, 2013).  

 Rumination may thus be a key factor in reducing PM performance as it impairs 

cognitive phases involved in PM and interferes with attentional resources (McFarland & 

Vasterling, 2018). This thesis will primarily focus on the retrieval phase as a 

hypothesized stage at which PM is negatively impacted by rumination (McFarland & 

Vasterling, 2018). This is based on previous accounts whereby memory retrieval was 

negatively influenced by the content of repetitive and maladaptive thoughts (Andrews & 

Thomson, 2009; Ellis, 1990; van Vugt & van der Velde, 2018). Trait and state rumination 

also negatively impact WM performance at the level of retrieval (Curci et al., 2013; 

Nishimura et al., 2020; Whitmer & Gotlib, 2013). In one study, individuals who were 

trait ruminators were presented with two lists and were asked to forget words from one 

list. At testing, they were presented new words and asked if the words belonged to either 

list: individuals with higher levels of trait rumination had greater interference from the 

list that should have been forgotten (Whitmer & Gotlib, 2013). This greater recall of task-

irrelevant information thus led to more interference during memory retrieval (Smith & 
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Hunt, 2000; Whitmer & Gotlib, 2013). Others hypothesize that rumination may create an 

additional challenge to subsequently remove the unwanted information from WM, 

negatively impacting retrieval of the intentions during rumination (van Vugt & van der 

Velde, 2018; Yang et al., 2017). In addition, individuals who were trait ruminators tend 

to be slower in WM tasks (Bernblum & Mor, 2010; Whitmer & Gotlib, 2013). In another 

study, rumination was correlated to scores in a retrieval task, independent of depressive 

symptoms (Colzato et al., 2020). Consistent with this, other studies have found that 

induced state rumination led to widespread deficits in various EFs (Philippot & Brutoux, 

2008; Whitmer & Gotlib, 2013). In a similar vein, cognitive interventions targeting WM 

have shown promise for reducing repetitive negative thoughts (Roberts et al., 2021). In 

summary, rumination has a negative impact on WM ability by impacting the ability to 

retrieve, suggesting it may thus be associated with declines in PM performance at this 

stage (McFarland & Vasterling, 2018). Thus, rumination may serve as a variable of 

interest to examine in PM given overlapping cognitive processes.  

 

5.2  Rumination in Prospective Memory  

 Despite the theoretical associations between rumination and PM discussed above, 

there are only two studies that have directly examined the effects of state and trait 

rumination on PM. One study was unable to detect any effect of induced state rumination 

on PM among eighty-eight young adults. Although trait rumination and poorer PM 

accuracy were correlated, this was only among participants with fewer depressive 

symptoms compared to their counterparts who were grouped into in moderate and severe 

groups (Primosch, 2017). Important to note is that rumination was induced through a 
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response task that consisted of drawing participants’ attention to their emotional states 

(Primosch, 2017). Evidence has shown that, similar to mood inductions, rumination 

inductions have little impact on individuals with no dysphoria as these individuals are 

less likely to ruminate if they are not in a negative mood or if they are able to recover 

easily by redirecting their attention (Whitmer & Gotlib, 2013). In addition, the PM task 

used may have required less effortful retrieval of intentions due to their use of focal cues 

in relation to the task (Primosch, 2017; Woods et al., 2007). In a non-clinical sample of 

sixty young adults, state rumination was associated with reduced PM accuracy and 

slower response times and trait rumination was associated with slower response times 

(Fredman Stein et al., 2018). Mood and rumination were sampled in real-time and 

participants completed an event-based PM task with non-focal cues (Fredman Stein et al., 

2018). These findings emphasize that state and trait rumination may have dissociable 

effects in PM, but definitive evidence remains lacking (Fredman Stein et al., 2018). 

 In a related study, the effects of induced mood were examined in an event- and 

time-based PM task embedded in a WM task across younger and older adults (Pupillo et 

al., 2020). Intrusive thoughts were examined as a sub-aim, where younger adults (i.e., 18-

27 years) reported significantly higher levels of intrusive thoughts compared to older 

adults (i.e., 59-85 years) (Pupillo et al., 2020). Despite this difference, no mediating 

effects of intrusive thoughts were found on PM (Pupillo et al., 2020). A limitation of this 

study is that intrusive thoughts were measured retrospectively by asking participants the 

extent to which they reflected on negative feelings caused by the mood induction, which 

may have limited their validity (Pupillo et al., 2020). Since ruminators may experience 

substantial fluctuations in state rumination, using repeated and real-time methods 
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presents a valid approach to capturing these fluctuations, in addition to fluctuations in PM 

changes (Fredman Stein et al., 2018; Shiffman et al., 2008). To date, no studies have 

examined the effects of state and trait rumination on PM using a real-time and repeated-

measures approach. 

 

6     Age Effects  

6.1  Age Effects in Prospective Memory 

 Increasing age is generally associated with declining PM performance (i.e., poorer 

accuracy and slower reaction times), producing age-related changes in cognition among 

younger and older adults (Schnitzspahn et al., 2020). These aging effects are defined as 

general trends in PM that occur among all individuals, regardless of the time period as 

each group of individuals becomes older (Blanchard et al., 1977). With examination at 

the level of retrieval, higher self-initiated processing produces larger age effects between 

younger and older adults (McDaniel & Einstein, 2000; Sheppard et al., 2020; West et al., 

2003). In other words, older adults demonstrate poorer performance in event-based PM 

compared to younger adults, with these differences becoming greater when retrieval 

demands increase (Cherry et al., 2001). Retrospective LTM recall measures accounted for 

68% of the variance in PM performance among older adults, suggesting again that 

retrieval ability plays a prominent role in PM (Cherry et al., 2001). Overall, age 

differences are robust when task demands are higher at retrieval (Henry et al., 2004). 

 Despite these findings, there have been documented nuances in the literature 

related to differential age effects based on study setting. In the age-PM-paradox, older 

adults generally outperform younger adults in naturalistic settings (i.e., at home or daily 
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life settings), but tend to be disadvantaged in experimental designs (i.e., laboratory-based 

settings) (Rendell & Craik, 2000; Schnitzspahn et al., 2020). For example, 81% of older 

adults remembered to call a researcher within ten minutes of the target time, compared to 

61% of younger adults (Maillet & Schacter, 2016). In the study, older adult participants 

reported more intrinsic motivation and task engagement (Kvavilashvili & Fisher, 2007). 

In the laboratory, it is possible that although older adults have the same level of 

motivation, they are performing tasks that are unfamiliar and cognitively demanding 

(Kvavilashvili & Fisher, 2007). In general, enhanced planning ability and motivation 

among older adults in these settings compared to younger adults have been reasoned to 

explain positive findings (Haines et al., 2020; Kliegel et al., 2016; Schnitzspahn et al., 

2011). A few studies have shown laboratory performance of older adults equal to that of 

younger adults and have attributed this to sampling older adults with higher WM abilities 

(McDaniel & Einstein, 2007c). However, certain methodological limitations may also 

explain the differences in the findings. For example, PM tasks are heterogenous across 

studies and few studies have tested the same samples of younger and older adults using 

within-persons designs (Henry et al., 2004). Most studies have only examined time-based 

PM events, where event-based PM events have not shown similar age benefits in 

naturalistic tasks, and thus, the paradox may have been overestimated (Schnitzspahn et 

al., 2020). Despite this, one study found that older adults were impaired in an event-based 

PM task with non-focal cues and suggested neural mechanisms involved the 

frontoparietal control network that would give rise to these age differences (Lamichhane 

et al., 2018). Overall, these limitations reduce the ability to compare age effects in studies 

and require further evaluation (Henry et al., 2004; Schnitzspahn et al., 2020).  
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6.2  Age Effects in Mood  

 Older adults typically demonstrate age-related benefits compared to younger 

adults which is again attributed to their enhanced emotional processing and emotional 

regulation (Scheibe & Carstensen, 2010). As individuals perceive time to be limited as 

they age, they are also more likely to prioritize emotional meaningfulness and 

functioning (Carstensen et al., 2003). Empirical findings have supported this view where 

older adults are more receptive to positive rather than negative information and generally 

have a reduced tendency to ruminate (Joubert et al., 2018; Ricarte et al., 2016). One study 

examines age differences in recall for emotional stimuli. Although older adults recall 

fewer images than younger adults, the images they recall are significantly more positive 

than the images the younger adults recall (Joubert et al., 2018). In a study examining the 

effects of mood on event-based PM across ages, younger adults’ performance is impaired 

by negative mood, whereas older adults’ performance is not influenced by mood (Pupillo 

et al., 2020). In the time-based PM task, older adults’ performance improve under 

positive mood, whereas young adults’ performance does not show similar improvements 

(Pupillo et al., 2020). Although enhanced emotional regulation among older adults is 

hypothesized to benefit performance, this variable did not account for the findings 

(Pupillo et al., 2020). Despite these positive findings, other studies have shown that older 

adults with lower EF (such as in depression) do not experience the positive effects in 

recall. Instead, they tend to recall and overgeneralize negative events (Knight et al., 2007; 

Mather & Knight, 2005). Overall, continued research is required to clarify these age 

effects across PM and mood.  
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7      Rationale and Objectives 

 Limited research has been devoted to the specific effects of depression on PM 

(McFarland & Vasterling, 2018). Although evidence suggests that depression has 

negative effects on PM, the mechanisms of its impact on PM are not yet clear. 

Researching rumination provides an important opportunity to examine effects of 

depression on PM, based on evidence of its negative impact on retrieval. There are also 

opportunities to enhance methods of previous studies that include optimizing the PM task 

to be more effortful by using an event-based and non-focal task (McFarland & 

Vasterling, 2018). Given the COVID-19 pandemic, study methodology was adapted for 

remote delivery which provided a novel opportunity to use real-time measures and 

employ a repeated measures design to enhance ecological validity. Although a few 

studies have demonstrated negative effects of rumination in PM, no studies have 

examined the effects of state and trait rumination on PM among younger and older adults 

using the proposed design. The present study thus sought to delineate the putative 

contributions of state and trait rumination on the performance of a computerized event-

based PM task with non-focal cues delivered remotely using a repeated and real-time 

approach among younger and older adults. Specific aims were to examine the effect of 

(1) state and (2) trait rumination on PM test accuracy and response times over time and 

cross-sectionally for both groups. An exploratory aim was to examine age effects across 

groups: This aim was exploratory and preliminary given the small sample size of older 

adults. Overall, state and trait rumination were hypothesized to differentially impair PM 

performance (Fredman Stein et al., 2018). Specifically, (1) higher levels of state 
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rumination would be associated with poorer accuracy and slower response times, and (2) 

trait rumination would be associated with slower response times on a PM task based on a 

previous study’s findings (Fredman Stein et al., 2018).  
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CHAPTER 2: METHODS 

1  Participants and Sample Size 

1.1  Sample Size 

 Sample size guidelines and power analyses for repeated measures designs are 

complex as there are many parameters involved (Kerkhoff & Nussbeck, 2019). Between-

persons sample sizes of n > 50 have been recommended for multi-level modeling (MLM) 

(Hoyle & Gottfredson, 2015; Lafit et al., 2020; Maas & Hox, 2005). Comparable sample 

sizes have yielded statistically significant results in other similar studies with moderate-

large effect sizes (Cain et al., 2009; Kim et al., 2020; Nehrkorn-Bailey et al., 2018). 

Power analyses completed using effect size of .5 and a of .05 revealed that sample sizes 

of n = 100 would be required for power of .97 for Wilcoxon-rank sum tests (Faul et al., 

2007). Samples sizes of n = 100 were thus proposed for older and younger adults, and n = 

56 individuals were additionally recruited to account for potential dropouts. The within-

persons sample size (i.e., number of observations per individual) proposed was n = 4 

timepoints, similar to previous studies (Nehrkorn-Bailey et al., 2018). This number was 

determined to be feasible when occurring twice per week for two weeks following a pilot. 

In total, this study aimed to generate approximately n = 400 observations. 

 

1.2  Younger Adult Participants 

 Younger adult participants were recruited from the University of Windsor and the 

Windsor community. Undergraduate students were recruited through the university’s 

participant pool which is a large online database where researchers can upload studies 

and undergraduate students registered in eligible psychology courses can elect to 
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participate (Buchanan et al., 2021). Students accessed advertised studies virtually and 

were compensated following their participation based on time spent completing the 

studies (i.e., half an hour would be equivalent to 0.5 bonus points, one hour would be one 

bonus point, and so on). Younger adults were also recruited through the community to 

ensure equivalency of recruitment methods. Community advertisement (i.e., posters) and 

social media (i.e., Twitter, Instagram, and the lab website) were used.  

 To be eligible as a younger adult participant, individuals must have been aged 

between 18-59 years, were required to understand English, have normal or normal-to-

corrected vision to be able to see and complete the computerized task, and have access to 

a computer and internet. This age cut-off was chosen as it replicates previous studies that 

examined age affects in PM (Henry et al., 2004; Pupillo et al., 2020). Additionally, 

participants must have been cognitively intact based on a Montreal Cognitive Assessment 

(MoCA) score of >26 to ensure any deficits in PM were not related to cognitive 

impairments (Nasreddine et al., 2005). Due to the restrictions of the COVID-19 pandemic 

and given no existing validated remote cognitive screening tools for younger adults, we 

were not able to screen for cognitive impairment in person or over the telephone in 

younger adults. To account for this limitation and to ensure findings were not confounded 

by any other disorders, participants were excluded based on a reported previous history of 

severe neurodevelopmental/neurological/psychiatric disorder. 

 

1.3  Older Adult Participants 

 Community-dwelling older adults were recruited through community sampling. 

Study advertisement occurred on social media via the University of Windsor’s and our 
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lab’s websites; Twitter, and Instagram; and in the community by distributing posters and 

contacting community organizations (i.e., Life After Fifty, the Multicultural Council, the 

Filipino Community Center, Elder College, and Essex-County Chinese Canadian 

Association).  

 Inclusion criteria included participants aged 60 years or older, the ability to 

communicate in English, have eyesight proficient enough to complete tasks on a 

computer, and have access to a computer and internet. There is no existing prescribed 

criteria for age cut-offs for older adults, though our cut-off is considered acceptable and 

similar to previous studies (Henry et al., 2004; Shenkin et al., 2017). Additionally, 

participants must have been cognitively intact based on remote screening using the 

Telephone Interview for Cognitive Status (TICS) with a score of >28 or an in-person 

screening using the MoCA with a score of >26 (Desmond et al., 1994; Nasreddine et al., 

2005) to ensure differences in PM performance were not attributed to any cognitive 

impairments. Due to the COVID-19 pandemic, only telephone screening was completed. 

Participants were excluded based on a reported previous history of severe 

neurodevelopmental/neurological/psychiatric disorder to ensure the findings were not 

being confounded by any other disorders. 

 

2  Procedure and Study Design 

 This study received clearance by the Research Ethics Board (REB#: 21-017) 

at the University of Windsor and employed a prospective observational and repeated 

measures design with four separate timepoints. The initial pilot ensured that each 

timepoint was not prolonged and did not cause fatigue for participants. The study thus 
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elapsed approximately half an hour for the first session (i.e., the shortest possible 

timepoint to be credited for in the University of Windsor participant pool), and 5-10 

minutes for subsequent sessions. 

 Younger adult participants who attended the University of Windsor signed up 

through the university’s participant pool. The participant pool has numerous pre-

screening questions to ensure students who sign up are already eligible to participate. 

Any additional exclusion criteria not available as pre-screeners were added into the 

demographic survey for additional screening. Once signed up, they were emailed the link 

to review and provide consent. Once consent was given, participants were sent the study 

link along with their anonymized code to access the first part of the study. All younger 

and older adult participants recruited from the community emailed the research assistant 

or the master’s student to express interest in participating in the study after viewing study 

advertisements. A research assistant or the master’s student set up a time to screen 

participants for eligibility criteria and to obtain informed telephone consent. If eligible, 

the first study link and anonymized code was emailed to participants. All participants 

were provided an option for the research assistant or the master’s student to guide them 

through the first session via telephone or videoconferencing to enhance accessibility 

should they have requested it. 

 Using a computer, participants accessed the study link to complete demographic 

measures, measures of depression, anxiety, state and trait rumination, and momentary 

mood. Next, they completed the PM task which occurred during the ongoing task. Lastly, 

participants completed feasibility questions. Participants repeated this process twice per 

week for two weeks and links were scheduled to be sent at the appropriate time via email 
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reminders. Email reminders were particularly important to provide given this would 

eliminate the confounding variable of poor LTM to recall to access and complete the 

study. All participants were provided with mental health resources at the end of each 

session. Community participants were redirected to a link to receive their compensation 

(i.e., entering a draw for an Amazon gift card). Undergraduate student participants were 

compensated with student bonus points required for their classes which included half a 

bonus point for the first three sessions and one full bonus point for the last session. The 

full bonus point was implemented to promote compliancy until the final timepoint. A 

schematic table of the study procedure is found in Appendix 1. 

 

3  Measures 

3.1    Descriptor Measurements 

3.1.1   Demographic Variables 

 Collected variables at first session included age, gender, and reported 

race/ethnicity. These variables are typically collected as typical demographic information 

in cognitive studies (Medina et al., 2021). Additionally, vision status (i.e., normal, or 

corrected-to-normal and if the latter, if wearing glasses/contact lenses), and prior 

neurodevelopmental/neurological/psychiatric history were collected to further ensure 

participants met inclusion criteria. 

 

3.1.2   Anxiety Symptoms 

 Participants completed the seven-item General Anxiety Disorder (GAD-7) at first 

session to assess anxiety symptoms (Spitzer et al., 2006) (Appendix 2). It has shown 
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acceptable psychometric properties (i.e., high sensitivity and specificity) among younger 

and older adults (Byrd-Bredbenner et al., 2020; Wild et al., 2014). Anxiety symptoms 

were measured to ensure these symptoms would not confound findings, as previous 

research has demonstrated that anxiety can impact PM performance. Anxiety symptoms 

are also highly comorbid with depressive symptoms (Bowman et al., 2019; Yapan et al., 

2020). The GAD-7 is scored out of seven items, where scores between 0-4 represent 

minimal, 5-9 represent mild, 10-14 represent moderate, and 15-21 represent severe 

anxiety (Spitzer et al., 2006).  

 

3.1.3    Depressive Symptoms 

 Participants completed the nine-item Patient Health Questionnaire (PHQ-9) at 

first session to assess depressive symptoms (Kroenke et al., 2001) (Appendix 3). The 

PHQ-9 has excellent sensitivity and specificity in younger and older adults (Katz et al., 

2020; Levis et al., 2019). It also has a high internal reliability with an alpha’s Cronbach 

value of 0.89 and excellent test/re-test reliability (Kroenke et al., 2001). Given mixed 

findings the effects of depressive symptoms related to PM performance, these symptoms 

were collected to ensure that depressive symptoms were not confounding findings 

(McFarland & Vasterling, 2018). The PHQ-9 is scored out of nine items where 0-4 

indicates none to minimal, 5-9 indicates mild, 10-14 indicates moderate, 15-19 indicates 

moderately severe, and 20-27 indicates severe depression (Kroenke et al., 2001). 
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3.1.4    Cognitive Functioning 

 Older adults were screened for cognitive impairment using the TICS via the 

telephone (Brandt et al., 1988). The TICS has been validated as a screening tool for 

dementia and has good reliability and validity (Desmond et al., 1994; Knopman et al., 

2010). It has demonstrated greatest evidence for test accuracy for cognitive screening 

when in-person screening is not possible (Elliott et al., 2020; Watt et al., 2021). 

 

3.1.5  State Rumination 

 Participants completed the 8-item Brief State Rumination Inventory (BRSI) every 

session to measure momentary state rumination (Appendix 5) (Marchetti et al., 2018). 

Items range from “completely disagree” = 0 to “completely agree” = 100, and the total 

score was calculated by summing the items. The BSRI was developed from trait 

rumination scales and adapted for momentary assessment (Marchetti et al., 2018). It has 

good convergence with negative affect scales, trait rumination and symptoms of 

depression and anxiety, and is a sensitive tool to detect state rumination (Dondzilo et al., 

2020; Lopes et al., 2020; Marchetti et al., 2018). 

