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Abstract  

Prospective Memory (PM) is needed and used when intentions are to be carried out in 

the future and impairments in this type of memory can have detrimental effects on 

individuals and their ability to live independently. Little research has been conducted to 

examine if PM is impaired after stroke, the underlying reason(s) for impairment, and 

whether PM can be improved after a stroke. Therefore, the present thesis aimed to 

clarify the nature and extent of PM impairment after stroke. Twenty-eight individuals 

with stroke, 25 of their significant-others, and 27 neurologically healthy controls took 

part in the study. For the purposes of data analysis and ease of interpretation, the larger 

overall study has been broken into three studies outlined in this thesis.  

Study 1 aimed to compare self-reported PM of individuals with stroke to 

neurologically healthy controls and their significant-others to determine if perception of 

PM ability is impaired after stroke. Individuals with stroke reported significantly more 

Basic Activities of Daily Living (BADL) PM failures compared to controls on part A of 

the Brief Assessment of Prospective Memory (BAPM). However, on part B, individuals 

with stroke reported BADL PM failures to be less problematic or important compared to 

controls, suggesting a lack of awareness into the consequences of PM failure. 

Individuals with stroke reported more PM and Retrospective Memory (RM) failures 

than controls on the Prospective and Retrospective Memory Questionnaire (PRMQ).  

On average, the significant-others rated more frequent memory failures for individuals 

with stroke than the individuals themselves on the BAPM and PRMQ, however, these 

differences were not statistically significant. Results of the study clarified the results of 

previous research and highlighted that individuals with stroke report more PM failures 

than controls but underestimate the importance of these PM failures. These findings 

have implications for PM impairments and treatment in this clinical population.  
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 Study 2 compared the PM performance of individuals with stroke and controls 

on a standardised measure, the Cambridge Prospective Memory Test (CAMPROMPT), 

to determine if PM is impaired after stroke. In addition, it aimed to explore underlying 

reason(s) for PM impairment by examining the relationships between demographic, 

cognitive, and metacognitive variables and PM performance. Results showed that 

individuals with stroke performed more poorly on both event- and time-based PM 

compared to controls, suggesting PM impairment. In addition, when placed in age and 

estimated IQ adjusted normative categories based on their PM scores, 39.2% of 

individuals with stroke were considered to have PM impairment to some extent. No 

significant differences were found between event- and time-based PM performance for 

individuals with stroke, suggesting similar level of impairments for both types of PM. 

After controlling for group membership, event-based PM was found to be significantly 

predicted by the demographic variable of age, and the cognitive variables of RM 

retention and global cognitive function. Time-based PM was found to be significantly 

predicted by the demographic variable of age and the metacognitive variable of note-

taking. These findings did not align with previous research that found that 

cognitive/executive function was more predictive of time-based than event-based PM. 

While limitations exist in the current research, the findings have helped to confirm that 

PM impairment does exist after stroke, especially when using standardised clinical PM 

measures. Furthermore, PM impairment may be predicted by variables such as older 

age, lack of strategy use, RM, and poorer executive function ability. 

 Study 3 aimed to examine reasons for possible PM impairment after stroke by 

manipulating cue focality and implementation intentions. Additionally, it aimed to 

assess the use of virtual reality in the assessment of PM. Firstly, both groups rated the 

Virtual Reality Prospective Memory Shopping Task (VRPMST) favourably when 

compared to an experimental measure of PM (Lexical Decision Prospective Memory 
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Task; LDPMT), particularly in terms of similarity with everyday life, suggesting high 

ecological validity of the VRPMST. On the VRPMST, PM results were similar to the 

CAMPROMPT, LDPMT, and Delayed Message Task (DMT), specifically for time-

based PM. This suggests that the VRPMST is useful in the assessment of time-based 

PM both in neurologically healthy controls and individuals with stroke. A main effect of 

focality was found for performance on event-based PM, with focal cues being higher 

than non-focal cues, however, significant differences were only found for the control 

group. This suggests that individuals with stroke showed similar level of impairments in 

event-based PM when both focal and non-focal cues were used. Implementation 

intentions were found to significantly improve event-based PM in individuals with 

stroke (on the LDPMT) and improve time-based PM so that individuals with stroke 

were performing similarly to controls (on the LDPMT, VRPMST, and DMT). The study 

helped to confirm findings of previous literature that PM impairments exist after stroke, 

particularly for time-based PM, and may be due to impairments in both spontaneous 

retrieval and strategic monitoring strategies after stroke.  

Overall the findings of this thesis indicate that PM is impaired after stroke, 

particularly for time-based PM, and that some improvements in PM performance can be 

made with simple rehabilitative techniques like implementation intentions. In addition, 

possible reasons for PM impairment after stroke have been identified including: deficits 

in both spontaneous and strategic monitoring processes; advanced age; and both 

cognitive function and RM impairment. Moreover, the findings of this study may help 

provide further understanding of the theoretical models of PM (particularly in terms of 

PM cue types and monitoring strategies) and inform clinical/rehabilitative practices in 

how to assess and improve PM after stroke. Future research is recommended with larger 

sample sizes to examine additional factors that could impact PM after stroke (i.e., time-

post stroke, stroke location/severity). Implementation intentions only target one phase 
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of the PM process; therefore, it is recommended that future research develop 

rehabilitative techniques targeted at other stages of PM to see if PM can be improved 

even more.  
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CHAPTER ONE 

Thesis Overview 

 Prospective Memory (PM) is the ability to remember to carry out intentions at an 

appropriate point in the future (Shum, Levin, & Chan, 2011). Some examples of PM 

tasks include picking up a carton of milk on your way home from work, remembering to 

call a colleague back at a certain time, or remembering to take medication before dinner. 

PM is required to complete many everyday activities and its impairments can have 

detrimental effects on an individual and their ability to live independently as well as 

those surrounding them (Groot, Wilson, Evans, & Watson, 2002). For example, if a 

person cannot remember to turn off the iron after using it, this could have major 

consequences in the form of a house fire, or if he or she cannot remember to take 

prescribed medication at the appropriate time this could have adverse effects on the 

health of the individual.  

To date, most of the PM literature has focused on healthy and ageing 

populations (Beck, Ruge, Walser, & Goschke, 2014; Cherry & LeCompte, 1999; 

Einstein & McDaniel, 1990; Einstein, McDaniel, Richardson, Guynn, & Cunfer, 1995; 

Einstein, Smith, McDaniel, & Shaw, 1997; Gonneaud et al., 2014), with some focus on 

clinical populations including aquired brain injury (ABI; Fish, Manly, Emslie, Evans, & 

Wilson, 2008; Fish, Wilson, & Manly, 2010; Groot et al., 2002; Lemoncello, Sohlberg, 

Fickas, & Prideaux, 2011), traumatic brain injury (TBI; Banville & Nolin, 2012; Canty 

et al., 2014; Clune-Ryberg et al., 2011; Shum, Fleming, & Neulinger, 2002; Shum, 

Levin, et al., 2011), schizophrenia (Ordemann, Opper, & Davalos, 2014; Shum, 

Ungvari, Tang, & Leung, 2004), mild cognitive impairment and dementia (Costa, 

Caltagirone, & Carlesimo, 2011; Costa, Perri, et al., 2011; van den Berg, Kant, & 

Postma, 2006), and Parkinson’s disease (Costa, Carlesimo, & Caltagirone, 2012; 
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Kliegel, Altgassen, Hering, & Rose, 2011; Pirogovsky, Woods, Filoteo, & Gilbert, 

2012). However, little research has been conducted to examine the impact stroke has on 

PM ability.  

People with stroke and their families commonly report impairments in general 

memory function (Andrews, Halford, Shum, et al., 2014; de Haan, Nys, & Van 

Zandvoort, 2006; Kalashnikova, Zueva, Pugacheva, & Korsakova, 2005). However, 

only seven studies have assessed PM ability after stroke using a combination of self-

reported and behavioural measures (Barr, 2011; Brooks, Rose, Potter, Jayawardena, & 

Morling, 2004; Cheng, Tian, Hu, Wang, & Wang, 2010; Kant et al., 2014; Kim, Craik, 

Luo, & Ween, 2009; Man, Chan, & Yip, 2015; Man, Yip, Lee, Fleming, & Shum, 2015) 

and only five have assessed the impact of an intervention on PM after stroke (Kim, 

Burke, Dowds, Robinson Boone, & Park, 2000; Miller & Radford, 2014; Sohlberg, 

White, Evans, & Mateer, 1992b; Van Den Broek, Downes, Johnson, Dayus, & Hilton, 

2000; Withiel, Wong, Ponsford, Cadilhac, & Stolwyk, 2018). Overall, findings from 

this literature is mixed and suggest impairments in PM after stroke, particularly for 

time-based PM, but this is dependent on the assessment measure used (Hogan, Fleming, 

Cornwell, & Shum, 2016). Additionally, the rehabilitative literature is mixed, with 

benefits of rehabilitation being dependent on the time post-stroke and an individual’s 

interest in technology or technological ability (Kim et al., 2000; Van Den Broek et al., 

2000; Withiel et al., 2018). While it is generally considered that PM impairment does 

exist after stroke, it is unclear why such impairments exist, and whether improvements 

in PM ability can be made.  

The aim of this thesis was, therefore, to clarify the nature and extent of PM 

impairment after stroke. The next three chapters will provide a review of the literature, 

including: stroke; PM; and PM after stroke. Specifically, Chapter 2 summarises the 

incidence of and outcomes following stroke, particularly in terms of cognitive function. 
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Chapter 3 provides a summary of PM, its theoretical and neurological underpinnings, 

and methods of assessment. Chapter 4 is a published journal article that summarises the 

PM and stroke literature in the form of a scoping review.  

The remaining chapters of the thesis describe the aims, methods, results, and 

discussion of a series of three studies. In particular, Chapter 5 introduces the aims and 

general methods of the current thesis. Chapter 6 describes and discusses the findings of 

Study 1. This study aimed to assess PM after stroke using self-report methods to 

compare the subjective ratings of individuals with stroke to both neurologically healthy 

controls and significant-others to ascertain whether individuals with stroke showed self-

awareness into their own PM abilities. Chapter 7 describes and discusses the findings of 

Study 2, which aimed to assess PM after stroke using an objective and standardised 

psychological test to determine if PM impairment exists after stroke. Additionally, it 

aimed to explore possible reasons for PM impairment by assessing whether 

demographic, executive/cognitive function, or various metacognitive factors predict PM 

performance after stroke. Chapter 8 describes and discusses the findings of Study 3, 

which aimed to assess PM after stroke using a virtual reality (VR) measure. 

Additionally, the study aimed to assess the impact cue focality has on PM after stroke to 

determine whether PM is impaired due to monitoring ability and resources as well as 

examine whether implementation intentions, a brief rehabilitative technique, could 

improve PM performance after stroke. Lastly, Chapter 9 provides a general discussion 

and integration of all the findings and the overall conclusions of the current thesis.  
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CHAPTER TWO 

Stroke and its Impact  

What is Stroke?  

Stroke is the most common of the cerebrovascular diseases (Snyder, Nussbaum, 

& Robins, 2006), a broad range of disorders which involve the blood vessels both in the 

brain and the ones that supply the brain (Australian Institute of Health and Welfare 

[AIHW], 2013; Hennerici, Bogousslavsky, & Sacco, 2004). Stroke was first commonly 

known as Apoplexy, derived from the Greek, meaning to be struck down (Caplan, 2006; 

Hankey, 2007), thus highlighting the spontaneous and rapid onset of symptoms in this 

disease. Stroke is broadly defined as the sudden onset of neurological symptoms which 

is caused by a disruption in blood supply to the brain, often resulting in tissue death 

(i.e., infarction; AIHW, 2013; Kolb & Whishaw, 2009). Two main types of stroke are 

commonly identified, ischaemic and haemorrhagic.  

Ischaemic stroke is characterised by a lack of blood supply to the brain, often 

resulting in functional deficits, with prolonged disruption leading to localised infarction 

(Caplan, 2006). It is the most common type of stroke accounting for approximately 80% 

of all stroke cases in Australia (AIHW, 2013). Two causes of ischaemic stroke are 

commonly outlined, thrombosis and embolism. Thrombosis is characterised by a build-

up within the blood vessel causing disruption of flow, with atherosclerosis (narrowing 

of the arteries) being the most common disease. Here the artery narrows due to build-up 

of atherosclerotic plaque, which gradually reduces blood flow, causing clotting and 

eventually resulting in total occlusion. While thrombosis is characterised by a blockage 

in the area of formation, embolism occurs when an embolus (any material which causes 

the blockage), commonly a blood clot, fatty deposit, air bubble, or a small mass of cells, 

has travelled from another vessel and lodged into a smaller one. This lodgement of the 
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embolus causes disruption of blood flow and the onset of stroke symptoms (Caplan, 

2006; Snyder et al., 2006).  

While ischaemic stroke is characterised by a lack of blood to the brain, 

haemorrhagic stroke is characterised by too much blood (Caplan, 2006). This is often 

due to the rupture of and subsequent bleeding from a blood vessel, or an arteriovenous 

malformation (AIHW, 2013). Haemorrhagic strokes are not as common as ischaemic 

strokes and account for approximately 20% of all stroke cases in Australia. They are 

classified by the location of haemorrhage within the brain, commonly intracerebrally or 

within the subarachnoid space (Anderson, 1994). An intracerebral haemorrhage occurs 

within the brain tissue and is often due to the rupture of small blood vessels within the 

brain (Caplan, 2006), most commonly caused by high blood pressure (hypertension), or 

larger vessels due to a ruptured aneurysm (a swelling in the weakened wall of a blood 

vessel). The blood pools together to form a haematoma, which often interrupts the 

connection between brain areas and can exert pressure resulting in injury to surrounding 

brain tissue. Haematomas can result in specific cognitive dysfunction relating to the 

region of localisation. Haemorrhages between the pia mater and arachnoid layer of the 

brain are classified as subarachnoid haemorrhages (SAH). Rather than bleeding into 

the brain, here the blood bleeds into the fluid which surrounds the brain, often due to a 

ruptured aneurysm (Hennerici et al., 2004), resulting in general cognitive impairment 

(AIHW; 2018).  

Symptoms and Risk Factors  

Symptoms depend on the type and location of stroke, however, common signs of 

stroke can include motor impairments (e.g., weakness or paralysis of the body and face); 

sensory deficits; impaired speech (e.g., slurring); vision difficulties (e.g., loss of/blurred 

vision); dizziness, vertigo, or loss of balance/unexplained fall; sudden severe headache; 
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and/or difficulty swallowing (AIHW, 2013; Hankey, 2007). As both ischaemic stroke 

and intracerebral haemorrhage can cause localised infarcts, its diagnosis differs slightly 

to that of SAH. Diagnosis is made by examination of the patient’s history; brain 

imaging findings (computed tomography [CT]; magnetic resonance imaging [MRI]; 

angiography); and ensuring that neurological symptoms are focal (relating to a specific 

brain region) rather than non-focal (not relating to a specific brain region). Focal 

symptoms are negative in nature (i.e., loss of function), have a sudden onset, and 

symptoms are at their worst at onset rather than progressive (Hankey, 2007). SAH on 

the other hand results in different symptoms, with one third of patients reporting a 

poorly localised severe sudden headache as their only symptom. Other symptoms of 

SAH may include altered consciousness, seizure, vomiting, severe sensitivity to light, 

stiffness of the neck, delirium, fever, and uncommonly focal neurological signs (e.g., 

motor, sensory, speech, visual, vestibular, behavioural, and cognitive symptoms). SAH 

is diagnosed by examination of the clients’ history and requires confirmation through 

CT imaging.  

Common major risk factors for stroke can be broken into inherited versus 

modifiable factors. Inherited risk factors that cannot be controlled include gender, 

advanced age, and family or personal history of stroke or transient ischaemic attacks 

(TIAs). Modifiable risk factors include high blood pressure (hypertension), physical 

inactivity, obesity, smoking and high alcohol consumption, diabetes, heart disease, high 

cholesterol, pregnancy, and the use of oral contraceptives and hormone replacements 

(AIHW, 2013; Caplan, 2006; Hennerici et al., 2004; Mackay, Mensah, Mendis, & 

Greenlund, 2004). 

Incidence and Outcome Following Stroke 

 In 2016, stroke was the second most common cause of death globally (10.11%),  



PROSPECTIVE MEMORY AFTER STROKE  28 

 

and the second most common cause of disability (4.88%) after ischaemic heart disease 

(Institute for Health Metrics and Evaluation, 2017). In Australia, stroke is one of the 

leading causes of death and disability (AIHW, 2016), and in the year 2011 accounted 

for 3% of the total burden of disease (AIHW, 2018). In the year 2015 alone, just over 

36,700 people suffered a stroke in Australia and in the same year there were roughly 

394,000 stroke survivors living in the community, however, these figures are only made 

up by the stroke events that resulted in hospitalisation or death. The large numbers of 

Australians suffering strokes and living with stroke-related disability places an 

enormous financial burden on the health system. From 2008 to 2009, stroke was 

estimated to cost $606 million in Australia, with most expenditure relating to hospital 

admittance of patients (AIHW, 2013). Between 2015 and 2016 the average length of 

stay for stroke patients in Australia in acute hospital care was 8 days, and 26 days for 

stroke patients in rehabilitation care (AIHW, 2018). These figures highlight the 

enormity of stroke as a health problem and its impact in Australia.  

 Prognosis following a stroke is highly dependent on the type of stroke. In 

ischaemic stroke, patient outcome is dependent upon the location and degree of 

infarction (Hennerici et al., 2004), with larger infarctions localised to areas of essential 

function or subsequent severe compression on other surrounding brain regions 

commonly resulting in severe disability or death. Haemorrhagic stroke prognosis is 

considered poor when there is a low score on the Glasgow Coma Scale, a large-volume 

haematoma, and the existence of ventricular blood in the initial CT scan.  

For patients with either ischaemic stroke or intracerebral haemorrhage, 

neurological function begins to improve within the first few days, and the most rapid 

improvements occur in the first 3 months (Hankey, 2007). The next 6 to 12 months sees 

slow increases in functional improvements, with some gains still being reported 1 to 2 

years after the onset of stroke. Twelve months after ischaemic or intracerebral 
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haemorrhage stroke onset, one-third of patients will have died, leaving 20 to 30% 

dependent on others for everyday activities and 40 to 50% able to independently 

complete activities of daily living. Prognosis for SAH stroke, on the other hand, is not 

as positive, with an average of 50% resulting in death, and of the patients who reach 

medical help, one-third of them are left dependent with severe impairments and report a 

significant decline in their quality of life (Hennerici et al., 2004). Poor outcomes are 

often predicted by severely impaired neurological status on admission, rebleeding, 

advanced age, delayed cerebral ischaemia, and complications following surgery or 

medical treatment (Hankey, 2007; Hennerici et al., 2004).  

Treatment  

As with most other things regarding stroke, treatment depends on the type of 

stroke and condition of the patient, with medical, surgical, and radiologic techniques 

being the most common forms (Caplan, 2006). Treatment of acute ischaemic stroke 

follow these general strategies: (a) reperfusion therapy in the form of thrombolysis 

(using a chemical compound to dissolve blockage) or endovascular clot retrieval (tube 

fed into the blocked vessel wherein a wire stent retrieves the blockage under suction and 

is then removed); (b) using medication to reduce the chances of formation and spread of 

blood clots in the future (anticoagulants and antiplatelet agents, most commonly aspirin, 

90%); and (c) surgery (hemicraniectomy for large life threatening infarcts, particularly 

of the middle cerebral artery; Stroke Foundation, 2017). Treatments of acute 

haemorrhagic stroke are simpler and more direct than that for ischaemic stroke (Caplan, 

2006). Common forms of treatment include the clipping of burst aneurysms through 

surgery, coiling through the insertion of a catheter, repair of vascular malformations, or 

removal through surgery or focused radiation. Hypertensive drugs may also be 

prescribed to lower or control blood pressure (Snyder et al., 2006; Stroke Foundation, 

2017).  
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Life After Stroke 

As many patients are left with disability after stroke, it is important to 

understand the variety of impairments that stroke survivors may have to live with each 

day (AIHW, 2013; Caplan, 2006). Common motor dysfunctions after stroke include 

weakness (hemiparesis) and paralysis (hemiplegia), generally on one side of the body; 

stiffening of the limbs (spasticity); uncoordinated movements, generally impacting the 

arms, legs and gait; difficulty with articulation of speech due to motor impairments of 

the lips, mouth, and tongue (dysarthria); and difficulty swallowing (dysphagia). Sensory 

impairments can include a loss of feeling or numbness, with patients often becoming 

insensitive to temperature; occurrence of abnormal sensations (paraesthesia) including 

tingling, prickling, pins and needles, or burning; and increased pain, generally in the 

form of icy cold sensations or burning, sharp, stabbing sensations. Survivors also often 

experience a change in their interest in daily activities, reporting decreased levels of 

initiative and motivation, being less talkative, difficulty sustaining attention/activity, 

becoming overactive/restless, and slower at performing everyday activities (e.g., 

dressing, eating, etc.). Psychological issues, like depression, anxiety, and post-traumatic 

stress disorder can also play a major role in individuals’ lives post-stroke (Lincoln, 

Kneebone, Macniven, & Morris, 2012). Patients may also report incontinence issues 

(both urinary and bowel) as well as sexual dysfunction, often causing personal 

embarrassment.  

Changes in patients’ cognitive functioning and everyday behaviour are also 

commonly reported after stroke (Stroke Foundation, 2017). Difficulties with language 

(aphasia), reading (alexia), writing (agraphia), and mathematical calculations (acalculia) 

are common. General deficits of executive functioning are also prevalent, with patients 

having impairments in the areas of planning, integration of actions, judgement, and the 

performance of complex behaviours (i.e., integrating behaviours together to cook a 
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meal). Patients may also have difficulty expressing and interpreting emotions post-

stroke (AIHW, 2013). Visual abnormalities are also a frequent occurrence, with 

survivors reporting temporary or persistent loss of vision in one eye; part of the eye 

(scotoma – hole in visual field); loss of one side of the visual field (hemianopia); loss of 

the upper or lower quarter of the visual field (quadrantanopia); neglect (patients do not 

pay attention to one half of the visual field, as if it does not exist); double vision 

(diplopia); and some report difficulty recognising familiar faces (prosopagnosia), 

places, or objects (visual agnosia; Caplan, 2006; Stroke Foundation, 2017). Regarding 

memory function post-stroke, patients often have difficulty creating new memories 

(anterograde amnesia), while previously formed memories often stays intact. People 

with stroke and their families also commonly report impairments in general memory 

function post-stroke (Andrews, Halford, Shum, et al., 2014; de Haan et al., 2006; 

Kalashnikova et al., 2005; Stroke Foundation, 2017). The majority of the previous 

memory and stroke literature has focused on RM, rather than another type termed PM. 

Rehabilitation 

 As patients are left with a diverse range of deficits after stroke, individual 

rehabilitation plans are often used. The goal of rehabilitation is to help the patient 

recover and adapt to their various impairments in order to maximise their functioning in 

daily life. It also aims to educate patients, family, and caregivers about the effects of 

stroke, specifically relating to the patients’ various deficits (Caplan, 2006). 

Rehabilitation is commonly provided by interdisciplinary teams consisting of doctors, 

nurses, speech pathologists, physiotherapists, occupational therapists, social workers, 

dieticians, pharmacists, and clinical neuropsychologists, resulting in holistic patient care 

(Hankey, 2007). Thus, rehabilitation is multi-faceted and relies on the knowledge and 

techniques provided by each team member to elicit the best outcomes. Rehabilitation 
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can occur in specialised rehabilitation wards, hospitals, outpatient facilities, or the home 

(Caplan, 2006), and begins with testing to assess if deficits exist.  

Rehabilitation usually makes use of two treatment strategies, restitution and 

compensation (Lincoln et al., 2012). Restitution takes place when the patient re-

establishes previously learnt skills/functions. Compensatory strategies, on the other 

hand, help patients to use intact functions to compensate for impaired abilities after 

stroke and are ultimately designed to enable the patient to cope in everyday life despite 

the deficit. Throughout rehabilitation, focus can be placed on cognitive, motor, sensory, 

visual, language, emotional, or psychological factors to meet the patients’ needs. 

Rehabilitation may also have a strong focus on social and environmental factors with 

the focus being placed on social support (for both patient and caregivers/family), 

employment, caregiver burden, and adaptation of the physical and social environment.  

Conclusion 

 Overall, stroke has proven to be a significant health issue within Australia and 

other parts of the world. The burden of stroke comes in the form of significant financial 

cost to families and the health care system, significant burden on survivors who have to 

live with stroke-related impairments, and the burden felt by families and caregivers to 

provide adequate care to patients. While prognosis can be poor in some cases, there is 

hope for patients and families in the advanced medical treatment and the rehabilitative 

techniques used to help patients live independent lives post-stroke. Knowledge about 

RM and new learning after stroke exist, however, PM is often an overlooked function 

after stroke. Therefore, it is imperative that researchers and clinicians assess PM 

performance after stroke to determine if rehabilitation directed at PM is required for 

individuals with stroke. The next chapter will outline PM, its theoretical underpinnings, 

measurement, and how it can be improved.  
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CHAPTER THREE 

Prospective Memory  

What is Prospective Memory? 

 The encoding, storage, and delayed retrieval of intended actions is known as PM 

(Shum, Levin, et al., 2011). Compared to other forms of memory (e.g., semantic, 

episodic), research focusing on PM is relatively new, only gaining interest in the last 20 

to 30 years (Kliegel, McDaniel, & Einstein, 2008). This form of memory is required to 

complete many everyday activities, for example remembering to pick up milk on the 

way home from work or remembering to take medication at a certain time. As everyday 

functioning is heavily reliant on PM abilities, it is apparent that impairments in PM 

functioning can have detrimental effects on an individual and their ability to live 

independently, as well effect those surrounding them (Groot et al., 2002).  