 

3.1.6  Trait Rumination 

  Participants completed the 22-item Ruminative Responses Scale (RRS) only on 

the first testing session to measure trait rumination (Appendix 6) (Nolen-Hoeksema & 

Morrow, 1991). The RRS includes items that report individuals’ reactions to depressed 

mood related to the self or reflecting on possible consequences and causes of their own 

negative mood. Items range from “almost never” = 1 to “almost always” = 4 (Fredman 
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Stein et al., 2018). Total scores were calculated by summing all the items. The 

Cronbach’s alpha was high, and moderate correlations were shown between responses on 

this scale to ruminative responses in a 30-day diary (Moberly & Watkins, 2008b; Nolen-

Hoeksema, 2000). 

 

3.1.7  Momentary Mood 

 Participants completed the Brief Mood Introspection Scale (BMIS) every session 

to measure momentary mood experience. The BMIS is based on adjectives including 

happy, lively, loving, caring, calm, content, active, peppy, jittery, nervous, grouchy, fed 

up, tired, drowsy, gloomy or sad (Appendix 7) (Mayer & Gaschke, 1988). This scale has 

good validity and reliability (Cavallaro et al., 2019; Mayer & Gaschke, 1988). A total 

score of pleasantness/unpleasantness incorporating all items was calculated by adding the 

sum of the negative items that were reverse scored (i.e., jittery, nervous, grouchy, fed up, 

tired, drowsy, sad, and gloomy) and the sum of the positive items (i.e., happy, loving, 

calm, content, lively, caring, active, and peppy) together. 

 

3.1.8    Feasibility Data 

 At the end of each study session, participants were asked if they experienced any 

issues during the study (i.e., “distracted by something”, “internet connectivity issues”, 

“computer malfunction”, and “accidentally closed browser”). They were asked to what 

extent did these issues impact performance on the tasks on a five-point Likert scale 

ranging from “not at all” to “very much”. Participants had the option to provide their own 
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open-ended answer. These questions provide insightful information related to preliminary 

methods to enhance similar future studies. 

 

3.2  Outcome Measurements 

3.2.1  Prospective Memory and Ongoing Working Memory Task 

 The computerized task included a PM task embedded within a WM task (n-back). 

The development of this task followed guidelines from an event-based PM paradigm, 

(McDaniel & Einstein, 2007a). For the n-back, participants were shown images of single 

everyday objects (i.e., chair, table, fire hydrant, cat, etc.), one at a time, and instructed to 

indicate when a presented image matched the image from one trial prior in the sequence 

by pressing “M”. If the image did not match the image from one step earlier, they were 

told to press “N”. During the n-back instructions, participants were told to press the space 

bar if a dog appeared: this served as the intention that participants had to encode into 

LTM, and subsequently recall with the presentation of the cue (i.e., dog). They began the 

ongoing task and throughout this task, the PM cue appeared approximately every 20 

trials, and participants had to recall to switch tasks and press the space bar to accurately 

perform the PM task (Jáger & Kliegel, 2008) (Appendix 7). Performance was measured 

by accuracy out of four PM trials and response times of the correct PM trials (Jáger & 

Kliegel, 2008; McFarland & Vasterling, 2018; Schnitzspahn et al., 2020). Accuracy was 

calculated as the frequency of correct hits. Response times were defined as the time taken 

to initiate a reaction (i.e., reaction times) to the stimulus as well as the movement time 

(i.e., time it takes to complete the response) for correct trials (Kyllonen & Zu, 2016). In 

addition, ongoing task performance for the n-back task was measured by computing 
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accuracy out of 160 trials and response times of the correct trials. A previous study using 

an n-back task four times daily for one week as the ongoing task did not show any 

practice effects (Schmitter-Edgecombe et al., 2020). Regardless, task stimuli were 

randomized across the four different timepoints to further minimize practice effects. 

Participants were instructed to complete this task only using a desktop or laptop computer 

as research has shown differences in scores based on the interface used (Passell et al., 

2021).  

 

4  Statistical Analyses  

 Descriptive analyses were conducted by generating frequency counts for 

categorical data and means and standard deviations for the continuous data. The number 

of timepoints completed, and missing data were reported. Shapiro-Wilk tests of normality 

were conducted to assess normality of the variables. Differences between younger and 

older adults were conducted using mean tests of differences and Cohen’s d effect sizes 

were generated, where d = .15 indicated a small; d = .40 indicated moderate; and d = .75 

indicated a large effect size (Brydges, 2019). Determining how many timepoints would 

be included in the models involved considerations of robustness of data, but overall, 

including at least two timepoints was proposed. Main analyses were repeated with 

participants who completed all timepoints to examine differences between participants 

included in the analyses and the total sample. Descriptive statistics regarding data related 

to feasibility was provided for context but was not included in any analyses. 
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4.1  Effects of State Rumination on Prospective Memory   

 The first aim examined the effect of state rumination on PM accuracy and 

response times. To address this, MLM were fit as they account for hierarchical and 

missing data which are characteristic of repeated measures designs (Bolger & 

Laurenceau, 2013). Other analyses, such as a repeated-measures ANOVA, are limited in 

that they are limited in accounting for missing data or handling nested data (Quené & 

Van Den Bergh, 2004). In addition, the assumptions of MLM include assumptions of 

normality of residuals, heterogeneity of variances, linearity, collinearity, and adequate 

sample sizes. Despite these, violations to errors in these assumptions are typically robust, 

highlighting the benefits of the use of these models (Schielzeth et al., 2020). Specifically, 

level-2 MLM was fit where time data represented the level-2 grouping variable nested 

within the level-1 variable of participants (Nezlek, 2012). One model was fit the 

participant variable as a random effect as this data aimed to generalize to a larger 

population of individuals experiencing rumination. Time (i.e., the week number) was fit 

as a fixed effect as the timepoints were specific and chosen in time. For both BSRI and 

BMIS data, the total scores were each separated into two terms representing person 

mean-centered data and average data; these two terms were included in the models as 

fixed effects. This allowed disaggregation of within- and between-person differences in 

rumination (BSRI) and mood (BMIS) (Bolger & Laurenceau, 2013). Spearman-rank 

correlations were run between the unpleasant mood and rumination variables to ensure no 

collinearity between these variables. Correlation coefficient values of r < .30 were 

considered negligible, r = .30-.50 were low, r = .50-.70 were moderate, r = .70-.90 were 

high and r  >.90 were very high (Mukaka, 2012). Accuracy and response time data for 
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separate age groups were each inserted as the dependent variables to generate four main 

models. Full information maximum likelihood estimation was used. Analyses were also 

repeated to examine any effects of state rumination on ongoing WM task performance in 

younger and older adults. Once models were run, statistically significant effects were 

reported using p < .05. Effect sizes and their confidence intervals were reported by 

converting t-scores into pseudo partial-ETA (𝜂2) squared values, with 𝜂2 = .01 (small); 

𝜂2 = .06 (moderate); 𝜂2 = .14 (large) and replicate similar studies that have conducted 

these effect size calculations (Goldstein et al., 1976; Tribolet et al., 2021). Additionally, 

pseudo partial-ETA values are typically used when standardized effect sizes are not 

easily computed, such as in linear mixed models. They are computed by dividing the 

squared t-values produced by the models by the sum of the squared t-value and the 

degrees of error (Mordkoff, 2019). 

 

4.2  Effects of Trait Rumination on Prospective Memory 

 The second aim examined the effect of trait rumination on PM accuracy and 

response times. To address this, Spearman’s rank two-tailed correlations with Bonferroni 

corrections were generated to examine the association between trait rumination to each 

mean accuracy and mean response times on the PM task for each age group as data was 

non-parametric. Analyses were also repeated to examine any effects of trait rumination 

on ongoing WM task performance in younger and older adults. Correlation coefficient 

values of r < .30 were considered negligible, r = .30-.50 were low, r = .50-.70 were 

moderate, r = .70-.90 were high and r  >.90 were very high (Mukaka, 2012). 
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4.3  Age Effects on Prospective Memory  

 The exploratory aim examined age effects on PM accuracy and response times. 

For this aim, another MLM was generated by adding age as a fixed effect into the MLM 

models from Aim 1. Similarly, participants were fit as a random effect, time was fit as a 

fixed effect, BSRI and BMIS data were each separated into centered data and aggregated 

average data and these terms entered as fixed effects, and accuracy and response time 

data were each inserted as the dependent variables to generate two models. Analyses 

were also repeated to examine any effects of state rumination on ongoing WM task 

performance in younger and older adults. Partial-ETA squared scores and their 

confidence intervals were calculated (Goldstein et al., 1976). Analyses were performed in 

R software using rms for MLM (Harrell & Frank, 2018) and analyzed using p < .05.  
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CHAPTER 3: RESULTS 

3.1  Descriptive Analysis on Participants 

 In total, 156 participants were recruited. Of these participants, 139 were 

younger adults and 17 were older adults. Of the younger adults, 131 were younger adults 

from the University of Windsor and 8 were younger adults from the community. As it 

was proposed that participants that completed at least two timepoints throughout the 

entire study would be included in the final analysis, only these individuals were included. 

Ultimately, this resulted in a total of 110 participants that were included in the subsequent 

analyses (Table 2). Crucially, there were no demographic differences in participants 

between those who completed at least two timepoints, and those who completed all four 

timepoints (Appendix 8). Demographic data related to the total original sample (n = 156), 

and younger (n = 139) and older adults (n = 17) are reported in Appendix 9.    

 Shapiro-Wilk tests of normality revealed that all variables were non-normal with 

exception to PM response times in older adults (W = .97, p = .21). Given the non-normal 

distributions, group differences on demographic variables were determined using non-

parametric statistics (i.e., Wilcoxon Rank-Sum Tests). Younger adults’ scores were 

significantly different than older adults’ scores on the PHQ-9 (W = 1731, p < .05, d = 

.46), GAD-7 (W = 1788, p < .001, d = .51), and RRS (W = 1683, p < .01, d = .42). This 

suggests that younger adults were experiencing higher levels of depressive and anxious 

symptoms, and higher trait rumination than older adults with moderate effect sizes.  
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Table 2 

Demographic Data from Participants Who Completed At Least Two Timepoints 

 Total Sample 

(n = 110) 

Younger Adults 

(n = 95) 

Older Adults 

(n = 15) 

Age (M years, SD years) 27.84 (16.07)* 21.78 (4.61) 66.20 (6.39) 

Age Ranges (years) 18-80 8-53 60-80 

Gender (%F) 87% 95% 4% 

Race/Ethnicity (n) 

White 

Black 

Latin American 

South Asian 

West Asian 

Southeast Asian 

Arab 

Filipino 

Chinese 

Indigenous  

 

77 

8 

2 

8 

3 

2 

12 

0 

0 

1 

 

61 

8 

2 

7 

3 

2 

12 

0 

0 

1 

 

14 

0 

0 

1 

0 

0 

0 

0 

0 

0 

PHQ-9 (M, SD) 6.54 (4.82)* 7.01 (4.69) 3.53 (3.46) 

GAD-7 (M, SD) 6.69 (5.33)* 7.29 (5.74) 2.87 (4.17) 

RRS (M, SD) 43.68 (13.85)* 45.15 (14.33) 34.40 (9.19) 

TICS (M, SD) - - 35.57 (4.02) 

Note. PHQ-9: 9-Item Patient Health Questionnaire; GAD-7: 7-Item Generalized Anxiety 

Disorder; RRS: Ruminative Responses Scale; F: Female; M = mean; SD = Standard 

deviation. *p < .05. 
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3.1.1  Preliminary Feasibility Analysis  

 In terms of the descriptive data on feasibility, the most common concern listed 

was feeling distracted which was endorsed by 32% of the entire sample. Sixty per cent of 

the sample did not endorse any concerns related to finishing the study (Table 3).  

 

Table 3 

Feasibility Outcomes Listed by Participants in PM Study  

Concerns listed Frequency (n) 

Distracted by something 119 

Internet connectivity issues 12 

Computer malfunction 6 

Accidentally closed browser 2 

No, I did not experience any issues 225 

  

Other concerns reported:  

Clicked wrong key due to keyboard 

Cognitive test did not appear 

Hit “submit” before the task appeared 

Overwhelmed by task/hard to keep up 

Participating while sick  

Confused about instructions 

Had to retrieve charger while participating  

 

4 

1 

2 

3 

1 

1 

1 
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When considering all four timepoints, 389 observations were collected in the total 

sample where younger adults constituted 87% of the observations collected (Table 4). 

Out of all observations from recruited individuals, this represents a compliance rate of 

70% (389/556). In the younger adults, 170 observations were missing which represented 

a compliance rate of 67% (338/508) (Table 5). In the older adults, 5 observations were 

missing, representing a compliance rate of 91% (51/56) (Table 6). Generally, missing 

data was more likely to occur as participants progressed through the study. However, 

some missing data from the older adults occurred at the beginning, leading to greater 

sample sizes near the end. The sample size of observations decreased from the first to 

second timeslot by 27%. Subsequently, from the second to third timeslot, the sample size 

decreased by 22%. From the third to last timepoint, the sample size decreased by 11%. 

Overall, the entire sample size decreased by 50% from time 1 to time 4 (Table 4).  

 

3.2  Descriptive Analysis on Cognitive Performance, Rumination and Mood  

 Prior to the main analyses, descriptive data and comparisons of mood and 

cognitive performance across groups and across timepoints are presented. These results 

are given to provide an overview of performance for the primary variables of interest 

(Table 4). Observations were separated by younger (Table 5) and older adults (Table 6) 

across time with several differences between younger and older adults.  

 

3.2.1  Analysis of PM Performance Across Groups 

 Group differences in PM accuracy were found at the second (W = 355.5, p < .05, 

d = -.52) and third timeslots (W = 218, p < .05, d = -.62), with younger adults performing 
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more poorly, compared to older adults with moderate effect sizes (Tables 5 & 6). In 

contrast, younger adults were significantly faster on all PM trials compared to the older 

adults with moderate to large effect sizes (Timeslot 1: W = 246, d = -.76; Timeslot 2: W = 

254, d = -.64; Timeslot 3: W = 140, d = -.75; Timeslot 4: W = 150, d = -.68; p < .05) 

(Tables 5 & 6). 

 

Table 4 

Means and Standard Deviations of Performance Outcomes Collected at Each 

Timepoint for the Total Sample 

 Timepoints 

1 (n = 139) 2 (n = 101) 3 (n = 79) 4 (n = 70) 

PM Accuracy (%) .69 (0.3) .71 (.29) .79 (.25) .78 (.26) 

PM Response Times (s) .82 (.16) .77 (.18) .75 (.16) .74 (.19) 

WM Accuracy (%) .87 (.21) .90 (.18) .89 (.19) .91 (.19) 

WM Response Times (s)  .60 (.13) .57 (.13) .54 (.12) .54 (.14) 

BSRI Total Score 328 (177) 284 (179) 295 (192) 276 (193) 

BMIS Total Score 41 (8) 42 (9) 41(9) 41 (10) 

Note. PM: Prospective memory; WM: Working memory; BSRI: Brief State Rumination 

Inventory; BMIS: Brief Mood Introspection Scale. 

 

3.2.2  Analysis of WM Performance Across Groups 

 Older adults performed significantly better in WM trials at the third timeslot 

compared to younger adults, demonstrating higher accuracy with a small effect size (W = 
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288, d = -.6, p < .05) (Tables 5 & 6). Younger adults were significantly faster on the WM 

trials compared to the older adults with moderate to large effect sizes (Timeslot 1: W = 

482, d = -.55; Timeslot 2: W = 147, d = -.80; Timeslot 3: W = 94, d = -.83; Timeslot 4: 

93, d = -.80; p < .05) (Tables 5 & 6).  

 

3.2.3  Analysis of Rumination and Mood Outcomes Across Groups 

 Younger adults had significantly higher state rumination as measured by the BSRI 

in the first (W = 1088, d = .01, p < .05) and last (W = 570, d = .20, p < .05) timepoints 

compared to older adults with small effect sizes (Tables 5 & 6).  

 

Table 5 

Means and Standard Deviations of Performance Outcomes Collected at Each 

Timepoint in Younger Adults 

 Timepoints 

1 (n = 127) 2 (n = 88) 3 (n = 67) 4 (n = 56) 

PM Accuracy (%) .70 (.29) .68 (.30) .76 (.25) .75 (.27) 

PM Response Times (s) .80 (.14) .74 (.16) .72 (.12) .69 (.12) 

WM Accuracy (%) .88 (.20) .89 (.19) .88 (.20) .92 (.17) 

WM Response Times (s) .59 (.12) .55 (.11) .51 (.10) .49 (.11) 

BSRI Total Score 340 (171) 288 (179) 306 (182) 300 (187) 

BMIS Total Score 40 (7) 51 (9) 39 (8) 39 (9) 

Note. PM: Prospective memory; WM: Working memory; BSRI: Brief State Rumination 

Inventory; BMIS: Brief Mood Introspection Scale. 
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 Younger adults had significantly lower scores on the unpleasantness/pleasantness 

scale on the BMIS compared to older adults at all timepoints with moderate to large 

effect sizes (Timeslot 1: W = 485, d = -.58; Timeslot 2: W = 194, d = -.73; Timeslot 3: W 

= 192, d = -.70; Timeslot 4: W = 162, d = -.71; p < .05) (Tables 5 & 6). 

 

Table 6 

Means and Standard Deviations of Performance Outcomes Collected at Each 

Timepoint in Older Adults  

 Timepoints 

1 (n = 12) 2 (n = 13) 3 (n = 12) 4 (n = 14) 

PM Accuracy (%) .58 (.37) .87 (.24) .96 (.10) .88 (.16) 

PM Response Times (s) 1.06 (.26) .95 (.22) .95 (.21) .94 (.25) 

WM Accuracy (%) .79 (.26) .93 (.12) .94 (.14) .90 (.26) 

WM Response Times (s) .69 (.16) .73 (.15) .69 (.12) .71 (.14) 

BSRI Total Score 210 (208) 255 (178) 231 (240) 188 (198) 

BMIS Total Score 47 (9) 51 (7) 49 (9) 49 (9) 

Note. PM: Prospective memory; WM: Working memory; BSRI: Brief State Rumination 

Inventory; BMIS: Brief Mood Introspection Scale. 

 

3.3  Mixed-Linear Modeling  

 To address the first aim, MLM models were fit to examine associations between 

rumination and PM. These models were run separately in younger and older adults and 



RUMINATION IN PROSPECTIVE MEMORY 

48 
 

repeated in the full sample. Intercorrelations between mood and rumination variables are 

presented in Table 7. Significant correlations were low between trait rumination and 

average state rumination values (r = .40), suggesting that higher state rumination is 

associated with higher trait rumination; higher state rumination was associated with lower 

pleasant mood (r = -.46); and higher pleasant mood was associated with lower trait 

rumination (r = -.49). One significant correlation was found between change in 

unpleasant mood and change in state rumination.  

 

Table 7 

Inter-correlations Between Mood and Rumination Variables in Mixed-Linear Models 

 BSRI_A BSRI_C RRS BMIS_A BMIS_C 

BSRI_A - -.04 .40* -.46* .07 

BSRI_C  - .09 .15 -.18* 

RRS   - -.49* .07 

BMIS_A    - -.002 

BMIS_C     - 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; *p < .05. 

 

3.3.1  Mixed-Linear Modeling Analysis in Younger Adults for State Rumination and 

PM 

 The association between state rumination and PM was examined in younger 

adults. The average BSRI values across participants was significantly associated to PM 
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accuracy, after controlling for all other variables, with a large effect size (t = -2.95, p < 

.05, 𝜂2 = .90) (Table 8). This suggests that as the average state rumination increases 

between younger adults per day, PM accuracy is significantly more likely to decrease. 

Trait rumination, average mood between individuals, and daily changes in mood and 

rumination within individuals were not significantly related to PM accuracy (p > .05). 

Time was also not related to any significant changes in PM accuracy (p > .05) (Table 8). 

 

Table 8 

Mixed-Linear Modeling for Prospective Memory Accuracy in Younger Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  1.05 .18 5.83 <.001* .70 1.41 

Time2 -.05 .04 -1.39 .17 -.12 .02 

Time3 .03 .04 .86 .39 -.04 .11 

Time4 -.02 .05 -.40 .69 -.12 .08 

RRS .001 .002 .56 .58 -.002 .004 

BSRI_C -.0001 .0001 -1.30 .20 -.0004 .0001 

BSRI_A -.0004 .0002 -2.95 .004* -.0007 -.0001 

BMIS_A -.006 .0032 -1.81 .07 -.012 .001 

BMIS_C -.003 .0035 -.88 .38 -.01 .004 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 
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 Younger adults’ PM response times were significantly related to times two (t = -

3.06, p < .05, 𝜂2 = .90), three (t = -4.02, p < .05, 𝜂2 = .94), and four (t = -3.53, p < .05, 𝜂2 

= .93) with the first timepoint as the reference category (Table 9). This suggests that 

younger adults’ PM response times were significantly faster at each timeslot with the first 

timeslot as a reference category (Table 9).  

 

Table 9 

Mixed-Linear Modeling for Prospective Memory Response Times in Younger Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .77 .10 7.95 <.001* .58 .96 

Time2 -.05 .02 -3.06 .003* -.08 -.02 

Time3 -.07 .02 -4.02 .0001* -.11 -.04 

Time4 -.09 .02 -3.53 .001* -.13 -.04 

RRS -.001 .001 -.94 .35 -.003 .0009 

BSRI_C .00001 .0001 -0.12 .91 -.0001 .0001 

BSRI_A .0001 .0001 1.62 .11 -.00002 .0003 

BMIS_A .0004 .002 .21 .83 -.003 .0038 

BMIS_C -.003 .002 -1.9 .05 -.006 -.0001 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 It is important to note that the association between the day-to-day changes in 

BMIS scores and PM response times was at the conventional threshold of statistical 

significance (t = -1.9, p = .05). Although not technically significant, this could suggest 
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that daily mood changes of unpleasantness may be weakly related to slower response 

times. Trait rumination, average mood between individuals, and daily changes in mood 

and rumination within individuals were not significantly related to PM response times (p 

> .05) (Table 9). 

 

3.3.2  Mixed-Linear Modeling Analysis in Younger Adults for State Rumination and 

WM 

 In younger adults, average BSRI was at threshold for significance as a predictor 

of WM accuracy (t = -2.30, p = .05, 𝜂2 = .84) (Table 10). As mean BSRI increased 

between individuals, there was a decrease in WM accuracy with a large effect size. Trait 

rumination, average unpleasant mood per day, and changes in unpleasant mood and state 

rumination were not significantly related to WM accuracy (p > .05) (Table 10).  

  

 Time was significantly associated to WM response times at all timepoints with the 

first as the reference category with large effect sizes (Timepoint 2: t = -3.95, 𝜂2 = .94; 

Timepoint 3: t = -5.90, 𝜂2 = .97; Timepoint 4: t = -4.90, 𝜂2 = .96, p < .05) (Table 11).  
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Table 10 

Mixed-Linear Modeling for Working Memory Accuracy in Younger Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .98 .14 7.00 <.001* .71 1.26 

Time2 .001 .02 .04 .97 -.04 .04 

Time3 -.01 .02 -.4 .67 -.06 .04 

Time4 -.003 .03 -.1 .92 -.07 .06 

RRS .001 .001 .54 .59 -.002 .003 

BSRI_C -.0001 .0001 -1.55 .12 -.0003 .00003 

BSRI_A -.0002 .0001 -2.03 .05 -.0004 -.00001 

BMIS_A -.001 .003 -0.55 .57 -.006 .0036 

BMIS_C .003 .002 1.40 .16 -.001 .0073 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

 This suggests that younger adults’ WM response times were faster at each time 

with the first time as a reference category. Trait rumination, average mood and state 

rumination between individuals, and daily changes in mood and rumination within 

individuals were not significantly related to PM accuracy or WM response times (p > 

.05). 
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Table 11 

Mixed-Linear Modeling for Working Memory Response Times in Younger Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .61 .08 8.14 <.001* .46 .76 

Time2 -.06 .01 -3.95 .0001* -.08 -.03 

Time3 -.08 .01 -5.41 <.001* -.11 -.05 

Time4 -.10 .02 -4.90 .000001* -.14 -.06 

RRS -.0001 .001 -.11 .92 -.001 .001 

BSRI_C -.00001 .0001 -.16 .88 -.0001 .0001 

BSRI_A .000001 .0001 .03 .98 -.0001 .0001 

BMIS_A -.0003 .001 -.02 .81 -.003 .002 

BMIS_C .001 .001 .85 .40 -.002 .004 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

3.3.3  Mixed-Linear Modeling in Older Adults for State Rumination and PM 

 Two of the models could not converge, and thus, the random effects were 

removed from the models (Table 12a & 14a) (Brown, 2021). After omitting the random 

effects, all timepoints were associated with PM accuracy in older adults (Timepoint 2: t = 

3.30, 𝜂2 = .92; Timepoint 3: t = 4.40, 𝜂2 = .95; Timepoint 4: t = 2.79, 𝜂2 = .89, p < .05). 

This suggests that older adults’ PM accuracy increased at each timeslot with the first 

timeslot as a reference category (Table 12b). Trait rumination, average mood and state 

rumination between individuals, and daily changes in mood and rumination within 



RUMINATION IN PROSPECTIVE MEMORY 

54 
 

individuals were not significantly related to PM accuracy (p > .05) (Table 12b). These 

effects were reflected in the non-converging model output (Table 12a). 

 

Table 12a 

Mixed-Linear Modeling for Prospective Memory Accuracy in Older Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .60 .54 1.11 .27 -.48 1.69 

Time2 .30 .09 3.43 .001* .12 .47 

Time3 .40 .09 4.57 .00003* .22 .57 

Time4 .32 .1 3.32 .002* .13 .51 

RRS .005 .005 .91 .36 -.01 .02 

BSRI_C -.0001 .0003 -.50 .62 -.001 .0004 

BSRI_A .0001 .0003 .33 .75 -.0004 .001 

BMIS_A -.004 .008 -.54 .59 -.02 .01 

BMIS_C .001 .004 .30 .77 -.01 .09 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 
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Table 12b 

Linear Modeling for Prospective Memory Accuracy in Older Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .60 .60 1.01 .32 -.61 1.82 

Time2 .30 .10 3.10 .004* .10 .49 

Time3 .40 .10 4.13 .0001* .20 .59 

Time4 .32 .11 3.00 .005* .11 .53 

RRS .005 .006 .83 .41 -.01 .02 

BSRI_C -.0001 .0003 -.46 .65 -.001 .0004 

BSRI_A .0001 .0003 .30 .77 -.0005 .001 

BMIS_A -.004 .009 -.49 .62 -.023 .013 

BMIS_C .001 .004 .27 .79 -.01 .01 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

 Time was significant for predicting PM response times with large effect sizes 

(Timepoint 2: t = -2.80, 𝜂2 = .81; Timepoint 3: t = -2.80, 𝜂2 = .89; Timepoint 4: t = -4.03, 

𝜂2 = .94, p < .05). This suggests that older adults were faster at each timeslot with the 

first timeslot as a reference category (Table 13). Trait rumination, average mood between 

individuals, and daily changes in mood and rumination within individuals were not 

significantly related to PM response times (p > .05) (Table 13).  
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Table 13 

Mixed-Linear Modeling for Prospective Memory Response Times in Older Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .82 .78 1.05 .31 -.15 2.06 

Time2 -.10 .05 -2.08 .05 .01 -.33 

Time3 -.13 .05 -2.80 .01* -.01 .31 

Time4 -.20 .05 -4.03 .0003* -.02 .25 

RRS -.001 .008 -.14 .89 -.18 .004 

BSRI_C -.0002 .0001 -1.47 .15 -.001 .0003 

BSRI_A -.000003 .0004 -.01 1.0 -.0002 .0008 

BMIS_A .01 .01 -.50 .63 -.02 .02 

BMIS_C .0001 .002 .06 .96 -.005 .01 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

3.3.4  Mixed-Linear Modeling Analysis in Older Adults for State Rumination and WM 

 The model assessing state rumination and WM could not converge (Table 14a). 

Thus, the random effects were subsequently removed and fit as a linear model (Table 

14b). Only the second timeslot was significantly associated with WM accuracy in older 

adults (t = 2.13, 𝜂2 = .81) (Table 14b). This suggests that at the second timeslot, older 

adults were significantly more likely to be more accurate during this time with the first 

timeslot as a reference.  
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Table 14a 

Mixed-Linear Modeling for Working Memory Accuracy in Older Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  1.10 .50 2.14 .04* -.15 2.06 

Time2 .17 .08 2.13 .04* .01 -.33 

Time3 .15 .08 1.87 .07 -.01 .31 

Time4 .07 .09 .85 .40 -.02 .25 

RRS -.01 .005 -1.66 .10 -.18 .004 

BSRI_C -.0003 .0002 -1.03 .31 -.001 .0003 

BSRI_A .0003 .0002 1.11 .27 -.0002 .0008 

BMIS_A -.001 .007 -.16 .87 -.02 .02 

BMIS_C .002 .004 .66 .51 -.005 .01 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

 Trait rumination, average mood and state rumination between individuals, and 

changes in mood and state rumination within individuals were not significantly related to 

WM accuracy (p > .05) (Table 14b). In addition, neither of the remaining timeslots were 

significantly associated with WM accuracy (p > .05) (Table 14b). These effects were 

reflected in the non-converging model output (Table 14a). 
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Table 14b 

Linear Modeling for Working Memory Accuracy in Older Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  1.06 .55 1.94 .06 -.05 2.17 

Time2 .17 .09 1.92 .06 -.01 .35 

Time3 .15 .09 1.69 .10 -.03 .27 

Time4 .07 .10 .77 .45 -.12 .003 

RRS -.008 .005 -1.50 .14 -.02 .0003 

BSRI_C -.0003 .0003 -.93 .36 -.0001 .003 

BSRI_A .0003 .0003 1.00 .32 -.0003 .001 

BMIS_A -.0012 .008 -.15 .88 -.018 .02 

BMIS_C .002 .004 .60 .56 -.01 .01 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

 Trait rumination, average mood and state rumination between individuals, and 

changes in mood and state rumination within individuals were not significantly related to 

WM response times (p > .05) (Table 15). In addition, none of the timeslots were 

significantly associated with WM response times (p > .05) (Table 15). 
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Table 15 

Mixed-Linear Modeling for Working Memory Response Times in Older Adults 

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .53 .47 1.15 .26 -.41 1.51 

Time2 .045 .03 1.40 .15 -.02 .11 

Time3 .003 .03 .08 .94 -.06 .06 

Time4 -.02 .03 -.57 .57 -.09 .05 

RRS -.0003 .005 -.06 .95 -.01 .01 

BSRI_C -.0001 .0001 -1.15 .26 -.0003 .0001 

BSRI_A .0003 .0002 1.10 .28 -.0002 .0001 

BMIS_A .002 .01 .33 .75 -.013 .016 

BMIS_C .002 .002 .97 .34 -.02 .005 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

3.3.5  Mixed-Linear Modeling in Entire Sample for State Rumination and PM 

 In the total sample, age was significantly associated with PM accuracy (t = 2.39, 

𝜂2 = .85, p < .05) (Table 16). This suggests that as age increases, PM accuracy was 

significantly higher, with a large effect size. Average state rumination scores remained 

significantly associated to PM accuracy (t = -2.14, 𝜂2 = .84, p < .05), where higher state 

rumination as measured by the BSRI was associated with poorer PM accuracy in the full 

sample with a large effect size (Table 16).  
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Table 16 

Mixed-Linear Modeling for Prospective Memory Accuracy in Full Sample  

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .90 .17 5.31 .000002* .56 1.23 

Age .003 .001 2.40 .02* .0005 .006  

Time2 -.008 .034 -.25 .8 -.08 .06 

Time3 .08 .036 2.26 .02* .010 .15 

Time4 .04 .05 .92 .36 -.05 .14 

RRS .001 .002 .65 .51 -.002 .0004 

BSRI_C -.0001 .0001 -.76 .45 -.0003 .0002 

BSRI_A -.0003 .0001 -2.29 .02* -.001 -.00004 

BMIS_A -.005 .003 -1.81 .07 -.01 .0005 

BMIS_C -.002 .003 -.68 .50 -.007 .003 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

The third timeslot was significantly associated with PM accuracy relative to the 

first timepoint (t = 2.27, 𝜂2 = .84, p < .05). This suggests that at the third timeslot, 

participants were more accurate compared to the first timeslot (Table 16). Trait 

rumination, average mood between individuals, and changes in mood and state 

rumination within individuals were not significantly related to PM accuracy (p > .05) 

(Table 16). In addition, neither of the remaining timeslots were significantly associated 

with PM accuracy (p > .05) (Table 16). 
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Table 17 

Mixed-Linear Modeling for Prospective Memory Response Times in Full Sample  

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .63 .10 6.12 <.001* .46 .87 

Age .005 .0008 7.17 <.001* .004 .07 

Time2 -.064 .016 -4.04 .0001* -.09 -.03 

Time3 -.082 .022 -4.93 <.001* -.05 -.02 

Time4 -.11 .001 -5.02 <.001* -.15 -.07 

RRS -.0005 .001 -.50 .62 -.002 .001 

BSRI_C -.00004 .0001 -.74 .46 -.0002 .00005 

BSRI_A .0001 .0001 1.42 .16 -.00005 .0003 

BMIS_A .0008 .002 .41 .68 -.003 .004 

BMIS_C -.002 .001 -1.55 .12 -.004 .001 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 

 

Age was significantly associated to PM response times (t = 7.17, 𝜂2 = .98, p < 

.05) (Table 17). This suggests that with increasing age, individuals were taking longer to 

respond with large effect sizes (Table 17). Time was a significant effect across PM 

accuracy (Timepoint 2: t = -4.04, 𝜂2 = .81; Timepoint 3: t = -4.93, 𝜂2 = .96; Timepoint 4: 

t = -5.02, 𝜂2 = .96, p < .05). This suggests that individuals were more likely to become 

faster at each timeslot with the first timeslot as a reference category with large effect 

sizes (Table 17). Trait rumination, average mood and state rumination between 
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individuals, and changes in mood and state rumination within individuals were not 

significantly related to PM response times (p > .05). In addition, neither of the remaining 

timeslots were significantly associated with PM response times (p > .05) (Table 17). 

  

3.3.6  Mixed-Linear Modeling in Entire Sample for State Rumination and WM 

 There were no significant effects found in the model output examining state 

rumination and WM accuracy (p > .05) (Table 18).  

 

Table 18 

Mixed-Linear Modeling for Working Memory Accuracy in Full Sample  

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .96 .13 7.13 <0.01* .69 1.23 

Age -.001 .001 -1.09 .28 -.003 .001 

Time2 .02 .02 0.76 .44 -.03 .06 

Time3 .01 .02 .47 .64 -.04 .06 

Time4 .05 .03 .16 .87 -.06 .07 

RRS .0002 .001 .16 .88 -.002 .002 

BSRI_C -.0001 .0001 -1.72 .09 -.0003 .00002 

BSRI_A -.0002 .0001 -1.50 .14 -.0004 .0001 

BMIS_A -.0004 .0024 -.15 .88 -.005 .004 

BMIS_C .001 .002 .71 .48 -.002 .005 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 
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 Age was significantly related to WM response times (t = 7.30, 𝜂2 = .94, p < .05), 

suggesting that as age increased, participants were significantly slower on WM. Time 

was also significantly related to WM response times (Timepoint 2: t = -3.50, 𝜂2 = .92; 

Timepoint 3: t = -5.28, 𝜂2 = .97; Timepoint 4: t = -4.85, 𝜂2 = .96, p < .05) (Table 19). 

 

Table 19 

Mixed-Linear Modeling for Working Memory Response Times in Full Sample  

  95% CI 

Estimate SE t p Lower Upper 

Intercept  .47 .07 6.30 <.001* .32 .62 

Age .004 .001 7.30 <.001* .003 .005 

Time2 -.05 .013 -3.50 .001* -.07 -.02 

Time3 -.07 .013 -5.28 <.001* -.10 -.05 

Time4 -.09 .018 -4.85 <.001* -.12 -.05 

RRS .0001 .007 .16 .85 -.001 .001 

BSRI_C -.00001 .00004 -.18 .52 -.0001 .0001 

BSRI_A .0001 .0001 1.04 .32 -.0001 .0002 

BMIS_A .0001 .001 .10 .90 -.002 .003 

BMIS_C .001 .001 .95 .37 -.001 .003 

Note. RRS: Ruminative Responses Scale; BSRI_C: Change in Brief State Ruminative 

Inventory Scores; BSRI_A: Average Brief State Ruminative Inventory Scores; BMIS_A: 

Average in Brief Mood Introspection Scores; BMIS_C: Change in Brief Mood 

Introspection Scores; SE: Standard errors; CI: Confidence interval. *p < .05. 
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 This suggests that over time, participants performed faster on WM trials with the 

first timeslot as a reference category (Table 19). Trait rumination, average mood and state 

rumination between individuals, and changes in mood and state rumination within 

individuals were not significantly related to WM response times (p > .05) (Table 19). 

 

3.4  Correlations Between Trait Rumination and PM 

 There were no significant correlations between trait rumination with any of the 

PM and WM accuracy and response times in younger and older adults (Table 20). Of 

note, there were also no significant effects of trait rumination (i.e., RRS) in any of the 

model outputs that explain PM or WM performance.  

 

Table 20 

Spearman Correlations Between Trait Rumination and Prospective Memory Accuracy 

and Response Times and Working Memory Accuracy and Response Times in Younger 

and Older Adults 

 Trait Rumination   

 Younger Adults Older Adults Full 

Sample 

PM Accuracy -.06 .45 .01 

PM Response Times -.02 .03 -.08 

WM Accuracy .16 -.47 -.08 

WM Response Times -.04 .34 -.05 

Note. PM: Prospective memory; WM: Working memory; BSRI: Brief State Rumination 

Inventory; BMIS: Brief Mood Introspection Scale. 
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CHAPTER 3: GENERAL DISCUSSION AND CONCLUSIONS 

1 Summary of Findings and Interpretations 

 The present study examined the effects of state and trait rumination on a 

computerized PM task in younger and older adults using a repeated and real-time 

approach. The findings suggest that (1) state rumination is associated with poorer PM 

accuracy in younger adults, even after controlling for momentary mood and trait 

rumination, (2) generally, younger adults tend to become faster and more accurate over 

time while older adults tend to become slower over time, and (3) trait rumination may be 

less related to PM accuracy and response times. Exploratory findings suggest that age 

may be associated with better PM accuracy, but slower response times on PM and WM 

trials over time. Overall, rumination shows promise as a variable of interest to examine in 

the context of PM and depression in younger and older adults.  

 

1.1  Aim 1: State Rumination on Prospective Memory 

 The first aim sought to examine the effect of state rumination on PM accuracy and 

response times among younger and older adults, and the full sample. This was assessed 

through MLM modeling which demonstrated a significant effect of mean state 

rumination between individuals (i.e., as measured by BSRI) on PM accuracy in younger 

adults with large effect sizes. Findings confirm that state rumination exhibits a negative 

effect on PM accuracy over time in younger adults. In the full sample, state rumination 

was also associated with poorer PM accuracy, although this interpretation is limited due 

to the small number of older adults included in the full sample. Ultimately, this identifies 
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rumination as an important mechanism in depression that negatively impacts PM 

accuracy and reinforces rumination as a promising candidate for future examination. 