 PM failures can cause great embarrassment or significant negative social 

consequences for individuals (Winograd, 1988). For example, if you asked an 

individual to name the former Prime Minister and they could not remember their name, 

no significant harm would be caused, and others would most likely credit the failure to 

the fact that their memory is slightly unreliable. However, if you asked that same person 

to post an important letter for you and they forgot (PM failure), you or other people may 

conclude that the person is unreliable, rather than attribute their behaviour to a lapse in 

memory.  

Components of PM. 

 PM is considered to consist of both a retrospective and prospective component 

(Kvavilashvili, Kornbrot, Mash, Cockburn, & Milne, 2009). Firstly, the retrospective 

component is remembering both the content of the intended action and the retrieval 
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context or retrieval cue (McDaniel & Einstein, 2000). The content of the intended action 

is essentially what action needs to be completed. For example, you need to remember to 

call your mother at or after a certain time or event. In this instance the content of the 

intended action is to call your mother. The retrieval context or retrieval cue is when the 

action needs to be completed. So again, in this instance you may need to call your 

mother at 2:30pm or after you have finished dinner. Both remembering the intended 

action and the cue makes up the retrospective component. The prospective component 

of PM on the other hand, is remembering at the appropriate time or moment that 

something needs to be done. In this instance, when you have finished dinner you 

remember that you need to do something, and that is to call your mother. Both the 

retrospective and prospective components need to be intact in order for correct PM 

performance. Thus, intact RM is important for PM performance. This is simply because 

if an individual can remember that they needed to do something (prospective 

component) but not remember what it was or when they were supposed to complete the 

action (retrospective component), a PM failure could still occur.  

Types of PM. 

 There have been three types of PM task outlined within the literature: time-, 

event-, and activity-based (Kvavilashvili & Ellis, 1996; R. E. Smith, 2008). Time-based 

tasks require an action to be completed at a certain time, like making a phone call at 

2:30pm, or after a certain amount of time has passed, like turning the oven off after 30 

min. Event-based tasks, on the other hand, require an action to be completed when a 

specific event occurs in the environment, for example, relaying a message to a colleague 

when you see them next. Activity-based tasks are similar to event-based in that they 

require a cue from the environment, however, the action is to be completed either after 

or during an activity. For example, this could be turning off the oven after cooking, or 

similarly turning on the oven while cooking.  
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 Each PM type requires different levels of cognitive demand, and this is believed 

to be dependent on the monitoring strategy that is used. Time-based PM tasks are 

believed to require higher levels of cognitive resources for task completion (Cockburn, 

1995; Einstein et al., 1995; Groot et al., 2002; Kinch & McDonald, 2001). This may be 

due to the notion that individuals have to use a strategic monitoring approach to 

continually monitor the time, which can have an impact on ongoing task performance. It 

is suggested that event- or activity-based PM may require less cognitive resources as the 

PM cues are often embedded within the environment in which participants are already 

attending to (Einstein et al., 1995). Thus, when performing these type of PM tasks 

individuals may rely more on spontaneous retrieval mechanisms for completion.  

Theoretical Underpinnings of PM 

 Many theories and models have been constructed to encapsulate the theoretical 

underpinnings of PM. As many of the theories build upon one another, it is important to 

briefly outline each one, including the process model of complex memory, preparatory 

attention and memory model, multi-process framework, and the dynamic multi-process 

framework. However, the current study will focus specifically on the process model of 

complex PM and the dynamic multi-process framework.  

Process model of complex PM. 

The process model of complex prospective memory (Kliegel, Martin, McDaniel, 

& Einstein, 2002) suggests that PM is characterised by an interaction of multiple 

cognitive processes which can be broken into four phases (see Figure 3.1). Phase one is 

intention formation. Here, an individual plans to perform an action at a later stage. For 

example, remembering to pick up milk on their way home from work. The second phase 

is intention retention. This is the process of remembering the intended action during a 

period of time, otherwise known as a delay period. During this retention interval (delay  
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Figure 3.1.  Model of complex prospective memory. Adapted from “Complex 

Prospective Memory and Executive Control of Working Memory: A Process Model,” 

by M. Kliegel, M. Martin, M.A. McDaniel, and G. O. Einstein, 2002, Psychologische 

Beiträge, 44(2), p. 307.  

 

period), individuals will be completing other activities, commonly referred to in the 

literature as ongoing tasks. In other words, the individual is keeping the intention in 

mind while completing other activities. In this instance, reminding themselves while 

working that they need to pick up milk on the way home. Phase three is intention 

initiation, wherein the individual initiates the intended action at the appropriate 

moment, which is often recognised by a PM cue. A PM cue may be the time on a clock 

for time-based PM tasks or something occurring in the environment for event-based PM 

tasks. In this instance the cue may be getting into their car after they have finished work. 

The final phase is intention execution. This is when the individual performs and 

completes the intended action. For this example, on their way home, picking up milk. It 

is believed that if any of these stages are impaired then PM failure could occur.  
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Preparatory attention and memory.  

 While the previously discussed process model of complex memory focuses on a 

multi-phasic approach to PM, other models focus on how PM performance is achieved 

correctly in relation to how an individual monitors their environment. The preparatory 

attention and memory model (R. E. Smith, 2003) proposes that individuals consciously 

form an intention/plan to do something in the future (i.e., intention formation). This is 

then followed by a delay period (i.e., intention retention) wherein the individual must 

focus their attention on other things. During this delay period, however, the individual 

also has to be prepared to change how they respond to environmental stimuli at any 

given time to complete the intended action. In other words, while they are completing 

other activities in the delay period they must also continually search for the PM cue in 

order to swap tasks when needed. The model describes this continual search for PM 

cues as preparatory attentional processes. It is considered that the individual uses up 

some attentional resources throughout the retention interval to both undertake the 

ongoing task and to strategically monitor the environment for a PM cue.  

 Therefore, the preparatory attention and memory model suggests that PM is 

never automatic, but rather always a conscious process. Thus, better PM performance 

should be accompanied by increased monitoring for the PM cue. However, this 

continued monitoring incurs greater costs to the ongoing activity. Additionally, PM 

performance may be poor if an individual directs too much attention towards the 

ongoing task and not enough on monitoring the environment. In the above example, 

when picking milk up on the way home from work, it seems like a waste of cognitive 

resources to continually monitor the environment for PM cues while you are at work 

and are unable to leave until 5:00pm.  
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Multi-process framework.  

 While the preparatory attention and memory model proposes that prospective 

remembering is always a conscious process, the multi-process framework (McDaniel & 

Einstein, 2000; McDaniel, Guynn, Einstein, & Breneiser, 2004) suggests that PM 

performance can occur both due to conscious monitoring or automatic spontaneous 

retrieval. Again, conscious monitoring processes are when an individual keeps the PM 

task in mind and searches the environment for PM cues while completing other ongoing 

tasks. Automatic spontaneous retrieval on the other hand, is when an individual 

spontaneously remembers to complete the intended action, as if the intention simply 

pops into their mind. Retrieval processes, either automatic or through monitoring, are 

believed to be heavily dependent on the conditions of the PM task. It is suggested that 

individuals will use one or the other. That is, either strategically monitoring the 

environment for the cue to complete the intention, or simply trust that the intention will 

be spontaneously retrieved at the appropriate time or moment. For example, an 

individual may rely on spontaneous retrieval when the task is something that they do 

regularly or when the cue is salient, whereas they may rely on a monitoring approach 

when the PM task is highly important or when the PM cue is not particularly salient.  

 Cue focality. 

 PM cues can be described in terms of how focal they are. A non-focal cue is a 

cue that is present in the environment, but it is not being considered by the individual 

for the purposes of completing the ongoing task (McDaniel, Einstein, & Rendell, 2008). 

If this type of cue is being used, it is expected that individuals would utilise a strategic 

monitoring approach to monitor the environment continuously for the cue. For example, 

imagine that you were required to pass on a message to a colleague when they entered a 

shared office, but you also had to complete your daily work tasks in the meantime. In 



PROSPECTIVE MEMORY AFTER STROKE  39 

 

this case, the PM cue is your colleague. While completing your tasks, you would 

monitor the environment to see if your colleague has entered the office and then when 

you see them you would stop working on your task and pass along the message. A focal 

cue on the other hand, is a PM cue that overlaps with the information from the ongoing 

task. In this instance it would be expected that individuals would rely heavily on 

automatic spontaneous retrieval processes. For example, imagine again that you had to 

pass along a message to your colleague, but this time while in your afternoon team 

meeting. The colleague again serves as the PM cue but this time it is considered focal 

because the team meeting is your focus. Therefore, when you walk into the meeting and 

see your colleague you would spontaneously remember to pass along the message.  

As described earlier, focal cues that may assist prospective remembering are 

those which overlap with the information from the ongoing task, whereas non-focal 

cues are present in the environment, but are not being considered by the individual for 

the purposes of completing the ongoing task (McDaniel et al., 2008). It has been 

suggested that PM tasks with focal cues are less cognitively demanding and thus 

prospective remembering is higher when focal cues are used rather than non-focal cues 

(N. S. Rose, Rendell, McDaniel, Aberle, & Kliegel, 2010). As cognitive demand 

impacts PM performance, with high levels of cognitive load being related to lower 

performance on either the ongoing task, PM task, or both (Einstein et al., 1997; R. L. 

Marsh, Hancock, & Hicks, 2002; Maujean, Shum, & McQueen, 2003), it is important to 

keep this factor in mind when measuring PM performance, particularly in clinical 

populations, as individuals may already have cognitive impairments. By examining cue 

focality, we can make conclusions about the monitoring processes of prospective 

remembering after stroke. Assessing the monitoring stage of PM and knowing the type 

of cue which aids prospective remembering, will provide us with valuable information 

that can be used to direct future rehabilitative approaches post-stroke.  
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Dynamic multi-process framework.  

 The more recent dynamic multi-process framework (Scullin, McDaniel, & 

Shelton, 2013) builds on the multi-process framework. This model also suggests that 

both strategic monitoring and spontaneous retrieval can be used when completing PM 

tasks, however, it additionally posits that the strategies are interconnected and work 

together to support PM performance. It is suggested that individuals utilise strategic 

monitoring when PM cues are expected in the environment or if the PM task is 

particularly difficult. However, when environmental PM cues are not expected, 

individuals disengage from using monitoring strategies and instead rely on spontaneous 

retrieval mechanisms to support PM performance.  

 The delay periods between forming an intention and performing the action can 

vary greatly for everyday PM tasks. Some may have only a period of a few min (i.e., 

remembering to reline the bin after emptying it) yet others spanning over weeks or 

months (i.e., remembering to book a doctor’s appointment to get a repeat for scripts). 

The dynamic multi-process framework suggests that it is highly unlikely that 

individuals will strategically monitor the environment for the PM cue for such a 

prolonged time. Rather, they would rely on spontaneous retrieval throughout this time, 

and when the context is right, use a more strategic monitoring approach for completing 

the PM task. For example, you form an intention in the morning to post a letter on your 

way home from work. You would not strategically monitor the environment all day for 

PM cues, as you know that you are unable to post the letter while you are at work. 

However, when you leave work and get into your car, this action may spontaneously 

cue you to post the letter on your way home. From then on, you would switch to a 

strategic monitoring approach to look for a PM cue in the environment, like a post box. 

This model encapsulates how individuals utilise both strategies to monitor the 

environment, dependent on the conditions in which the PM task is placed.  
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Neural Mechanisms of PM 

 Previous neuroimaging research has attempted to identify the brain regions 

commonly involved in PM. A review of this research was conducted by Burgess, 

Gonen-Yaacovi, and Volle (2011). One brain area commonly found to be activated 

during PM tasks is the rostral prefrontal cortex (rPFC; frontal pole of Brodmann area 

10; BA10). This was commonly found with co-activations in BA7 (precuneus) and 

BA40 (parietal cortex). Another region often associated with PM performance is the 

Anterior Cingulate Cortex (ACC; BA32), however the relation of the ACC with PM 

performance is not as strong as the rPFC or parietal regions. Thus, more research is 

needed to determine its specific role in PM functioning.  

 A voxel based lesion study was conducted by Volle, Gonen-Yaacovi, de Lacy 

Costello, Gilbert, and Burgess (2011) to examine both event- and time-based PM. 

Lesions in the BA10, caused by either brain tumour or stroke, resulted in impairments 

in time-based PM, but not event-based PM. Additional research conducted by Okuda et 

al. (1998) reported involvement of the frontal lobes during PM tasks and studies 

conducted by Fortin, Godbout, and Braun (2002) and Palmer and McDonald (2000) 

reported impairments in PM in individuals with focal frontal lobe lesions. As cognitive 

impairment following stroke is dependent on the size and location of infarction, it is 

important to keep these brain regions in mind when examining the impact of stroke on 

PM performance, specifically for individuals who are found to have significant damage 

in these areas of the brain. Based on this information, it would be expected that 

individuals with damage to anterior regions of the brain would be more likely to display 

PM impairment when compared to those with damage in posterior regions.  
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Measuring PM  

 Many measures and paradigms have been developed to assess PM, including: 

self-reported, experimental, clinical, naturalistic, and VR. PM is often measured in both 

clinical and experimental settings using these multiple methodologies. This allows 

clinicians and researchers to assess the nature and extent of PM problems.  

Self-reported.  

 Within clinical settings self-reported methods are often used to measure 

prospective remembering. Usually this involves individuals completing a questionnaire 

which asks about the frequency of everyday memory failures. For example, how often 

do you forget to take medication at a prescribed time, or how often do you forget to pass 

on a message. The results from these questionnaires are then commonly compared to 

controls and significant-other reports. Information from significant-others are collected 

using a proxy-version of the same questionnaire. These are completed by someone who 

knows the individual well enough to comment on their daily functioning, usually a 

spouse/partner, relative, friend, or carer. The individual’s scores are often compared to 

the significant-other’s scores to obtain a measure of self-awareness of PM function. 

Multiple measures have been created to measure PM by self-report. Some validated and 

reliable self-reported questionnaires include the Prospective and Retrospective Memory 

Questionnaire (PRMQ; G. Smith, Del Sala, Logie, & Maylor, 2000), the 

Comprehensive Assessment of Prospective Memory (CAPM; Roche, Fleming, & Shum, 

2002), and the Brief Assessment of Prospective Memory (BAPM; Man, Fleming, 

Hohaus, & Shum, 2011). 

 These measures were designed to be simple and quick to administer which is a 

major benefit for both researchers and clinicians. Limitations, however, are also 

apparent. Self-reported methods can often be impacted by self-rating bias, clinical 
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patients may report premorbid function rather than current function, or significant-

others who complete proxy-versions may not be fully aware of their relatives’ daily 

memory function. Due to these limitations, it is not uncommon for clinicians and 

researchers to utilise other PM assessments as well as self-reported methods. This is 

because the sole reliance of self-reported methods are more likely to be reporting an 

individual’s self-awareness of their PM impairments, rather than measuring PM 

performance itself.  

Experimental.  

 Over the years many experimental measures have been developed to examine 

PM. A common feature in many measures is the dual-task paradigm, introduced by 

Einstein and McDaniel (1990). This simply means that the participants are completing 

two tasks simultaneously, an ongoing task and a PM task. For example, a computerised 

lexical decision task (LDT; Canty et al., 2014) is often used as the ongoing task. The 

LDT involves a series of text, made up of words and non-words, being shown on a 

computer screen one at a time. The participants are instructed to press a button, for 

example, the Z key every time the text is a word (i.e., FLOW) and press the slash (/) key 

when the text is a non-word (i.e., FHSO). Participants would receive a score at the end 

for correct responses for this ongoing task. Additionally, participants are instructed to 

press the SPACE bar when the text is an animal word (i.e., FISH). This is the PM task, 

in this case an event-based PM task. Participants would receive a PM score at the end of 

the task to indicate how many correct PM responses were made. The same paradigm 

can be used to measure time-based PM as well. Instead of responding to animal words, 

participants are instructed to press the SPACE bar at certain intervals during the task, 

for example, every 1.5 min or at predetermined set times (viz., 12:02, 12:05, and 12:09).  
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 The above LDT is just one example of how the dual-task paradigm allows 

experimenters to vary and manipulate the ongoing and PM tasks to suit their needs and 

those of the participants. Other commonly used experimental ongoing tasks include 

general knowledge quizzes, puzzles, or working memory tasks (McDaniel & Einstein, 

2007). One benefit of the dual-task paradigm is that the design options are endless and 

provide experimenters with an appropriate level of manipulation and environmental 

control. However, these experimental measures have been criticised for lacking 

ecological validity and they can often be tedious for participants, particularly those with 

brain injuries, who may fatigue quickly. They are also rarely normed or standardised to 

allow clinicians to place their clients into PM ability bands, and thus may not be useful 

in clinical settings. Recently, there has been a push for more ecologically valid PM 

measures to be developed. When designing assessments of PM, which is highly related 

to functioning in everyday life, it is important to base them on realistic activities which 

would occur in everyday life and can be conducted and made relevant in clinical 

settings.   

Clinical measures.  

A few behavioural measures are commonly used in both clinical and  

experimental settings. These include the Memory for Intention Screening Test (MIST; 

Raskin, 2009), the Royal Prince Alfred Prospective Memory Test (RPA-ProMem; 

Radford, Lah, Say, & Miller, 2011), the Cambridge Prospective Memory Test 

(CAMPROMPT; B. Wilson et al., 2005), and the Virtual Week (VW; Rendell & Henry, 

2009). These measures often include PM tasks that participants need to complete either 

in or outside of the testing session. For example, when participants are completing the 

CAMPROMPT, they are required to complete several paper and pen puzzles for 20 min 

as the ongoing task. Additionally, there are three event-based and three time-based PM 
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tasks which are to be completed either during, or at the end of the test. It also comprises 

a brief RM measure at the end to ensure that participants’ poor performance on this 

measure is not due to RM failure. One downfall of the CAMPROMPT is that it only 

measures PM over short-delay periods, no longer than 20 min. The MIST on the other 

hand, contains similar ongoing and PM tasks but includes an additional long-delay item 

where participants are required to make a phone call after a 24 hr period.  

 Both the MIST and CAMPROMPT are designed to be stand-alone assessments, 

which can be used in both experimental and clinical settings. The RPA-ProMem 

(Radford et al., 2011) was developed to address and improve on the limitations of both 

the CAMPROMPT and MIST. It was designed to be administered among other 

neuropsychological tests which form an assessment battery, rather than being utilised as 

a stand-alone measure. This means that the ongoing task for the RPA-ProMem is made 

up of other tests included in the individuals’ neuropsychological assessment battery. 

Three alternate test forms are available and they each include two time- and two event-

based PM tasks which can be completed either in the session to measure short-term PM 

ability, or up to a week following the assessment to measure long-term PM ability. 

Another benefit of using these clinical measures, is that their psychometric properties 

are known, and norms are available, providing clear advantages over experimental 

tasks.  

The above behavioural measures have been developed with ecological validity 

in mind, however, the tasks that participants are required to perform are still not typical 

of tasks that they would perform in their daily lives. The VW board game (Rendell & 

Craik, 2000) was developed to measure PM in the laboratory using PM tasks that 

closely resemble everyday activities. The task measures event- and time-based PM as 

well as regular (routine; e.g., take medication) and irregular (non-routine; e.g., phone 

the bank) tasks using the board game format. While the PM tasks used in the measure 



PROSPECTIVE MEMORY AFTER STROKE  46 

 

were designed to resemble everyday PM activities, during play the participants are only 

required to tell the experimenter when a PM task is supposed to take place rather than 

actually complete the behaviour (which is required in the CAMPROMPT and MIST). 

Additionally, the VW does not include an extended-delay PM task. A computerised 

version of the VW has also been developed (Rendell et al., 2011).  

Naturalistic measures.  

One might think that the best way to measure PM performance is to set a real-

life PM task for an individual to complete. An example of a real-life PM task is the 

Remembering a Belonging task from the Rivermead Behavioural Memory Test 

(RBMT; B. Wilson, Cockburn, & Baddeley, 1985). Here the individual hands a 

personal belonging, like a watch, to the experimenter at the start of the test. The 

experimenter then hides the item and instructs the individual to ask for the item back at 

the end of the testing session. Other examples of real-life PM tasks include the 

participant having to call or email the experimenter or clinician after a certain period of 

time (time-based PM).  

These real-life PM tasks are often single-item measures, which have been 

criticised as not being robust enough to reliably measure PM alone (Kim et al., 2009) 

and should instead be paired with other PM measures to gain a bigger picture of an 

individual’s PM performance. Additionally, and particularly for the Remembering a 

Belonging task, the personal importance of the item may aid in prospective 

remembering. In other words, participants may place more importance on remembering 

to retrieve their item, compared to other arbitrary tasks which may hold little 

significance or value for the individual. The balance between experimental control and 

real-world PM tasks is challenging to find, but with technological advances, new forms 
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of testing formats are starting to be developed to address this need and their 

development seems promising for the measurement of PM in the future. 

Virtual reality.  

The push for more ecologically valid measures continues and VR offers the 

platform for the inclusion of naturalistic everyday PM tasks in environments that are 

somewhat familiar to participants. VR platforms also provide experimenters and 

clinicians with the environmental control that is required for standardised testing to take 

place. Additionally, the novelty of the VR environment may enhance the motivation and 

interest of participants (Canty et al., 2014; Sweeney, Manly, Kersel, Morris, & Evans, 

2010) compared to experimental tasks like the previously discussed LDT, which can be 

tedious and tiring, particularly for clinical populations who can fatigue quickly.  

 A VR platform, called the Virtual Reality Shopping Task was used by Canty et 

al. (2014) to measure PM in individuals with TBI. The platform utilised the dual-task 

paradigm, with both ongoing and PM tasks embedded throughout. The ongoing task 

required participants to move around the virtual shopping centre environment to 

purchase items from a pre-set shopping list. Three time- and three event-based PM tasks 

were also embedded throughout. The time-based PM task required the participants to 

access a virtual mobile phone and send pre-written messages at pre-specified time-

points. The event-based PM task was to press the T key on the computer keyboard when 

participants heard an audio sale announcement.  

 There are other VR measures that have also utilised shopping centres as the 

virtual environment (Kinsella, Ong, & Tucker, 2009; Yip & Man, 2013). Moreover, 

other virtual environments used in PM tasks have included apartments (Banville & 

Nolin, 2012), bungalows/houses (Brooks et al., 2004; Mitrovic et al., 2014; F. D. Rose 

et al., 1999; Sweeney et al., 2010); and cities/towns (Debarnot et al., 2015; Gonneaud et 
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al., 2014). Into the future, it is important that standardised measures of PM continue to 

be developed for use in both experimental and clinical settings. They should aim to 

incorporate a variety of naturalistic environments, real-life tasks, and engaging 

platforms to increase participants motivation and attention.  

Improving PM Performance 

 Previous literature has explored how PM can be improved through the 

assessment of rehabilitation programs and other memory aids. While the use of external 

memory aids, like diaries and alarm systems have previously been found to improve PM 

(Fish et al., 2008; Fleming, Shum, Strong, & Lightbody, 2005; Lemoncello et al., 2011; 

Shum, Fleming, et al., 2011), it is not always viable to set up distinctive external cues 

for every PM task that needs to be completed in everyday life. Additionally, if a diary is 

used to help improve PM, the individual still has to remember to open the diary and 

check what needs to be done.  

Only a few studies have examined the impact that rehabilitation or memory 

devices have on PM after stroke, and while the majority used single-case experimental 

designs, they provide avenues and directions for future PM rehabilitation. Sohlberg et 

al. (1992b) examined Prospective Memory Training (Sohlberg, White, Evans, & 

Mateer, 1992a) as a remedial technique for PM impairment in a single participant post-

stroke. They found that Prospective Memory Training gradually increased the 

individuals PM ability over the course of the intervention. Using an external memory 

aid, a Voice Organiser device, Van Den Broek et al. (2000) found that the device could 

improve PM ability after stroke in event-based PM for two individuals, however, the 

device only improved time-based PM for one of the participants. Another study, 

conducted by Kim et al. (2000) found that a single stroke participant reported 

dissatisfaction with a palmtop computer which aimed at improving PM performance. 
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The individual reported that the device was not beneficial, primarily due to their lack of 

interest and prior technological experience.  

Miller and Radford (2014) used a combination of external and internal 

compensatory strategy training to examine the impact of a group-based memory 

intervention on PM performance. They found that while significant-others reported a 

significant improvement in the PM ability of individuals with stroke after training, the 

individuals with stroke did not report any improvements themselves. Additionally, no 

significant improvements were found after the intervention when using a clinical 

measure of PM, though there was a trend towards significance and a moderate effect 

size, which suggested that the small sample size may have been a limiting factor. After 

controlling for baseline PM performance, the amount of improvement post-training was 

associated with time since onset of stroke, with a longer time since onset associated 

with less PM improvement. Therefore, it was concluded that those who completed the 

training closer to their onset of stroke benefited more, which further outlines the need 

for focused PM rehabilitation early after stroke for greatest benefits.  

In a recent study, Withiel et al. (2018) examined the impact computerized 

cognitive training (Luminosity) had on self-reported PM in five individuals with stroke, 

measured by the CAPM (Roche et al., 2002). Withiel et al. found that training 

significantly improved self-reported PM failures for one individual directly after 

training. However, the same training led to more reporting of PM failures for another 

participant directly after training. At the six week follow up, self-reported PM failures 

only significantly decreased for one individual with stroke. Therefore, the findings, did 

not support the effectiveness of Luminosity training in reducing self-reported PM 

failures. However, given the previous discussions on the reliability of self-reported PM 

measures compared to other types of PM measure, it is unclear whether this type of 

training would impact on actual PM performance in daily life.  
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Many limitations exist in the post-stroke PM rehabilitative literature. Firstly, 

single-case experimental designs limit generalisation of results to wider populations and 

can have carry-over and order effects. Secondly, the studies examining technological 

devices or programs designed to improve PM performance (Kim et al., 2000; Van Den 

Broek et al., 2000; Withiel et al., 2018) found improvements in PM to be highly 

dependent on individual differences, especially their preferences and experiences with 

technology. Thirdly, some interventions, like the Prospective Memory Training 

(Sohlberg et al., 1992a), while they offer promising results, are intensive and require a 

lot of time and commitment from both the client and the therapist. Limitations aside, the 

previous studies offer a broad direction for future research and outline that more 

rehabilitative techniques and interventions need to be developed, conducted, and 

evaluated with larger stroke samples, to ascertain whether PM can be improved post-

stroke.  