 

1.1.1  State Rumination on Prospective and Working Memory in Young Adults 

 These results provide novel evidence to suggest that state rumination exhibits a 

negative effect on PM accuracy in younger adults, and some evidence to suggest there 

may be a similar effect across age. This is in line with previous findings of associations 

between state rumination and PM accuracy in younger adults, found independently of 

mood and trait rumination (Fredman Stein et al., 2018). State rumination was also 

previously associated with slower response times on PM trials, however, only when 

viewing negative stimuli in the PM task (Fredman Stein et al., 2018). That is, individuals 

were required to complete an ongoing sentence-rating task, where they had to rate the 

valence (i.e., if the sentences were positive, neural, or negative) of ninety sentences. The 

PM task involved responding differently (i.e., pressing the “t” key) if the sentence 

contained their target category before making their valence rating (Fredman Stein et al., 

2018). Thus, more nuanced relationships with response times may exist with valanced 

cues in the context of rumination that were not specifically examined in the present study. 

When shifting attention away from negative stimuli (i.e., rather than positive or neutral), 

individuals may have difficulties inhibiting negative material specifically and thus, may 

take longer time (de Lissnyder et al., 2010; Fredman Stein et al., 2018). For individuals 

who ruminate and perceive negative stimuli, this may additionally provoke ruminative 

thoughts due to the nature of the stimuli typically found in previous studies that use 

negative stimuli (Fredman Stein et al., 2018; Smallwood & Schooler, 2015; Werner-
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Seidler et al., 2020). However, since every-day stimuli were presented in the current PM 

task, this may be in line with previous null findings related to response times and there 

may have been less sensitivity in detecting these impairments at the level of response 

times (Fredman Stein et al., 2018). Thus, individuals who ruminate should still exhibit 

slower response times as they compete for attentional capacity, though perhaps to a lesser 

extent than if they were viewing negative stimuli (Ellis, 1990). In a previous eye-tracking 

study, individuals with depression demonstrated poorer accuracy, slower response times 

and longer fixation durations in ongoing and PM conditions (Chen et al., 2013). This 

provides behavioural evidence to show that individuals with depression demonstrate 

impairments in PM tasks as measured by slower response times and poorer accuracy 

(Chen et al., 2013). The authors explained the devotion of attentional resources on 

ruminative thoughts led to this impaired performance (Chen et al., 2013). Despite this 

explanation, authors did not directly examine the presence of ruminative thoughts (Chen 

et al., 2013; Ellis, 1990). Future studies can replicate findings by using measures that 

could show behavioural evidence for faster response times and direct measures of 

rumination concurrently.  

 Other studies were not able to ascertain effects of state rumination on PM 

(Primosch, 2017; Pupillo et al., 2020). These studies have cited limitations that the 

present study attempted to address. As stated by the multi-process theory, different 

strategies are recruited based on numerous parameters of a PM task (Einstein et al., 

2005). Tasks that have non-focal cues encourage higher processing due to reduced 

saliency of the cue to the task which leads to greater effortful monitoring on the 

individual’s part. This greater effort has led to greater performance deficits as individuals 
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are engaged in costly monitoring (Einstein et al., 2005; Primosch, 2017). Previously, the 

effects of state and trait rumination on PM was examined across in a non-clinical sample 

of individuals with low, moderate, and higher depressive symptoms (Primosch, 2017). 

Participants completed the Memory for Intentions Test, a standardized test of event- and 

time-based PM. When handed a red pen, participants had to recall to sign their name. 

However, this focal cue likely prompted individuals to use spontaneous retrieval which 

requires less effortful intention retrieval (Primosch, 2017). As such, no main effects of 

state rumination on event-based PM were found (Primosch, 2017). The present study was 

thus strengthened by its use of a non-focal and event-based task which likely encouraged 

more effortful processing, and was better suited to detect the negative effect of state 

rumination (Fredman Stein et al., 2018; Primosch, 2017). Studies have also cited the use 

of induction procedures that may have limited their ability to detect any effects 

(Primosch, 2017; Pupillo et al., 2020). One induction involved participants viewing 

videos clips of varying emotional valences. Following the PM task, participants were 

asked to what extent they thought about the contents of the clips while performing the 

PM tasks to explore if the effects of mood were mediated by intrusive thoughts (Pupillo 

et al., 2020). However, intrusive thoughts could not explain any additional variance on 

PM performance, though this may have been due to the retrospective measurement of 

these thoughts and poor induction methods (Pupillo et al., 2020). Other authors using a 

rumination induction reported it to be less effective as participants may have already been 

in a state of rumination when they entered the study (Primosch, 2017). This would cause 

less of a change in their ruminative state from their baseline (Primosch, 2017). In the 

current study, daily variation in rumination was measured in real-time prior to completing 
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the PM task and likely represented a more valid estimate of individuals’ state rumination, 

eliminating concerns related to the limited effectiveness of experimentally-inducing 

rumination and recall biases (Fredman Stein et al., 2018). Other studies have suggested 

that their lack of findings are due to recruitment of non-clinical samples of individuals 

who may not have been experiencing high enough levels of distress (Primosch, 2017). 

Despite this, significant and robust effects in a non-clinical sample were found in the 

current study.  

 These findings provide a potential mechanism for how depression may negatively 

impact PM, and a potential stage at which the impairment occurs. State rumination may 

deplete attentional resources that are critical to certain PM stages, namely at the level of 

retrieval. Ultimately, this provides support for the resource allocation hypothesis (Ellis, 

1990; Fredman Stein et al., 2018). Individuals who are ruminating in the moment are 

more likely to retrieve task-irrelevant information in the form of negative thoughts which 

ultimately interferes with the retrieval of task-relevant information required for the PM 

task (Primosch, 2017; Whitmer & Banich, 2010). As individuals ruminate, they further 

enter a negative feedback loop, increasing the likelihood they will continue to retrieve 

negative thoughts (van Vugt & van der Velde, 2018). The impairment in retrieval is also 

reflected in the WM task, where state rumination trended towards a negative effect on 

WM. In general, individuals who ruminate have difficulty updating their WM (Whitmer 

& Gotlib, 2013). During the ongoing WM task, participants are engaged in a retrieval 

where, on their own, they must recall the previous object to compare to the current object, 

while also recalling whether or not to perform the PM task at the appropriate moment 

(Kvavilashvili & Rummel, 2020). Given that WM capacity is limited, it is critical that 
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this updating is efficient. Otherwise, difficulties with updating WM can lead to an 

inability to remove negative thoughts and attend to and process new information, thereby 

contributing to negatively impacting PM ability (Joormann & Gotlib, 2008). This may 

have also contributed to the content of task-irrelevant thoughts that interfered with the 

monitoring process and impacted PM accuracy (Palit et al., 2022). Given overlapping 

functions in retrieval required in both PM and WM, this emphasizes the robust negative 

effect state rumination has on both types of memory tasks. 

 Interestingly, this study identified an association between a specific type of 

measured state rumination on PM. State rumination is defined as a state episode triggered 

by momentary discrepancies between an individual’s goals and current state that 

fluctuates over the day (Moberly & Watkins, 2008b). This is otherwise different from 

self-reported traits as individuals may rely on varying information to report on states 

rather than traits (Moberly & Watkins, 2008b). In the current study, individual 

differences in the variation of state rumination were separated from their average values 

between individuals, and only the latter disaggregated variable was significant. One 

potential interpretation is that state rumination as measured by the BSRI in real-time may 

be a valid and sensitive way to measure state rumination and does not require as frequent 

timepoints for measurement that were used in this study design. It is thus possible that 

examining state rumination variation produced noise in the data whereas the average 

scores between individuals were a more valid measure (Oleson et al., 2022). Overall, 

present findings contribute to the growing body of literature on the effects of state 

rumination on PM and are strengthened by its methodology. 
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1.1.2  State Rumination on Prospective and Working Memory in Older Adults  

 As part of the first aim, the effect of state rumination on PM accuracy and 

response times in older adults was also examined which represents a novel aim that has 

not been examined in the literature to date. Unlike younger adults, there were no 

significant effects of state rumination on PM or WM, although the study was limited by 

its small sample size of older adults which may have impacted the power to detect 

effects. In addition, the sample may have limited generalizability in that a more 

emotionally resilient and tech-savvy group of older adults may have been recruited.  

 Nevertheless, the lack of significant findings is comparable to past studies that 

have examined negative effects of similar variables on PM in older adults (Pupillo et al., 

2020; Schnitzspahn et al., 2014, 2022). For example, significant negative effects of 

psychosocial stress and negative moods in younger, but not older adults on event-based 

PM have been found (Pupillo et al., 2020; Schnitzspahn et al., 2022). One potential 

explanation for this may be attributed to older adults’ level of emotional regulation which 

leads them to place greater focus on the positive, rather than the negative information 

(Carstensen et al., 2003). In the present study, there were significant differences between 

rumination among older and younger adults. Documented age differences in rumination 

have also been large and robust between the two age groups, even in smaller sample 

sizes, where older adults show significantly less rumination (Emery et al., 2020). Studies 

examining intrusive thoughts in older adults have shown that on days with stressors, older 

adults experienced increased intrusive thoughts and negative affect (Maillet & Schacter, 

2016). However, this association between stressful days and intrusive thoughts was 
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attenuated in older adults compared to younger adults (Maillet & Schacter, 2016). Thus, 

older adults experience a reduction in affective reactivity to intrusive thoughts (Erskine et 

al., 2007; Maillet & Schacter, 2016). There were also no significant findings for any 

effects of state rumination on WM in older adults. The fact that WM was not impacted by 

state rumination also highlights a protective moderating factor for older adults, that has 

also been previously established. That is, high WM capacity has shown to moderate the 

relationship between repetitive negative thinking and depression in older adults (Sohtorik 

İlkmen, 2020).  

 Further, the range of rumination and depressive and anxious symptoms were 

restricted, as most older adults in this study experienced lower levels of negative mood. 

Of those that were experiencing relatively higher distressing symptoms, the difficulty of 

the PM task may have prompted them to more adequately regulate their emotions and 

contribute more effort into task processing, thus distracting them from their ruminative 

thoughts (Pupillo et al., 2022). Thus, they may also have been more highly motivated to 

complete the study, which has also shown to be associated with positive mood (Pupillo et 

al., 2022). Specifically, positive affect in daily life coupled with higher motivational 

states may have fostered enhanced task engagement, and thus, higher performance in the 

older adults (Brose et al., 2014; Pupillo et al., 2022). These emotional variables will be 

further discussed in the age-related changes in PM section that appears below. Future 

studies should thus aim to recruit larger samples of older adults with greater variability in 

ruminative thoughts. 

   



RUMINATION IN PROSPECTIVE MEMORY 

73 
 

1.2 Aim 2: Trait Rumination on Prospective and Working Memory in Younger and 

Older Adults 

 For the second aim, the effect of trait rumination on PM was examined in younger 

and older adults. This was assessed with Spearman correlations which did not 

demonstrate any significant effects of trait rumination (i.e., as measured by RRS values) 

on any performance outcomes among younger or older adults. Likewise, the MLM 

models did not demonstrate any significant effects of trait rumination. Although this 

suggests that trait rumination may have had less of a role in negatively impacting PM and 

WM, limitations related to the use of the RRS as a measure of trait rumination may have 

impacted findings.  

 Whereas state rumination is associated with momentary thoughts and is more 

likely to impact the task at hand directly, trait rumination is conceptualized as the ability 

to habitually ruminate which is associated more with a slower processing speed over time 

(Fredman Stein et al., 2018). Indeed, trait rumination has shown to be associated with 

slower PM and WM reaction times in younger adults (Bernblum & Mor, 2010; Fredman 

Stein et al., 2018; Joormann et al., 2011) and with poorer memory for contextual details 

during a task (Forner-Phillips et al., 2020). Despite this, there were no significant 

findings associated with trait rumination and performance in the cognitive tasks.  

 Given that trait rumination is a broad construct, its impact on PM might differ 

based on the type of trait rumination (Primosch, 2017). The lack of current findings may 

thus be related to the use of a total trait rumination score, rather than calculating brooding 

and reflective pondering subscores (Griffith & Raes, 2015). Some studies have 

additionally examined brooding (i.e., defined as maladaptive focus on depressive 
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symptoms) and reflective pondering (i.e., defined as reflective thinking for problem-

solving) (Treynor et al., 2003). Previously, brooding was associated with slower reaction 

times in younger adults which is typically associated with impairments in cognitive 

processes (Fredman Stein et al., 2018). In contrast, brooding was correlated with better 

PM performance in a group experiencing moderate depressive symptoms (Primosch, 

2017). However, these associations were found among small sample sizes and 

accumulating evidence remains mixed despite the use of these more specific scores 

(Fredman Stein et al., 2018; Primosch, 2017). Other evidence has suggested that trait 

rumination may confer positive effects, such as in the case of reflective pondering 

(Bartoskova et al., 2018). Despite this, reflective pondering has also been associated with 

deficits in PM and may not always be beneficial (Primosch, 2017). Although pondering is 

defined as a purposeful turning inward to engage in cognitive problem-solving, its items 

are still focused on understanding causes of feelings (i.e., as items in brooding) 

(Bartoskova et al., 2018). In fact, brooding and reflective pondering have been correlated 

together despite these differences (Bartoskova et al., 2018). Both pondering and brooding 

thus share a focus on understanding causation, making problem-solving a lacking and 

misleading feature on the RRS, perhaps limiting the validity of these two subscores 

(Bartoskova et al., 2018).  

 Another related possibility is that using the RRS as measure of trait rumination 

may not adequately measure its proposed construct as theorized given its multifaceted 

nature (Bernstein et al., 2019). A previous network analysis that examined the items of 

the RRS found that the strongest items that emerged were more related to brooding about 

feelings of sadness, loneliness, and repetitive self-criticism (Bernstein et al., 2019). 
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However, these emerging items did not correlate to the other items in the questionnaire, 

suggesting that relying on a single sum score for the RRS can also be misleading as 

individuals may achieve the same scores despite the endorsement of items in different 

patterns (Bernstein et al., 2019). Although the study did find clusters related to reflection 

and brooding, results suggested that dwelling on feelings of sadness were highly 

interrelated to factors typically viewed as adaptive, like reflection (Bernstein et al., 2019). 

Further, this factor structure did not hold in clinical samples (Bernstein et al., 2019; 

Whitmer & Gotlib, 2011). Recommendations have included weighting questionnaire 

items, such as those more central items, rather than summing a total score (Bernstein et 

al., 2019). Other important considerations are related to the fact that the RRS measures 

largely depressive rumination, and no other forms of repetitive thought (Bernstein et al., 

2019). In addition, the RRS is a retrospective measure of rumination that may pose a 

challenge for individuals to provide reliable ratings (Robinson & Clore, 2002). Further, it 

does not specify a timeframe in which to base ratings off, leaving individuals to rely on 

generalized beliefs about themselves. 

 In contrast, the BSRI focuses more on general repetitive and ruminative thoughts 

in the moment, and is less focused on depressive-rumination specifically (Marchetti et al., 

2018). Its development was based on multiple scales of trait rumination with the 

assumption that state rumination would not show the same variety of features as trait 

rumination (Marchetti et al., 2018). Indeed, state rumination has not always been found to 

be associated with trait rumination, and other variables have better explained this 

relationship (LeMoult et al., 2013). For example, one study investigated the effects of 

state and trait rumination, and depressive symptoms on attentional biases. After 
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controlling for other variables, only state rumination was associated with difficult 

disengaging from negative stimuli (LeMoult et al., 2013). Other studies have found that 

state rumination could predict variance in ratings of negative affect independent of trait 

rumination (Moberly & Watkins, 2008b) and state rumination modified the relationship 

between trait rumination and physiological recovery (Fang et al., 2019; Key et al., 2008). 

Likewise, average state rumination was also weakly correlated to trait rumination in the 

study. An interesting implication of the significance of the average state rumination 

between individuals as measured by the BSRI could potentially suggest its utility as a 

trait-like measure as its variation within individuals was not significant. In addition, its 

focus on momentary assessment may have higher validity than a retrospective measure of 

trait rumination (Moberly & Watkins, 2008a). Overall, current findings related to effects 

of trait rumination may have been limited and appropriate modifications to methodology 

related to the measurement of rumination in the future are warranted.  

   

1.3 Exploratory Aim: Age Effects on Prospective Memory 

 For the final and exploratory aim, age-related changes in PM performance were 

examined. Interestingly, increasing age was significantly related to enhanced PM 

accuracy. This reflects findings where older adults were performing significantly better 

than younger adults at specific timepoints. These findings relate to the mixed evidence 

that underlie the age-PM-paradox. That is, typically, younger adults tend to outperform 

older adults in experimental PM studies, but the reverse occurs in naturalistic studies 

(Koo et al., 2021). However, the current study represents a unique situation whereby an 

experimental PM task was completed in a naturalistic setting and may thus strongly bear 
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resemblance instead to a self-administered online tool. Despite this, older adults using 

such tools to self-assess PM have also shown age-related declines in PM (Zuber et al., 

2022). As such, more research is required to elucidate the mechanisms of the age-PM-

paradox in this context. 

 Previous studies have found generally poorer performance in event-based, non-

focal experimental PM in older adults when compared to younger adults, but a reversed 

effect in naturalistic settings (Ballhausen et al., 2019; Schnitzspahn et al., 2020). 

However, a few studies have shown a pattern like the one found here. For example, 

younger adults in a negative mood were more likely to perform poorly in a PM task 

compared to older adults in a negative mood (Pupillo et al., 2020). Other studies have 

found differences between intrinsic motivation between older and younger adults, where 

older adults reported more motivation and perceived the tasks to be more important and 

enjoyable when set in a naturalistic setting, such as in the home which can help explain 

these findings (Aberle et al., 2010). Older adults may also be engaged in more habitual 

daily activities which resemble naturalistic PM approaches, even when they perceive 

them as demanding (Peter & Kliegel, 2018). Namely, age differences between younger 

and older adults were smaller when tasks occurred more regularly. In contrast, irregular 

tasks (i.e., those resembling experimental PM tasks, also with fewer PM cues) led to 

larger age differences (Schnitzspahn et al., 2011). Positive effects of motivation among 

older adults have been found across laboratory studies (Peter & Kliegel, 2018). Older 

adults also tend to outperform younger adults when they perceived tasks with low and 

medium levels of importance. At the highest level of perceived importance, there were no 

differences between younger and older adult performance in naturalistic settings (Aberle 
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et al., 2010; Peter & Kliegel, 2018). As such, one possibility is that motivation and 

familiarity to the task may have moderated older adult performance in the present study 

given that efforts were made to increase these variables. Older adults also had higher 

WM performance at the third timeslot compared to younger adults. This may suggest that 

older adults also perceived the ongoing task to be less difficult, allowing for their 

attentional resources to be focused on the PM task. Such an effect was also found in a 

previous study, where older adults outperformed younger adults on a PM task (Hering et 

al., 2020; Rendell & Henry, 2009). Others have similarly argued that age differences 

emerge when there are larger differences between available attentional capacity and the 

level of difficulty of the ongoing task (Ballhausen et al., 2019; Kliegel et al., 2011). In 

addition, older adults were significantly more likely to be slower compared to younger 

adults. As such, they may have been using a trade-off strategy whereby recalling the 

intention may have taken them longer but resulted in more accurate responding (Ball & 

Aschenbrenner, 2018). Thus, it could be possible that older adults were perceiving the 

tasks as more important, were more motivated, or were less likely to ruminate as their 

WM capacity likely focused on task-relevant thoughts in the context of a slower and 

more cautious responding style.  

 

1.4  Effects of Time on Prospective and Working Memory Performance  

  There were several other significant effects found other than those related to the 

main aims that should be addressed. Firstly, the association between unpleasant mood 

and slower PM response times was at the significance threshold of p = .05. There were 

also many significant effects associated with time, underscoring the potential use of such 
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designs to monitor changes in PM over time. These significant changes over time, along 

with preliminary data related to feasibility of completing remote studies provide promise 

into the use of remote monitoring for cognitive changes.  