As outlined previously, rehabilitation programs often require a high level of 

involvement for both individuals with stroke as well as the clinicians running the 

programs. They are often drawn out over many weeks or months, and can be costly to 

run. While the use of external memory aids, like diaries and alarm systems have 

previously found to improve PM in other clinical populations (Fish et al., 2008; Fleming 

et al., 2005; Lemoncello et al., 2011), it is not always viable to set up distinctive 

external cues for every PM task that needs to be completed in everyday life, and often 

individual differences play into their effectiveness, particularly when introducing new 

technology. Additionally, if a diary is used to help improve PM, the individual still has 

to remember to open the diary and see what needs to be done. With these limitations in 

mind, a simple and quick rehabilitative technique is gaining interest in the PM literature 

and is a key focus of the current study. 
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Implementation intentions.  

The first stage of prospective remembering, intention formation, utilises 

planning. Forming an intention involves ultimately planning to do something in the 

future or encoding the PM intention. It is important to ensure that this stage is not 

interrupted and is given proper attention, as previous research has found that both poor 

planning, like not using external aids to their full capacity, or having divided attention 

while encoding can negatively impact PM performance (Einstein et al., 1997; Shum, 

Cahill, Hohaus, O'Gorman, & Chan, 2013). Thus, if more emphasis is placed on deeper 

encoding of the intention at the planning stage it is suggested that retrieval of the 

intention at a later stage would be easier and more automatic. Deeper encoding is the 

reason implementation intentions are believed to improve PM (Gollwitzer & 

Brandstätter, 1997).  

It has been suggested that strengthening the anticipation of a triggering cue can 

aid in spontaneous retrieval. One such way to strengthen the anticipation of a PM cue is 

to utilise a simple strategy previously studied in the wider PM literature known as 

implementation intentions. Implementation intentions follow the if-then contingency, 

which follows the simple structure, if X occurs, then I will perform behaviour Y, for 

example, if I have eaten dinner, then I will take my medication (Gollwitzer & 

Brandstätter, 1997). Most people form general intentions which focus on the intended 

action (e.g., I need to post the letter), however, implementation intentions focus on the 

triggering event rather than the action needing to be completed (e.g., if I see the red 

post-box on my walk home, I will post the letter). Implementation intentions have 

previously shown to improve PM performance in healthy adults (Chen et al., 2015; 

Mioni, Rendell, Terrett, & Stablum, 2015) as well as other clinical populations like 

early psychosis (Khoyratty et al., 2015), however, this technique has not been utilised 

within a stroke population.  
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Manipulating the level of planning, through the use of implementation intentions 

in the intention formation stage of PM will provide us with valuable information, which 

could be built into future rehabilitative approaches post-stroke. In order to see if PM can 

be improved post-stroke, PM must first be measured in this clinical population, to see if 

impairments exist. The following chapter will provide a summary of the PM after stroke 

literature in the form of a scoping review to determine whether impairments of PM exist 

after stroke.  
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Abstract 

The aim of this paper was to review the limited, but growing, literature on prospective 

memory (PM) following stroke using a scoping study methodology. Multiple databases 

were systematically searched and yielded 11 studies that were classified as 

observational (n = 7) or intervention studies (n = 4) and reviewed for quality. PM 

impairment after stroke was more commonly identified using behavioural measures 

compared to self-report measures. There were mixed findings regarding the extent and 

nature of PM impairment post-stroke; however, more studies reported impairment for 

time-based PM, compared to both event- and activity-based PM. Studies examining 

rehabilitative techniques for PM resulted in mixed findings and were limited as most 

were case studies of poor methodological quality. Overall previous research in this area 

was limited as most studies were often underpowered due to small sample sizes, or used 

single-item measures which may not be robust enough to reliably measure PM 

impairment. Additionally, the methods used to measure PM were varied and many 

studies did not control for retrospective memory impairment, which could impact the 

results, as PM has both a retrospective (remembering both the action and when it needs 

to be completed) and prospective component (remembering to perform the action when 

appropriate). In conclusion, PM impairment is apparent post-stroke, specifically for 

time-based PM. However, more research is needed to determine why PM impairment 

occurs, and how it can be improved. 

 

Key words: Brain injury, stroke, prospective memory, memory, rehabilitation, scoping 

review. 
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Prospective Memory After Stroke: A Scoping Review 

Stroke can be broadly defined as the sudden onset of neurological symptoms due 

to a disruption in blood supply to the brain, often resulting in tissue death (AIHW, 2013; 

Kolb & Whishaw, 2009). According to the World Health Organisation (Mackay et al., 

2004), 15 million people worldwide suffer a stroke each year. Of these, 5 million do not 

survive and another 5 million are left permanently disabled. Dependent on the size and 

location of infarction or haemorrhage, stroke often causes impairments in a range of 

physical, communication, behavioural and cognitive functions, which can impact on an 

individual’s daily functioning and ability to live independently (Caplan, 2006; Lincoln 

et al., 2012). 

Individuals who have had a stroke are often left with apparent physical and 

language impairments, and rehabilitation in general aims at using restorative and/or 

compensatory strategies to treat these. Cognitive impairments are also common after 

stroke and can influence daily functioning (Caplan, 2006). These include impairment of 

attention and executive functioning, specifically in the areas of planning, integration of 

actions, judgement and the performance of complex behaviours (i.e., integrating 

behaviours together to cook a complex meal; Andrews, Halford, Chappell, Maujean, & 

Shum, 2014; Ownsworth & Shum, 2008). People with stroke and their families also 

commonly report impairments in general memory function post-stroke (Andrews, 

Halford, Shum et al., 2014; de Haan et al., 2006; Kalashnikova et al., 2005). The 

previous literature has often focused on Retrospective Memory (RM) or the recall of 

previously learnt information, rather than another type termed Prospective Memory 

(PM). 

Research focusing on PM is relatively new compared to other forms of memory 

(i.e., retrospective and working memory), only gaining interest in the experimental and 
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clinical literature in the last 20 to 30 years (Kliegel et al., 2008). PM is defined as the 

encoding, storage and delayed retrieval of intended actions (Shum, Levin et al., 2011). 

Furthermore, PM encapsulates an interaction of multiple cognitive processes, broken 

down into five stages: (a) intention formation; (b) intention retention; (c) intention 

initiation; (d) intention execution; and (e) evaluation of outcomes (Ellis & Milne, 1996). 

If any of these stages are compromised, PM failure could occur. PM is considered to 

have both a retrospective and prospective component (Einstein et al., 1995). The 

retrospective component is remembering both the action and the time that the action 

needs to be performed, whereas the prospective component is remembering to perform 

the action when it is either the appropriate time or when an appropriate event has 

occurred. Thus, retrospective memory is important for PM performance because if an 

individual can remember that they had to do something (prospective component) but not 

remember what it was (retrospective component), a PM failure could still occur. 

Three types of PM task have been outlined within the literature: time, event-, 

and activity-based. Time-based tasks include those that require an action to be 

completed at a certain time, or after a certain amount of time has elapsed (i.e., making a 

phone call at a specific pre-determined time, or turning the oven off after 30 min), 

whereas event-based tasks require an action to be completed when a specific target 

event occurs in the individual’s environment (i.e., completing an ongoing daily task and 

when you see your colleague, stopping the ongoing task and relaying a message to 

them; R. E. Smith, 2008). Activity-based tasks are similar to event-based in that they 

require a cue from the environment; however, the action is to be completed after or 

during an activity (e.g., turning off the oven after cooking; Kvavilashvili & Ellis, 1996). 

Each PM type (event-, time-, and activity-based) requires different levels of cognitive 

demand, dependent on the monitoring strategies used. 
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Many models of PM have been developed, including the multiprocess 

framework of PM (McDaniel & Einstein, 2000), which posits that prospective 

remembering can occur due to either monitoring (keeping the PM task in mind and 

searching the environment for PM cues while completing an ongoing task) or 

spontaneous retrieval (spontaneously remembering to complete a PM action, as if the 

intention popped into mind). The more recent dynamic multiprocess framework (Scullin 

et al., 2013), on the other hand, proposes that both monitoring and spontaneous retrieval 

are interconnected and work together to support PM performance. This model suggests 

that individuals utilise strategic monitoring when environmental PM cues are expected, 

in time-based PM for instance, and this requires higher levels of cognitive resources for 

PM task completion. However, when environmental cues are not expected, generally in 

event- and activity-based PM tasks, individuals disengage from monitoring and instead 

rely on spontaneous retrieval mechanisms to support PM performance.  

Intact PM skills are required to complete many everyday activities (e.g., 

remembering to pick up milk on the way home from work, or remembering to take 

medication at a certain time), thus impairments in PM functioning can have detrimental 

effects on the individual and those surrounding them, as well impacting the ability to 

live independently (Groot et al., 2002). Individuals with stroke have previously been 

included in many studies assessing PM, when the focus has been on the broader 

acquired brain injury (ABI) group (Fish et al., 2008; Fish et al., 2010; Groot et al., 2002; 

Lemoncello et al., 2011), as opposed to examining the stroke population specifically. 

PM failure has also been identified and reviewed in other clinical and neurological 

populations such as schizophrenia (Ordemann et al., 2014; Shum et al., 2004), TBI 

(Banville & Nolin, 2012; Canty et al., 2014; Clune-Ryberg et al., 2011; Shum et al., 

2002; Shum, Levin, et al., 2011), mild cognitive impairment and dementia (Costa, 

Caltagirone, et al., 2011; Costa et al., 2012; van den Berg et al., 2006), and Parkinson’s 
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disease (Costa et al., 2012; Kliegel et al., 2011; Pirogovsky et al., 2012). Of the seven 

reviews conducted with diverse clinical populations (outlined above), four focused on 

only observational measures of PM, and three reviewed both observational and 

intervention studies. The body of literature focusing on rehabilitative techniques to help 

improve PM in these populations is growing. 

Localisation of PM functions within the brain has been undertaken in recent 

times using functional neuroimaging. These interventions have included both healthy 

individuals and those with brain injury (Burgess et al., 2011). The review identified the 

brain regions commonly involved in PM were the rostral prefrontal cortex, otherwise 

known as the frontal pole or BA10. This brain region is commonly activated during PM 

performance with co-activation of BA7 (precuneus) and BA40 (parietal cortex). 

Another region often associated with PM performance was the anterior cingulate cortex 

(BA32), however, the relation of the anterior cingulate cortex with PM performance was 

not as strong as the rostral prefrontal cortex or parietal regions, and therefore, more 

research has been recommended to determine its specific role in PM functioning.  

Volle, Gonen-Yaacovi, de Lacy Costello, Gilbert, and Burgess (2011) conducted 

a voxel-based lesion study to examine both event- and time-based PM. Lesions were the 

result of either brain tumour or stroke and it was found that those with lesions in the 

BA10 showed impairments in time-based PM, but not event-based PM. Given that the 

frontal and parietal areas of the brain are heavily involved in PM functioning, it would 

be expected that those with stroke, especially occurring in the anterior part of the brain 

would show a higher prevalence of PM deficits than those with damage to posterior 

regions. 

Purpose and Objectives 

 Few studies have been conducted examining PM after stroke compared to  
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studies related to RM and other cognitive functions. This is surprising, considering PM 

ability is often related to daily functioning and independent living, however, given the 

relative infancy of research on this topic, this is understandable. The primary aim of the 

current paper was to summarise and critically review the limited yet growing literature 

on PM following stroke to determine if PM is impaired after stroke, and whether PM 

interventions can improve prospective remembering post-stroke. 

Method 

A scoping methodological framework (Levac, Colquhoun, & O’Brien, 2010) 

was used to identify, categorise, and summarise the findings of relevant studies as well 

as analyse the methodological quality of each study. The following review consisted of 

five steps: (1) identifying the research question; (2) identifying relevant studies; (3) 

study selection; (4) charting the data; and (5) collating, summarizing, and reporting the 

results. In order to guide the structure of the review strategy, a research question was 

formulated, ‘what does existing research literature present about PM performance after 

a stroke?’ Following the practice of more contemporary reviews, the current review will 

also provide an analysis of methodological quality for each study. Given the limited 

amount of literature and varied methodological approaches assessing PM after stroke, a 

scoping review was considered more appropriate than a systematic review given that the 

aim was to broadly examine the literature on the topic. A scoping study methodology 

allows for the summary of previous findings, identification of gaps in the literature, and 

directions for future research. 

Identifying Relevant Studies 

The second step involved identification of relevant studies for the current review 

and followed two steps. First, SCOPUS, PsycINFO, and Web of Science were searched 

using specific terms and with the time period set from the earliest year available to April 
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2015 in all databases. Multiple terms for both PM (prospective memory OR memory for 

future intention∗) and stroke (stroke OR cerebrovascular accident OR ischemia OR 

haemorrhage) were combined in the search to ensure no articles of relevance were 

missed. Second, the reference lists of the resulting articles were perused for relevant 

additional articles. As PM is a relatively new area of interest, one research dissertation 

was also included for review. 

Study Selection 

Potentially relevant studies were identified in the initial search. After the 

removal of duplicates, abstracts were reviewed using the following criteria. Studies 

were excluded if: (i) PM was only briefly mentioned and not directly measured or 

researched in studies; (ii) the samples consisted of participants with mixed aetiologies 

without reporting the stroke group results separately; (iii) they were either review 

articles or conference abstracts that examined PM in individuals with stroke; and (iv) 

they were written in languages other than English. 

Data extraction, Review, and Rating of Articles 

The studies that met criteria for review were then categorized into either 

observational or intervention studies. The observational studies were further categorised 

by methodology, either self-report, behavioural, or a combination of both. The studies 

were entered into a spreadsheet according to data including author(s), publication year, 

aims, research question(s), sample, measures, procedure, main findings, and limitations. 

Finally, analysis was performed to identify recurrent themes as well as gaps in the 

literature. Studies were reviewed and rated by a single rater using the STROBE 

statement (a 22-item scale reviewing observational studies; von Elm et al., 2007), SCED 

scale (an 11-item scale reviewing single-case experimental designs; Tate et al., 2008) 

and the PEDro-P Scale (an 11-item scale reviewing clinical trials; Murray et al., 2013), 
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dependent on the design of the study being reviewed. These scales were chosen as they 

are recommended for ensuring high quality of research in populations with brain 

impairment (Tate & Douglas, 2011). Effect sizes were either extracted from the studies 

or calculated, where appropriate. Effect sizes were calculated manually and checked for 

accuracy, using either Cohen’s d, phi (ϕ) or partial-eta squared (ηp
2) dependent on the 

statistical analysis of each study. 

Results 

Of the 71 articles found, 11 studies met criteria for inclusion in the current 

review. Figure 4.1 outlines the flow of study selection. After studies were identified 

they were grouped into two broad categories: observational studies (n = 7) and 

intervention studies (n = 4). 

Observational Studies 

All seven studies in this category utilised observational methods to measure PM 

performance after stroke and were further categorised into self-report and behavioural 

observations (some studies utilised multiple methods of assessment and are included in 

both self-report and behavioural subcategories). The methods of assessment varied, with 

measures used representing the different types of PM (e.g., event-, time-, and activity-

based PM) and different methods for evaluating PM (e.g., self-report, behavioural, 

clinical, experimental measures, virtual reality [VR]). The methodological quality of 

these studies was rated as reasonably high (i.e., ratings of 17–18 out of 22) according to 

the STROBE checklist. The assessment used and corresponding findings, effect sizes 

and quality analysis can be found in Table 4.1. 

Self-report PM performance.  

Five of the studies utilised self-report methods, wherein participants completed  
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Figure 4.1. PRISMA flow-chart of study selection for current review. 

 

S
cr

e
en

in
g

 
E

li
g

ib
il

it
y

 

Records after duplicates removed  

(n = 41) 

Records screened 

based on title and 

abstract  

(n = 41) 

Records excluded  

(n = 14) 

Id
en

ti
fi

ca
ti

o
n
 

In
cl

u
d

ed
 

Additional records identified 

through other sources  

(n = 5) 

Records identified through 

database searching  

(n = 66) 

Studies included in 

qualitative synthesis  

(n = 11) 

Full-text articles 
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eligibility  

(n = 27) 

Full-text articles excluded, with 

reasons  

(n = 16) 

- Samples consisted of individuals 

with stroke and patients with other 

aetiologies without reporting results 

separately = 9 

- Either review articles or conference 

abstracts that examined PM in 

individuals with stroke = 4 

- PM only briefly mentioned and not 

directly measured or researched in 

studies = 3 
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Table 4.1 

Observational Studies 

Study 

(year) 

Sample Age in years 

M(SD) 

Stroke 

type/location 

Time 

since 

onset 

Measure Findings and effect sizes STROBE 

Quality 

Analysis 

Brooks 

et al. 

(2004) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

42 stroke (inpatient; 

23m, 19f)  

(17 excluded due to 

RM deficit, thus 

analyses based on 25 

individuals with 

stroke) 

 

25 age-matched 

controls 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

71.80(9.40) 

 

 

 

 

 

 

 

68.44(7.11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

21 RH, 20 

LH, 1 BL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 week – 

2 months  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Self-report questionnaire: 

examining real-life PM tasks.  

Questions included “how often do 

you forget to take medication?” 

Each item was answered on a 7-

point Likert scale from never to 

always. 

 

Virtual reality: moving house 

task. Event-, time-, and activity-

based PM tasks were embedded 

in an ongoing activity wherein 

participants helped someone 

move house. 

 

 

 

 

 

Naturalistic task: remembering a 

belonging task (event-based) from 

the RBMT (B. Wilson et al., 

1985). Participants are instructed 

to give a personal item (i.e., a 

watch) to the experimenter, told 

to remember to ask for the item 

back at the end of the study, and 

to recall where the item was 

hidden. 

 

Naturalistic task: written 

explanation task (event-based). 

Participants instructed to ask the 

experimenter for a written 

explanation of the study when 

they finished the VR task. 

Self-report PM: no significant difference 

between stroke and matched controls  

(p = .57, d = .17).  

 

 

 

 

 

Time-based PM: no significant difference 

between stroke and controls  

(p = .05, d = -.57; trend towards 

significance).  

Event-based PM: controls performed 

significantly better than stroke  

(p = .004, d = -.88). 

Activity-based PM: controls performed 

significantly better than stroke  

(p < .001, d = -1.06). 

 

Event-based PM: no significant difference 

between stroke and controls  

(p = 1.00, φ = .004). 

 

 

 

 

 

 

 

 

Event-based PM: control group performed 

significantly better than stroke group  

(p = .03, φ = .31). 

 

17/22 
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Kim et 

al. 

(2009) 

12 stroke (outpatient) 

 

 

12 age- and education 

-matched controls 

 

69.33(7.02) 

 

 

69.08(4.94) 

 

5 RH, 5LH, 2 

BL 

4.8 

months – 

108 

months 

Self-report questionnaire: PRMQ 

(G. Smith et al., 2000). Sixteen 

item self-report questionnaire 

(eight items for each domain, PM 

and RM). Participants rate how 

often each type of memory failure 

occurs in everyday life on a 5-

point Likert scale ranging from 

never to very often. 

 

Clinical measure: virtual week 

(event-based [regular and 

irregular tasks] and time-based). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Experimental measure: memory 

for intentions (RM and total PM). 

Assesses both retrospective and 

prospective components of PM 

through a process of associating 

real-life intentions to pictures and 

having participants recall the 

correct cues and intentions in a 

later recall condition. 

 

Naturalistic task: remembering a 

belonging task (event-based). 

Total score: no significant difference for 

both PM and RM between controls and 

stroke (p = ns, d = -.47). 

 

 

 

 

 

 

 

Event-based regular correct-responses: no 

significant difference between stroke and 

control (p = .44, d = -.35).  

Event-based irregular-correct responses: no 

significant difference between stroke and 

control  

(p = .076, d = -.78). 

Time-based correct-responses: stroke 

significantly poorer than controls  

(p = .007, d = -1.28).  

Event-based regular miss-responses: no 

significant difference between stroke and 

control (p = .099, d = .70). 

Event-based irregular miss-responses: no 

significant difference between stroke and 

control (p = .183, d = .57). 

Time-based miss-responses: stroke had 

significantly more misses than controls  

(p = .001, d = 1.87).  

 

RM: no significant differences between 

stroke and controls. 

PM: stroke had significantly poorer 

performance on the prospective component 

(p < .001, ηp
2 = .491), even after controlling 

for their lower performance on the paired-

associate task (p = .004, ηp
2 = .332).  

 

 

 

Event-based PM: no significant difference 

found between stroke and controls  

(p = .67, φ = .19).  

 

 

18/22 
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Cheng 

et al. 

(2010) 

18 stroke (inpatient; 

12m, 6f) 

 

18 (11m, 7f) age- and 

education-matched 

controls 

65 (Range = 

45-85) 

18 thalamic 

stroke            

8 RH, 8 LH, 2 

BL   

14 infarct, 4 

haemorrhage 

2 weeks - 

2 months 

Experimental task: time-based. 

Participants instructed to tap desk 

at 5 min intervals from the 

starting time (PM task) while 

completing an ongoing task.  

 

Experimental task: event-based. 

Participants instructed to tap desk 

when they saw an animal word 

during an ongoing task. Also 

requested to tell the experimenter 

their phone number when the 

ongoing task was completed.  

 

 

Time-based PM: stroke performed 

significantly poorer than controls  

(p < .01, d = -2.25). 

 

 

 

Event-based PM: No significant difference 

between stroke and controls  

(p > .05, d = -.46). 

17/22 

Barr 

(2011) 

22 stroke 

(community-

dwelling; 9f, 13m) 

 

20 significant-others 

 

22 controls (18f, 4m) 

65(15.12) 

 

 

 

 

 

53.77(13.67) 

6 

haemorrhage, 

7 cerebral 

infarction, 9 

unspecified as 

haemorrhage 

or infarction  

6 months 

– 72 

months 

Self-report questionnaire: PRMQ  

 

 

 

 

 

 

Clinical measure: CAMPROMPT 

(B. Wilson et al., 2005; event- 

and time-based). Participants 

complete distractor puzzles as the 

ongoing task and are required to 

complete three event- and three 

time-based PM tasks, either 

throughout or after the session has 

ended. 

Total PM: no significant difference between 

control and stroke  

(p = .16, d = -.54).  

Total PM: no significant differences 

between stroke and significant-other  

(p = .55, d = .10). 

 

Total PM: stroke significantly more PM 

failure than controls  

(p < .05, ηр² = .12). 

Event-based PM: stroke significantly more 

PM failure than controls 

(p < .05, d = -1.53). 

Time-based PM: stroke significantly more 

PM failure than controls  

(p < .05, d = -1.45).  

Higher levels of depression related to 

significantly poorer time-based PM 

performance. 

 

 

17/22 

Kant et 

al. 

(2014) 

39 stroke 

(community-

dwelling; 69% male) 

 

53 age-, education-, 

and IQ-matched 

controls (38% male) 

58.2(14.2) 

 

 

 

51.7(17.4) 

31% 

haemorrhage 

M = 17 

months 

(SD = 8.3) 

Experimental measure: dual-task 

paradigm (event- and time-

based). Participants performed an 

ongoing pen and paper task 

(Bourdon-wiersma task: marking 

arrays of four dots among arrays 

of three to five dots) and were 

required to complete both event-

based PM (saying ‘regel’ – the 

Dutch word for line, whenever 

Event-based PM: no significant differences 

between stroke and control  

(p = .075, d = -.50).  

Time-based PM: stroke significantly poorer 

than controls  

(p = .002, d = -.88). 

 

 

 

 

17/22 
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the last configuration in a line 

contained three dots) and time-

based PM (insert a coin in a 

designated container after each 

minute had passed). 

 

Naturalistic task: remembering a 

belonging task (event-based). 

 

 

Naturalistic task: phone call 

(time-based). Participants had to 

make a phone call after 30 min. 

 

 

 

  

 

 

Event-based PM: no significant difference 

found between stroke and controls  

(p = .879, d = -.13).  

 

Time-based PM: no significant difference 

between stroke and controls  

(p = .452, d = -.23). 

 

 

Man, 

Chan, et 

al. 

(2015) 

40 stroke                

(outpatient; 25m, 15f) 

 

44 (8m, 36f) controls 

50.13(10.30) 

 

41.86(9.32) 

19 ischemia, 

21 

haemorrhage 

 Clinical measure: CAMPROMPT 

–HKCV (event- and time-based). 

Hong Kong Chinese version of 

the CAMPROMPT. 

Event-based PM: stroke significantly 

poorer than controls (p = .001, d = -1.34). 

Time-based PM: stroke significantly poorer 

than control (p = .001, d = -1.88). 

 

 

17/22 

Man, 

Yip et 

al. 

(2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

29 younger-stroke 

group (community-

dwelling; 14m, 12f) 

 

46 older-stroke group 

(community-

dwelling; 54m, 22f) 

 

46 younger-controls 

(15m, 31f) 

 

66 older-controls 

(46m, 20f) 

 

65 significant-others 

49.29(5.11) 

 

 

 

67.07(6.92) 

 

 

 

45.48(3.37) 

 

 

68.68(5.24) 

 1 month - 

more than 

24 months 

Self-report questionnaire: BAPM 

(Man et al., 2011). A shortened 

version of the CAPM. Measures 

PM failure, wherein PM is broken 

into prospective remembering for 

BADL and IADL, with eight 

items for each, rated on a 5-point 

Likert scale. 

PM total whole-group: no significant 

difference between stroke and significant-

others ratings (p = .06, d = -.33; trend 

towards significance). 

PM total: when divided into age groups of 

young and old, the older-stroke group 

reported significantly more frequent PM 

failure than the young-control group  

(p < .001, d = .83) and the older control  

(p = .01, d = .60), but not the younger 

stroke group (p = ns, d = .37).  

IADL PM whole-group: significant-others 

reported significantly more PM failures 

than stroke (p = .01, d = -.46). 

BADL PM whole-group: no significant 

difference between stroke and significant-

other (p = .43, d = -.46).  

IADL PM young: no significant difference 

between stroke and significant-others  

(p = .38, d = -.59). 

BADL PM young: no significant difference 

between stroke and significant-others 

(p = .55, d = -.42). 

IADL PM old: no significant difference 

between stroke and significant-others  

17/22 
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(p = .05, d = .53; trend towards 

significance). 

IADL PM old: older-stroke significantly 

poorer than young-control  

(p = .029, d = .89), old-control  

(p < .001, d = .42) and young-stroke  

(p < .001, d = 0.25). 

BADL PM old: no significant difference 

between stroke and significant-others  

(p = .39, d = .16).  

BADL PM old: older-stroke significantly 

poorer than younger-control,  

(p < .001, d = .72). No significant 

difference between old stroke and old 

control (p = ns, d = .36) or old-stroke and 

young-stroke (p = ns, d = .23). 

        

Note. m = male; f = female; RM = retrospective memory; RH = right hemisphere; LH = left hemisphere; BL = bilateral damage; PM = prospective memory; RBMT = 

Rivermead Behavioural Memory Test; VR = virtual reality; PRMQ = Prospective and Retrospective Memory Questionnaire; CAMPROMPT = Cambridge Prospective 

Memory Test; CAMPROMPT - HKCV = Cambridge Prospective Memory Test – Hong Kong Chinese Version; BAPM = Brief Assessment of Prospective Memory; 

CAPM = Comprehensive Assessment of Prospective Memory; BADL = basic activities of daily living; IADL = instrumental activities of daily living. Effect sizes (Hu, 

2010) measured using Cohen’s d are interpreted using the following criteria: 0.2; medium = 0.5; or large = 0.8. Cohen (1988) suggested effect sizes be interpreted in 

term of small (0.1), medium (0.3), and large (0.5) when calculated using phi (φ), and  small (0.01), medium (0.09), and large (0.25)  when calculated using partial-eta 

squared (ηp2). 
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questionnaires about their everyday memory functioning. The methodological quality of 

these studies was rated as reasonably high (i.e., ratings of 17–18 out of 22) according to 

the STROBE checklist. These questionnaires resulted in a total PM score which was 

then compared, in some studies (n = 4), to scores from a control group without stroke to 

determine if individuals with stroke experienced more frequent PM failures. In other 

studies (n = 2), the self-reports of participants with stroke were compared with 

significant-others’ reports. 

Three of the studies that compared participants with stroke to controls reported 

that self-reported PM failures were not significantly different between the two groups 

(Barr, 2011; Brooks et al., 2004; Kim et al., 2009). One study, however, reported 

differing results, concluding that individuals with stroke reported significantly more PM 

failures than controls (Man, Yip, et al., 2015). However, this finding was dependent on 

age, with older individuals with stroke, reporting more frequent PM failure than the 

younger control and older control groups. Specifically, the older stroke group reported 

significantly more frequent PM failure for Basic Activities of Daily Living (BADL) 

than the younger control group only and more frequent PM failure for Instrumental 

Activities of Daily Living (IADL) than both younger and older controls. 

Two studies compared self-reported PM failure of individuals with stroke to a 

significant-others’ report (Barr, 2011; Man, Yip et al., 2015). Both found no significant 

differences between the report of significant-others and participants with stroke for total 

PM. However, when one of the studies (Man, Yip et al., 2015) examined the BADL and 

IADL subscales separately for both old and young-stroke groups combined, a 

significant difference was found between scores for IADL PM, with significant-others 

reporting significantly more frequent PM failures for IADL (i.e., more non-routine) 

activities than the individuals with stroke.  
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Behavioural measurement of PM performance.  

Six of the studies utilised behavioural measures of PM. These studies either used 

experimental paradigms (n = 3), VR platforms (n = 1), standardised clinical measures  

(n = 3) or naturalistic measures of PM (n = 3) to examine impairments in PM post-

stroke, often comparing the performance of individuals with stroke to non-stroke 

control groups. The methodological quality of these studies was rated as reasonably 

high (i.e., ratings of 17–18 out of 22) according to the STROBE checklist. The 

behavioural measures targeted different types of PM including time-, event-, or activity-

based PM, or a combination reflected in a total PM score (e.g., Kim et al., 2009). 

While one study measured activity-based PM (Brooks et al., 2004) finding that 

individuals with stroke performed significantly worse than controls, the majority 

focused on event- and time-based PM performance. The studies examining event-based 

PM resulted in mixed findings, with three of the studies reporting significantly poorer 

event-based PM performance for participants with stroke compared to controls (Barr, 

2011; Brooks et al., 2004; Man, Chan, et al., 2015), and the other three reporting no 

significant differences between the individuals with stroke and controls (Cheng et al., 

2010; Kant et al., 2014; Kim et al., 2009). Results seemed to be dependent on the type 

of measure used. Significant findings were found when utilising a VR paradigm 

(Brooks et al., 2004), a naturalistic task (remembering to ask for a written explanation at 

the end; Brooks et al., 2004) and the Cambridge Prospective Memory Test – Hong 

Kong Chinese Version (CAMPROMPT – HKCV; Man, Chan, et al., 2015) and original 

CAMPROMPT (Barr, 2011). No significant differences were found when using another 

naturalistic task (remembering to ask for a belonging back; Brooks et al., 2004; Kant et 

al., 2014; Kim et al., 2009), the Virtual Week (VW; Kim et al., 2009), or 

experimental/laboratory measures (Cheng et al., 2010; Kant et al., 2014). 
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Four studies examining time-based PM reported significantly poorer 

performance for individuals with stroke compared to controls (Barr, 2011; Cheng et al., 

2010; Kim et al., 2009; Man, Chan, et al., 2015). Another study reported no significant 

differences between the groups’ PM performances (Brooks et al., 2004), and one 

reported mixed findings dependent on the measure used (Kant et al., 2014). As with the 

event-based PM, findings were dependent on the type of measure utilised. Significant 

differences were found when using the CAMPROMPT – HKCV (Man, Chan, et al.,  

2015), original CAMPROMPT (Barr, 2011), VW (Kim et al., 2009) and 

experimental/laboratory measures of PM (Cheng et al., 2010; Kant et al., 2014), 

however, no significant differences were found when utilising a VR platform (Brooks et 

al., 2004), and a naturalistic task (making a phone call after 30 min; Kant et al., 2014). 

Intervention Studies 

Four studies aimed to assess the efficacy of treatment on PM impairments in 

individuals with stroke. Details of the intervention studies are summarised in Table 4.2. 

A combination of external and internal compensatory strategy training was used by 

Miller and Radford (2014) to evaluate the impact of a group-based memory intervention 

on PM performance. While significant-others reported a significant improvement in PM 

after training using self-report methods, no such differences were reported by 

individuals with stroke. This was the only group studied, examining an intervention on 

PM; however, the methodical quality rated by the PEDro-P Scale (Murray et al., 2013) 

was moderate (5/11). The study was limited by the high dropout rate, and the use of 

pseudo-random allocation rather than true random allocation of participants to 

intervention groups. It was also not clear whether both participants and assessors were 

blind to the condition that participants had been placed in.  

Three studies used a single-case design. Sohlberg et al. (1992b) examined 

Prospective Memory Training (Sohlberg et al., 1992a) as a remedial technique for PM
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Table 4.2 

Intervention Studies 

Study 

(year) 

Stroke 

sample 

Age in 

years 

M(SD) 

Stroke type Time 

since 

stroke 

Design Intervention PM measure Findings Quality 

analysis 

Sohlberg 

et al. 

(1992b) 

 

1m stroke; 

outpatient 

51 SAH 

 

15 

months  

Single 

case 

ABAB 

Prospective memory 

training.  

Therapist 

systematically extends 

the length of time 

between PM tasks, 

aiming to increase the 

length of time 

between intention 

formation and 

intention execution.  

 

 

Time between forming an 

intention and correctly 

remembering to execute 

the intention. 

PM ability increased from 5 

min at baseline to 12 min at 

study completion, with a 

gradual increase throughout 

the study.  

 

6/11a 

Van Den 

Broek et 

al. (2000) 

1f, 1m 

stroke; 

outpatient  

 

56, 48 SAH 19-47 

months 

Single 

case ABA 

Electronic memory 

aid: voice organiser 

stores voice messages, 

along with the day 

and time when the 

reminder is needed. 

When the reminder is 

due, the device 

sounds an alarm.  The 

message can then be 

played by pressing a 

button on the device.  

Experimental measure: 

message-passing task 

(event-based). Relatives 

needed to convey four 

messages (experimenter 

created) to participants 

before 9:00am on pseudo-

random days. Participant 

required to report the 

message back after 

6:00pm (9 hr delay). E.g. 

‘collect the coat from the 

dry cleaners.’ 

 

Experimental measure: 

domestic task (time-

based). At weekly 

session, experimenter 

gave participants four 

tasks to recall to their 

relatives on pseudo-

random days and 

predetermined times. E.g. 

Both participants benefited 

from the introduction of the 

voice organiser on the 

message-passing task, as 

remembering was higher in 

the device condition than both 

no device conditions.  

 

 

 

 

 

 

 

Only one participant had 

improved performance in the 

domestic task, with the other 

showing deteriorated 

performance with the device 

(which may have been due to 

their reliance on a written 

memory aid which might 

7/11a 
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‘hoover the lounge at 

10:00am on Tuesday.’ 

 

have interrupted virtual 

organiser use). 

 

 

Kim et al. 

(2000) 

1f stroke; 

outpatient 

48 BL thalamic 

stroke due to 

venous sinus 

thrombosis 

10 

months  

Self-

report 

follow-up  

Electronic memory 

aid: palmtop 

computer (PSION). 

Palmtop computer 

programmed with 

schedule-management 

software, used as an 

external memory aid. 

Self-report: phone survey. 

Questions discussed if the 

device was useful, how 

often they used it, 

whether they still use the 

device or other memory 

aids, their prior computer 

experience, and whether 

they would recommend 

the device to other brain 

injured patients.  

The participant did not 

consider the device to be 

useful, did not purchase the 

device, and yet would 

recommend the use of the 

device to other brain injured 

individuals. She decided not 

to use the device because it 

was not similar to her 

personal computer and 

thought that training would 

take too long. 

 

 

3/11a 

Miller 

and 

Radford 

(2014) 

21m, 19f 

stroke 

(outpatient

; only 27 

individuals 

completed 

training) 

 

 

19 

significant

-others 

53.8 

(12.3) 

24 infarction, 

16 

haemorrhage 

 

12 temporal 

lobe, 

18 frontal lobe 

 

23 LH, 10 

RH, 7 BL 

 Wait-list 

crossover 

design 

Group memory 

training program: 2 hr 

group-based sessions 

(8-12 participants per 

session) conducted 

weekly, for 6 weeks. 

Each session involved 

education about 

memory and training 

in the use of external 

and internal 

compensatory 

strategies. 

Clinical Measure: RPA-

ProMem (Radford et al., 

2011; event- and time-

based). PM measured 

over both long- and short-

term retention intervals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Baseline total PM: individuals 

with stroke performed lower 

than the normative means of 

the RPA-ProMem. 

 

No significant difference        

(p = .06) in PM performance 

after intervention. However, 

there was a trend towards 

significance, and the 

moderate effect size (d = -.42) 

suggests that the small sample 

size might have been a 

limiting factor. 

 

After controlling for baseline 

memory performance, the 

amount of improvement post-

training was associated with 

time since onset, with a 

longer time since onset 

associated with less PM 

improvement  

(r = -.47, p = .019). Those 

who completed the training 

closer to their onset of stroke 

benefited more. 

 

5/11b 
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Self-report measure: 

CAPM part A (Roche et 

al., 2002). Subjective 

questionnaire pertaining 

to everyday PM 

performance, wherein PM 

is broken into prospective 

remembering for BADL 

and IADL, rated on a 5-

point Likert scale. 

 

Baseline: both individuals 

with stroke and their 

significant-others reported 

PM ability to be in normal 

range (according to normative 

test data; Shum & Fleming, 

2014; d = -.31). 

 

Significant-others reported a 

significant improvement in 

PM after training (d = .94).  

 

Stroke participants reported 

no significant difference 

between pre and post-training. 

          

Note. m = male; f = female; SAH = subarachnoid haemorrhage; PM = prospective memory; BL = bilateral damage; LH = left hemisphere; RH = right 

hemisphere; RPA-ProMem = Royal Prince Alfred Prospective Memory Test; CAPM = Comprehensive Assessment of Prospective Memory; BADL = 

basic activities of daily living; IADL = instrumental activities of daily living. a = SCED; b = PEDro-P Scale. 
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impairment in one participant post-stroke. It was found that the participant’s PM ability 

gradually increased over the course of the intervention. The methodological quality 

rated by the SCED scale (Tate et al., 2008) was moderate (6/11). Using external 

compensatory rehabilitation strategies, Van Den Broek et al. (2000) evaluated an 

electronic memory aid for PM performance poststroke. It was concluded that a Voice 

organiser device could improve PM ability after stroke; however, results were highly 

dependent on individual differences in the two participants. The methodological quality 

rated by the SCED scale was moderate (7/11). Kim et al. (2000) conducted a 

questionnaire which assessed participants’ satisfaction with a palmtop computer which 

aimed at improving PM performance. One single stroke participant reported that the 

palmtop computer was not beneficial, primarily due to a lack of interest and prior 

technological experience; however, the methodology of this study was rated as poor 

(3/11). 

Other Features of the Studies (n = 11) 

Other features which were addressed in the previous studies included time post-

stroke, the study setting, depression, the prevalence and neuropathology of PM 

impairment post-stroke, and the effect sizes. The studies included in the current review 

assessed the PM abilities of individuals with stroke from 1 week post-stroke to 47 years 

post-stroke; however, only one study (Miller & Radford, 2014) explored the 

relationship of time post-stroke to PM performance, finding that individuals who had a 

longer time since stroke onset showed less improvement after an intervention when PM 

was measured using the RPA-ProMem. The study settings also varied with two studies 

recruiting inpatients, six studies recruiting outpatients, and three studies recruiting 

community-dwelling individuals with stroke. Level of depression was only investigated 

by Barr (2011), who found that higher levels of depression were related to significantly 

poorer performance on time-based tasks. 



PROSPECTIVE MEMORY AFTER STROKE    76 

Little is known about the prevalence of PM impairment post-stroke. One study 

(Kant et al., 2014) reported the prevalence of PM failure in the stroke group to be 41%. 

This percentage suggests that PM failure is a problem for a substantial proportion of 

people with stroke. No other studies reported data relating to the prevalence of PM 

impairment in the stroke samples. 

The effect sizes varied from small to large, dependent on the type of study. 

Majority of the effect sizes calculated for self-reported PM were small (63.2%, n = 12; 

medium = 26.3%, n = 5; and large = 10.5%, n = 2). However, when calculated for 

observational measures of PM, the majority were large (50%, n = 12; medium = 25%,   

n = 6; and small = 25%, n = 6). Only two effect sizes were calculated for the 

intervention studies because the studies did not report enough information for them to 

be calculated. The effect sizes that were calculated were small and large. 

Kant et al. (2014) also explored the impact of lesion location on PM 

performance post-stroke. It was found that lesions in the right superior temporal gyrus  

were more prevalent in individuals with selective PM failure (time-based or event-

based, not both) in comparison to those without PM impairment. These findings, 

however, warrant further investigation as the methods used in the study to explore 

anatomical correlates were somewhat coarse. One observational study previously 

mentioned examined the impact of thalamic lesions on PM impairment post-stroke 

(Cheng et al., 2010). Cheng et al. (2010) concluded that individuals with thalamic 

lesions due to stroke had impaired time-based PM (p < .01) but not event-based PM 

when compared to non-stroke controls, with no differences being found between right 

and left thalamic lesions. Additionally, it was found that the volume of thalamic lesion 

was negatively correlated with time-based PM performance (r = −.86, p = .000). Other 

than Kant et al. and Cheng et al. no other observational studies examined the patterns of 

neuropathology associated with PM impairment following stroke.  
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Discussion 

It is apparent that the literature is limited when examining the impact stroke has 

on PM functioning. The investigation of PM abilities in stroke populations is a 

relatively new area of memory research, and more research is needed within this 

growing area. The literature reviewed here, while narrow, suggests that stroke has a 

significant impact on PM performance, specifically time-based PM, in that when 

measured using behavioural measures of PM, individuals with stroke often show 

impairments in their PM abilities compared to control groups. The majority of the effect 

sizes are large, suggesting a significant impairment after stroke; however, it must be 

noted that results are mixed and variables which impact on PM and limitations of the 

reviewed studies need to be considered when interpreting the results.  

While the rehabilitative research is limited, and three out of the four studies used 

single-case experimental designs, it provides avenues and directions for future PM 

rehabilitation. Prospective Memory Training (Sohlberg et al., 1992a), while offering 

promising results for the improvement of PM post-stroke, is intensive and requires a lot 

of time commitment from both the client and therapist. Additionally, single-case 

experimental designs limit the generalisation of results to wider populations and can 

have carry-over and order effects. While Miller and Radford’s (2014) group 

intervention study reported a trend towards significance, no significant difference was 

found in PM performance after the intervention. This trend towards significance 

accompanied by the moderate effect size suggests that the small sample size might have 

been a limiting factor. The studies examining technological devices to better PM 

performance (Kim et al., 2000; Van Den Broek et al., 2000), found improvements to be 

highly dependent on the individuals’ preference and experience with technology. 

Limitations aside, these studies offer broad direction for future research. More 

rehabilitative techniques and interventions need to be developed, conducted and 
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assessed with larger stroke samples, wherein PM is assessed using reliable, standardised 

measures to provide more evidence for rehabilitative interventions and tools. 

There are a number of possible reasons for the varied findings regarding whether 

PM impairment is a problem after stroke. First, different types of PM measures have 

different strengths and limitations. While many studies used reliable and validated self-

report measurements, such as the PRMQ (G. Smith et al., 2000), CAPM (Roche et al., 

2002), and the BAPM (Man et al., 2011), results from self-report measures which have 

not been evaluated for reliability or validity may result in unreliable findings (i.e., the 

10-item questionnaire used by Brooks et al., 2004). Additionally, when using validated 

measures it is helpful if the results for each subscale are reported separately. For 

example, Barr (2011), using the PRMQ, summed the retrospective and prospective 

components to form a measure of everyday memory function total. Thus, when 

interpreting the results in relation to PM function, there is no delineation of PM from 

RM failure, limiting conclusions about self-reported PM post-stroke. 

One possible reason as to why PM impairment was not found in individuals with 

stroke when using self-report methods is the sample size. While Barr (2011), Brooks et 

al. (2004), and Kim et al. (2009) found no such impairment, Man, Yip et al. (2015) did. 

These contrasting findings to previous research may have been due to the larger sample 

size (n = 75) and hence greater power, as compared to the other studies with smaller 

sample sizes (range = 12 – 25). Furthermore, while self-report methods are easy to 

administer in both clinical and experimental settings, impairments in self-awareness 

following neurological injury can impact the reliability of the results (Roche et al., 

2002). So, while majority of the studies found no significant differences between the 

self-rating of PM for participants with stroke and controls (Barr, 2011; Brooks et al., 

2004; Kim et al., 2009), this does not necessarily mean that PM is not impaired post-

stroke. In fact, this method of assessment may be measuring self-awareness of PM 
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failure rather than PM failure itself. As suggested by Barr (2011), Brooks et al. (2004), 

Kim et al. (2009), and Man, Yip, et al. (2015), self-reports should be interpreted with 

caution as impairments in self-awareness are highly probable and participants with 

stroke may be reporting their pre, rather than post-stroke abilities. 

As PM performance is reliant on a multitude of cognitive functions, it is 

important to examine and control for any cognitive impairments participants may have 

to ensure a true measure of PM performance is attained. One such function is RM, 

where RM performance has been found to be a significant predictor of experimental 

event-based PM (Kant et al., 2014; Kinch & McDonald, 2001). When comparing PM to 

other cognitive functions, Kant et al. (2014) found that PM failure occurred in 41% of 

individuals with stroke and was significantly higher than the prevalence of impairments 

in processing speed, and attention/executive functioning, but not significantly different 

from the frequencies of RM failure. A significant limitation of this study as well as 

previous studies (Man, Chan, et al., 2015) was not screening for RM impairment before 

running the experiment. Prospective remembering has both a prospective and 

retrospective component, and if a person cannot remember what the task is, he or she 

cannot be expected to perform it. 

Another cognitive function which has been said to impact on PM performance is 

monitoring ability, specifically time-based. While the laboratory measures of PM 

reviewed consistently found significant deficits in time-based PM, it is concluded that 

this finding may not be due to monitoring abilities, as the difference in the amount of 

clock checks, between participants with stroke and controls was not significant (Cheng 

et al., 2010; Kant et al., 2014; Kim et al., 2009). If monitoring ability is not significantly 

impaired after stroke, further research is needed to examine why individuals with stroke 

have specific difficulties with time-based tasks. It may simply be due to the belief that 

time-based PM tasks are believed to require more cognitive resources for completion 
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than event-based tasks, as performance relies on higher levels of initiation, monitoring, 

and executive control (McDaniel & Einstein, 2007), and often these cognitive functions 

are left impaired after stroke. 

Many additional factors pertaining to the participants themselves, could have 

impacted PM performance and were not necessarily controlled for or addressed by all 

the studies. There was considerable heterogeneity in the stroke populations studied, in 

terms of time since stroke onset, stroke severity and lesion location, and these factors 

are likely to impact on the presence and extent of PM impairment. 

The studies included in the current review assessed the PM abilities of 

individuals with stroke from 1 week post-stroke to 47 years post-stroke. The large 

variation in time from one week to many decades post-stroke could have an impact on 

PM abilities in multiple ways. Neurological function starts to recover within the first 

few days after stroke, with rapid gains realised in the first three months, followed by 

slower gains in the following six to twelve months, with some individuals still showing 

gains one to two years post-stroke (Hankey, 2007). Thus, time since onset of stroke can 

greatly impact on the level of impairment, especially when recovery patterns differ for 

each individual patient (Langhorne, Bernhardt, & Kwakkel, 2011). Not just in terms of 

natural recovery, but those in different stages of rehabilitation could be expected to 

show different results, as found by Miller and Radford (2014), who reported greater PM 

improvement for those who accessed rehabilitation closer to the onset of stroke. This 

finding is promising for researchers and clinicians working with people who have had a 

stroke and PM. 

Study settings and an individual’s opportunity to experience PM failure can also 

play a role in how individuals with stroke report PM impairment, particularly on self-

report measures. This is because level of independence and different testing 

environments may see significant-others or nurses/carers completing daily PM tasks for 
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individuals with stroke. This could impact how participants and their significant-others 

self-report PM failures which focus on BADL and IADL PM. 

Additionally, factors such as damage location and level of depression were not 

always addressed. While most studies outline the type of stroke and lateralisation, only 

Kim et al. (2009) reported which lobes were damaged, providing a clear outline of the 

location of damage to the brain. This is important as individuals with damage to brain 

regions not related to PM function would not be expected to show PM impairment. 

Level of depression was only investigated by Barr (2011), who found that higher levels 

of depression were related to significantly poorer performance on time-based tasks. As 

depression has been found to negatively impact on PM performance, it is also 

imperative to control for, especially as depression is quite common post-stroke 

(Hoffmann, Ownsworth, Eames, & Shum, 2015). 

The methodological quality of the studies ranged from high to low, dependent 

on the study and measure used. Observational studies, rated using the STROBE 

statement resulted in a narrow range of scores. While this may suggest that the 

methodological quality of the observational studies was high, it is not necessarily the 

case. Rather, the narrow range of scores outlines the limitations of the STROBE as a 

quality analysis tool. This is most likely because it was primarily designed to be used 

more as a reporting guideline, rather than an evaluation tool (von Elm et al., 2007). The 

main reasons why studies were rated moderate to low in quality when using the SCED 

scale was because observer bias, independence of assessors, statistical analysis, and 

evidence for generalisation were not addressed. These studies could be improved by 

addressing these simple factors. Additionally, the group intervention study received a 

moderate quality rating when assessed with the PEDro-P scale because pseudo-random 

allocation was used rather than random allocation. It was also not mentioned whether 

allocation was concealed; whether blinding of participants, therapists, and assessors 
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took place; and there was a high level of drop out meaning that the measures of at least 

one key outcome were not obtained from more than 85% of the subjects initially 

allocated to groups. Study quality could be improved by addressing these factors and 

improving the rate of drop out. 

Limitations of the Study 

This review would have been strengthened by using two raters instead of one 

and incorporating inter-rater reliability tests into the procedure. The evaluation of 

studies was also limited by the tools chosen to rate methodology. The STROBE 

statement was used for the purposes of evaluating methodological quality; however, it 

generated a narrow range of scores. Thus, it is recommended that future reviews utilise 

a tool which has been designed to rate the methodological quality of observational 

studies such as a Risk of Bias measure. 

Recommendations for Future Research 

Overall, future research should focus on using reliable and valid PM measures, 

control for or stratify individuals of stroke into groups based on factors which have 

previously been found to impact PM performance (i.e., RM performance, monitoring 

ability, time-since stroke onset, location of testing, location of damage to the brain, level 

of depression, and level of self-awareness), and develop and evaluate rehabilitative 

techniques to help improve PM performance post-stroke. Future research could be 

conducted to examine the utility of other external (e.g., smart phone applications) and 

internal compensatory rehabilitative strategies. It is suggested that training programs 

take into consideration the personal preferences of individuals with stroke, specifically 

in relation to any technology that is introduced. 