 Methods used in this study thus provide promise into the use of repeated and real-

time sampling for better understanding about cognitive strategies that individuals use 

when completing PM tasks (Pupillo et al., 2022; Schmitter-Edgecombe et al., 2020). 

Previous longitudinal studies have found that older adults may experience declines in 

their PM performance over several years (Sullivan et al., 2020). Despite this, current 

findings showed that older adults were becoming significantly more accurate over time, 

perhaps highlighting potential practice effects and a trade-off between slower response 

time costs and accuracy (Anderson et al., 2019). Older adults were more likely to become 

slower over time, which is in line with well-established age-related changes in cognition 

related to slowed processing speed over time (Kerchner et al., 2012). In contrast, younger 

adults were more likely to become faster over time, perhaps also reflecting a trade-off 

with being faster but having poorer PM accuracy (Anderson et al., 2019).  

 

1.5  Effects of Mood on Prospective and Working Memory Performance 

 There have been a plethora of studies demonstrating mixed evidence for the effect 

of negative mood in depression on PM performance (McFarland & Vasterling, 2018). 

These studies have provided the rationale for the current thesis given inconsistent 

findings related to the effect of negative mood, despite strong evidence that depression 

confers negative effects on PM (McFarland & Vasterling, 2018). For example, studies 

have found beneficial effects of negative mood on event-based PM (Altgassen et al., 
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2010; Rummel et al., 2012). These studies have purported that their results are in line 

with a processing style account where negative emotions are theorized to produce a more 

analytic processing style, while positive emotions produce a broader and less detailed 

style (Rummel et al., 2012). Studies that have examined negative effects of mood have 

not examined rumination, despite it being a confounding factor that could potentially 

explain findings over and above mood. In fact, most studies that outline mechanisms of 

mood suggest that negative mood increase the likelihood of mood-related, task-irrelevant 

thoughts (i.e., in other words, ruminative thoughts) that compete for cognitive capacity 

(Ellis, 1990; Kliegel et al., 2005; Kliegel & Jäger, 2006). In addition, effects of mood on 

PM have shown to be short-lived, with interference effects decreasing over time (Kliegel 

et al., 2005; Kliegel & Jäger, 2006). Other theories have emphasized that individuals may 

be engaged in a task of restoring their moods to become more positive that may interfere 

with the task only in the initial stages of the PM task (Kliegel et al., 2005). This has been 

specifically shown with a study involving older adults, who reported a planning task to be 

enjoyable and who reported more positive moods by the end of the study (Phillips et al., 

2002). The lack of findings of any effects of unpleasant mood on accuracy once 

rumination is examined underscore the likelihood that negative affect may play less of a 

role in inhibiting PM and may be better accounted for by ruminative thoughts.  

 However, there were some indications of a possible effect of mood on PM 

response times as it was at the threshold of significance. Previous theories have attested 

that individuals may be more likely to ruminate in response to a negative mood. For 

example, momentary fluctuations in mood were prospectively associated with greater 

rumination levels in subsequent assessment periods (Hjartarson et al., 2021). However, 
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this relationship was moderated by habitual characteristics (i.e., repetition, lack of 

control, etc.) (Hjartarson et al., 2021). Despite the close relation between negative mood 

and rumination, these findings should be interpreted with caution (Moberly & Watkins, 

2008b). There were few PM trials, owing to the nature of PM, and thus the response time 

data were specifically limited. Typically, response time data require 20 trials or more to 

produce stable estimates, and the few PM trials likely resulted unstable estimates of 

participant response time (Draheim et al., 2019). The current data thus suggests that the 

act of ruminating (i.e., rather than the negative feelings associated with these thoughts) 

lead to poorer PM and WM. Our study is thus strengthened by the fact that robust effects 

of state rumination were found on PM accuracy, even after accounting for average and 

daily fluctuations in mood. Despite this, future studies can continue to clarify the 

mechanisms between mood and rumination. 

 

2 Limitations 

 This study has several limitations that required to be addressed. Firstly, this study 

was completed in participants’ homes which may have introduced confounding variables 

due to limited experimental control. As evidenced by the preliminary feasibility data, 

approximately one quarter of participants reported that they were distracted during the 

task and numerous other concerns. It was unknown if these distractions/concerns had any 

impact on the validity of the data, the content of the distractions (i.e., things in the 

environment, ruminative thoughts, other thoughts, etc.), or if any individuals omitted any 

specific concerns. It is also unknown if participants were completing the experiments 

appropriately. Although efforts were made to exclude any data that resembled random 

completion of the experiments, it is difficult to conclude if the data were completed with 
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valid effort. Future studies should continue to pilot data and aim to improve feasibility 

and validity of remote studies. In addition, participants were able to pick when they 

would complete the study. Some findings suggest that PM performance may improve at 

different times of the day (Barner et al., 2019). Despite this limitation, data contribute to 

a novel understanding of delivering studies in participants’ homes. 

 As this study involves many timepoints, dropouts were common. Dropping out or 

forgetting to complete a study may be a consequence of poorer PM and can lead to a 

sample with relatively higher PM (Sullivan et al., 2020). Attempts were made to account 

for this by providing reminder emails to serve as external cues to remember to complete 

the study, an optional training session to all participants to enhance task familiarity, and 

compensation to participants to encourage extrinsic motivation. Although the sample size 

for younger adults was considered adequate, the sample size for older adults was 

particularly limited which led to two multi-level models that could not converge and 

more difficulty with interpreting older adult data. Future studies should aim to recruit 

equal amounts of younger and older adults. 

 Thirdly, the samples recruited have limited generalizability to a larger group of 

individuals due to numerous factors. For example, participants were less ethnically 

diverse and more tech-savvy since this study required individuals to have emails and own 

computer devices (Schnitzspahn et al., 2020). In addition, the sample of younger adults 

were predominantly women which may also impact generalizability of findings. Previous 

studies in gender differences have shown that women tend to have higher PM 

performance than men in event-based tasks (Palermo et al., 2016) and report more PM 

problems and higher depressive symptoms compared to men (Huber et al., 2022).  
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 Critically, this study occurred during the COVID-19 pandemic which may present 

unique cohort effects. For example, this period has been associated with increased 

emotional distress, as well as poorer objective WM and PM performance in younger 

adults (Pisano et al., 2021). In the current study, younger adults also experienced higher 

levels of depressive and anxious symptoms, and poorer performance. Older adults have 

also showed greater ability to use adaptive strategies to overcome emotional distress 

during the pandemic, compared to younger adults (Aizpurua et al., 2021; Dworakowski et 

al., 2021). Secondly, the pandemic may have also impacted recruitment. For participants 

recruited from the community, they may have been increasingly motivated to participate 

in research and likely represented a sample of individuals who were of a higher socio-

economic status, more tech-savvy, and higher in motivation (Sharma et al., 2022). There 

were also some challenges with recruitment from community organizations given 

reduced services and in-person participation which may have also led to decreased access 

to venues serving more racial and ethnic minority populations (Sharma et al., 2022). 

Among others, these effects have the potential to impact the validity of the results 

uniquely compared to past studies.  

 There are also some methodological limitations that may have limited the ability 

to draw conclusions. The number of PM trials included may have restricted the range of 

performance that was captured. The inclusion of few trials was done intentionally to 

increase task difficulty as lower accuracy and slower response times have been observed 

for experiments with few PM cue trials as individuals are typically engaged in monitoring 

for low frequency PM cues (Wilson et al., 2013). This was circumvented by including 

multiple observations of the trials, but future studies can continue to collect PM more 
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frequently to increase the accuracy of PM performance estimates. Another example is 

that although inferences can be made that individuals were using a monitoring strategy by 

the tasks implemented, the study would have benefitted from participants first completing 

an ongoing task without a PM task. This would allow comparisons between the ongoing 

task and the ongoing task with the PM to provide direct evidence that there were 

cognitive costs to completing both the PM and WM tasks simultaneously (Maillet & 

Schacter, 2016). Further, it would have been helpful to measure ruminative thoughts pre- 

and post-task completion to better ascertain if the task had distracted individuals from 

their ruminative thoughts or had little effect. Qualitative data could have also 

supplemented this by asking participants if they were distracted during the task if this was 

due to their own thoughts or due to other external factors.   

 Lastly, associations found can only suggest correlation, and not causation. 

Although it is plausible that state rumination can negatively impact PM, it is unclear if 

the relationship can also be reversed. As such, it is possible that individuals with poorer 

PM are more likely to ruminate. For example, poorer EF has predicted higher baseline 

levels of rumination (Ng et al., 2022).  

 

3 Future Directions 

 This study provides timely findings related to the effect of rumination on PM 

given the paucity of research in this area. Though the present study has produced 

promising results, much remains to be investigated and examined.  

 The impact of state and trait rumination at other PM stages can be investigated. 

Previous studies have found significant effects of rumination at stages other than retrieval 

which have included inhibition and attentional switching (Grant et al., 2021; Vălenaș & 
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Szentágotai-Tătar, 2017). Although deficits have been defined in stages of retrieval, there 

is merit to continue investigations in other parts of PM given that other studies have also 

found differential effects of rumination at different stages (Hostler et al., 2018).  

 Although this study was a first step towards enhancing ecological validity by 

sampling participants’ real-time mood and rumination, PM in daily life is dynamic and 

future studies can seek to design studies with increasingly naturalistic PM tasks. For 

example, the Actual Week is a validated naturalistic PM task that involves both time- and 

event-based PM tasks in daily life with strong psychometric properties in older adults 

(Au et al., 2018). This provides a good opportunity to examine relationships of 

rumination in PM in daily life, which would further enhance ecological validity. Other 

avenues of research should also involve examining the effects of valanced cues, given 

that daily life is rife with the experience of internal emotional states, as well as external 

emotional cues that subsequently impact these experiences. The impact of emotional 

stimuli on PM represents a large and inconsistent literature. Typically, studies suggest 

that emotional stimuli (i.e., both negative and positive) should improve PM performance 

over neutral stimuli (Hostler et al., 2018). However, other studies have shown individuals 

with and without depression experience the poorest performance with negative stimuli 

(Altgassen et al., 2011), while others have shown no costs to performance when stimuli 

were negative. This represents an important opportunity for future research to pursue.  

 Other variables are known to impact PM and can be subsequently studied as they 

may moderate performance and account for variability not captured in the present study. 

These can include methodological variables in experimental PM studies such as PM trial 

frequency, focality of PM cues, and the delay between the presentation of the PM cues 
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and the beginning of the ongoing task (Anderson et al., 2019). Other variables include 

examining emotional regulation strategies (Pupillo et al., 2020), personality (Uttl et al., 

2018), perceived task importance, stress (Ihle et al., 2012), and sleep (Leong et al., 2019). 

 Enhanced methods also can provide an important opportunity to contribute to the 

growing body of research on real-time and valid monitoring of cognitive function over 

time which has implications for remote healthcare delivery and neuropsychological 

testing (Mioni et al., 2020; Wadsworth et al., 2018). In addition, incorporating 

behavioural methods to enhance our understanding can also be of interest in future 

studies, such as eye tracking and/or neuroimaging (fMRI, EEG) studies to provide more 

objectives methods of measuring PM (Ballhausen et al., 2019; Forner-Phillips et al., 

2020; Hering et al., 2018). For example, previous studies using eye-tracking methods 

have been able to objectively quantify monitoring behaviours, demonstrating that older 

adults do not have deficits in this ability (Ballhausen et al., 2019). 

 Understanding how rumination can impact PM may also stimulate further 

research on training programs. Thus far, PM interventions have shown promise among 

older adults with and without cognitive impairment (Bowman et al., 2019; Farzin et al., 

2018; Shelton et al., 2016). Overall, benefits of improving PM include increasing 

independence and well-being in older adults (Farzin et al., 2018). Some of these 

interventions have also shown promise by being delivered through smartphone 

technology (Scullin et al., 2022). Future studies can seek to recruit clinical populations, 

as we recruited non-clinical groups of individuals with ruminative symptoms.  
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4  Final Conclusions  

 To conclude, this thesis provides several novel findings to contribute to the 

literature on the effects of state and trait rumination on an event-based, computerized, and 

experimental PM task with non-focal cues among younger and older adults. The first aim 

addressed the effect of state rumination on PM accuracy and response times in younger 

and older adults. Results for this aim revealed a significant effect of average state 

rumination as measured by the BSRI values on PM accuracy in younger adults. This 

suggests that as state rumination increases, PM accuracy decreases. Given that average 

mood ratings were approaching significance, (i.e., as unpleasant meta-mood increases, 

WM response times were slower) this could also potentially suggest that mood does play 

a role on WM, but this relationship remains equivocal. Other relevant and significant 

findings include that younger adults tend to become faster on PM and WM trials over 

time. In older adults, only time was significantly associated with PM accuracy and 

response times in that over time, older adults were significantly more likely to become 

slower and more accurate. In the overall sample, the average state rumination values were 

significant in that increased state rumination in the full sample was significantly 

associated with reduced PM accuracy. In addition, increased age was significantly 

associated with improved PM accuracy. These findings have important implications for 

shaping our early understanding about the mechanisms of depression in PM in that state 

rumination had effects on PM accuracy that may be impacting individuals at the level of 

retrieval. Overall, this can have future implications for improving PM assessments and 

interventions for individuals which can lead to enhanced outcomes of independence and 

autonomy, and completion of daily life tasks (Kinsella et al., 2018; Lee et al., 2018). 



RUMINATION IN PROSPECTIVE MEMORY 

88 
 

REFERENCES 

Aberle, I., Rendell, P. G., Rose, N. S., McDaniel, M. A., & Kliegel, M. (2010). The age 

prospective memory paradox: Young adults may not give their best outside of the 

lab. Developmental Psychology, 46(6), 1444–1453. 

https://doi.org/10.1037/a0020718 

Aizpurua, A., Migueles, M., & Aranberri, A. (2021). Prospective Memory and Positivity 

Bias in the COVID-19 Health Crisis: The Effects of Aging. Frontiers in Psychology, 

12. https://doi.org/10.3389/fpsyg.2021.666977 

Altgassen, M., Henry, J. D., Bürgler, S., & Kliegel, M. (2011). The influence of 

emotional target cues on prospective memory performance in depression. In Journal 

of Clinical and Experimental Neuropsychology (Vol. 33, Issue 8). 

https://doi.org/10.1080/13803395.2011.574607 

Altgassen, M., Phillips, L. H., Henry, J. D., Rendell, P. G., & Kliegel, M. (2010). 

Emotional target cues eliminate age differences in prospective memory. Quarterly 

Journal of Experimental Psychology, 63(6). 

https://doi.org/10.1080/17470211003770920 

American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental 

Disorders, 5th Edition. American Psychiatric Publishing, Inc. 

https://doi.org/10.1176/appi.books.9780890425596.744053 

Anderson, F. T., & McDaniel, M. A. (2019). Retrieval in prospective memory: Multiple 

processes or just delay? Quarterly Journal of Experimental Psychology, 72(9). 

https://doi.org/10.1177/1747021819845622 

Anderson, F. T., Strube, M. J., & McDaniel, M. A. (2019). Toward a better understanding 

of costs in prospective memory: A meta-analytic review. Psychological Bulletin, 

145(11), 1053–1081. https://doi.org/10.1037/bul0000208 

Andrews, P. W., & Thomson, J. A. (2009). The Bright Side of Being Blue: Depression as 

an Adaptation for Analyzing Complex Problems. Psychological Review, 116(3). 



RUMINATION IN PROSPECTIVE MEMORY 

89 
 

https://doi.org/10.1037/a0016242 

Arditte Hall, K. A., Quinn, M. E., Vanderlind, W. M., & Joormann, J. (2019). Comparing 

cognitive styles in social anxiety and major depressive disorders: An examination of 

rumination, worry, and reappraisal. British Journal of Clinical Psychology, 58(2), 

231–244. https://doi.org/10.1111/bjc.12210 

Au, A., Vandermorris, S., Rendell, P. G., Craik, F. I. M., & Troyer, A. K. (2018). 

Psychometric properties of the Actual Week test: a naturalistic prospective memory 

task. The Clinical Neuropsychologist, 32(6), 1068–1083. 

https://doi.org/10.1080/13854046.2017.1360946 

Baddeley, A. (2000). The episodic buffer: A new component of working memory? In 

Trends in Cognitive Sciences (Vol. 4, Issue 11). https://doi.org/10.1016/S1364-

6613(00)01538-2 

Ball, B. H., & Aschenbrenner, A. J. (2018). The importance of age-related differences in 

prospective memory: Evidence from diffusion model analyses. Psychonomic 

Bulletin and Review, 25(3). https://doi.org/10.3758/s13423-017-1318-4 

Ballhausen, N., Lauffs, M. M., Herzog, M. H., & Kliegel, M. (2019). Investigating 

prospective memory via eye tracking: No evidence for a monitoring deficit in older 

adults. International Journal of Psychophysiology, 146. 

https://doi.org/10.1016/j.ijpsycho.2019.09.004 

Barner, C., Schmid, S. R., & Diekelmann, S. (2019). Time-of-day effects on prospective 

memory. Behavioural Brain Research, 376. 

https://doi.org/10.1016/j.bbr.2019.112179 

Bartoskova, M., Sevcikova, M., Durisko, Z., Maslej, M. M., Barbic, S. P., Preiss, M., & 

Andrews, P. W. (2018). The form and function of depressive rumination. Evolution 

and Human Behavior, 39(3). https://doi.org/10.1016/j.evolhumbehav.2018.01.005 

Bernblum, R., & Mor, N. (2010). Rumination and Emotion-Related Biases in Refreshing 

Information. Emotion, 10(3). https://doi.org/10.1037/a0018427 



RUMINATION IN PROSPECTIVE MEMORY 

90 
 

Bernstein, E. E., Heeren, A., & McNally, R. J. (2019). Reexamining trait rumination as a 

system of repetitive negative thoughts: A network analysis. Journal of Behavior 

Therapy and Experimental Psychiatry, 63. 

https://doi.org/10.1016/j.jbtep.2018.12.005 

Blanchard, R. D., Bunker, J. B., & Wachs, M. (1977). Distinguishing aging, period and 

cohort effects in longitudinal studies of elderly populations. Socio-Economic 

Planning Sciences, 11(3). https://doi.org/10.1016/0038-0121(77)90032-5 

Blondelle, G., Hainselin, M., Gounden, Y., & Quaglino, V. (2020). Instruments 

measuring prospective memory: A systematic and meta-analytic review. Archives of 

Clinical Neuropsychology, 35(5), 576–596. https://doi.org/10.1093/arclin/acaa009 

Bolger, N., & Laurenceau, J. (2013). Introduction to intensive methods. In Intensive 

longitudinal methods: An introduction to diary and experience sampling research. 

Bowman, M. A., Cunningham, T. J., Levin-Aspenson, H. F., O’Rear, A. E., Pauszek, J. 

R., Ellickson-Larew, S., Martinez, B. S., & Payne, J. D. (2019). Anxious, but not 

depressive, symptoms are associated with poorer prospective memory performance 

in healthy college students: Preliminary evidence using the tripartite model of 

anxiety and depression. Journal of Clinical and Experimental Neuropsychology, 

41(7), 694–703. https://doi.org/10.1080/13803395.2019.1611741 

Brandt, J., Spencer, M., & Folstein, M. (1988). The telephone interview for cognitive 

status. Neuropsychiatry, Neuropsychology and Behavioral Neurology. 

Brose, A., Lövdén, M., & Schmiedek, F. (2014). Daily fluctuations in positive affect 

positively co-vary with working memory performance. Emotion, 14(1). 

https://doi.org/10.1037/a0035210 

Brown, V. A. (2021). An Introduction to Linear Mixed-Effects Modeling in R. Advances 

in Methods and Practices in Psychological Science, 4(1). 

https://doi.org/10.1177/2515245920960351 

Brydges, C. R. (2019). Effect Size Guidelines, Sample Size Calculations, and Statistical 



RUMINATION IN PROSPECTIVE MEMORY 

91 
 

Power in Gerontology. Innovation in Aging, 3(4). 

https://doi.org/10.1093/geroni/igz036 

Buchanan, L., Tran, C., & Ly, C. (2021). Participant Pool (4th ed.). Department of 

Psychology University of Windsor. 