Implementation intentions (a simple goal-setting strategy) have been used 

previously to improve PM performance in non-stroke adult populations (Chen et al., 
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2015) as well as other clinical populations like early psychosis (Khoyratty et al., 2015). 

It is suggested that future rehabilitation research can consider utilising this simple, yet 

effective internal strategy to assess the effect on PM functioning post-stroke. 

Overall, PM impairment exists after stroke, particularly when examined using 

behavioural measures. As PM is linked with abilities in everyday functioning, it is 

imperative that future research is conducted to help examine both the extent and nature 

of PM impairment after stroke. 
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CHAPTER FIVE 

Aims of Thesis and General Method 

Summary of Literature Review 

 The preceding chapters have outlined the impact stroke can have on individual’s, 

their PM function, and their ability to live independently as well as defining PM, 

reviewing PM models/theories and discussing how PM relates to everyday function. 

Each year a large number of Australians experience a stroke, yet their PM function is 

often overlooked as part of their general rehabilitation, in favour of physical and 

communicative impairments. While these latter deficits are common and a highly 

important focus of rehabilitation, it can be argued that cognitive functions like PM are 

also of high importance to individuals who have had a stroke and their families. This is 

because PM ability often directly influences one’s safety and ability to live 

independently. For example, if someone forgets to turn off the iron after using it, this 

could cause a fire, or if an individual forgets to take their medication it could lead to 

another stroke. Therefore, it is important that further research be conducted to address 

PM after stroke.  

 The literature focusing on PM after stroke is limited and the results reported are 

mixed, depending on the measure used to assess PM. However, as outlined by Hogan et 

al. (2016), PM impairment exists after stroke, particularly for time-based PM. More 

research which utilises multiple methods of PM and addresses the limitations of the 

previous literature is needed to gain a better and more comprehensive understanding of 

PM after stroke. In addition to examining whether PM impairment exists post-stroke, it 

is important for researchers to explore possible reasons as to why this PM impairment 

exists. This has not been done to date. Clarification of possible reasons for PM 

impairment after stroke will then aid researchers and clinicians to create and develop 
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rehabilitative techniques to improve PM. This may also benefit other clinical 

populations. The current research will address some of these gaps and build on the 

previous research to clarify the nature, extent, and reasons for PM impairments after 

stroke.  

Aims and Hypotheses 

 The current research aimed to determine the extent of PM impairment after 

stroke by utilising multiple methods of assessment. Research focusing on PM ability 

after stroke is limited with mixed findings, dependent on the measure used. The first 

step to understanding why PM is impaired and how it can be improved post-stroke 

requires PM to be measured to ascertain whether impairments actually occur post-

stroke, and for which types of PM these impairments occur (and to what extent).  

Study 1. 

Before measuring PM performance, it is important to examine the self-reported 

PM abilities of individuals with stroke to ascertain how much insight they have into 

their own PM abilities. Therefore, the first study aimed to compare self-reported PM of 

individuals with stroke to neurologically healthy controls, to determine if perception of 

PM ability is impaired after stroke. Previous research has reported mixed results when 

using self-reported measured of PM; therefore, no firm hypothesis could be derived. 

Rather, the following research question was formulated: does self-rated PM differ 

between individuals with stroke and healthy controls, and is this dependent on the 

specific measure used to assess self-reported PM? Additionally, the first study aimed to 

compare self-reported PM of individuals with stroke to significant-other’s reports to 

ascertain the level of self-awareness individuals with stroke have into their own PM 

function. It was hypothesised that individuals with stroke would report less PM 

impairment compared to their significant-other’s reports (Man, Yip, et al., 2015). 
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Furthermore, this study aimed to examine the relationships between two self-report PM 

measures to see if they are associated with one another. It was hypothesised that strong 

correlations would exist between the two self-report PM measures. 

Study 2. 

To determine if PM is impaired after stroke, it is imperative to examine and 

compare the PM performance of individuals with stroke to neurologically healthy 

controls. The second study was designed to compare the PM performance of individuals 

with stroke and controls using a psychometrically valid clinical measure of PM. It was 

hypothesised that individuals with stroke would perform poorer on the PM measure 

when compared to neurologically healthy controls, particularly for time-based PM (i.e., 

an interaction between group and PM type). Additionally, to gain a better understanding 

of the causes of impaired PM post-stroke, the second study examined whether 

demographics, executive/cognitive functions, and metacognitive factors predict PM 

performance post-stroke. It was hypothesised that demographic (i.e., age), executive 

function, and metacognitive factors would significantly predict PM performance post-

stroke. 

Study 3.  

 After clarifying if PM performance is impaired post-stroke, it is important to 

examine the reason(s) underlying this type of problem. The current research aimed to 

determine the nature of PM impairment after stroke, specifically, by manipulating cue 

focality to determine its impact on PM performance. One possible reason for PM 

impairments in individuals with stroke is that the cue is not salient enough or that 

individuals are using the wrong monitoring strategy for the specific PM cue. Within the 

intention retention period of prospective remembering (Kliegel et al., 2002), if the 

individual is not appropriately monitoring the environment for PM cues or additionally 
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if the cue is not salient enough, PM failure can occur. By manipulating variables (cue 

focality) within this phase of PM, we can understand not only if PM is impaired 

(extent), but also understand possible reasons as to why PM is impaired after stroke 

(nature). This information may then be used to help improve PM in the future for 

individuals with stroke. It was hypothesised that PM performance would be poorer in a 

non-focal cue condition than a focal cue condition for both individuals with stroke and 

controls, however, the extent would be significantly larger for those with stroke (i.e., an 

interaction effect).    

The first stage of prospective remembering, intention formation (Kliegel et al., 

2002), involves planning to do something in the future. It is suggested that by placing 

more emphasis on deeper encoding in this first phase, prospective remembering would 

become more automatic. Deeper encoding may be achieved through the use of 

implementation intentions as this procedure is believed to strengthen the anticipation of 

the triggering cue, which then aids in spontaneous retrieval (Gollwitzer & Brandstätter, 

1997). If implementation intentions are shown to aid prospective remembering post-

stroke, they could be incorporated into rehabilitative settings in the future. Therefore, 

Study 3 also aimed to assess the impact of implementation intentions on PM 

performance post-stroke. It was hypothesised that implementation intentions would 

improve the overall PM performance for both individuals with stroke and controls. It 

was also hypothesised that implementation intentions would improve PM performance 

for both individuals with stroke and controls on both the event- and time-based tasks as 

well as in both focal and non-focal cue conditions.  

General Method 

Participants 

 Twenty-eight participants with stroke, 11 males and 17 females, participated in  
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the current research. Individuals were required to be aged between 18 and 85 years, with 

a diagnosis of cerebrovascular accident within the last five years, and living in the 

community post-stroke for at least one month. Participants were excluded if their stroke 

was located in the brainstem or cerebellum. Other exclusion criteria included: a history 

of previous brain injury/neurological illness (other than stroke); diagnosis of 

dementia/other neurodegenerative illness; significant psychiatric disorder (e.g., 

schizophrenia); insufficient communicative ability (i.e., severe aphasia); significant 

visual, hearing, or hand function impairment that would impact on their ability to 

participate; or current alcohol/substance abuse.  

If available, a significant-other (i.e., relative, spouse, friend, etc.) was recruited 

to complete proxy-version questionnaires. Overall 25 significant-others participated in 

the study (M age = 58.08, SD = 17.07) with various relationships to the individual with 

stroke (16 spouse/partners, 3 siblings, 3 friends, 2 children, and 1 other relative). Eleven 

males and 14 females took part, with a mean years of education of 14.07 (SD = 2.28). 

On average, these significant-others had known the individual with stroke for 32.08 

years (SD = 20.04), with a range of 1 - 65 years. Additionally, they were asked how 

often they are in contact with the individual with stroke and to rate how confident they 

were in reporting on the memory abilities of the individual with stroke (see Table 5.1).  

Twenty-seven neurologically healthy controls, seven males and 20 females, 

participated in the current study. Controls were recruited based on their age and 

education to match the individuals with stroke. Additionally, they were required to be 

aged between 18 and 85 years, with no history of neurological illness, brain injury, or 

stroke. Participants were excluded if they had a significant psychiatric illness, current 

alcohol/substance abuse, significant visual/hearing impairment, or insufficient 

communicative ability.   

Results from 28 individuals with stroke, 27 neurologically healthy controls, and  
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Table 5.1 

Frequency of Contact and Rating Confidence for Significant-others of Individuals with 

Stroke 

Variable 
Significant-other 

(n = 25) 

Frequency of contact with individual with stroke  

    Everyday 20 

    5 – 6 days per week 1 

    3 – 4 days per week 2 

    1 – 2 days per week 1 

    Less than 1 day per week  1 

Confidence of rating memory abilities of individuals with stroke  

    Extremely confident  10 

    Very confident 7 

    Fairly confident 7 

    Somewhat confident 1 

 

25 significant-others of the individuals with stroke were analysed for the current study. 

The individuals with stroke and controls did not differ significantly on any demographic 

variables (all p > .05, see Table 5.2). Individuals with stroke and controls did not differ 

on levels of depression, anxiety, and stress, with the majority of both individuals with 

stroke and controls categorised as having normal levels of depression, anxiety, and 

stress as outlined by the Depression, Anxiety, and Stress Scale - 21 (DASS-21; Henry & 

Crawford, 2005; Table 5.3).  

Overall individuals with stroke had high levels of daily functioning as outlined 

by both themselves and significant-others on the Nottingham Extended Activities of  
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Table 5.2 

Demographic Information for Individuals with Stroke and Neurologically Healthy Controls 

Variable 

Stroke (n = 28)  Control (n = 27)  

M SD  M SD t df p 

Age (years) 62.86 13.05  56.41 10.69 2.00 53 .051 

Education (years) 14.09 4.77  14.26 4.77 -0.15 48.28 .878 

Pre-morbid IQ 103.75 12.94  105.37 11.34 -0.49 53 .624 

Line Bisection 15.64 2.25  16.44 0.93 -1.72 53 .092 

DASS-21         

   Depression 4.00 4.07  2.89 3.70 1.06 53 .295 

   Anxiety 2.86 2.97  2.22 2.52 0.86 53 .397 

   Stress 5.57 4.75  4.67 3.39 0.81 53 .421 

Note. DASS-21 = Depression, Anxiety, and Stress Scale – 21.  
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Table 5.3 

Depression, Anxiety, and Stress Categories for Individuals with Stroke (n = 28) and Neurologically Healthy Controls (n = 27)   

Variable Normal Mild Moderate Severe Extremely severe 𝜒2 p 

Depression  

Stroke 

 

18 

 

5 

 

3 

 

1 

 

1 
1.01 .91 

 Control 

 

19 5 1 1 1 

Anxiety  

Stroke 

 

22 

 

2 

 

1 

 

2 

 

1 
1.65 .80 

 Control 

 

22 1 2 2 0 

Stress  

Stroke 

 

19 

 

3 

 

5 

 

0 

 

1 1.58 .66 

 Control 21 3 3 0 0 
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Daily Living Scale (NEADL; Nouri & Lincoln, 1987), see Table 5.4. Most participants 

completed the majority of activities either on their own or on their own with difficulty. 

As outlined by the Modified Rankin Scale (MRS: Rankin, 1957), 28% of individuals 

with stroke had predominately no significant disability despite symptoms; 39% had a 

slight disability but able to look after their own affairs without assistance; 25% had 

moderate disability, requiring some help but able to walk without assistance; and 7% 

had moderately severe disability, unable to walk without assistance, and unable to 

attend to their own bodily needs without assistance.  

Design 

The current study adopted a quantitative, mixed-subject quasi-experimental 

design. Individuals with stroke and controls were pseudo-randomly allocated to one of 

four groups. Firstly, participants were allocated to two groups determined by their pre-

existing group membership, either individuals with stroke or neurologically healthy 

controls. Secondly, the participants were randomly allocated to either a standard 

instruction group (version A; 50%) or an implementation intention group (version B; 

50%). The two groups received the same battery with the only difference being the 

instructions that were provided to the participants on three of the measures (Lexical 

Decision Prospective Memory Task [LDPMT], Virtual Reality Prospective Memory 

Shopping Task [VRPMST], and the Delayed Message Task [DMT]). Multiple methods 

of PM assessment were utilised and included the use of self-report questionnaires, a 

clinical measure, an experimental measure, a naturalistic task, and a VR measure. 

Additionally, a number of cognitive/executive function measures were used to ensure 

groups had similar global cognitive function.  

Measures 

 Multiple measures were utilised in the current study to measure both PM, 
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Table 5.4 

Demographic Information for Individuals with Stroke (n = 28) 

Variable  

Function after stroke     

     MRS (level of disability) No significant = 8 Slight = 11 Moderate = 7 Moderate severe = 2 

     NEADL    

Stroke M = 52.68 SD = 14.37 

t(51) = -0.28, p = .78 

Significant-other  M = 53.92 SD = 13.48 

Stroke specific demographics      

     Time since stroke (months) M = 16.13 SD = 13.82 Range = 2 - 53  

     Living in community (months) M = 14.80 SD = 12.93 Range = 1 - 52  

     First time stroke Yes = 18 No = 10   

     Type of stroke Ischaemic = 19 Haemorrhagic = 7 Both = 2  

     Stroke lateralisation Left = 11 Right = 11 Bilateral = 5 Unknown = 1 

Note. MRS = Modified Rankin Scale; NEADL = Nottingham Extended Activities of Daily Living Scale.  
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cognition/executive function, and daily functioning. The assessment battery is briefly 

summarised in Table 5.5. A more detailed description of the measures can be found in 

the subsequent chapters.  

Procedure  

 Participants were treated strictly in accordance with the National Statement on 

Ethical Conduct in Research Involving Humans, and approval was obtained from The 

Prince Charles Hospital Human Research and Ethics Committee, and the Griffith 

University Ethics Committee prior to commencing the study (Protocol Number: 

HREC/15/QPCH/282; see Appendices A and B respectively). Written consent was 

obtained by all participants at the start of the first session. Copies of the information 

package/consent forms and flyers are included in Appendices C, D, E, F, and G.  

Participants were recruited through multiple methods and multiple locations. 

Individuals with stroke were recruited through multiple health facilities and stroke 

organisations/support groups across the wider Brisbane region in South-East 

Queensland. Dependent on the recruitment location, participants were introduced to the 

study by a member of hospital staff, and if interested the staff member obtained consent 

to contact for the researchers to contact the participant to explain the study in more 

depth. Alternatively, participants were sent flyers in the mail and if interested in 

participating, contacted the researchers directly. Flyers and information packs were also 

supplied to multiple stroke organisations/support groups who disseminated them and if 

interested, participants contacted the researchers directly. When participants contacted 

the researchers, screening/eligibility checks were completed over the phone. If eligible, 

an appointment was made for the first session where informed consent was collected, 

and the first testing session was completed.  

The two study sessions took approximately 1 hr 30 min to 2 hr each to complete 
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Table 5.5 

Summary of Measures Used in the Assessment Battery  

Construct Measure Description 

PM Cambridge Prospective 

Memory Test 

(CAMPROMPT; B. 

Wilson et al., 2005) 

The CAMPROMPT is a standardised objective measure of PM, often used in experimental and 

clinical settings. It was used in the current study to get a baseline standardised measurement of 

PM.  Six PM tasks are embedded throughout or at the end of the ongoing task, with a total of 

three time-based and three event-based PM tasks to be completed. The CAMPROMPT has 

previously been shown to be a valid measure with reasonable reliability scores (inter-rater, test-

retest, and parallel form; B. Wilson et al., 2005). 

 

Lexical Decision 

Prospective Memory Task 

(LDPMT) 

A modified version of the LDPMT from Canty et al. (2014). This iPad-based LDPMT is based 

on the experimental dual-task paradigm commonly used in the experimental literature. 

Participants were shown multiple sets of text on an iPad and instructed to report whether the text 

was a word or a non-word. At the same time participants also had to complete both event- and 

time-based PM tasks embedded throughout. Two versions were created in order to provide 

manipulations in the instructions (either standard instructions or implementation intentions).  

 

Brief Assessment of 

Prospective Memory: part 

A and B (BAPM; Man et 

al., 2011) 

The BAPM is a 16-item self-reported questionnaire that assesses PM failures within the last 

month. Part A asks participants whether they have experienced a variety of memory lapses in the 

past month. Part B asks participants how much of a problem forgetting to do the item is/would 

be. A total score, BADL (e.g. dressing, eating, personal hygiene, etc.), and an IADL score (e.g. 
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shopping, meal preparation, household management, etc.) are calculated for each part. Proxy-

versions are available for significant-others to complete.  

 

Prospective and 

Retrospective Memory 

Questionnaire (PRMQ; G. 

Smith et al., 2000) 

The PRMQ is a 16-item self-reported questionnaire which examines both prospective and 

retrospective memory failures in everyday life. Participants were asked to rate how often they 

have memory failures in everyday life for both things that happened in the past and things that 

needed to happen in the future. Proxy-versions are available for significant-others to complete. 

 

Virtual Reality Prospective 

Memory Shopping Task 

(VRPMST) 

The VRPMST was developed for use in the current study. The VR platform was adapted from 

Canty, Neumann, Fleming, and Shum (2015). Participants are required to navigate around a 

virtual shopping centre in order to complete a list of tasks. Both event- and time-based PM tasks 

are embedded throughout the ongoing task, with manipulations of cue focality. Two versions 

were created in order to provide manipulations in the instructions (either standard instructions or 

implementation intentions). 

 

Delayed Message Task 

(DMT) 

The DMT was designed for the current study and required participants to pass a self-created 

message along to the researcher after a 24 hr delay. Two versions were created in order to 

provide manipulations in the instructions (either standard instructions or implementation 

intentions). 

 

Premorbid IQ Test of Premorbid 

Function (TOPF; 

Wechsler, 2011) 

The TOPF is a commonly used method for estimating premorbid intelligence. Participants were 

given a list of words and asked to read each word out loud. While no reliability/validity data is 

available for stroke populations, the scores have been normed by age allowing for a measure of 

premorbid IQ. 
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Unilateral 

Spatial 

Neglect 

Line bi-section The line bi-section test was used as a screening tool to detect the presence of unilateral spatial 

neglect (N. V. Marsh & Kersel, 1993; Plummer, Morris, & Dunai, 2003), as significant visual 

impairment was an exclusion criteria. Participants were handed a piece of paper with a series of 

horizontal lines on it and were instructed to place a mark with a pencil through the centre. A 

deviation of more than 6 mm from the true midpoint of each individual line as well as the 

omission of two or more lines on one half of the page indicated unilateral spatial neglect. A total 

score of 17 is available.  

 

Verbal 

Learning and 

Memory 

Hopkins Verbal Learning 

Test – Revised (HVLT-R; 

Benedict, Schretlen, 

Groninger, & Brandt, 

1998) 

The HVLT-R was used to measure participants verbal learning and memory. Participants were 

instructed that they were going to be read a list of words and that they had to repeat as many 

words back as they could remember. There were three trials and then they were instructed that 

they would be asked about the words again after a short delay. After a period of delay (20-25 

mins) they were asked to recall as many words as they could remember. For each trial 

participants could receive a total score of 12, one point for each word correctly remembered. The 

HVLT-R is a well-validated tool and has been used in many clinical samples, including stroke 

(Andrews, Halford, Shum, et al., 2014; Carey et al., 2008; Shapiro, Benedict, Schretlen, & 

Brandt, 1999; Skidmore et al., 2010).  

 

Subjective 

Participant 

Experience  

User Friendliness Scale – 

Lexical Decision 

Prospective Memory Task 

(UFS-LDPMT) 

A modified version of the User Friendliness Questionnaire used in Canty et al. (2014) was used 

to rate the subjective participant experience of the LDPMT. Participants were asked to rate how 

the LDPMT task reflected everyday activities, if it was interesting, clear and easy to learn, and if 

they would recommend the task to others. 
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User Friendliness Scale – 

Virtual Reality Prospective 

Memory Shopping Task 

(UFS-VRPMST) 

A modified version of the User Friendliness Questionnaire used in Canty et al. (2014) was used 

to rate the subjective participant experience of the VRPMST. Participants were asked to rate 

how the VRPMST reflected everyday activities, if it was interesting, clear and easy to learn, and 

if they would recommend the task to others. 

 

Depression, 

Anxiety, and 

Stress 

Depression, Anxiety, and 

Stress Scale 21 (DASS-21; 

Henry & Crawford, 2005) 

The DASS-21 was used to measure the presence of depression, anxiety, and stress. The self-

reported questionnaire asked participants a series of questions surrounding their experience with 

mood over the past week (e.g., I found it hard to wind down). Participants could respond from 

never (0) to almost always (3). The measure included three subcategories with higher scores 

indicating higher depression, stress, or anxiety, and placed them in severity categories (normal 

to extremely severe). Scores for each subscale range between 0 and 21.  

 

Activities of 

Daily Living  

Nottingham Extended 

Activities of Daily Living 

Scale (NEADL; Nouri & 

Lincoln, 1987) 

The NEADL is a 22-item self-reported measure designed to assess individuals’ activities of daily 

living. It is used widely in stroke populations (Gladman, Lincoln, & Adams, 1993) and has 

previously been shown to be a valid and reliable measure for use after stroke (Chong, 1995; 

Lincoln & Gladman, 1992; Nouri & Lincoln, 1987). Each item is scored between 0 (not at all) 

and 3 (on your own) with a total score of out of 66 being generated (range = 0 - 66). Proxy-

versions are available for significant-others to complete. 

 

Functional 

Independence  

Modified Rankin Scale 

(MRS; Rankin, 1957) 

The MRS is a single-item measure designed to categorise a patient’s level of functional 

independence post-stroke. It does this by looking at symptoms and their abilities currently 

compared to their pre-stroke performance on activities. A score out of six (range = 0 - 6) is 

generated and follows the subsequent criteria: (0) no symptoms at all; (1) no significant 

disability despite symptoms, able to carry out all usual duties and activities; (2) slight disability, 
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unable to carry out all previous activities, but able to look after own affairs without assistance; 

(3) moderate disability, requiring some help, but able to walk without assistance; (4) moderately 

severe disability, unable to walk without assistance and unable to attend to own bodily needs 

without assistance; (5) severe disability, bedridden, incontinent and requiring constant nursing 

care and attention; and (6) dead. 

 

Global 

Cognitive 

Function  

Montreal Cognitive 

Assessment Scale (MoCA; 

Nasreddine et al., 2005) 

The MoCA was used to measure global cognitive function, including: attention and 

concentration, executive functions, memory, language, visuoconstructional skills, conceptual 

thinking, calculations, and orientation. It is traditionally used as a rapid tool to distinguish clients 

with mild cognitive impairment from healthy older adults.  

 

Visual 

Attention and 

Task 

Switching 

(Executive 

Function) 

Trail Making Task (TMT; 

Reitan, 1992) 

The TMT is a pencil and paper test of visual attention and task switching (executive function). 

Participants were required to complete a paper and pen task where they draw a line between 

numbers in ascending order in part A, and numbers and letters in ascending order in part B. It 

has previously been reported to have reliability coefficients ranging between 0.60 and 0.90 

(Lezak, 2004). 

Note.  PM = prospective memory; CAMPROMPT = Cambridge Prospective Memory Test; LDPMT = Lexical Decision Prospective Memory Task; 

BAPM = Brief Assessment of Prospective Memory; BADL = basic activities of daily living; IADL = instrumental  activities of daily living; PRMQ = 

Prospective and Retrospective Memory Questionnaire; VRPMST = Virtual Reality Prospective Memory Shopping Task; VR = Virtual Reality; DMT = 

Delayed Message Task; TOPF = Test of Premorbid Function; HVLT-R = Hopkins Verbal Learning Test – Revised; UFS-LDPMT = User Friendliness 

Scale – LDPMT; UFS-VRPMST = User Friendliness Scale – VRPMST; DASS-21 = Depression, Anxiety, and Stress Scale – 21; NEADL = 

Nottingham Extended Activity of Daily Living Scale; MRS = Modified Rankin Scale; MoCA = Montreal Cognitive Assessment; TMT = Trail Making 

Test. 
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and were held between 1 to 3 weeks apart dependent on participant availability. Breaks 

were also provided, if required, to reduce fatigue. Sessions were held either in the 

participants’ home or at the university (whichever was most convenient for the 

participant) in a quiet room with table and chairs. At the end of the second session, 

participants were compensated $20 as a thank you for their time.  

 Significant-others were recruited alongside individuals with stroke. Individuals 

with stroke were made aware in the initial phone conversation that there was a total of 

three questionnaires (BAPM, PRMQ, and NEADL) and some basic demographic 

questions for a significant-other to complete. At the first session, if the significant-other 

was present, informed written consent was obtained and they were given the 

questionnaires. They either completed them independently in the session or at a later 

time. They were then either handed back, posted to the researcher in a reply-paid 

envelope, or collected by the researcher in the second session. If significant-others were 

not available to attend the first session, the researcher contacted them via phone or 

email, and organised for the questionnaires and informed consent form to be posted, 

emailed, or for the individual with stroke to pass them along to the significant-other for 

them to complete in their own time. Individuals with stroke who did not have a 

significant-other were not excluded from the study, and the majority (89%) of the 

individuals with stroke had someone to participant alongside them.  

Neurologically healthy controls were recruited through multiple methods. This 

included recruitment through: the Griffith University first-year subject pool (mature-

aged students only), Griffith University Garden City (a suburban shopping centre) 

Learning Space, Griffith University Volunteer for Important Research Projects email 

distributed to staff and students, and through various community groups. Multiple 

seniors’ groups, retirement villages, and community groups were contacted and asked if 

a flyer could be displayed on their notice board or handed out at their group meeting. 
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Individuals who were interested, contacted the researchers directly where eligibility was 

checked. If eligible, the first session was scheduled, and informed consent was 

collected. Sessions took approximately 1 hr to 1 hr 30 min each to complete and were 

held between 1 to 3 weeks apart. Breaks were also provided, if required, to avoid 

fatigue. Sessions were either held in the participant’s home or at the university in a quiet 

room with table and chairs. At the end of the second session, participants were thanked 

and compensated $20 as a thank you for their time. If participants were recruited 

through the Griffith University first-year subject pool, at the end of the second session 

participants were thanked and rewarded two credit points towards their elected course, 

instead of receiving the $20 compensation.  

Before the start of the first session both individuals with stroke and controls 

were randomly allocated to either a standard instruction group or an implementation 

intention group. Both groups underwent the same battery of assessments over the two 

sessions with the only difference being the instructions given on the LDPMT, 

VRPMST, and the DMT. All participants completed an assessment battery in the 

following order. The first session comprised of the Test of Premorbid Function (TOPF), 

Line bi-section, Hopkins Verbal Learning Test – Revised (HVLT-R), CAMPROMPT, 

HVLT-R Delay, LDPMT, User Friendliness Scale – LDPMT (UFS-LDPMT), DASS-

21, BAPM (part A and B), PRMQ, NEADL, and the MRS (completed by the 

researcher). Neurologically healthy controls were not required to complete the NEADL 

and MRS. The second session comprised of five measures in the following order: 

VRPMST, User Friendliness Scale – VRPMST (UFS-VRPMST), Montreal Cognitive 

Assessment (MoCA), Trail Making Test (TMT; A and B), and the DMT. Detailed 

descriptions of each of the measures are included in the following chapters.  

Data Analysis 

The alpha level for all statistical tests was set at .05, unless otherwise specified. 
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Effect sizes are reported as Cohen’s d, Cohen’s f2, and partial eta squared (p
2). Cohen’s 

d effect sizes were interpreted using the following criteria: small = 0.2; medium = 0.5; 

or large = 0.8 (Hu, 2010). Cohen’s f2 were interpreted using the following criteria: small 

= 0.02; medium = 0.15; and large = 0.35 (Cohen, 1988). Partial eta squared effect sizes 

were interpreted using the following criteria: small = 0.01; medium = 0.09; or large = 

0.25 (Cohen, 1988). Distributions of data across all variables of interest were inspected 

for univariate outliers, significant skewness, and multivariate outliers if applicable. 

Univariate outliers were defined as those with Z scores greater than -/+ 3; multivariate 

outliers were defined as those with a Mahalanobis distance exceeding the critical chi-

square value based on the number of predictors in the model; and significant skewness 

was defined as degree of skewness divided by standard error of skewness being greater 

than -/+ 3 (Tabachnick & Fidell, 2007). Where variables were significantly skewed, the 

appropriate transformations were performed. Where variables were still significantly 

skewed with transformations, the non-transformed state was used. Data were analysed 

with and without outliers, and with and without transformations. If the pattern of 

statistical significance did not vary, then the untransformed data were used and/or all 

cases were included in the analyses (Tabachnick & Fidell, 2007).  

 Statistical power analyses were performed for sample size estimation based on 

the main statistical comparisons. With an alpha level of .05 and power of .8, the 

projected sample size needed for a medium effect size (d = .5) is 140 when using t-test 

analyses. Using the same alpha and power levels, the projected sample size needed for a 

medium effect size (f = .25) is 82 for mixed ANOVA analyses. These sample sizes are 

larger than the current sample size of 55, however, previous researchers have 

acknowledged the inherent difficulties in recruiting large sample sizes within this 

clinical population and proceeded to perform similar analyses with less than optimal 

sample sizes (N = 36, Cheng et al., 2010; N = 24; Kim et al., 2009). A more detailed 
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discussion of specific issues regarding data treatment is included in the relevant chapters 

to follow. The following three chapters outline the three studies conducted in the current 

research. Specifically, the next chapter outlines Study 1, which focuses on self-report 

PM after stroke.  
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CHAPTER SIX 

Study 1: Self-Reported Prospective Memory After Stroke 

Self-awareness commonly changes after ABI (such as stroke), sometimes 

leaving individuals unaware of their deficits (Caldwell et al., 2014; Leung & Liu, 2011). 

Additionally, impaired memory function is commonly reported by individuals with 

stroke and their families. However, the previous literature has focused on RM (memory 

for information or events from the past) rather than PM (Andrews, Halford, Shum, et 

al., 2014; de Haan et al., 2006; Kalashnikova et al., 2005). As outlined in Chapter 3, PM 

is the type of memory used when activities are to be carried out in the future (Fleming et 

al., 2008; Shum, Levin, et al., 2011).  

PM is required to complete many everyday activities (e.g., remembering to pay a 

bill, or remembering to take medication at a certain time), and impairments in PM 

function can have detrimental effects on individuals and their ability to live 

independently (Groot et al., 2002; Shum et al., 2002). Impairments in PM can heavily 

influence one’s ability to independently perform both basic (BADL) and instrumental 

activities of daily living (IADL; Fish et al., 2010; Man, Yip, et al., 2015; Woods, 

Weinborn, Velnoweth, Rooney, & Bucks, 2012). BADL refers to activities that make up 

a person’s basic personal routine and includes self-care activities such as dressing, 

feeding, and bathing. For example, forgetting to brush your teeth, or to eat breakfast are 

PM failures relating to BADL. IADL, on the other hand, refers to more complex 

domestic or community living tasks like preparing meals, washing clothes, or managing 

finances. For example, forgetting to take clothes off the line, or not paying a bill are 

examples of PM failures related to IADL.  

PM assessment usually encompasses self-reported or behavioural measures. 

While there are some limitations to using self-reported measures of PM (Uttl & 
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Kibreab, 2011), there are also many advantages. One advantage is that they are quick 

and easy to administer, meaning that they can be used as a quick screen by clinicians to 

determine if a more comprehensive assessment of PM is required. Additionally, self-

reported questionnaires allow us to understand an individuals’ own perspective of how 

frequently PM lapses occur as well as how important they think these lapses are, which 

could have implications for client-centred rehabilitation (Ekstam, Uppgard, Kottorp, & 

Tham, 2007; Hartman-Maeir, Soroker, Ring, & Katz, 2002; Leung & Liu, 2011; 

Ownsworth & Clare, 2006). If patients do not think they have PM impairments, then 

they may not think that rehabilitation for PM would be beneficial or needed. 

Questionnaires also allow us to collect the opinions of others (i.e., relatives and carers) 

about a patient’s PM ability. This subsequently allows for a comparison between the 

scores of patients and their significant-others, which can give an indication of an 

individual’s self-awareness of his or her own PM ability. Thus, while self-reported PM 

measures may not directly assess PM performance, they can still provide useful 

information for both clinicians and researchers working with clinical populations.  

Research into PM is relatively new when compared to other types of memory 

(i.e., RM), only gaining interest in the 1970s (Kliegel et al., 2008). This may explain 

why little research has been conducted on PM after stroke. The research that has been 

conducted shows mixed findings when examining self-reported PM after stroke. A 

scoping review conducted by Hogan et al. (2016) included seven observational studies 

and four intervention studies (total number of studies = 11) and found that the majority 

(three studies out of five) of the self-reported stroke literature found that individuals 

with stroke did not report any more or less PM problems than neurologically healthy 

controls. There are a few possible reasons for these findings including the use of PM 

questionnaires that have not been psychometrically validated, and the report methods 

used when using validated PM questionnaires. Previous research has also compared 
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self-reported PM of individuals with stroke to significant-others (i.e., relative, friend, 

carer, etc.), usually to enable a score that outlines one’s self-awareness of PM.  

Brooks et al. (2004) used a 10-item questionnaire about real-life PM which did 

not have any reported psychometric properties. No differences were found in self-

reported PM between individuals with stroke (n = 25) and controls (n = 25). It was 

concluded that individuals with stroke were unaware of how impaired their PM was, as 

other measures of PM used in the study showed impairments when compared to 

controls. Additionally, it was argued that individuals with stroke might have been 

reporting their pre-stroke PM abilities as the questionnaire that was used had some 

questions referring to PM situations that patients most likely would not have 

encountered in the rehabilitation ward from where participants were recruited.  

Miller and Radford (2014) used the CAPM self-reported questionnaire (Shum & 

Fleming, 2014) in their PM after stroke rehabilitation study. The CAPM is a self-

reported questioannaire focusing on PM, and has three parts. Part A consists of 39 items 

and assesses the frequency of PM lapses in activities of daily living. Part B consists of 

39 items and assesses the percevied importance of the memory lapses. Part C consisits 

of 15 items that assess the reasons for remembering or forgetting to carry out intended 

actions. For part A of the CAPM, when used on a TBI sample, it was found to have 

good construct validity (Roche et al., 2002) and when used in a healthy control sample 

was found to have good test-restest reliability, acceptable internal consistency, and good 

validity (Chau, Lee, Fleming, Roche, & Shum, 2007). Additionally, when examined on 

another TBI sample (Fleming et al., 2009), it was outlined that the CAPM has some 

concurrent and criterion validity, but it is recommended that it be used in conjuction 

with other standardised PM tests when assessing PM in TBI (Shum & Fleming, 2014). 

Miller and Radford (2014) reported that both individuals with stroke (n = 40) and 

significant-others (n = 32) reported similar results on part A of the CAPM. The total 
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CAPM mean scores, for both individuals with stroke and their significant-others, fell 

within the normal limits indicating no PM impairment. However, when measured on a 

clinical measure of PM (RPA-ProMem; Radford et al., 2011) at baseline, individuals 

with stroke performed more than one SD below the normal mean, indicating PM 

impairment.  

Kim et al. (2009) utilised the PRMQ (G. Smith et al., 2000) in their study. The 

PRMQ asks individuals to rate how often everyday minor memory mistakes occur to 

them on a 5-point Likert scale, and consists of eight PM (e.g., do you decide to do 

something in a few min time and then forget to do it?) and eight RM items (e.g., do you 

fail to recognise a place that you have visited before?). More detail for this measure will 

be provided in the method section of this chapter. No significant differences were found 

between individuals with stroke (n = 12) and healthy controls (n = 12) on the PM or RM 

subscales. However, individuals with stroke reported slightly more impairment on both 

subscales than healthy controls. Additionally, both individuals with stroke and controls 

reported similar failures for both the PM and RM subscales, indicating that neither 

group experienced more or less PM or RM impairment. It should, however, be noted 

that the sample of this study was relatively small and it may be underpowered. The 

authors concluded that both the individuals with stroke and controls reported PM 

abilities close to the normative population average and that the stroke sample used in 

the study had relatively subtle memory problems, therefore, they might not be picked up 

by the questionnaires. However, when individuals with stroke completed a clinical 

measure of PM (VW), impairment was found for time-based PM in particular.  

Barr (2011) also utilised the PRMQ in their study examining PM after stroke. 

However, Barr grouped the RM and PM subscale scores into a total score. As there are 

two subscales, one measuring PM failures and the other measuring RM failures, it is 

logical and better to report and examine the results for both subscales separately, 
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especially if one is claiming to be reporting PM after stroke. Barr outlined that there 

were no differences in self-reported PM between individuals with stroke (n = 22) and 

controls (n = 22) on the total PRMQ score, however, controls did report slightly better 

memory ability. Utilising the total score of the PRMQ, Barr found no differences 

between self-reported memory performance of individuals with stroke (n = 22) and their 

significant-others (n = 20), with individuals with stroke reporting slightly better 

memory performance. However, once again, it is important to note that Barr used the 

total PRMQ score in the study, so results of that study cannot conclusively show that 

individuals with stroke have self-awareness deficits specifically about their PM. 

Because of this confound and because RM and PM are considered to have different 

neural bases, a firm conclusion about self-reported PM impairment after stroke could 

not be drawn.  

Man, Yip, et al. (2015) utilised the BAPM (Man et al., 2011) to assess self-

reported PM in individuals with stroke. The BAPM is a shortened version of the CAPM 

(Shum & Fleming, 2014). It outlines examples of common everyday memory lapses and 

asks individuals to rate how often in the last month they have forgotten these on a 5-

point Likert scale, with an option to respond not applicable (N/A) if the task is not 

relevant to them. There are eight IADL items (e.g., forgetting to buy an item at the 

grocery store) and eight BADL items (e.g., forgetting to have a shower or bath). This 

measure will be discussed in more depth in the method section of this chapter. Man, 

Yip, et al. found that individuals with stroke (n = 75) reported significantly more PM 

failures when compared to controls (n = 112). However, this finding was dependent on 

age, with older stroke participants reporting more frequent BADL PM failures than the 

younger controls, and more frequent IADL PM failures than the young stroke, young 

control, and older control groups. Similar to the findings of Barr (2011), Man, Yip, et 

al., when using the BAPM, found no significant difference in self-reported PM between 
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individuals with stroke (n = 75) and their relatives (n = 65) when using the total PM 

score. However, when further analysed using the subscales, it was found that relatives 

reported significantly more PM failures than the individuals with stroke on the IADL 

subscale, indicating that PM was only impacting IADL, and not basic routine activities. 

Further research is needed to replicate this finding. These conflicting findings may have 

been due to Man, Yip, et al.’s larger sample size and hence greater power, or to the 

different measures that were used in this study, with the BAPM and PRMQ measuring 

different aspects of PM. 

Given that the previous self-reported PM after stroke research is both limited 

and shows mixed results dependent on the measure being used and how the results were 

reported, it is important to further examine whether individuals with stroke report PM 

impairments. Additionally, it is important to not only understand if individuals with 

stroke report PM failures, but also how important they think these lapses are, especially 

since PM is heavily linked with independence in activities of daily living. By assessing 

the significant-others of individuals with stroke, and comparing their scores on self-

reported PM measures, we can also gain further insight into how individuals with stroke 

view the frequency and importance of PM lapses after stroke.  

Aims and Hypotheses  

 First, this study aimed to compare self-reported PM of individuals with stroke to 

neurologically healthy controls, to determine if PM is impaired after stroke. Instead of 

using one self-reported questionnaire, this study used both the PRMQ and BAPM to 

ensure that the previous findings were not questionnaire dependent. In using the PRMQ, 

unlike Barr (2011), separate RM and PM subscale scores were examined to avoid the 

confound of grouping these two scores together. Previous research has reported mixed 

results; therefore, no firm hypothesis could be derived. Rather, the following research 

question was formulated: does self-reported PM differ between individuals with stroke 
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and healthy controls, and is this dependent on the specific measure used to assess self-

reported PM? Second, the study aimed to compare self-reported PM of individuals with 

stroke to significant-others, to ascertain the level of self-awareness individuals with 

stroke have into their own PM function. Based on the findings of Man, Yip, et al. 

(2015) it was hypothesised that individuals with stroke would report less PM 

impairment when compared to their significant-others on part A of the BAPM, 

particularly on the IADL subscale. As no previous research has used part B of the 

BAPM in the assessment of PM after stroke, no hypothesis was formulated. Rather the 

following research question was posed: do individuals with stroke report PM forgetting 

to be more problematic compared to healthy controls and their significant-others?  

Thirdly the study aimed to examine the relationships between the BAPM and PRMQ to 

see if they are highly associated with one another. It was hypothesised that strong 

correlations would exist between the two self-reported PM measures, particularly for the 

BAPM and PRMQ PM subscale.  

Method 

Participants 

 Twenty-eight participants with stroke, 27 neurologically healthy controls, and 25 

significant-others of individuals with stroke took part in the current study, as part of a 

larger study looking at PM after stroke. A detailed description of the participants was 

provided in Chapter 5.  

Measures 

 As part of the larger study, individuals with stroke and controls completed a 

battery of PM measures and other cognitive and executive function tests. For the current 

study, participants completed two self-reported PM questionnaires. The first 

questionnaire was the PRMQ (G. Smith et al., 2000) which is a 16-item self-reported 
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measure which examines both PM and RM failures in everyday life. Participants are 

asked to rate how often they have memory failures in everyday life for both things that 

happened in the past and things that need to happen in the future. Responses are set on a 

5-point Likert scale ranging from never (1) to very often (5), with higher scores 

indicating more memory lapses. The total score is found for each subscale (prospective 

score and retrospective score), therefore, scores for each subscale range between 8 and 

40. A proxy-version is also available, wherein a significant-other completes the same 

questions about the memory failures of the individual with stroke (Crawford, Henry, 

Ward, & Blake, 2006). The PRMQ has previously been found to have good internal 

consistency when used on a non-clinical sample for the total, PM, and RM scores (α = 

0.89, 0.84, 0.80, respectively; Crawford, Smith, Maylor, Della Salla, & Logie, 2003). It 

has also previously been used with stroke populations (Kim et al., 2009). 

The second questionnaire was the BAPM (Man et al., 2011) part A and B. Part 

A is a 16-item self-reported questionnaire that assesses PM failures within the last 

month. Three scores are calculated from the assessment, the total score (overall PM), a 

BADL subscale score, and an IADL subscale score. Responses are recorded on a 5-

point Likert scale ranging from never (1) to very often (daily; 5), with higher scores 

indicating more lapses in PM. Additionally, participants can respond not applicable 

(N/A) if they do not complete a certain task in their daily life. The average score is 

found for the total (total score divided by the number of answered items) and each 

subscale (BADL score divided by total BADL items answered, and IADL score divided 

by total IADL items answered), therefore, scores for the total PM score can range 

between 1 and 5 and each subscale can range between 1 and 5.  Part B uses the same 

items but the question changes from how many times have you forgotten to do 

something, to how much of a problem would it be if you did forget to complete the task. 

Three scores are calculated from the assessment, the total score (overall PM), a BADL 
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subscale score, and an IADL subscale score. Responses are recorded on a 5-point Likert 

scale ranging from no problem at all (1) to a very serious problem (5). Two versions are 

available, a participant self-reported version and a significant-other version, wherein a 

significant-other completes a proxy-version of the BAPM.  

The BAPM has been used in stroke populations previously (Man, Yip, et al., 

2015) and has shown to have good reliability and validity when used in a TBI sample 

(Man et al., 2011). Across two healthy control samples (n = 527 and 95, respectively) 

reliability for the BAPM total score ranged from 0.84 to 0.83 indicating acceptable 

internal consistency. In addition, the two subscale scores (BADL and IADL) were also 

found to have good to acceptable internal consistency ranging from 0.69 to 0.79 for 

BADL, and 0.76 to 0.77 for IADL. In a TBI sample of 45 patients, internal consistency 

ranged from strong to acceptable for the total score (α = 0.90), BADL (α = 0.74), and 

IADL (α = 0.76). Additionally, support for the content and concurrent validity of the 

BAPM was found for the two healthy control groups with correlations between the 

BAPM and CAPM (Shum & Fleming, 2014) all reaching 0.9 or above. Similar results 

were found for the TBI sample, where correlations were 0.89. Test-retest reliability was 

tested using a subset of one of the healthy control samples (n = 26) and was found to 

have acceptable reliability for both the IADL (ICC = 0.76) and BADL (ICC = 0.66) 

subscales.  

Procedure  

 As the current study was conducted as part of a larger study, a 

neuropsychological battery was conducted over two sessions, each taking 1 hr 30 min to 

2 hr to complete, with breaks to avoid fatigue if required. The questionnaires (PRMQ 

and BAPM) were completed in the first session. If a significant-other was able to attend 

the session, they were asked to complete the proxy-versions of the questionnaires at that 

point. If they were unable to attend, the questionnaires were posted with completion 
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instructions and a reply-paid envelope for its return. See Chapter 5 for a detailed 

description of the procedure, including ethical clearance and participant recruitment. 

Statistical Analyses 

 Data were analysed using IBM SPSS statistics for Windows (Version 25; IBM 

Corporation, 2017). Descriptive statistics were obtained for basic demographic data (see 

Chapter 5). Comparisons of the BAPM scores (BADL, IADL, and Total for parts A and 

B) and PRMQ scores (PM and RM) were made between the stroke and control groups, 

and between the stroke and their significant-others using independent-samples t-tests. 

Effect sizes were determined using Cohen’s d and interpreted using the following 

criteria: small = 0.2; medium = 0.5; or large = 0.8 (Hu, 2010).  Pearson’s correlation 

coefficient was used to examine the relationships between scores on the two 

questionnaires. Effect sizes for correlations were interpreted using the following 

criteria: small = 0.1, medium = 0.3, and large = 0.5 (Cohen, 1988). 

Results 

Data from 28 individuals with stroke, 27 neurologically healthy controls, and 25 

significant-others of the individuals with stroke were analysed for the current study. The 

individuals with stroke and controls did not differ significantly on any demographic 

variables (all p > .05, see Chapter 5). The data were screened for accuracy, missing 

values, outliers, and normality. The BADL subscale of part A of the BAPM was found 

to be significantly skewed. Transformations were applied to address the skewness, 

however, this did not change the significance of the results, thus, untransformed scores 

are reported. Independent sample t-tests were conducted comparing individuals with 

stroke and neurologically healthy controls (see Table 6.1) as well as individuals with 

stroke and their significant-others (see Table 6.2) on the BAPM (both part A and B) and 

the PRMQ.  
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On part A of the BAPM, individuals with stroke reported significantly more 

failures in PM overall compared to neurologically healthy controls. However, on the 

two subscales, they only reported significantly more PM failures on the BADL subscale 

(medium effect size), but not IADL. The means for both individuals with stroke and 

neurologically healthy controls fell between the never to rarely forgetting rating range 

for all subscales. On part B of the BAPM, results were similar for the two groups on the 

total and IADL subscale scores. However, on the BADL subscale score, individuals 

with stroke reported the BADL PM failures as significantly less problematic or 

important when compared to neurologically healthy controls (medium effect size). The 

means of both groups fell between the slight to moderate problem rating range for all 

subscales.   

On the PRMQ, individuals with stroke reported significantly more forgetting on 

both the RM and PM subscales when compared to healthy controls, with medium effect 

sizes for all comparisons. The means fell between the rarely to sometimes forgetting 

rating range for both groups on the PM subscale, and the RM subscale for the 

individuals with stroke. The group means for controls fell between the never to rarely 

forgetting rating range for the RM subscale.  

While the significant-others rated more frequent memory failures than 

individuals with stroke on all subscales of the BAPM and PRMQ, these differences 

were not statistically significant (see Table 6.2). For the individuals with stroke, both 

the total PM, IADL and BADL subscales means for part A of the BAPM fell between 

the never to rarely forgetting range. Whereas the significant-others means fell between 

the never to rarely forgetting range for the total and BADL subscale, but the mean for 

significant-others fell between the rarely to occasionally range for the IADL subscale. 

On part B of the BAPM, both individuals with stroke and significant-others means on 

all three scales (total, IADL, and BADL) fell between the slight to moderate problem  
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Table 6.1 

Descriptive and Inferential Statistics for Self-reported Data in Individuals with Stroke (n = 28) and Controls (n = 27) 

 Individuals with stroke  Neurologically healthy controls 

t df p d  M (SD)  M (SD) 

BAPM part A        

    Total 1.60 (0.46)  1.37 (0.32) 2.08 48.26 .04* 0.58 

    IADL 1.81 (0.57)  1.59 (0.45) 1.58 53 .12 0.43 

    BADL 1.42 (0.50)  1.17 (0.27) 2.34 41.91 .02* 0.62 

BAPM part B        

    Total 2.25 (0.71)  2.57 (0.82) -1.52 53 .13 -0.42 

    IADL 2.26 (0.77)  2.37 (0.76) -0.55 53 .58 -0.14 

    BADL 2.25 (0.76)  2.74 (0.98) -2.06 53 .04* -0.56 

PRMQ        

    Prospective 21.32 (6.92)  18.15 (4.50) 2.02 46.55 .049* 0.54 

    Retrospective 18.36 (5.40)  15.59 (4.47) 2.06 53 .04* 0.56 

Note. *p < .05. BAPM = Brief Assessment of Prospective Memory; IADL = instrumental activities of daily living; BADL = basic activities of daily 

living; PRMQ = Prospective and Retrospective Memory Questionnaire.  
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Table 6.2 

Descriptive and Inferential Statistics for Self-reported Data in Individuals with Stroke (n = 28) and Significant-others (n = 25) 

 Individuals with stroke  Significant-others 

t df p d  M (SD)  M (SD) 

BAPM part A        

    Total 1.60 (0.46)  1.66 (0.76) -0.38 51 .71 -0.10 

    IADL 1.81 (0.57)  2.15 (1.22) -1.28 51 .19 -0.36 

    BADL 1.42 (0.50)  1.47 (0.88) -0.22 51 .83 -0.07 

BAPM part B        

    Total 2.25 (0.71)  2.31 (0.66) -0.27 51 .79 -0.09 

    IADL 2.26 (0.77)  2.46 (0.86) -0.90 51 .37 -0.25 

    BADL 2.25 (0.76)  2.25 (0.74) -0.02 51 .98 0.00 

PRMQ        

    Prospective 21.32 (6.92)  18.44 (5.83) 1.63 51 .11 0.45 

    Retrospective 18.36 (5.40)  17.60 (6.08) 0.48 51 .63 0.13 

Note. BAPM = Brief Assessment of Prospective Memory; IADL = instrumental activities of daily living; BADL = basic activities of daily living; 

PRMQ = Prospective and Retrospective Memory Questionnaire.
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Range. On the PRMQ, both individuals with stroke and significant-others means for 

both the PM and RM subscales fell between the rarely to sometimes range.  

Correlational analyses were conducted to examine the relationships between the 

BAPM and the PRMQ (see Table 6.3). For individuals with stroke, the PRMQ PM 

subscale was significantly correlated with all three subscales of the BAPM part A. The 

RM subscale was significantly correlated with the BAPM part A Total and IADL 

subscale, but not for the BADL subscale. Additionally, the PRMQ PM subscale was 

significantly correlated with all three subscales of the BAPM part B. However, no 

significant correlations were found for the RM subscale and part B of the BAPM.  

Discussion 

The current study aimed to compare self-reported PM of individuals with stroke 

to neurologically healthy controls, to firstly determine if PM is impaired after stroke. 