Byrd-Bredbenner, C., Eck, K., & Quick, V. (2020). Psychometric properties of the 

Generalized Anxiety Disorder-7 and Generalized Anxiety Disorder-Mini in United 

States university students. Frontiers in Psychology, 11. 

https://doi.org/10.3389/fpsyg.2020.550533 

Cain, A. E., Depp, C. A., & Jeste, D. V. (2009). Ecological momentary assessment in 

aging research: A critical review. Journal of Psychiatric Research, 43(11), 987–996. 

https://doi.org/10.1016/j.jpsychires.2009.01.014 

Carstensen, L. L., Fung, H. H., & Charles, S. T. (2003). Socioemotional selectivity theory 

and the regulation of emotion in the second half of life. Motivation and Emotion, 

27(2). https://doi.org/10.1023/A:1024569803230 

Cavallaro, R., Bryan, V., & Mayer, J. D. (2019). A review and evaluation of an open-

source mood assessment, the Brief Mood Introspection Scale. 

Chaytor, N. S., Barbosa-Leiker, C., Germine, L. T., Fonseca, L. M., McPherson, S. M., & 

Tuttle, K. R. (2020). Construct validity, ecological validity and acceptance of self-

administered online neuropsychological assessment in adults. The Clinical 

Neuropsychologist, 1–17. https://doi.org/10.1080/13854046.2020.1811893 

Chen, S., Zhou, R., Cui, H., & Chen, X. (2013). Deficits in cue detection underlie event-

based prospective memory impairment in major depression: an eye tracking study. 

Psychiatry Research, 209(3), 453–458. 

https://doi.org/10.1016/j.psychres.2013.01.015 

Cherry, K. E., Martin, R. C., Simmons-D’Gerolamo, S. S., Pinkston, J. B., Griffing, A., 

& Drew Gouvier, W. (2001). Prospective remembering in younger and older adults: 

Role of the prospective cue. Memory, 9(3), 177–193. 



RUMINATION IN PROSPECTIVE MEMORY 

92 
 

https://doi.org/10.1080/09658210143000092 

Cohen, A.-L., & Hicks, J. L. (2017). Selected Topics in Prospective Memory (pp. 1–19). 

https://doi.org/10.1007/978-3-319-68990-6_1 

Colzato, L. S., Steenbergen, L., & Hommel, B. (2020). Rumination impairs the control of 

stimulus-induced retrieval of irrelevant information, but not attention, control, or 

response selection in general. Psychological Research, 84(1). 

https://doi.org/10.1007/s00426-018-0986-7 

Curci, A., Lanciano, T., Soleti, E., & Rimé, B. (2013). Negative emotional experiences 

arouse rumination and affect working memory capacity. Emotion, 13(5), 867–880. 

https://doi.org/10.1037/a0032492 

Curran, P. J., & Bauer, D. J. (2011). The disaggregation of within-person and between-

person effects in longitudinal models of change. Annual Review of Psychology, 62. 

https://doi.org/10.1146/annurev.psych.093008.100356 

Dadi, A. F., Miller, E. R., Bisetegn, T. A., & Mwanri, L. (2020). Global burden of 

antenatal depression and its association with adverse birth outcomes: an umbrella 

review. BMC Public Health, 20(1), 173. https://doi.org/10.1186/s12889-020-8293-9 

de Lissnyder, E., Koster, E. H. W., Derakshan, N., & de Raedt, R. (2010). The 

association between depressive symptoms and executive control impairments in 

response to emotional and non-emotional information. Cognition and Emotion, 

24(2). https://doi.org/10.1080/02699930903378354 

Desmond, D. W., Tatemichi, T. K., & Hanzawa, L. (1994). The Telephone Interview for 

Cognitive Status (TICS): Reliability and validity in a stroke sample. International 

Journal of Geriatric Psychiatry, 9(10), 803–807. 

https://doi.org/10.1002/gps.930091006 

Diamond, A. (2013). Executive Functions. Annual Review of Psychology, 64(1), 135–

168. https://doi.org/10.1146/annurev-psych-113011-143750 

Dondzilo, L., Rieger, E., Shao, R., & Bell, J. (2020). The effectiveness of touchscreen-



RUMINATION IN PROSPECTIVE MEMORY 

93 
 

based attentional bias modification to thin body stimuli on state rumination. 

Cognition and Emotion, 34(5), 1052–1058. 

https://doi.org/10.1080/02699931.2020.1718616 

Draheim, C., Mashburn, C. A., Martin, J. D., & Engle, R. W. (2019). Reaction time in 

differential and developmental research: A review and commentary on the problems 

and alternatives. Psychological Bulletin, 145(5). https://doi.org/10.1037/bul0000192 

Dworakowski, O., Huber, Z. M., Meier, T., Boyd, R. L., & Horn, A. B. (2021). Emotion 

regulation across the lifespan: age differences in intrapersonal and interpersonal 

strategies for the adjustment to the COVID-19 pandemic in four countries. Aging 

and Mental Health. https://doi.org/10.1080/13607863.2021.1972933 

Einstein, G. O., & McDaniel, M. A. (2005). Prospective memory: Multiple retrieval 

processes. In Current Directions in Psychological Science. 

https://doi.org/10.1111/j.0963-7214.2005.00382.x 

Einstein, G. O., McDaniel, M. A., Thomas, R., Mayfield, S., Shank, H., Morrisette, N., & 

Breneiser, J. (2005). Multiple processes in prospective memory retrieval: factors 

determining monitoring versus spontaneous retrieval. Journal of Experimental 

Psychology: General, 134(3), 327–342. https://doi.org/10.1037/0096-

3445.134.3.327 

Elliott, E., Green, C., Llewellyn, D. J., & Quinn, T. J. (2020). Accuracy of Telephone-

Based Cognitive Screening Tests: Systematic Review and Meta-Analysis. Current 

Alzheimer Research, 17(5). https://doi.org/10.2174/1567205017999200626201121 

Ellis. (1996). Prospective memory or the realization of delayed intentions: a concpetual 

framework for research. In Prospective memory: theory and applications. 

Ellis, H. C. (1990). Depressive Deficits in Memory: Processing Initiative and Resource 

Allocation. Journal of Experimental Psychology: General, 119(1). 

https://doi.org/10.1037/0096-3445.119.1.60 

Emery, L., Sorrell, A., & Miles, C. (2020). Age Differences in Negative, but Not 



RUMINATION IN PROSPECTIVE MEMORY 

94 
 

Positive, Rumination. Journals of Gerontology - Series B Psychological Sciences 

and Social Sciences, 75(1). https://doi.org/10.1093/geronb/gbz109 

Ericsson, K. A., & Kintsch, W. (1995). Long-Term Working Memory. Psychological 

Review, 102(2). https://doi.org/10.1037//0033-295x.102.2.211 

Erskine, J. A. K., Kvavilashvili, L., & Kornbrot, D. E. (2007). The predictors of thought 

suppression in young and old adults: Effects of rumination, anxiety, and other 

variables. Personality and Individual Differences, 42(6). 

https://doi.org/10.1016/j.paid.2006.09.016 

Falco, D. E., Peynircioğlu, Z. F., & Hohman, T. J. (2015). Tendency to recall memories 

as a mediator of overgeneral recall in depression. Clinical Psychological Science, 

3(6), 913–925. https://doi.org/10.1177/2167702614552102 

Fang, L., Marchetti, I., Hoorelbeke, K., & Koster, E. H. W. (2019). Do daily dynamics in 

rumination and affect predict depressive symptoms and trait rumination? An 

experience sampling study. Journal of Behavior Therapy and Experimental 

Psychiatry, 63. https://doi.org/10.1016/j.jbtep.2018.11.002 

Farzin, A., Ibrahim, R., Madon, Z., & Basri, H. (2018). The efficiency of a 

multicomponent training for prospective memory among healthy older adults. 

American Journal of Physical Medicine & Rehabilitation, 97(9), 628–635. 

https://doi.org/10.1097/PHM.0000000000000931 

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*Power 3: A flexible 

statistical power analysis program for the social, behavioral, and biomedical 

sciences. Behavior Research Methods, 39(2). https://doi.org/10.3758/BF03193146 

Forner-Phillips, N. A., Mills, C., & Ross, R. S. (2020). Tendency to ruminate and anxiety 

are associated with altered alpha and beta oscillatory power dynamics during 

memory for contextual details. Cognitive, Affective and Behavioral Neuroscience, 

20(4). https://doi.org/10.3758/s13415-020-00797-2 

Fredman Stein, K., Morys-Carter, W. L., & Hinkley, L. (2018). Rumination and impaired 



RUMINATION IN PROSPECTIVE MEMORY 

95 
 

prospective memory. The Journal of General Psychology, 145(3), 266–279. 

https://doi.org/10.1080/00221309.2018.1469464 

Gamaldo, A. A., & Allaire, J. C. (2016). Daily Fluctuations in Everyday Cognition: Is It 

Meaningful? Journal of Aging and Health, 28(5). 

https://doi.org/10.1177/0898264315611669 

Gillies, J. C. P., & Dozois, D. J. A. (2021). How long do mood induction procedure 

(MIP) primes really last? Implications for cognitive vulnerability research. Journal 

of Affective Disorders, 292. https://doi.org/10.1016/j.jad.2021.05.047 

Goldstein, H., Cohen, J., & Cohen, P. (1976). Applied Multiple Regression/Correlation 

Analysis for the Behavioural Sciences. Journal of the Royal Statistical Society. 

Series A (General). https://doi.org/10.2307/2344367 

Grant, D. M. M., Mills, A. C., Judah, M. R., & White, E. J. (2021). State and trait effects 

of rumination on inhibitory processes in memory: Rumination and retrieval 

inhibition processes. Current Psychology, 40(10). https://doi.org/10.1007/s12144-

019-00432-5 

Griffith, J. W., & Raes, F. (2015). Factor structure of the ruminative responses scale. 

European Journal of Psychological Assessment, 31(4), 247–253. 

https://doi.org/10.1027/1015-5759/a000231 

Haas, M., Zuber, S., Kliegel, M., & Ballhausen, N. (2020). Prospective memory errors in 

everyday life: does instruction matter? Memory, 28(2), 196–203. 

https://doi.org/10.1080/09658211.2019.1707227 

Haines, S. J., Randall, S. E., Terrett, G., Busija, L., Tatangelo, G., McLennan, S. N., 

Rose, N. S., Kliegel, M., Henry, J. D., & Rendell, P. G. (2020). Differences in time-

based task characteristics help to explain the age-prospective memory paradox. 

Cognition, 202, 104305. https://doi.org/10.1016/j.cognition.2020.104305 

Harrell, E., & Frank, M. (2018). Package “rms” Title Regression Modeling Strategies. 

CRAN R-Project. 



RUMINATION IN PROSPECTIVE MEMORY 

96 
 

Henry, J. D. (2021). Prospective memory impairment in neurological disorders: 

implications and management. Nature Reviews Neurology. 

https://doi.org/10.1038/s41582-021-00472-1 

Henry, J. D., MacLeod, M. S., Phillips, L. H., & Crawford, J. R. (2004). A meta-analytic 

review of prospective memory and aging. Psychology and Aging, 19(1), 27–39. 

https://doi.org/10.1037/0882-7974.19.1.27 

Hering, A., Kliegel, M., Bisiacchi, P. S., & Cona, G. (2018). The influence of emotional 

material on encoding and retrieving intentions: An ERP study in younger and older 

adults. Frontiers in Psychology, 9(FEB). https://doi.org/10.3389/fpsyg.2018.00114 

Hering, A., Wild-Wall, N., Falkenstein, M., Gajewski, P. D., Zinke, K., Altgassen, M., & 

Kliegel, M. (2020). Beyond prospective memory retrieval: Encoding and 

remembering of intentions across the lifespan. International Journal of 

Psychophysiology, 147, 44–59. https://doi.org/10.1016/j.ijpsycho.2019.11.003 

Hjartarson, K. H., Snorrason, I., Bringmann, L. F., Ögmundsson, B. E., & Ólafsson, R. P. 

(2021). Do daily mood fluctuations activate ruminative thoughts as a mental habit? 

Results from an ecological momentary assessment study. Behaviour Research and 

Therapy, 140. https://doi.org/10.1016/j.brat.2021.103832 

Hostler, T. J., Wood, C., & Armitage, C. J. (2018). The influence of emotional cues on 

prospective memory: a systematic review with meta-analyses. Cognition and 

Emotion, 32(8), 1578–1596. https://doi.org/10.1080/02699931.2017.1423280 

Hoyle, R. H., & Gottfredson, N. C. (2015). Sample Size Considerations in Prevention 

Research Applications of Multilevel Modeling and Structural Equation Modeling. 

Prevention Science, 16(7), 987–996. https://doi.org/10.1007/s11121-014-0489-8 

Huber, B. N., Fulton, E. K., & Gray, D. (2022). Meta-prospective memory accuracy in 

young adults with and without depressive symptoms. Applied Neuropsychology: 

Adult. 

Ihle, A., Schnitzspahn, K., Rendell, P. G., Luong, C., & Kliegel, M. (2012). Age benefits 



RUMINATION IN PROSPECTIVE MEMORY 

97 
 

in everyday prospective memory: The influence of personal task importance, use of 

reminders and everyday stress. Aging, Neuropsychology, and Cognition, 19(1–2). 

https://doi.org/10.1080/13825585.2011.629288 

Jáger, T., & Kliegel, M. (2008). Time-based and event-based prospective memory across 

adulthood: Underlying mechanisms and differential costs on the ongoing task. The 

Journal of General Psychology, 135(1), 4–22. 

https://doi.org/10.3200/GENP.135.1.4-22 

Joormann, J., & Gotlib, I. H. (2008). Updating the Contents of Working Memory in 

Depression: Interference From Irrelevant Negative Material. Journal of Abnormal 

Psychology, 117(1). https://doi.org/10.1037/0021-843X.117.1.182 

Joormann, J., Levens, S. M., & Gotlib, I. H. (2011). Sticky thoughts: Depression and 

rumination are associated with difficulties manipulating emotional material in 

working memory. Psychological Science, 22(8). 

https://doi.org/10.1177/0956797611415539 

Joubert, C., Davidson, P. S. R., & Chainay, H. (2018). When Do Older Adults Show a 

Positivity Effect in Emotional Memory? Experimental Aging Research, 44(5). 

https://doi.org/10.1080/0361073X.2018.1521498 

Katz, E., Spalding, R., & Edelstein, B. (2020). Psychometric Properties of the PHQ-9 and 

CESD-R Depression Measures with Older Adults. Innovation in Aging, 

4(Supplement_1). https://doi.org/10.1093/geroni/igaa057.3258 

Kerchner, G. A., Racine, C. A., Hale, S., Wilheim, R., Laluz, V., Miller, B. L., & 

Kramer, J. H. (2012). Cognitive Processing Speed in Older Adults: Relationship 

with White Matter Integrity. PLoS ONE, 7(11). 

https://doi.org/10.1371/journal.pone.0050425 

Kerkhoff, D., & Nussbeck, F. W. (2019). The Influence of Sample Size on Parameter 

Estimates in Three-Level Random-Effects Models. Frontiers in Psychology, 10. 

https://doi.org/10.3389/fpsyg.2019.01067 



RUMINATION IN PROSPECTIVE MEMORY 

98 
 

Key, B. L., Campbell, T. S., Bacon, S. L., & Gerin, W. (2008). The influence of trait and 

state rumination on cardiovascular recovery from a negative emotional stressor. 

Journal of Behavioral Medicine, 31(3). https://doi.org/10.1007/s10865-008-9152-9 

Kim, H., Kim, S., Kong, S. S., Jeong, Y.-R., Kim, H., & Kim, N. (2020). Possible 

application of ecological momentary assessment to older adults’ daily depressive 

mood: Integrative literature review. JMIR Mental Health, 7(6), e13247. 

https://doi.org/10.2196/13247 

Kinsella, G. J., Pike, K. E., Cavuoto, M. G., & Lee, S. D. (2018). Mild cognitive 

impairment and prospective memory: translating the evidence into 

neuropsychological practice. Clinical Neuropsychologist, 32(5). 

https://doi.org/10.1080/13854046.2018.1468926 

Kliegel, M., Altgassen, M., Hering, A., & Rose, N. S. (2011). A process-model based 

approach to prospective memory impairment in Parkinson’s disease. 

Neuropsychologia, 49(8). https://doi.org/10.1016/j.neuropsychologia.2011.01.024 

Kliegel, M., Ballhausen, N., Hering, A., Ihle, A., Schnitzspahn, K. M., & Zuber, S. 

(2016). Prospective memory in older adults: Where we are now and what is next. 

Gerontology, 62(4), 459–466. https://doi.org/10.1159/000443698 

Kliegel, M., & Jäger, T. (2006). The Influence of Negative Emotions on Prospective 

Memory: A Review and New Data (Invited Paper). International Journal of 

Computational Cognition, 4(1). 

Kliegel, M., Jäger, T., Phillips, L. H., Federspiel, E., Imfeld, A., Keller, M., & Zimprich, 

D. (2005). Effects of sad mood on time-based prospective memory. Cognition and 

Emotion, 19(8). https://doi.org/10.1080/02699930500233820 

Kliegel, M., Martin, M., McDaniel, M., & Einstein, G. (2002). Complex Prospective 

Memory and Executive Control of Working Memory: A Process Model. 

Psychologische Beiträge. 

Knight, M., Seymour, T., Gaunt, J., Baker, C., Nesmith, K., & Mather, M. (2007). Aging 



RUMINATION IN PROSPECTIVE MEMORY 

99 
 

and goal-directed emotional attention: Distraction reverses emotional biases. 

Emotion, 7(4), 705–714. https://doi.org/10.1037/1528-3542.7.4.705 

Knopman, D. S., Roberts, R. O., Geda, Y. E., Pankratz, V. S., Christianson, T. J. H., 

Petersen, R. C., & Rocca, W. A. (2010). Validation of the telephone interview for 

cognitive status-modified in subjects with normal cognition, mild cognitive 

impairment, or dementia. Neuroepidemiology. https://doi.org/10.1159/000255464 

Koo, Y. W., Neumann, D. L., Ownsworth, T., & Shum, D. H. K. (2021). Revisiting the 

Age-Prospective Memory Paradox Using Laboratory and Ecological Tasks. 

Frontiers in Psychology, 12. https://doi.org/10.3389/fpsyg.2021.691752 

Kroenke, K., Spitzer, R. L., & Williams, J. B. W. (2001). The PHQ-9: validity of a brief 

depression severity measure. Journal of General Internal Medicine, 16(9), 606–613. 

https://doi.org/10.1046/j.1525-1497.2001.016009606.x 

Kvavilashvili, L., & Fisher, L. (2007). Is time-based prospective remembering mediated 

by self-initiated rehearsals? Role of incidental cues, ongoing activity, age, and 

motivation. Journal of Experimental Psychology: General, 136(1), 112–132. 

https://doi.org/10.1037/0096-3445.136.1.112 

Kvavilashvili, L., & Rummel, J. (2020). On the nature of everyday prospection: A review 

and theoretical integration of research on mind-wandering, future thinking, and 

prospective memory. Review of General Psychology, 24(3), 210–237. 

https://doi.org/10.1177/1089268020918843 

Kyllonen, P. C., & Zu, J. (2016). Use of response time for measuring cognitive ability. In 

Journal of Intelligence (Vol. 4, Issue 4). 

https://doi.org/10.3390/jintelligence4040014 

Lafit, G., Adolf, J., Dejonckheere, E., Myin-Germeys, I., Viechtbauer, W., & Ceulemans, 

E. (2020). Selection of the number of participants in intensive longitudinal studies: 

A user-friendly shiny app and tutorial to perform power analysis in multilevel 

regression models that account for temporal dependencies. Advances in Methods 

and Practices in Psychological Science. 