Analyses revealed that individuals with stroke reported significantly more total PM 

impairment when compared to neurologically healthy controls when using part A of the 

BAPM. When broken into the IADL and BADL subscales, individuals with stroke 

reported more PM failures compared to controls on both subscales, however, statistical 

significance was only reached for the BADL subscale. When using part B of the 

BAPM, individuals with stroke reported memory failures as less problematic or 

important when compared to controls on all three scales, however, only the BADL 

subscale reached statistical significance. On the PRMQ, individuals with stroke reported 

significantly more forgetting than controls on both the PM and RM subscales. The 

research question formulated for the current study was: does self-reported PM differ 

between individuals with stroke and healthy controls, and is this dependent on the 

specific measure used to assess self-reported PM? In light of the current findings, self-

reported PM does differ between individuals with stroke and neurologically healthy
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Table 6.3 

Pearson’s r Correlations Between BAPM and PRMQ 

  BAPM A BAPM B PRMQ 

  Total IADL BADL Total IADL BADL RM PM 

BAPM A Total – .87* .86* .64* .63* .58* .59* .75* 

IADL .94* – .49* .66* .59* .64* .57* .71* 

BADL .84* .60* – .44 .49* .35 .43 .57* 

BAPM B Total .25 .24 .20 – .93* .94* .45 .73* 

IADL .42 .41 .34 .93* – .76* .45 .75* 

BADL .11 .10 .10 .96* .81* – .40 .65* 

PRMQ RM .54* .57* .34 .36 .46 .27 – .74* 

PM .57* .59* .37 .32 .41 .25 .76* – 

Note. * p < .01. Stroke group results above central line, controls below. BAPM = Brief Assessment of Prospective Memory; IADL = instrumental 

activities of daily living; BADL = basic activities of daily living; PRMQ = Prospective and Retrospective Memory Questionnaire; RM = retrospective 

memory; PM = prospective memory.
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controls, with some variation in performance on the measures. This further highlights 

that self-reported PM performance is dependent on the measure used and the nature of 

the PM included in the questionnaires.  

When utilising the BAPM part A, the current study found the individuals with 

stroke reported more PM impairments than neurologically healthy controls overall, 

particularly for BADL. The current study is consistent with the previous findings by 

Man, Yip, et al. (2015), which found individuals with stroke reported more PM failures 

on the BADL subscale of the BAPM part A than controls. However, this was only for 

their older stroke participants, whereas the current finding is inclusive of the total stroke 

sample. This previous research also found significant differences between the groups on 

the IADL subscale, which was not the case for the current research. These contrasting 

findings may be due to the larger sample size in the study by Man, Yip, et al. A priori 

power analyses based on a medium effect size (d = .5), indicated that a larger sample 

size (N = 128) would have provided greater power for the t-test analyses used in the 

current study. 

In contrast to previous findings (Barr, 2011; Kim et al., 2009; Miller & Radford, 

2014), the current study found significant differences between the individuals with 

stroke and neurologically healthy controls on the PM and the RM subscale of the 

PRMQ. Individuals with stroke reported significantly more PM and RM failures 

compared to controls. This may be due to a number of reasons, including the fact that 

the current research reported the subscales separately, and that the current study has 

more participants than two of the previous studies, therefore, larger power sufficient to 

answer the question.  

The current study is the only one to date to report data from individuals with 

stroke on part B of the BAPM, which measures self-perceived importance of PM 

failures. While individuals with stroke reported more PM failures compared to controls 
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in part A, when asked about how much of a problem this type of forgetting is in part B, 

they reported that it was less of a problem or important, compared to controls. It could 

be argued that those with stroke seem to underestimate the importance of PM 

impairment. Possibly because some individuals with stroke have carers or significant-

others to take care of these activities for them, therefore, rely on someone else to prompt 

them to complete these tasks. Particularly if they have a high level of disability after 

their stroke and can no longer complete these tasks independently. Additionally, if 

individuals with stroke also have significant language, visual, or physical impairments 

(Gresham et al., 1995; Stroke Foundation, 2017), they may be more focused on these 

problems and how they impact their daily lives, rather than focusing on their memory as 

a key concern. The current sample did include individuals with stroke with mild to 

moderate language and physical impairments, and only those with significant 

impairments that would impact on testing performance were excluded from the study. 

Therefore, it is possible that some individuals in the study were more concerned with 

other impairments impacting on their daily lives, rather than their memory impairment.  

Given the above results, it is important that clinicians pay attention not only to 

individuals’ physical and language deficits after stroke, but also assess whether PM 

impairment exists. If PM impairment does exist, it is important that individuals with 

stroke also understand the possible consequences of such an impairment. If individuals 

understand how significant PM is to their everyday lives and in some circumstances 

their own safety as well as the safety of others (e.g., forgetting to turn off an iron could 

cause a fire or forgetting to take medication could lead to another stroke), more focus 

could be placed on their rehabilitation which aims to improve PM ability. If it is 

assumed that the individual does not think something is a problem for them, then he or 

she would not spend much time or focus their attention/resources on trying to improve 

it.  
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The second aim of the study was to compare self-reported PM of individuals 

with stroke to significant-others, to ascertain the level of self-awareness individuals 

with stroke have about their own PM. No significant differences were found on either 

subscale of the BAPM for part A and B, albeit, individuals with stroke reported less 

forgetting on part A and memory failures being less problematic for the IADL subscale 

when compared to their significant-others. In contrast with the BAPM part A, 

individuals with stroke reported more memory failures compared to their significant-

others on both scales of the PRMQ, but these differences did not reach statistical 

significance. It was hypothesised that individuals with stroke would report less PM 

impairment when compared to their significant-others, particularly on the IADL 

subscale. The hypothesis was, therefore, not supported by the current findings.  

 This finding of accurate self-awareness of PM ability after stroke is in agreement 

with some of the previous studies but not others. The current study’s findings from the 

PRMQ are in line with the previous findings from Barr (2011). Man, Yip, et al. (2015) 

found differences between individuals with stroke and their significant-others on the 

IADL subscale of the BAPM, but this was not the case for the current study. Again, this 

may be due to the much larger sample size (greater power) in the study by Man, Yip, et 

al. From the current results we can assume that the current sample of individuals with 

stroke do not suffer from impaired self-awareness related to PM, as they scored 

similarly on all measures as their significant-others. It could also be argued that the 

significant-others may be unaware of how many PM failures actually occur in the 

individuals’ daily lives. The only way for them to be aware of failures, is if the 

individual with stroke shared their prospective intentions with them, which may not be 

the case for all PM tasks, particularly for those significant-others who do not live with 

the individual with stroke. While self-awareness is apparent after stroke (Hartman-

Maeir, Soroker, Oman, & Katz, 2003), not everyone with a stroke will show impairment 
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in their self-awareness, as it is highly dependent on the location of stroke. This may be 

why Man, Yip, et al. found different results to the current study. As Man, Yip, et al. had 

a larger sample size, it is more likely that a larger portion of participants showed self-

awareness deficits.  

The third aim of the study was to examine the relationships between the BAPM 

and PRMQ. Correlational analyses revealed that the PM subscale of the PRMQ and 

BAPM subscales were all significantly correlated when analysing the data from 

individuals with stroke. It was hypothesised that strong correlations would exist 

between the two self-reported PM measures, particularly for the BAPM and PRMQ PM 

subscale. While the total and two subscales of the BAPM (parts A and B) significantly 

correlated with the PM subscale of the PRMQ, and some subscales of the BAPM part A 

correlated with the RM subscale of the PRMQ, higher correlations were found for the 

prospective component, over the retrospective score. This supports the concurrent 

validity of the BAPM in assessing self-reported PM ability after stroke. Another 

interpretation of the correlational analyses may suggest that PM failures for more 

routine BADL are not reliant on the same mechanisms as PM for more complex IADL 

and RM. These could possibly be due to lapses in attention rather than memory failures. 

However, more research is needed to confirm this suggestion. 

The current study was limited by the small sample size. Additionally, 

individuals’ level of self-awareness was not assessed separately, therefore, we can only 

make assumptions on their ability based on the comparison between individuals with 

stroke and their significant-others. The utilisation of a standardised and 

psychometrically valid and reliable measure of self-awareness would allow us to draw 

stronger conclusions on an individual’s ability to report on their own PM. In addition, 

the current study did not collect from the significant-others of the control participants. 

Therefore, it is unclear if the self-reported control participants data is a true 
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representation of their PM ability. The current study could also be improved by 

comparing the results of a neuropsychological test of PM performance to individuals’ 

self-reported and significant-other reported results, to see if there is a relationship 

between the two types of assessment. While these limitations exist, the current research 

has provided a clearer picture of self-reported PM ability after stroke by using more 

than one questionnaire and reporting the subscales separately. Using multiple PM 

questionnaires that tap into different aspects of PM and reporting the subscales 

separately helps to clarify and strengthen the findings regarding self-reported PM after 

stroke.  

Given that self-reported questionnaires do not actually measure PM performance 

(Uttl & Kibreab, 2011), it is important that research examining PM performance using 

self-reported methods be interpreted with caution and limitations taken into 

consideration (Barr, 2011; Brooks et al., 2004; Kim et al., 2009; Man, Yip, et al., 2015). 

Self-reported questionnaires can be subject to rater bias, where individuals report higher 

or lower levels of PM ability, in order to make themselves appear in a negative or 

positive way (Hogan et al., 2016; Kliegel & Jager, 2006; Meeks, Hicks, & Marsh, 

2007). Additionally, clinical patients may report their premorbid function rather than 

current function, and significant-others who complete proxy-versions may not be fully 

aware of their relatives’ daily memory function. Due to these limitations, it is often 

recommended that self-reported measures be utilised in conjunction with standardised 

objective measures of PM. However, despite these limitations, there are many 

advantages for using self-reported PM measures. They are quick and easy to administer, 

enabling clinicians and researchers to use them as screening tools to see if further 

assessment is required. Additionally, we can still learn something about PM by using 

self-reported measures in clinical populations. In particular, we can gain insight into 

how individuals with stroke both see their own PM abilities as well as how problematic 
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their memory failures are in their daily lives. This information could be used to help 

shape future PM rehabilitation, not only to help improve PM performance but also to 

teach individuals the importance of PM ability in daily life and the possible 

consequences from lapses in PM. It is with this in mind, that future research should be 

conducted to examine the PM abilities of individuals with stroke by utilising both self-

reported questionnaires as well as neuropsychological measures of PM to gain a greater 

understanding of how PM changes after stroke. Additionally, future research and 

clinicians working with individuals with stroke should examine PM and its impact on 

the daily lives of individuals with stroke.   
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CHAPTER SEVEN 

Study 2: Utilising an Objective and Standardised Psychological Test to Determine 

if Prospective Memory Performance is Impaired After Stroke?  

 As outlined in Chapter 3, PM is defined as the encoding, storage, and delayed 

retrieval of intended actions (Fleming et al., 2008; Shum, Levin, et al., 2011). Little 

research has been done investigating the impact stroke has on PM performance. 

However, as stroke often causes impairments in a range of physical, communicative, 

behavioural, and cognitive functions (Caplan, 2006), it is not hard to imagine that PM 

may be negatively impacted by a stroke. Previous research has reported that changes in 

cognitive ability are common after stroke, specifically in areas of attention, and 

executive function (Andrews, Halford, Chappell, et al., 2014; Ownsworth & Shum, 

2008). In addition, impaired memory function is also commonly reported by individuals 

with stroke and their families (Andrews, Halford, Shum, et al., 2014; de Haan et al., 

2006; Kalashnikova et al., 2005).  

 As outlined in Chapter 6, individuals with stroke self-reported significantly more 

PM impairment when compared to neurologically healthy controls when using part A of 

the BAPM. Furthermore, they reported more PM impairment in BADLs than controls. 

Similar results were found for the PRMQ, where they reported significantly more 

forgetting for both PM and RM when compared to controls. However, self-reported 

questionnaires do not measure PM performance itself. Therefore, these results highlight 

the need for PM to be measured after stroke using standardised objective measures to 

conclude if PM impairment is present after stroke. This chapter will focus on PM 

impairment after stroke, as measured by an objective clinical psychological test.   

 The previous literature that has assessed PM after stroke is both limited and 

shows varied results dependent on the type of measure used, as outlined in the scoping 
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review conducted by Hogan et al. (2016). Of the previous literature focusing on PM 

after stroke, four studies utilised a standardised clinical measure of PM. Miller and 

Radford (2014) conducted an intervention study for individuals with chronic stroke      

(n = 27) to see if PM performance could be improved. They used the RPA-ProMem 

(Radford et al., 2011) to measure PM. This measure consists of four PM tasks (two 

event- and two time-based PM tasks) designed to be administered among other 

neuropsychological tests. The PM tasks are to be completed either in the session (short-

term PM), or up to a week following the test session (long-term PM). This measure has 

been found to be reliable and valid (Radford et al., 2011). Using the total PM score 

obtained from the RPA-ProMem, Miller and Radford found that at baseline, individuals 

with stroke performed lower than the normative means of the RPA-ProMem, indicating 

possible PM impairment. However, as only the total PM score was reported, no 

conclusions can be made about how event- and time-based PM differed in the stroke 

sample.  

 Kim et al. (2009) investigated PM after stroke (n = 12) by using multiple 

measures, including the VW (Rendell & Craik, 2000), a board game developed to assess 

PM. Each lap of the board is equivalent to one virtual day (7am to 10pm), and 

participants were required to remember to carry out activities either at specified times 

(when they pass a certain square on the board) or in response to certain events (as 

outlined on game cards picked up while making their way around the board). PM tasks 

were classified as regular (participant needs to complete the same task each lap) or 

irregular (different task is required on each lap outlined by a card that the participant 

picks up when starting a new lap). Additionally, they included tasks that responded to 

an event (i.e., take antibiotics with breakfast and dinner) or that coincided with game 

board squares that indicated the virtual time of day (i.e., take asthma medication at 

11am and 9pm). In order to complete a PM task, the participant would need to tell the 
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experimenter what he or she needed to do in response to a certain event, or at a certain 

virtual time. Additionally, a PM time-check task was included, where participants were 

required to tell the researcher to check their virtual lung capacity after a time of 2 min 

30 s and 4 min 15 s had elapsed from the start of each new circuit. Real-life time was 

given by a stopwatch (placed face down on the desk) and participants were instructed 

that they could check the clock at any time.  

While the virtual time tasks of the VW were originally designed to assess time-

based PM, Kim et al. (2009) highlighted that because the times were clearly outlined on 

the board, the task was deemed to be too similar to event-based. Therefore, in their 

study the event and virtual time tasks were combined to form a total PM score. True 

time-based PM was measured using the clock-check task. In their study participants 

completed three circuits of the board, therefore, a total of 30 PM tasks were completed 

(12 regular event-based, 12 irregular event-based, and 6 time-based PM tasks). For both 

regular and irregular event-based PM, Kim et al. did not find significant differences 

between individuals with stroke and age- and education-matched controls. On the time-

based PM task, however, it was found that individuals with stroke performed 

significantly poorer than controls, indicating PM impairment. This difference was also 

accompanied by a large effect size. However, some limitations need to be addressed. 

Firstly, the VW did not actually require participants to complete any tasks, but rather 

remind the researcher what needed to be done. Although the tasks embedded within the 

game were designed to be similar to those people would complete in everyday life, the 

ecological validity of this measure is questionable. Additionally, the small sample size 

of 12 individuals with stroke and 12 controls may mean that the study was 

underpowered to detect differences between the groups for event-based PM.  

In a rehabilitation study using visual imagery and VR, Mitrovic, Mathews, 

Ohlsson, Holland, and McKinlay (2016) utilised the CAMPROMPT (B. Wilson et al., 
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2005) to see if PM could be improved after stroke. The CAMPROMPT requires 

participants to complete a series of paper and pen puzzles for 20 min as the ongoing 

task. Additionally, three event-based and three time-based PM tasks are embedded 

throughout or at the end of the ongoing task (more detail on this measure will be 

provided in the method section of this chapter). Fifteen individuals with stroke 

completed the CAMPROMPT at baseline and in three follow-up sessions. While not 

compared to a control group at baseline, individuals were classified based on their 

CAMPROMPT score, age, and estimated IQ (as measured by the National Adult 

Reading Test; NART; Nelson & Willison, 1991). The initial baseline scores revealed 

that one participant had impaired PM, four had poor PM, six had average PM, two had 

above average PM, and two had very good PM. In the baseline session, participants 

scored similarly for both time- and event-based PM. These overall baseline results 

highlight that according to the norms, one third of their stroke population showed 

suspected PM impairment to some degree.  

 Barr (2011) utilised the CAMPROMPT in their study to investigate PM after 

stroke (n = 22). After adjusting for the influence of age, education, estimated full scale 

IQ (as measured by the NART), anxiety, and depression, Barr found that individuals 

with stroke performed significantly poorer than controls (n = 22) on the CAMPROMPT 

total PM score. This result was accompanied by a large effect size. When broken into 

the event- and time-based PM subscale scores, Barr reported that individuals with stroke 

performed lower than controls on both event- and time-based PM. However, it was 

reported that a main effect for PM task type was found, meaning that both groups 

(stroke and controls) performed lower on time-based PM compared to event-based PM, 

indicating that time-based PM is more difficult. No significant interaction between 

group and PM task type was found.  
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Man, Chan, et al. (2015) adapted the CAMPROMPT by developing a Hong 

Kong Chinese Version (CAMPROMPT-HKCV), particularly for use with individuals 

with stroke (n = 40). Total PM, event-based, and time-based PM were found to be 

significantly poorer for individuals with stroke compared to controls (n = 44). 

Individuals with stroke also performed lower on time- than event-based PM, however, 

the study did not report whether this difference was significant or if there was a 

significant interaction between group and PM task type.   

The previous research outlined above, while mixed, suggests that PM 

impairment does exist after stroke, particularly for time-based PM and specifically when 

measured using standardised objective measures. The two types of PM task outlined 

(time- and event-based PM) rely on different monitoring strategies and require differing 

levels of cognitive capacity (Einstein & McDaniel, 1990). Thus, it is important to 

differentiate these tasks types when discussing PM performance. In addition, PM relies 

on a number of interacting cognitive processes and executive functions. The factors 

involved in PM theories are often difficult to isolate (Otani et al., 1997; Palmer & 

McDonald, 2000), however, it is generally understood that executive functions play an 

important role in PM ability (Fish et al., 2007; Kliegel, Eschen, & Thöne-Otto, 2004). 

Executive processes believed to be involved in PM include planning, RM, cognitive 

flexibility, disruption of an ongoing activity, and initiation of an action (Shum et al., 

2002). Thus, it is important that more research is conducted to gain a better 

understanding of the factors that predict PM performance post-stroke. This will help us 

to understand the underlying processes of PM and aid in the development of 

rehabilitation programs for PM after stroke in the future. 

Previous studies, while not specifically focusing on a stroke population, have 

studied the prediction performance on PM tasks using standardised tests of executive 

function (Cockburn, 1995; Fleming et al., 2008; Groot et al., 2002; Kinch & McDonald, 
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2001; Kliegel et al., 2004; Martin, Kliegel, & McDaniel, 2003). Using a broadly defined 

construct of executive function (including measures of planning, monitoring, inhibition, 

and cognitive flexibility), Martin et al. (2003) concluded that executive function 

predicted PM performance, even after controlling for other nonexecutive factors, like 

level of education. Additionally, they concluded that interindividual differences in 

executive function could be predictive of PM performance, particularly in old age, with 

high levels of PM performance in older adults being dependent on stronger executive 

function processes. With 71% of people who have had a stroke in Australia aged over 

65 (AIHW, 2016) it is not unreasonable to assume that age may play a role in their PM, 

and if not directly, then through age-related decline in cognitive functioning.  

Additionally, previous studies have found that executive functions are more 

predictive of time-based than event-based tasks, suggesting increased self-monitoring 

involved in time-based PM tasks places higher demand on executive processes 

(Cockburn, 1995; Groot et al., 2002; Kinch & McDonald, 2001). RM has also been 

found to be a significant predictor of experimental event-based PM (Kant et al., 2014; 

Kinch & McDonald, 2001). When comparing PM to other cognitive functions in a 

stroke sample, Kant et al. (2014) found that PM failure occurred in 41% of individuals 

with stroke and was significantly higher than the prevalence of impairments in 

processing speed, and attention/executive functioning, but not significantly different 

from the prevalence of RM failure. Prospective remembering has both a prospective and 

retrospective component, and if a person cannot remember what the task is, he or she 

cannot be expected to perform it. Kant et al. reported that processing speed, 

attention/executive functions, and RM all significantly contributed to predicting time-

based PM after stroke. Whereas only RM was found to significantly predict event-based 

PM after stroke. Again, these findings highlight that time-based PM is more complex 

than event-based PM and requires more cognitive processes for completion. One 
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process in particular is monitoring because completion of time-based PM tasks requires 

individuals to monitor time appropriately, as evidenced by their finding that participants 

who checked the clock more, performed higher on time-based PM. Importantly, they 

also reported that individuals with stroke checked the time less often than controls, 

which led to poorer time-based PM performance. Therefore, PM may be impaired after 

stroke due to deficits in monitoring.  

Demographic variables can also impact PM. For example, many studies have 

found that age can have a negative impact on PM performance, particularly for time-

based PM (Einstein et al., 1995; Kvavilashvili et al., 2009; Park, Hertzog, Kidder, 

Morrell, & Mayhorn, 1997). This is known as the age by type of task interaction, which 

is in line with the theoretical model outlined by Craik (1986) which proposes that tasks 

requiring higher degrees of self-initiation (i.e., the type required to complete a time-

based PM task) show larger age-related performance reductions. In other words, those 

who are older perform worse on these tasks. While it is generally agreed in the literature 

that time-based PM is impacted negatively by age, not all research has found this 

pattern. For example, Rendell and Craik (2000), and Niedźwieńska and Barzykowski 

(2012) failed to find any age-related declines in time-based PM, and d’Ydewalle, 

Luwel, and Brunfaut (1999) found that older adults performed better on time-based 

tasks. The research is also mixed as to what impact age has on event-based PM. While 

some studies outline age effects on event-based PM (Kvavilashvili et al., 2009; 

Mäntylä, 1994; Maylor, 1996; Maylor, Smith, Della Sala, & Logie, 2002; Park et al., 

1997; R. E. Smith & Bayen, 2006; West & Craik, 2001), a similar number report no 

such effect (Cherry & LeCompte, 1999; Cherry et al., 2001; Einstein & McDaniel, 

1990; Einstein et al., 1995; Meeks et al., 2007; Reese & Cherry, 2002). This may be due 

to the measure type used. In their meta-analysis, Henry, MacLeod, Phillips, and 

Crawford (2004) outlined that when tested in the laboratory, age-related deficits existed 
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for both time- and event-based PM. However, when using a naturalistic PM task, age 

advantages were often found, with older participants performing better. Importantly, the 

studies failing to find an age effect often change the ongoing task to be easier for older 

adults, which may impact on PM performance. In addition, many of the tasks have used 

focal PM cues. Therefore, age effects may be more pronounced in tasks that use non-

focal PM cues (Niedźwieńska & Barzykowski, 2012), versus those with focal cues. Cue 

focality will be discussed in more depth in Chapter 8.  

Additionally, the ability to remember effectively in everyday life is dependent 

on metacognitive factors. These include the ability to monitor ongoing performance, 

ability to predict what amount of information can be remembered as well as knowing 

when to use a memory aid (Knight, Harnett, & Titov, 2005). Self-awareness 

impairments are common following neurological injury (Leung & Liu, 2011; Lucas & 

Fleming, 2005; McGlynn & Schacter, 1989; Roche et al., 2002). Previous literature has 

suggested that self-reported PM after stroke should be interpreted with caution, as 

impairments in self-awareness are highly probable and participants with stroke may be 

reporting their pre, rather than post-stroke abilities (Barr, 2011; Brooks et al., 2004; 

Kim et al., 2009; Man, Yip, et al., 2015). As outlined earlier and in Chapter 6, 

individuals with stroke self-reported more PM failures than controls, but no differences 

were found between the self-reported PM of individuals with stroke and their 

significant-others. Previously, Barr (2011) found that PRMQ total and PRMQ RM 

subscale scores of individuals with stroke were significantly positively correlated with 

overall CAMPROMPT performance, suggesting that positive self-ratings of overall 

everyday memory and RM were associated with higher scores on the CAMPROMPT. 

However, no significant relationship was found for the PM subscale of the PRMQ and 

CAMPROMPT total score. In addition, when testing the psychometric properties of the 

BAPM within a TBI sample, Man et al. (2011) reported that patients’ responses on the 
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BAPM did not significantly correlate with patient scores on the CAMPROMPT. It was 

concluded that the results were indicative of the notion that self-reported PM 

questionnaires lack validity when compared to laboratory-based tasks (Uttl & Kibreab, 

2011). It is important to evaluate whether self-reported PM correlates with and predicts 

PM performance after stroke, in order to determine if deficits in self-awareness of PM 

could be a reason for PM impairment post-stroke. Therefore, it is relevant to include 

metacognitive factors as potential predictors of PM after stroke.  

Aims and Hypotheses  

 The current study aimed to compare the PM performance of individuals with 

stroke to neurologically healthy controls using an objective and standardised clinical 

measure, to firstly determine if PM is impaired after stroke. It was hypothesised that 

individuals with stroke would perform more poorly on a PM task when compared to 

neurologically healthy controls, particularly on time-based PM. Additionally, to gain a 

better understanding of the causes of impaired PM post-stroke, the current study aimed 

to explore the relationship between self-reported PM and that of an objective measure of 

PM. Due to lack of previous stroke research and mixed findings, no hypothesis was 

created for the current aim. Rather a research question was posed: is there a strong 

relationship between self-reported PM and actual PM performance as assessed by 

objective measures after stroke? To further explore possible causes of PM impairment 

after stroke, the current study examined whether demographics, executive/cognitive 

functions, and metacognitive factors predict PM performance post-stroke. It was 

hypothesised that demographics, executive function, and metacognitive factors, 

including self-reported PM, would significantly predict PM performance.  
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Method 

Participants 

The same 28 participants with stroke who completed Study 1, participated in the 

current study, as part of the larger research looking at PM after stroke. The same 27 

neurologically healthy controls who completed Study 1, participated in the current 

study. See Chapter 5 for a detailed description of the participants.  