RUMINATION IN PROSPECTIVE MEMORY 

100 
 

Lamichhane, B., McDaniel, M. A., Waldum, E. R., & Braver, T. S. (2018). Age-related 

changes in neural mechanisms of prospective memory. Cognitive, Affective and 

Behavioral Neuroscience, 18(5). https://doi.org/10.3758/s13415-018-0617-1 

Lee, E., Xiang, Y.-T., Man, D., Au, R. W. C., Shum, D., Tang, W.-K., Chiu, H. F. K., 

Wong, P., & Ungvari, G. S. (2010). Prospective memory deficits in patients with 

bipolar disorder: A preliminary study. Archives of Clinical Neuropsychology, 25(7), 

640–647. https://doi.org/10.1093/arclin/acq061 

Lee, S. D., Ong, B., Pike, K. E., & Kinsella, G. J. (2018). Prospective memory and 

subjective memory decline: A neuropsychological indicator of memory difficulties 

in community-dwelling older people. Journal of Clinical and Experimental 

Neuropsychology, 40(2). https://doi.org/10.1080/13803395.2017.1326465 

LeMoult, J., Arditte, K. A., D’Avanzato, C., & Joormann, J. (2013). State Rumination: 

Associations with Emotional Stress Reactivity and Attention Biases. Journal of 

Experimental Psychopathology, 4(5). https://doi.org/10.5127/jep.029112 

Leong, R. L. F., Cheng, G. H. L., Chee, M. W. L., & Lo, J. C. (2019). The effects of 

sleep on prospective memory: A systematic review and meta-analysis. In Sleep 

Medicine Reviews (Vol. 47). https://doi.org/10.1016/j.smrv.2019.05.006 

Levis, B., Benedetti, A., & Thombs, B. D. (2019). Accuracy of Patient Health 

Questionnaire-9 (PHQ-9) for screening to detect major depression: individual 

participant data meta-analysis. BMJ, l1476. https://doi.org/10.1136/bmj.l1476 

Li, Ryan, Weinborn, M., Loft, S., & Maybery, M. (2013). Patterns of prospective 

memory impairment among individuals with depression: The influence of cue type 

and delay interval. Journal of the International Neuropsychological Society, 19(6), 

718–722. https://doi.org/10.1017/S1355617713000180 

Li, Z., Ruan, M., Chen, J., & Fang, Y. (2021). Major Depressive Disorder: Advances in 

neuroscience research and translational applications. Neuroscience Bulletin, 37(6), 

863–880. https://doi.org/10.1007/s12264-021-00638-3 



RUMINATION IN PROSPECTIVE MEMORY 

101 
 

Livner, Å., Berger, A.-K., Karlsson, S., & Bäckman, L. (2008). Differential effects of 

depressive symptoms on prospective and retrospective memory in old age. Journal 

of Clinical and Experimental Neuropsychology, 30(3), 272–279. 

https://doi.org/10.1080/13803390701380591 

Lopes, S., Lima, M., & Silva, K. (2020). Nature can get it out of your mind: The 

rumination reducing effects of contact with nature and the mediating role of awe and 

mood. Journal of Environmental Psychology, 71, 101489. 

https://doi.org/10.1016/j.jenvp.2020.101489 

Maas, C. J. M., & Hox, J. J. (2005). Sufficient sample sizes for multilevel modeling. 

Methodology, 1(3), 86–92. https://doi.org/10.1027/1614-2241.1.3.86 

Maillet, D., & Schacter, D. L. (2016). From mind wandering to involuntary retrieval: 

Age-related differences in spontaneous cognitive processes. Neuropsychologia, 80, 

142–156. https://doi.org/10.1016/j.neuropsychologia.2015.11.017 

Marchetti, I., Mor, N., Chiorri, C., & Koster, E. H. W. (2018). The Brief State 

Rumination Inventory (BSRI): Validation and psychometric evaluation. Cognitive 

Therapy and Research, 42(4), 447–460. https://doi.org/10.1007/s10608-018-9901-1 

Mather, M., & Knight, M. (2005). Goal-directed memory: The role of cognitive control 

in older adults’ emotional memory. Psychology and Aging, 20(4), 554–570. 

https://doi.org/10.1037/0882-7974.20.4.554 

Mayer, J. D., & Gaschke, Y. N. (1988). The experience and meta-experience of mood. 

Journal of Personality and Social Psychology, 55(1), 102–111. 

https://doi.org/10.1037/0022-3514.55.1.102 

McDaniel, & Einstein. (2000). Strategic and automatic processes in prospective memory 

retrieval: a multiprocess framework. Applied Cognitive Psychology, 14(7), S127–

S144. https://doi.org/10.1002/acp.775 

McDaniel, & Einstein. (2007a). Prospective Memory: An Overview and Synthesis of an 

Emerging Field. In Prospective Memory: An Overview and Synthesis of an 



RUMINATION IN PROSPECTIVE MEMORY 

102 
 

Emerging Field. SAGE Publications, Inc. https://doi.org/10.4135/9781452225913 

McDaniel, M., & Einstein, G. (2007b). Prospective Memory: An Overview and Synthesis 

of an Emerging Field. In Prospective Memory: An Overview and Synthesis of an 

Emerging Field (pp. 30–49). https://doi.org/10.4135/9781452225913 

McDaniel, M., & Einstein, G. (2007c). Prospective Memory: An Overview and Synthesis 

of an Emerging Field. In Prospective Memory: An Overview and Synthesis of an 

Emerging Field (pp. 123–170). https://doi.org/10.4135/9781452225913 

McFarland, C. P., & Vasterling, J. J. (2018). Prospective Memory in Depression: Review 

of an Emerging Field†. Archives of Clinical Neuropsychology, 33(7), 912–930. 

https://doi.org/10.1093/arclin/acx118 

Medina, L. D., Torres, S., Gioia, A., Ochoa Lopez, A., Wang, J., & Cirino, P. T. (2021). 

Reporting of Demographic Variables in Neuropsychological Research: An Update 

of O’Bryant et al.’s Trends in the Current Literature. In Journal of the International 

Neuropsychological Society (Vol. 27, Issue 5). 

https://doi.org/10.1017/S1355617720001083 

Melton, A. W. (1963). Implications of short-term memory for a general theory of 

memory. Journal of Verbal Learning and Verbal Behavior, 2(1). 

https://doi.org/10.1016/S0022-5371(63)80063-8 

Mioni, G., Fracasso, V., Cardullo, S., & Stablum, F. (2020). Comparing different tests to 

detect early manifestation of prospective memory decline in aging. The Clinical 

Neuropsychologist, 1–33. https://doi.org/10.1080/13854046.2020.1749308 

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. 

D. (2000). The unity and diversity of executive functions and their contributions to 

complex “Frontal Lobe” tasks: A latent variable analysis. Cognitive Psychology, 

41(1), 49–100. https://doi.org/10.1006/cogp.1999.0734 

Moberly, N. J., & Watkins, E. R. (2008a). Ruminative self-focus, negative life events, 

and negative affect. Behaviour Research and Therapy, 46(9). 



RUMINATION IN PROSPECTIVE MEMORY 

103 
 

https://doi.org/10.1016/j.brat.2008.06.004 

Moberly, N. J., & Watkins, E. R. (2008b). Ruminative self-focus and negative affect: An 

experience sampling study. Journal of Abnormal Psychology, 117(2), 314–323. 

https://doi.org/10.1037/0021-843X.117.2.314 

Mordkoff, J. T. (2019). A Simple Method for Removing Bias From a Popular Measure of 

Standardized Effect Size: Adjusted Partial Eta Squared. Advances in Methods and 

Practices in Psychological Science, 2(3). 

https://doi.org/10.1177/2515245919855053 

Mukaka, M. M. (2012). A guide to appropriate use of correlation coefficient in medical 

research. Malawi Medical Journal, 24(3), 69–71. 

Nasreddine, Z. S., Phillips, N. A., BÃ©dirian, V., Charbonneau, S., Whitehead, V., 

Collin, I., Cummings, J. L., & Chertkow, H. (2005). The Montreal Cognitive 

Assessment, MoCA: A brief screening tool for mild cognitive impairment. Journal 

of the American Geriatrics Society, 53(4), 695–699. https://doi.org/10.1111/j.1532-

5415.2005.53221.x 

Nehrkorn-Bailey, A. M., Reardon, M. S., & Hicks Patrick, J. (2018). Some 

methodological and analytical issues related to real-time data capture studies. 

Translational Issues in Psychological Science, 4(4), 349–361. 

https://doi.org/10.1037/tps0000177 

Nezlek, J. B. (2012). Multilevel modeling analyses of diary-style data. In Handbook of 

research methods for studying daily life. 

Ng, G., Nh, W. Q., & Yang, H. (2022). Executive Functions Predict the Trajectories of 

Rumination in Middle-Aged and Older Adults: A Latent Growth Curve Analysis. 

Emotion. 

Nikolin, S., Tan, Y. Y., Schwaab, A., Moffa, A., Loo, C. K., & Martin, D. (2021). An 

investigation of working memory deficits in depression using the n-back task: A 

systematic review and meta-analysis. In Journal of Affective Disorders (Vol. 284). 



RUMINATION IN PROSPECTIVE MEMORY 

104 
 

https://doi.org/10.1016/j.jad.2021.01.084 

Nishimura, H., Hasegawa, A., Nishiguchi, Y., Tabuchi, R., Matsumoto, N., Masuyama, 

A., Oi, H., Fukui, H., Oikawa, M., Tanno, Y., & Mochizuki, S. (2020). Relationship 

between trait rumination and imbalanced working memory: Analysis at the latent 

variable and individual task levels. Current Psychology. 

https://doi.org/10.1007/s12144-020-00804-2 

Nolen-Hoeksema, S. (2000). The role of rumination in depressive disorders and mixed 

anxiety/depressive symptoms. Journal of Abnormal Psychology, 109(3), 504–511. 

https://doi.org/10.1037/0021-843X.109.3.504 

Nolen-Hoeksema, S., & Morrow, J. (1991). A prospective study of depression and 

posttraumatic stress symptoms after a natural disaster: The 1989 Loma Prieta 

earthquake. Journal of Personality and Social Psychology, 61(1), 115–121. 

https://doi.org/10.1037/0022-3514.61.1.115 

Nolen-Hoeksema, S., Wisco, B. E., & Lyubomirsky, S. (2008). Rethinking rumination. 

Perspectives on Psychological Science, 3(5), 400–424. 

https://doi.org/10.1111/j.1745-6924.2008.00088.x 

Oleson, J. J., Jones, M. A., Jorgensen, E. J., & Wu, Y. H. (2022). Statistical 

Considerations for Analyzing Ecological Momentary Assessment Data. Journal of 

Speech, Language, and Hearing Research, 65(1). 

https://doi.org/10.1044/2021_JSLHR-21-00081 

Palermo, L., Cinelli, M. C., Piccardi, L., Ciurli, P., Incoccia, C., Zompanti, L., & 

Guariglia, C. (2016). Women outperform men in remembering to remember. 

Quarterly Journal of Experimental Psychology, 69(1). 

https://doi.org/10.1080/17470218.2015.1023734 

Palit, A., Roy, P. K., & Saha, P. K. (2022). Role of Prospective Memory in Obsessive 

Compulsive Disorder. Indian Journal of Psychological Medicine. 

Passell, E., Strong, R. W., Rutter, L. A., Kim, H., Scheuer, L., Martini, P., Grinspoon, L., 



RUMINATION IN PROSPECTIVE MEMORY 

105 
 

& Germine, L. (2021). Cognitive test scores vary with choice of personal digital 

device. Behavior Research Methods, 53(6). https://doi.org/10.3758/s13428-021-

01597-3 

Peter, J., & Kliegel, M. (2018). The age-prospective memory paradox: Is it about 

motivation? Https://Doi-Org.Proxy.Library.Uu.Nl/10.1177/2514183X18807103, 

2(2). 

Philippot, P., & Brutoux, F. (2008). Induced rumination dampens executive processes in 

dysphoric young adults. Journal of Behavior Therapy and Experimental Psychiatry, 

39(3), 219–227. https://doi.org/10.1016/j.jbtep.2007.07.001 

Phillips, L. H., Smith, L., & Gilhooly, K. J. (2002). The Effects of Adult Aging and 

Induced Positive and Negative Mood on Planning. Emotion, 2(3). 

https://doi.org/10.1037/1528-3542.2.3.263 

Pisano, F., Torromino, G., Brachi, D., Quadrini, A., Incoccia, C., & Marangolo, P. 

(2021). A standardized prospective memory evaluation of the effects of covid-19 

confinement on young students. Journal of Clinical Medicine, 10(17). 

https://doi.org/10.3390/jcm10173919 

Primosch, M. (2017). An Investigation of the Effects of Depressive-Rumination on 

Prospective Memory [University of Montana]. 

https://scholarworks.umt.edu/etd/11095 

Pupillo, F., Phillips, L., & Schnitzspahn, K. (2020). The detrimental effects of mood on 

prospective memory are modulated by age. Emotion. 

https://doi.org/10.1037/emo0000723 

Pupillo, F., Powell, D., Phillips, L. H., & Schnitzspahn, K. (2022). Remember to stay 

positive: Affect and prospective memory in everyday life. Applied Cognitive 

Psychology, 36(1). https://doi.org/10.1002/acp.3908 

Quené, H., & Van Den Bergh, H. (2004). On multi-level modeling of data from repeated 

measures designs: A tutorial. Speech Communication, 43(1–2). 



RUMINATION IN PROSPECTIVE MEMORY 

106 
 

https://doi.org/10.1016/j.specom.2004.02.004 

Rendell, P. G., & Craik, F. I. M. (2000). Virtual week and actual week: Age-related 

differences in prospective memory. Applied Cognitive Psychology, 14(7), S43–S62. 

https://doi.org/10.1002/acp.770 

Rendell, P. G., & Henry, J. D. (2009). A review of Virtual Week for prospective memory 

assessment: Clinical implications. Brain Impairment, 10(1), 14–22. 

https://doi.org/10.1375/brim.10.1.14 

Ricarte, J., Ros, L., Serrano, J. P., Martínez-Lorca, M., & Latorre, J. M. (2016). Age 

differences in rumination and autobiographical retrieval. Aging & Mental Health, 

20(10), 1063–1069. https://doi.org/10.1080/13607863.2015.1060944 

Roberts, H., Mostazir, M., Moberly, N. J., Watkins, E. R., & Adlam, A.-L. (2021). 

Working memory updating training reduces state repetitive negative thinking: Proof-

of-concept for a novel cognitive control training. Behaviour Research and Therapy, 

142, 103871. https://doi.org/10.1016/j.brat.2021.103871 

Robinson, M. D., & Clore, G. L. (2002). Episodic and semantic knowledge in emotional 

self-report: Evidence for two judgment processes. Journal of Personality and Social 

Psychology, 83(1). https://doi.org/10.1037/0022-3514.83.1.198 

Rummel, J., Hepp, J., Klein, S. A., & Silberleitner, N. (2012). Affective state and event-

based prospective memory. Cognition & Emotion, 26(2), 351–361. 

https://doi.org/10.1080/02699931.2011.574873 

Rummel, J., & Kvavilashvili, L. (2019). Take the field! Investigating prospective 

memory in naturalistic and real-life settings. In Prospective Memory. 

Scheibe, S., & Carstensen, L. L. (2010). Emotional aging: Recent findings and future 

trends. The Journals of Gerontology Series B: Psychological Sciences and Social 

Sciences, 65B(2), 135–144. https://doi.org/10.1093/geronb/gbp132 

Schielzeth, H., Dingemanse, N. J., Nakagawa, S., Westneat, D. F., Allegue, H., Teplitsky, 

C., Réale, D., Dochtermann, N. A., Garamszegi, L. Z., & Araya-Ajoy, Y. G. (2020). 



RUMINATION IN PROSPECTIVE MEMORY 

107 
 

Robustness of linear mixed-effects models to violations of distributional 

assumptions. Methods in Ecology and Evolution, 11(9). 

https://doi.org/10.1111/2041-210X.13434 

Schmitter-Edgecombe, M., Sumida, C., & Cook, D. J. (2020). Bridging the gap between 

performance-based assessment and self-reported everyday functioning: An 

ecological momentary assessment approach. The Clinical Neuropsychologist, 34(4), 

678–699. https://doi.org/10.1080/13854046.2020.1733097 

Schnitzspahn, K. M., Ihle, A., Henry, J. D., Rendell, P. G., & Kliegel, M. (2011). The 

age-prospective memory-paradox: an exploration of possible mechanisms. 

International Psychogeriatrics, 23(4), 583–592. 

https://doi.org/10.1017/S1041610210001651 

Schnitzspahn, K. M., Kvavilashvili, L., & Altgassen, M. (2020). Redefining the pattern of 

age-prospective memory-paradox: new insights on age effects in lab-based, 

naturalistic, and self-assigned tasks. Psychological Research, 84(5), 1370–1386. 

https://doi.org/10.1007/s00426-018-1140-2 

Schnitzspahn, K. M., Plessow, F., Kirschbaum, C., Wong, Y. H., & Kliegel, M. (2022). 

Acute psychosocial stress impairs intention initiation in young but not older adults. 

Psychoneuroendocrinology, 135. https://doi.org/10.1016/j.psyneuen.2021.105593 

Schnitzspahn, K. M., Stahl, C., Zeintl, M., Kaller, C. P., & Kliegel, M. (2013). The role 

of shifting, updating, and inhibition in prospective memory performance in young 

and older adults. Developmental Psychology, 49(8), 1544–1553. 

https://doi.org/10.1037/a0030579 

Schnitzspahn, K. M., Thorley, C., Phillips, L., Voigt, B., Threadgold, E., Hammond, E. 

R., Mustafa, B., & Kliegel, M. (2014). Mood impairs time-based prospective 

memory in young but not older adults: The mediating role of attentional control. 

Psychology and Aging, 29(2), 264–270. https://doi.org/10.1037/a0036389 

Scullin, M. K., Jones, W. E., Phenis, R., Beevers, S., Rosen, S., Dinh, K., Kiselica, A., 

Keefe, F. J., & Benge, J. F. (2022). Using smartphone technology to improve 



RUMINATION IN PROSPECTIVE MEMORY 

108 
 

prospective memory functioning: A randomized controlled trial. Journal of the 

American Geriatrics Society, 70(2). https://doi.org/10.1111/jgs.17551 

Scullin, M. K., McDaniel, M. A., & Einstein, G. O. (2010). Control of cost in prospective 

memory: Evidence for spontaneous retrieval processes. Journal of Experimental 

Psychology: Learning, Memory, and Cognition, 36(1), 190–203. 

https://doi.org/10.1037/a0017732 

Scullin, M. K., McDaniel, M. A., & Shelton, J. T. (2013). The Dynamic Multiprocess 

Framework: Evidence from prospective memory with contextual variability. 

Cognitive Psychology, 67(1–2), 55–71. 

https://doi.org/10.1016/j.cogpsych.2013.07.001 

Sharma, R. K., Teng, A., Asirot, M. G., Taylor, J. O., Borson, S., & Turner, A. M. 

(2022). Challenges and opportunities in conducting research with older adults with 

dementia during COVID-19 and beyond. Journal of the American Geriatrics 

Society, 70(5). https://doi.org/10.1111/jgs.17750 

Shelton, J. T., Lee, J. H., Scullin, M. K., Rose, N. S., Rendell, P. G., & McDaniel, M. A. 

(2016). Improving prospective memory in healthy older adults and individuals with 

very mild Alzheimer’s Disease. Journal of the American Geriatrics Society, 64(6), 

1307–1312. https://doi.org/10.1111/jgs.14134 

Shenkin, S. D., Harrison, J. K., Wilkinson, T., Dodds, R. M., & Ioannidis, J. P. A. (2017). 

Systematic reviews: Guidance relevant for studies of older people. In Age and 

Ageing (Vol. 46, Issue 5). https://doi.org/10.1093/ageing/afx105 

Sheppard, D. P., Matchanova, A., Sullivan, K. L., Kazimi, S. I., & Woods, S. P. (2020). 

Prospective memory partially mediates the association between aging and everyday 

functioning. The Clinical Neuropsychologist, 34(4), 755–774. 

https://doi.org/10.1080/13854046.2019.1637461 

Shiffman, S., Stone, A. A., & Hufford, M. R. (2008). Ecological momentary assessment. 

Annual Review of Clinical Psychology, 4(1), 1–32. 

https://doi.org/10.1146/annurev.clinpsy.3.022806.091415 



RUMINATION IN PROSPECTIVE MEMORY 

109 
 

Shum, D. H. K., Cahill, A., Hohaus, L. C., O’Gorman, J. G., & Chan, R. C. K. (2013). 

Effects of aging, planning, and interruption on complex prospective memory. 

Neuropsychological Rehabilitation, 23(1), 45–63. 

https://doi.org/10.1080/09602011.2012.716761 

Smallwood, J., & Schooler, J. W. (2015). The science of mind wandering: Empirically 

navigating the stream of consciousness. Annual Review of Psychology, 66. 

https://doi.org/10.1146/annurev-psych-010814-015331 

Smith, R. E. (2003). The cost of remembering to remember in event-based prospective 

memory: Investigating the capacity demands of delayed intention performance. 

Journal of Experimental Psychology: Learning, Memory, and Cognition, 29(3), 

347–361. https://doi.org/10.1037/0278-7393.29.3.347 

Smith, R. E., & Hunt, R. R. (2000). The influence of distinctive processing on retrieval-

induced forgetting. Memory & Cognition, 28(4), 503–508. 

https://doi.org/10.3758/BF03201240 

Sohtorik İlkmen, Y. (2020). Depression and Repetitive Negative Thinking among Older 

Adults: The Specific Role of Executive Dysfunction. Psikoloji Çalışmaları / Studies 

in Psychology. https://doi.org/10.26650/sp2019-0074 

Spitzer, R. L., Kroenke, K., Williams, J. B. W., & Löwe, B. (2006). A brief measure for 

assessing generalized anxiety disorder: the GAD-7. Archives of Internal Medicine, 

166(10), 1092. https://doi.org/10.1001/archinte.166.10.1092 

Steinke, A., Kopp, B., & Lange, F. (2021). The Wisconsin Card Sorting Test: Split-Half 

reliability estimates for a self-administered computerized variant. Brain Sciences, 

11(5), 529. https://doi.org/10.3390/brainsci11050529 

Storbeck, J., & Clore, G. L. (2007). On the interdependence of cognition and emotion. 

Cognition and Emotion, 21(6). https://doi.org/10.1080/02699930701438020 

Sullivan, K. L., Neighbors, C., Bucks, R. S., Weinborn, M., Gavett, B. E., & Woods, S. 

P. (2020). Longitudinal declines in event-based, but not time-based, prospective 



RUMINATION IN PROSPECTIVE MEMORY 

110 
 

memory among community-dwelling older adults. Aging, Neuropsychology, and 

Cognition, 1–17. https://doi.org/10.1080/13825585.2020.1849534 

Trawley, S. L., Stephens, A. N., Rendell, P. G., & Groeger, J. A. (2017). Prospective 

memory while driving: comparison of time- and event-based intentions. 

Ergonomics, 60(6), 780–790. https://doi.org/10.1080/00140139.2016.1214288 

Treynor, W., Gonzalez, R., & Nolen-Hoeksema, S. (2003). Rumination reconsidered: A 

psychometric analysis. Cognitive Therapy and Research. 

https://doi.org/10.1023/A:1023910315561 

Tribolet, R., Sheehan, W. B., Novak, A. R., Watsford, M. L., & Fransen, J. (2021). 

Factors associated with cooperative network connectedness in a professional 

Australian football small-sided game. Science and Medicine in Football. 

https://doi.org/10.1080/24733938.2021.1991584 

Tsang, A. P. L., Au, A., & Lo, H. H. M. (2022). Prospective Memory Training for 

Healthy Older Adults: A Systematic Review. In Clinical Gerontologist (Vol. 45, 

Issue 3). https://doi.org/10.1080/07317115.2021.1950253 

Uttl, B., White, C. A., Cnudde, K., & Grant, L. M. (2018). Prospective memory, 

retrospective memory, and individual differences in cognitive abilities, personality, 

and psychopathology. PLoS ONE, 13(3). 

https://doi.org/10.1371/journal.pone.0193806 

Vălenaș, S. P., & Szentágotai-Tătar, A. (2017). The relationship between rumination and 

executive functions: A meta-analysis. Journal of Evidence-Based Psychotherapies, 

17(2), 23–52. https://doi.org/10.24193/jebp.2017.2.2 

van Vugt, M. K., & van der Velde, M. (2018). How does rumination impact cognition? A 

first mechanistic model. Topics in Cognitive Science, 10(1), 175–191. 

https://doi.org/10.1111/tops.12318 

von Hippel, W., Vasey, M. W., Gonda, T., & Stern, T. (2008). Executive function 

deficits, rumination and late-onset depressive symptoms in older adults. Cognitive 



RUMINATION IN PROSPECTIVE MEMORY 

111 
 

Therapy and Research, 32(4), 474–487. https://doi.org/10.1007/s10608-006-9034-9 

Wadsworth, H. E., Dhima, K., Womack, K. B., Hart, J., Weiner, M. F., Hynan, L. S., & 

Cullum, C. M. (2018). Validity of teleneuropsychological assessment in older 

patients with cognitive disorders. Archives of Clinical Neuropsychology, 33(8), 

1040–1045. https://doi.org/10.1093/arclin/acx140 

Watkins, E. R., & Roberts, H. (2020). Reflecting on rumination: Consequences, causes, 

mechanisms and treatment of rumination. In Behaviour Research and Therapy (Vol. 

127). https://doi.org/10.1016/j.brat.2020.103573 

Watt, J. A., Lane, N. E., Veroniki, A. A., Vyas, M. V., Williams, C., Ramkissoon, N., 

Thompson, Y., Tricco, A. C., Straus, S. E., & Goodarzi, Z. (2021). Diagnostic 

accuracy of virtual cognitive assessment and testing: Systematic review and meta-

analysis. Journal of the American Geriatrics Society, 69(6). 

https://doi.org/10.1111/jgs.17190 

Werner-Seidler, A., Dahm, T., Golden, A. M., Manly, T., & Dalgleish, T. (2020). 

Personally salient, emotionally negative task contexts provoke goal neglect in 

depression. Psychological Medicine, 50(5). 

https://doi.org/10.1017/S0033291719000886 

West, R., Herndon, R. W., & Covell, E. (2003). Neural correlates of age-related declines 

in the formation and realization of delayed intentions. Psychology and Aging, 18(3), 

461–473. https://doi.org/10.1037/0882-7974.18.3.461 

Whitmer, A., & Gotlib, I. H. (2011). Brooding and reflection reconsidered: A factor 

analytic examination of rumination in currently depressed, formerly depressed, and 

never depressed individuals. Cognitive Therapy and Research, 35(2). 

https://doi.org/10.1007/s10608-011-9361-3 

Whitmer, A. J., & Banich, M. T. (2010). Trait rumination and inhibitory deficits in long-

term memory. Cognition & Emotion, 24(1), 168–179. 

https://doi.org/10.1080/02699930802645762 



RUMINATION IN PROSPECTIVE MEMORY 

112 
 

Whitmer, A. J., & Gotlib, I. H. (2012). Switching and backward inhibition in major 

depressive disorder: The role of rumination. Journal of Abnormal Psychology, 

121(3), 570–578. https://doi.org/10.1037/a0027474 

Whitmer, A. J., & Gotlib, I. H. (2013). An attentional scope model of rumination. 

Psychological Bulletin, 139(5), 1036–1061. https://doi.org/10.1037/a0030923 

Wild, B., Eckl, A., Herzog, W., Niehoff, D., Lechner, S., Maatouk, I., Schellberg, D., 

Brenner, H., Müller, H., & Löwe, B. (2014). Assessing Generalized Anxiety 

Disorder in elderly people using the GAD-7 and GAD-2 scales: Results of a 

validation study. The American Journal of Geriatric Psychiatry, 22(10), 1029–1038. 

https://doi.org/10.1016/j.jagp.2013.01.076 

Wilson, F. C. L., & Gregory, J. D. (2018). Overgeneral autobiographical memory and 

depression in older adults: a systematic review. Aging & Mental Health, 22(5), 575–

586. https://doi.org/10.1080/13607863.2017.1326461 

Wilson, J., Cutmore, T. R. H., Wang, Y., Chan, R. C. K., & Shum, D. H. K. (2013). 

Effects of cue frequency and repetition on prospective memory: An ERP 

investigation. International Journal of Psychophysiology, 90(2). 

https://doi.org/10.1016/j.ijpsycho.2013.08.003 

Woods, S. P., Moran, L. M., Dawson, M. S., Carey, C. L., Grant, I., Atkinson, J. H., Ellis, 

R. J., McCutchan, J. A., Marcotte, T. D., Hale, B. R., Letendre, S., Capparelli, E., 

Schrier, R., Heaton, R. K., Cherner, M., Moore, D. J., Jernigan, T., Fennema-

Notestine, C., Archibald, S. L., … Vaida, F. (2007). Psychometric characteristics of 

the memory for intentions screening test. Clinical Neuropsychologist, 22(5). 

https://doi.org/10.1080/13854040701595999 

Yang, Y., Cao, S., Shields, G. S., Teng, Z., & Liu, Y. (2017). The relationships between 

rumination and core executive functions: A meta-analysis. Depression and Anxiety, 

34(1), 37–50. https://doi.org/10.1002/da.22539 

Yapan, S., Türkçapar, M. H., & Boysan, M. (2020). Rumination, automatic thoughts, 

dysfunctional attitudes, and thought suppression as transdiagnostic factors in 



RUMINATION IN PROSPECTIVE MEMORY 

113 
 

depression and anxiety. Current Psychology. https://doi.org/10.1007/s12144-020-

01086-4 

Zhou, F.-C., Wang, Y.-Y., Zheng, W., Zhang, Q., Ungvari, G. S., Ng, C. H., Zhang, J., & 

Xiang, Y.-T. (2017). Prospective memory deficits in patients with depression: A 

meta-analysis. Journal of Affective Disorders, 220, 79–85. 

https://doi.org/10.1016/j.jad.2017.05.042 

Zuber, S., Haas, M., Framorando, D., Ballhausen, N., Gillioz, E., Kunzi, M., & Kliegel, 

M. (2022). The Geneva Space Cruiser: a fully selfadministered online tool to assess 

prospective memory across the adult lifespan. Memory, 30(2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RUMINATION IN PROSPECTIVE MEMORY 

114 
 

APPENDICES  

Appendix 1  

Table 21 

Schematic Diagram of Study Design 

 

 

 

Timeline Study stage Procedure 

 

Pre-study 

 

Enrolment 

 

• Obtaining informed consent from 

undergraduate students via uWindsor 

Participant Pool. 

• Obtaining informed consent from 

older adults via online recruitment and 

email (i.e., cognitive screening using 

the TICS). 

 

 

 

 

 

 

 

 

Week 1 

 

 

 

 

 

 

 

Baseline period 

 

• Demographic measures 

• GAD-7 

• PHQ-9 

• RRS 

 

Momentary measures 

 

• BMIS 

• BSRI 

• Ongoing working memory and PM 

task 

• Feasibility questions 

 

Week 2 

 

Participant reassessment 

and final assessment 

 

• BMIS 

• BSRI 

• Ongoing working memory and PM 

task 

• Feasibility questions 
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Appendix 2 

Table 22 

The 7-Item Generalized Anxiety Disorder Scale 

GAD-7 Over the last two weeks how 

often have you been bothered by the 

following problems? 

 

0 

Not at 

all 

1 

Several 

days 

2 

More than 

half the 

days 

3 

Nearly 

everyday 

Feeling nervous, anxious, or on edge 

 

    

Not being able to stop or control 

worrying 

 

    

Worrying too much about different 

things 

 

    

Trouble relaxing     

Being so restless that it’s hard to sit still 

 

    

Becoming easily annoyed or irritable 

 

    

Feeling afraid as if something awful 

might happen 

    

Total Score (add your column scores) 

 

    

If you checked off any problems, how 

difficult have these problems made it for 

you to do your work, take care of things 

at home, or get along with other people?  

Not difficult  

Somewhat difficult 

Very difficult  

Extremely at all difficult 
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Appendix 3 

Table 23 

The Nine-Item Patient Health Questionnaire 

PHQ-9 Over the last two weeks how 

often have you been bothered by the 

following problems? 

0 

Not 

at all 

1 

Several 

days 

2 

More than 

half the 

days 

3 

Nearly 

everyday 

A Little interest or pleasure in 

doing things 

    

B Feeling down, depressed, or 

hopeless 

    

C Trouble falling or staying 

asleep, sleeping too much 

    

D Feeling tired or having little 

energy 

    

E Poor appetite or overeating     

F Feeling bad about yourself – or 

that you are a failure or have 

let yourself or your family 

down 

    

G Trouble concentrating on 

things, such as reading the 

newspaper or watching 

television 

    

H Moving or speaking so slowly 

that other people could have 

noticed. Or the opposite – 

being so fidgety or restless that 

you have been moving around 

a lot more than usual 

    

I Thoughts that you would be 

better off dead or of hurting 

yourself in some way 

    

Severity 

Score  

Mild depression = 5 – 10 

Moderate depression = 10 – 18 

Severe depression = 19 – 27  

Total Score: 

If you checked off any problems, how 

difficult have these problems made it for 

you to do your work, take care of things 

at home or get along with other people? 

Not difficult  

Somewhat difficult 

Very difficult  

Extremely at all difficult  
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Appendix 4 

Table 24 

Brief State Rumination Inventory  

Items Scale  

1. Right now, I am reflecting about my mood. 0 – 100 

2. Right now, I wonder why I react the way I do. 0 – 100 

3. Right now, I wonder why I always feel the way I do.  0 – 100 

4. Right now, I am thinking, “Why do I have problems other people don’t 

have?” 

0 – 100 

5. Right now, I am rehashing in my mind recent things I’ve said or done. 0 – 100 

6. Right now, I am thinking, “Why can’t I handle things better?” 0 – 100 

7. Right now, it is hard for me to shut off negative thoughts about myself. 0 – 100 

8. Right now, I wonder why I can’t respond in a better way. 0 – 100  
Note. Participants are required to place on their response on a sliding scale from 0-100 on the 

online survey. 
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Appendix 5 

Table 25 

The Ruminative Responses Scale 

People think and do many different things when they feel depressed. Please read each of the 

items below and indicate whether you almost never, sometimes, often, or almost always think 

or do each one when you feel down, sad, or depressed. Please indicate what you generally do, 

not what you think you should do. 

Items Scaling 

1. Think about how alone you feel. 0    1    2    3 

2. Think “I won’t be able to do my job if I don’t snap out of this.” 0    1    2    3 

3. Think about your feelings of fatigue and achiness 0    1    2    3 

4. Think about how hard it is to concentrate 0    1    2    3 

5. Think “What am I doing to deserve this?” 0    1    2    3 

6. Think about how passive and unmotivated you feel. 0    1    2    3 

7. Analyze recent events to try to understand why you are depressed 0    1    2    3 

8. Think about how you don’t seem to feel anything anymore 0    1    2    3 

9. Think “Why can’t I get going?” 0    1    2    3 

10. Think “Why do I always react this way?” 0    1    2    3 

11. Go away by yourself and think about why you feel this way 0    1    2    3 

12. Write down what you are thinking about and analyze it 0    1    2    3 

13. Think about a recent situation, wishing it had gone better  0    1    2    3 

14. Think “I won’t be able to concentrate if I keep feeling this way.”  0    1    2    3 

15. Think “Why do I have problems other people don’t have?”  0    1    2    3 

16. Think “Why can’t I handle things better?”  0    1    2    3 

17. Think about how sad you feel.  0    1    2    3 

18. Think about all your shortcomings, failings, faults, mistakes  0    1    2    3 

19. Think about how you don’t feel up to doing anything  0    1    2    3 

20. Analyze your personality to try to understand why you are depressed  0    1    2    3 

21. Go someplace alone to think about your feelings  0    1    2    3 

22. Think about how angry you are with yourself 0    1    2    3 
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Appendix 6 

Table 26 

The Brief Mood Introspection Scale 

 

Circle the response on the scale below that indicates how well each adjective or phrase describes 

your present mood, where XX = “definitely do not feel”, X = “do not feel”, V = “slightly feel”, 

VV = “definitely feel”. 

 

Lively XX    X    V    VV Drowsy  XX    X    V    VV 

Happy XX    X    V    VV Grouchy XX    X    V    VV 

Sad XX    X    V    VV Peppy XX    X    V    VV 

Tired XX    X    V    VV Nervous  XX    X    V    VV 

Caring XX    X    V    VV Calm XX    X    V    VV 

Content XX    X    V    VV Loving XX    X    V    VV 

Gloomy XX    X    V    VV Fed Up XX    X    V    VV 

Jittery XX    X    V    VV Active XX    X    V    VV 

 

Overall, my mood is: 

Very Unpleasant                     Very Pleasant 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 
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Appendix 7 

Figure 1 

Schematic Diagram of the PM Task 

 

Note. Participants are required to press “M” if they see an image that matches the one presented 

previously, “N” if they see an image that does not match the one presented previously, and press 

the “space bar” if they see an image of a dog. 
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Appendix 8 

Table 27 

Sample Demographic and Baseline Data 

 Participants with 

Four Timepoints 

(n = 156) 

Participants with 

Two Timepoints 

(n = 95) 

p 

Age (M, SD) 26.36 (14.84) 27.84 (16.07) .22 

Gender (%F) 87% 87% - 

Race/Ethnicity (n) 

White 

Black 

Latin American 

South Asian 

West Asian 

Southeast Asian 

Arab 

Filipino 

Chinese 

Aboriginal 

 

116 

7 

3 

12 

3 

2 

14 

1 

2 

1 

 

77 

8 

2 

8 

3 

2 

12 

0 

0 

1 

 

PHQ-9 (M, SD) 6.43 (4.82) 6.54 (4.82) .72 

GAD-7 (M, SD) 6.46 (5.33) 6.69 (5.33) .86 

RRS (M, SD) 42.33 (13.85) 43.68 (13.85) .48 

Note. PHQ-9: 9-Item Patient Health Questionnaire; GAD-7: 7-Item Generalized Anxiety 

Disorder; RRS: Ruminative Responses Scale; F: Female; M = mean; SD = Standard 

deviation. *p < .05. 
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Appendix 9 

Table 28 

Sample Demographic and Baseline Data of the Total Data 

 Total Sample 

(n = 156) 

Younger Adults 

(n = 139) 

Older Adults 

(n = 17) 

Age (M, SD) 26.36 (14.84)* 21.45 (4.42) 66.47 (6.74) 

Gender (%F) 87% 92% 41% 

Race/Ethnicity (n) 

White 

Black 

Latin American 

South Asian 

West Asian 

Southeast Asian 

Arab 

Filipino 

Chinese 

Aboriginal 

 

116 

7 

3 

12 

3 

2 

14 

1 

2 

1 

 

100 

5 

3 

11 

3 

2 

14 

1 

2 

1 

 

16 

0 

0 

1 

0 

0 

0 

0 

0 

0 

PHQ-9 (M, SD) 6.43 (4.82)* 6.81 (4.85) 3.35 (3.28) 

GAD-7 (M, SD) 6.46 (5.33)* 6.90 (5.32) 2.88 (3.92) 

RRS (M, SD) 42.33 (13.85)* 43.27 (14.07) 34.65 (9.02) 

TICS (M, SD) - - 36.28 (3.93) 

Note. PHQ-9: 9-Item Patient Health Questionnaire; GAD-7: 7-Item Generalized Anxiety 

Disorder; RRS: Ruminative Responses Scale; TICS; Telephone Interview for Cognitive 

Status; F: Female; M = mean; SD = Standard deviation. *p < .05. 
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