Measures 

As part of the larger study, individuals with stroke and controls completed a 

battery of PM measures and other cognitive and executive function tests. Participants’ 

premorbid IQ was estimated using the TOPF (Wechsler, 2011).  

Prospective memory.  

 To gain a standardised score of PM performance, both individuals with stroke 

and controls completed the CAMPROMPT (B. Wilson et al., 2005). The 

CAMPROMPT is a standardised objective measure of PM, often used in clinical and 

research settings. The task features six PM tasks which are embedded throughout or at 

the end of an ongoing task (paper and pen puzzles/quizzes), with a total of three time-

based and three event-based PM tasks to be completed. The participants are instructed 

that they can use any strategy they like to help them remember (e.g., take notes). Four 

scores are made available from the CAMPROMPT: an overall PM score, time-based 

subscale score, event-based subscale score, and an RM score. A maximum score of 18 

is available for each subscale (36 total score) with larger scores indicating better PM 

performance. For the RM measure, participants are required to recall where five objects 

were hidden around the room. RM is measured out of 10 (five correct object recall and 

five correct location recall), with higher scores indicating better performance. The 

CAMPROMPT has also been shown to be a valid and reliable measure (inter-rater 



PROSPECTIVE MEMORY AFTER STROKE  135 

reliability [.99], test-retest [.64], and parallel form; B. Wilson et al., 2005) and has been 

used in previous stroke research (Barr, 2011; Man, Chan, et al., 2015). The norms for 

the CAMPROMPT were collected from 212 control and 72 patients of mixed aetiology 

(35 TBI, 9 cerebrovascular accident, 3 non-progressive, 19 progressive, and 6 others 

with degenerative neurological conditions).  

The BAPM part A (Man et al., 2011) is a 16-item self-reported questionnaire 

that assesses PM failure within the last month for both BADL and IADL. The total PM 

score was used in the current study, with higher scores indicating more PM failure. The 

PRMQ (Crawford et al., 2003) is a 16-item self-reported measure which examines both 

PM and RM failures in everyday life. Only the prospective subscale score was utilised 

in the current study, with higher scores indicating more PM failure. For a detailed 

outline of the psychometric properties of these measures see Chapter 6. 

Cognition and executive function. 

The following neuropsychological tests were also administered to the 

participants. The TMT (Reitan, 1992) is commonly used in neuropsychological test 

batteries as a measure of executive function (Tombaugh, 2004). In part A, participants 

are required to draw a line in ascending order, connecting 25 encircled numbers on a 

piece of paper. Part B, however, requires participants to connect numbers and letters 

alternately in ascending order (i.e., 1, A, 2, B, 3, C, etc.). Scoring for both part A and B 

is recorded as the number of seconds taken to complete each task, with lower scores 

indicating better performance, and a maximum score of 300 s (Strauss, Sherman, & 

Spreen, 2006). By calculating the difference in time between the two parts (i.e., time B 

minus time A), the executive component of the task can be isolated (Strauss et al., 

2006), which is the score used in the current study. The TMT has previously been 

reported to have reliability coefficients ranging between 0.60 and 0.90 (Lezak, 2004).  
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 The HVLT-R (Benedict et al., 1998) is a well-validated tool and was used in the 

current study to test participants’ RM (Shapiro et al., 1999). Participants are read a list 

of 12 words at a rate of one word every 2 s, which they are then required to repeat back 

to the researcher in any order. The same procedure is conducted for another two trials 

(maximum score = 12 per trial). After a 20 to 25 min delay period, the participant is 

asked to recall as many words as they can remember in any order (maximum of 12). For 

the current study, scores of total recall (total of trials 1 + 2 + 3) and percent retained 

(retention; highest of trials 2 or 3 divided by trial 4, multiplied by 100) were calculated. 

The norms for the HVLT-R were collected from 541 normal healthy individuals with a 

mean age of 48.1 years (range = 17 to 88 years) and are broken into four age ranges. 

Reliability coefficients (test-retest) for HVLT-R are within acceptable limits (r = .55 – 

.78; Benedict et al., 1998). In addition, the reliability of the HVLT-R has previously 

been established using a TBI sample of 75 (O'Neil-Pirozzi, Goldstein, Strangman, & 

Glenn, 2012). Test-re-test reliabilty coefficients ranged between 0.54 and 0.82 

indicating moderate to high test-re-test reliability. While the HVLT-R has not been 

normed for individuals with stroke, it has been used in many clinical samples 

previously, including stroke (Andrews, Halford, Shum, et al., 2014; Carey et al., 2008; 

Skidmore et al., 2010). 

 The MoCA (Original Version 7.1; Nasreddine et al., 2005) was used as a brief 

assessment of global cognitive function. It is commonly used in many clinical 

populations including stroke (Blackburn, Bafadhel, Randall, & Harkness, 2013; Chiti & 

Pantoni, 2014; Cumming, Bernhardt, & Linden, 2011). The MoCA is a single-page test 

designed to identify mild cognitive impairment and takes approximately 10 min to 

complete. It evaluates multiple domains including: visuospatial ability, executive 

function, short-term memory recall, attention, concentration, working memory, 

language, and orientations to time and place. There is a maximum possible score of 30, 
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with scores of less than 26 indicating mild cognitive impairment. Normative data for the 

MoCA was collected from 94 patients with mild cognitive impairment, 93 patients with 

Alzheimer’s disease, and 90 healthy elderly volunteers (Nasreddine et al., 2005). The 

MoCA has been shown to have high test-re-test reliability (r = .92), good internal 

consistency (α = 0.83), excellent sensitivity in identifying mild cognitive impairment 

and Alzheimer’s disease (90% and 100%, respectively), and very good to excellent 

specificity (87%).  

Metacognitive variables. 

These included one measure of strategy use and two measures of self-reported 

PM (discussed above). Strategy use was measured by spontaneous note-taking on the 

CAMPROMPT and measured as a dichotomous variable (did not take notes vs. did take 

notes). Note-taking on the CAMPROMPT has previously been used as a predictive 

variable when assessing PM in a TBI population (Fleming et al., 2008).  

Procedure  

Those who participated in Study 1 also participated in the current study, 

therefore, the same recruitment strategy outlined in Chapter 5 is relevant for the current 

study. As the study was conducted as part of a larger study, outlined in Chapter 5, a 

neuropsychological battery was conducted over two sessions, each taking 1 hr 30 min to 

2 hr to complete, with breaks if required to avoid fatigue. The CAMPROMPT, HVLT-

R, and questionnaires were completed in the first session, while the TMT and MoCA 

were completed in the second session.  

Statistical Analyses 

 Data were analysed using IBM SPSS statistics for Windows (Version 25; IBM 

Corporation, 2017). Descriptive statistics were obtained for basic demographic data and 

is provided in Chapter 5. Comparisons of the CAMPROMPT total and RM scores were 
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made between the stroke and control group using one-tailed independent-samples t-tests 

and effect sizes determined using Cohen’s d. Effect sizes were interpreted using the 

following criteria: small = 0.2; medium = 0.5; or large = 0.8 (Hu, 2010). Chi-square 

analyses were used to examine if differences existed between the groups on clinical 

category placement ratio for the CAMPROMPT. A 2 (group: stroke vs. control) x 2 

(PM task type: time- vs. event-based) mixed ANOVA was used to examine the main 

and interactive effects of the two independent variables on CAMPROMPT performance 

and followed by planned comparisons. Effect sizes for the ANOVA was determined 

using ƞp
2 and were interpreted using the following criteria: small = 0.01; medium = 

0.09; or large = 0.25 (Cohen, 1988).  

Pearson’s correlation coefficient was used to examine the relationships between 

the CAMPROMPT scores and self-reported PM. Additional partial correlational 

analyses were used to examine the relationships between the CAMPROMPT and other 

variables of interest, after controlling for group membership. Effect sizes for 

correlations were interpreted using the following criteria: small = 0.1, medium = 0.3, 

and large = 0.5 (Cohen, 1988). Hierarchical multiple regression analyses were used to 

examine predictors of PM for both individuals with stroke and neurologically healthy 

controls. Effect sizes were determined using Cohen’s f2 and were interpreted using the 

following criteria: small = .02; medium = .15; and large = .35 (Cohen, 1988).  

Results 

Results from 28 individuals with stroke and 27 neurologically healthy controls 

were analysed for the current study. The individuals with stroke and controls did not 

differ significantly on any demographic variables (see Chapter 5). The data were 

screened for accuracy, missing values, outliers, and normality using SPSS version 25. 

Two outliers were removed from the CAMPROMPT RM score, and two outliers were 

removed from the MoCA total score as they were found to change the significance of 
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findings on the t-test analyses. The RM score of the CAMPROMPT and retention score 

of the HVLT-R were found to be significantly skewed, however, transformation did not 

change the outcome of the results, thus the untransformed data have been reported.  

Prospective Memory Between Groups 

Independent sample t-tests were conducted comparing individuals with stroke 

and neurologically healthy controls on the CAMPROMPT total and RM scores. Means 

and standard deviations for all of the CAMPROMPT results can be seen in Table 7.1. 

Neurologically healthy controls scored significantly higher than individuals with stroke 

on the CAMPROMPT total score, t(46.15) = -2.88, p = .006, d = -0.77, indicating 

overall PM impairment for individuals with stroke. This result was accompanied by a 

medium effect size as outlined by Cohen’s d. No significant differences were found 

between the groups on the RM score, t(31.19) = -1.75, p = .09, d = -0.49, possibly due 

to both groups performing close to ceiling. Additionally, the CAMPROMPT allows for 

participants to be placed into clinical categories (i.e., impaired, borderline, poor, 

average, above average, and very good) based on their overall PM score, estimated IQ 

(as measured by the TOPF), and age. While there was no significant difference between 

the groups on clinical category placement (χ2 = 4.89, p = .43), individuals with stroke 

generally performed poorer than controls (see Table 7.2). 

A 2 x 2 mixed ANOVA was used to investigate the main and interactive effects 

of PM task type (time- vs event-based) and group membership (stroke vs control) on 

CAMPROMPT PM performance. A significant main effect for PM task type was 

obtained, F(1, 53) = 8.97, p = .004, ƞp
2 = .145, with groups scoring higher on event- 

compared to time-based PM. A significant main effect of group membership was found,            

F(1, 53) = 9.80, p = .003, ƞp
2 = .156, with controls scoring better than individuals with 

stroke on both event- and time-based PM. No interaction between PM task type and 

group membership was found, F(1, 53) = 0.82, p = .37, ƞp
2 = .015. Planned comparison  
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Table 7.1 

Means and Standard Deviations for CAMPROMPT Scores Between Individuals with 

Stroke (n = 28) and Controls (n = 27) 

 Individuals with 

stroke 

Neurologically 

healthy controls 

 M (SD) M (SD) 

CAMPROMPT   

Total PM 19.00 (9.54) 25.19 (6.10) 

Event-based PM 9.86 (4.43) 13.59 (3.52) 

Time-based PM 8.79 (5.34) 11.59 (3.68) 

RM 9.46 (1.17) 9.89 (0.42) 

Note. CAMPROMPT = Cambridge Prospective Memory Test; PM = prospective memory; RM 

= retrospective memory.  

 

 

Table 7.2 

Clinical Category Placement Based on Age, IQ, and CAMPROMPT PM Scores  

 

Category 

Stroke  

(n = 28) 

Control  

(n = 27) 

Impaired 5 1 

Borderline 3 2 

Poor 3 6 

Average 12 11 

Above Average 4 4 

Very Good  1 3 

Note. CAMPROMPT = Cambridge Prospective Memory Test; PM = prospective memory.  
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t-tests revealed that individuals with stroke performed significantly worse on both time- 

and event-based PM when compared to neurologically healthy controls (see Table 7.3). 

Additionally, planned comparisons revealed that individuals with stroke did not perform 

significantly different on time- compared to event-based PM. Controls were found to 

perform significantly better on event- compared to time-based PM, accompanied by a 

medium effect size. 

Table 7.3 

Planned Comparisons on the CAMPROMPT 

  

Comparisons t df p Cohen’s d 

Stroke versus Control     

Event-based PM -3.45 53 .001** -0.93 

Time-based PM -2.26 48.08 .027* -0.61 

Time- versus event-based     

Stroke -1.50 27 .072 -0.22 

Control -2.71 26 .006** -0.58 

Note. *p < .05, **p < .01. CAMPROMPT = Cambridge Prospective Memory Test; PM = 

prospective memory.  

 

Correlational Analysis Between Self-reported and Objective Measures of PM 

Correlational analyses were conducted to investigate the relationships between 

self-reported PM and objective measures of PM. As outlined in Table 7.4 when the 

sample was combined (stroke and controls) only the BADL subscale of the BAPM was 

found to be significantly correlated with the event-based subscale of the 

CAMPROMPT. This finding suggests that as participants reported more PM 

impairment for BADLs on the BAPM, their performance on the event-based  



PROSPECTIVE MEMORY AFTER STROKE        142 

Table 7.4 

Correlational Analyses Between Self-reported PM and the CAMPROMPT for the Whole Sample (Stroke and Controls) 

  BAPM Total BAPM IADL BAPM BADL PRMQ PM PRMQ RM 

CAMPROMPT      

 Total PM .180 .215 .248 .217 -.090 

 Time-based PM .168 .166 .203 .249 -.024 

 Event-based PM .135 .243 .280* .094 -.157 

 RM .044 .224 .533 .053 -.036 

Note. *p < .05. PM = prospective memory; CAMPROMPT = Cambridge Prospective Memory Test; RM = retrospective memory; BAPM = Brief 

Assessment of Prospective Memory; IADL = instrumental activities of daily living; BADL = basic activities of daily living.  
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CAMPROMPT tasks increased. No other significant correlations were found.  

When the sample was split by group, dependent on the participant type, 

relationships between self-reported PM and the CAMPROMPT differed significantly. 

For individuals with stroke, the CAMPROMPT total, time-based, and event-based 

scores were found to be significantly positively correlated with the self-reported BAPM 

total score, IADL and BADL subscales as well as the PRMQ PM subscale (see Table 

7.5). However, the patterns of results suggested that as individuals with stroke reported 

more self-reported PM impairment, their performance increased on the CAMPROMPT. 

No significant correlations were found between any of the CAMPROMPT subscales 

and the PRMQ RM subscale. Additionally, the CAMPROMPT RM score was not 

significantly correlated with any of the self-reported PM measures. When 

neurologically healthy controls were analysed separately, no significant correlations 

were found between any of the CAMPROMPT scores and the self-reported PM scores, 

see Table 7.6. 

Correlational Analyses and Predictor Variables  

Given the small sample size (N = 55), partial correlations between the 

CAMPROMPT and other variables of interest, were conducted and inspected to select 

variables with significant correlations as predictors of PM performance, after 

controlling for group. Table 7.7 outlines that age, executive function, total recall, 

retention, and global cognitive function were significantly correlated with both time- 

and event-based PM after controlling for group membership, with weak to moderate 

relationships. Additionally, note-taking and PRMQ PM was found to significantly 

correlate with time-based PM after controlling for group membership, with moderate 

and weak relationships respectively. BAPM was also found to weakly significantly 

correlate with event-based PM after controlling for group membership.  
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Table 7.5 

Correlational Analyses Between Self-reported PM and the CAMPROMPT for Individuals with Stroke (n = 28) 

  BAPM Total BAPM IADL BAPM BADL PRMQ PM PRMQ RM 

CAMPROMPT      

 Total PM .531** .465* .455* .583** .158 

 Time-based PM .482** .427* .417* .578** .242 

 Event-based PM .523** .459* .444* .479** .053 

 RM .147 .146 .128 .188 .024 

Note. *p < .05, **p < .01. PM = prospective memory; CAMPROMPT = Cambridge Prospective Memory Test; RM = retrospective memory; BAPM = 

Brief Assessment of Prospective Memory; IADL = instrumental activities of daily living; BADL = basic activities of daily living. 
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Table 7.6 

Correlational Analyses Between Self-reported PM and the CAMPROMPT for Neurologically Healthy Controls (n = 27) 

  BAPM Total BAPM IADL BAPM BADL PRMQ PM PRMQ RM 

CAMPROMPT      

 Total PM -.196 -.372 -.347 -.232 -.277 

 Time-based PM -.186 -.360 -.294 -.157 -.265 

 Event-based PM -.145 -.269 -.293 -.239 -.204 

 RM .103 .253 .169 -.052 .077 

Note. *p < .05, **p < .01. PM = prospective memory; CAMPROMPT = Cambridge Prospective Memory Test; RM = retrospective memory; BAPM = 

Brief Assessment of Prospective Memory; IADL = instrumental activities of daily living; BADL = basic activities of daily living. 
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Table 7.7 

Partial Correlational Analyses Between Time- and Event-based PM on the CAMPROMPT, and Potential Predictor Variables After 

Controlling for Group 

 Time-based PM Event-based PM 

Age -.363** -.448** 

Executive Function -.418** -.417** 

Total Recall .407** .350** 

Retention .343** .373** 

Global Cognitive Function .421** .510** 

Note-taking .659** .221 

Self-reported PM (BAPM) .190 .263* 

Self-reported PM (PRMQ) .315* .207 

Note. *p < .05, **p < .01. PM = prospective memory; CAMPROMPT = Cambridge Prospective Memory Test; BAPM = Brief Assessment of 

Prospective Memory; PRMQ = Prospective and Retrospective Memory Questionnaire.  
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Variables that were selected for inclusion into the regression analysis for event-

based PM included: age, executive function as measured by the TMT, total recall and 

retention measured by the HVLT-R, global cognitive function measured by the MoCA 

and self-reported PM as measured by the BAPM total. Variables that were selected for 

the inclusion into the regression analysis for time-based PM included: age, executive 

function, total recall and retention, global cognitive function, note-taking from the 

CAMPROMPT, and self-reported PM as measured by the PRMQ PM score. 

Means, standard deviations, and inferential statistics for the predictor variables 

are reported in Table 7.8. Significant differences between the groups exist for executive 

function, total recall, retention, and self-reported PM for both the BAPM and PRMQ, 

with controls outperforming individuals with stroke on each predictor variable. While a 

larger number of controls took notes while completing the CAMPROMPT compared to 

individuals with stroke, the difference was not significant (p = .10). 

Predictors of Time-based PM Performance  

To estimate the proportion of variance in time-based PM that can be accounted 

for by the demographic, cognitive, and metacognitive variables, after controlling for 

group membership, a hierarchical multiple regression analysis (MRA) was employed. 

Group was entered in the first step, and age, executive function, total recall, retention, 

global cognitive function, tote-taking, and PRMQ PM was entered into the second step.  

Prior to interpreting the results of the hierarchical MRA, several assumptions 

were evaluated. First, stem-and-leaf plots and boxplots indicated that each variable in 

the regression was normally distributed. Three univariate outliers were found for 

executive function, one for total recall, and three for retention. However, when these 

outliers were removed, and the analyses were rerun, the results of the overall model did 

not differ, therefore, the raw data has been reported. Second, inspection of the normal  
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Table 7.8 

Means and Standard Deviations for Predictor Variables for Individuals with Stroke and Controls  

Variable 

Individuals with Stroke  Controls    

M SD  M SD t df p d 

Demographic        

     Age 62.86 13.05  56.41 10.69 2.00 53 .051 0.54 

Executive Function/Cognition variables        

     Executive Function (TMT) 89.18 57.04  43.21 27.22 3.78 37.25 .001** 1.03 

     Total Recall (HVLT-R) 19.75 5.83  23.74 3.76 -3.03 46.32 .004** -0.81 

     Retention (HVLT-R) 72.15 33.85  91.26 12.50 -2.80 34.47 .008** -0.75 

     Global Cognitive Function (MoCA) 25.23 2.82  26.54 2.25 -1.85 50 .070 -0.51 

Metacognitive variables        

     Note-taking (CAMPROMPT) Yes = 16 No = 12  Yes = 21 No = 6 χ2 = 2.66 1 .103  

    Self-reported PM (BAPM total) 1.60 0.46  1.37 0.32 2.08 48.26 .043* 0.58 

     Self-reported PM (PRMQ PM) 21.32 6.92  18.15 4.50 2.02 46.55 .049* 0.54 

Note. *p < .05, **p < .01. TMT = Trail Making Test; HVLT-R = Hopkins Verbal Learning Test – Revised; MoCA = Montreal Cognitive Assessment; 

CAMPROMPT = Cambridge Prospective Memory Test; BAPM = Brief Assessment of Prospective Memory; PRMQ = Prospective and Retrospective 

Memory Questionnaire; PM = prospective memory. 
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probability plot of standardised residuals as well as the scatterplot of standardised 

residuals against the standardised predicted values indicated that the assumptions of 

normality, linearity, and homoscedasticity of residuals were met. Third, Mahalanobis 

distance did not exceed the critical χ2 for df = 8 (at α = .001) of 26.13 for any cases, 

indicating that multivariate outliers were not of concern (Howell, 2010). Fourth, 

relatively high tolerances for all predictors in the regression model indicated that 

multicollinearity would not interfere with our ability to interpret the outcome of the 

MRA. 

On step 1 of the hierarchical MRA, group membership accounted for a non-

significant 6.5% of the variance in time-based PM, R2 = .065, F(1, 50) = 3.46, p = .069. 

On step 2, age, executive function, total recall, retention, global gognitive function, 

note-taking, and PRMQ PM was added to the regression equation, and accounted for an 

additional 58.5% of the variance in time-based PM, ΔR2 = .585, ΔF(7, 43) = 10.28,       

p < .001. In combination, the eight predictor variables explained 65% of the variance in 

time-based PM, R2 = .650, adjusted R2 = .585, F(8, 43) = 9.99, p < .001. By Cohen’s 

(1988) conventions, a combined effect of this magnitude can be considered large         

(f2 = 1.86). 

Unstandardised (B) and standardised (β) regression coefficients, and squared 

semi-partial (or ‘part’) correlations (sr2) for each predictor on each step of the 

hierarchical MRA are reported in Table 7.9. Results show that only age (β = -0.28,        

p = .006) and note-taking (β = 0.51, p < .001) contributed significantly to the prediction 

of time-based PM in the final regression model. 

Predictors of Event-based PM Performance  

To estimate the proportion of variance in event-based PM that can be accounted 

for by the demographic, cognitive, and metacognitive variables, after controlling for   
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Table 7.9 

Unstandardised (B) and Standardised (β) Regression Coefficients, and Squared Semi-partial Correlations (sr2) for Each Predictor 

Variable on Each Step of the Hierarchical MRA Predicting CAMPROMPT Time-based PM 

  95% CI   

Variable B Lower bound Upper bound β sr2 

Step 1       

 Group  2.31 -0.18 4.80 .254 .065 

Step 2       

 Group  -0.33 -2.45 1.79 -.036 .001 

 Age -0.11** -0.18 -0.03 -.284 .069 

 Total Recall (HVLT-R) 0.05 -0.18 0.29 .057 .002 

 Retention (HVLT -R) 0.04 -0.01 0.09 .210 .024 

 Executive Function (TMT) -0.01 -0.04 0.02 -.105 .005 

 Global Cognitive Function (MoCA) 0.13 -0.30 0.56 .076 .003 

 Note-taking (CAMPROMPT) 5.04*** 3.06 7.02 .513 .214 

 Self-reported PM (PRMQ PM) 0.03 -0.14 0.20 .038 .001 

Note. *p < .05, **p < .01, ***p < .001. MRA = multiple regression analysis; CAMPROMPT = Cambridge Prospective Memory Test; PM = prospective 

memory; CI = confidence interval; HVLT-R = Hopkins Verbal Learning Test – Revised; TMT = Trail Making Test; MoCA = Montreal Cognitive 

Assessment; PRMQ = Prospective and Retrospective Memory Questionnaire.
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group membership, a hierarchical MRA was employed. Group was entered in the first 

step, and age, executive function, total recall, retention, global cognitive function, and 

BAPM total was entered into the second step. 

Prior to interpreting the results of the hierarchical MRA, several assumptions 

were evaluated. First, stem-and-leaf plots and boxplots indicated that each variable in 

the regression was normally distributed. One univariate outlier was found for event-

based PM, three for executive function, one for total recall, and three for retention. 

However, when these outliers were removed, and the analyses were rerun, the results of 

the overall model did not differ, therefore, the raw data has been reported. Second, 

inspection of the normal probability plot of standardised residuals as well as the 

scatterplot of standardised residuals against the standardised predicted values indicated 

that the assumptions of normality, linearity, and homoscedasticity of residuals were 

met. Third, Mahalanobis distance did not exceed the critical χ2 for df = 7 (at α = .001) of 

24.32 for any cases in the data file, indicating that multivariate outliers were not of 

concern (Howell, 2010). Fourth, relatively high tolerances for all predictors in the 

regression model indicated that multicollinearity would not interfere with our ability to 

interpret the outcome of the hierarchical MRA.  

On step 1 of the hierarchical MRA, group membership accounted for a 

significant 15% of the variance in event-based PM, R2 = .150, F(1, 50) = 8.84, p = .005. 

On step 2, age, executive function, total recall, retention, global cognitive function, and 

BAPM total was added to the regression equation, and accounted for an additional 

44.7% of the variance in event-based PM, ΔR2 = .447, ΔF(6, 44) = 8.14, p < .001. In 

combination, the seven predictor variables explained 59.7% of the variance in event-

based PM, R2 = .597, adjusted R2 = .533, F(7, 44) = 9.32, p < .001. By Cohen’s (1988) 

conventions, a combined effect of this magnitude can be considered large (f2 = 1.48). 
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Unstandardised (B) and standardised (β) regression coefficients, and squared 

semi-partial (or ‘part’) correlations (sr2) for each predictor on each step of the 

hierarchical MRA are reported in Table 7.10, and shows that only age (β = -0.42, p < 

.001), retention (β = 0.35, p = .010), and global cognitive function (β = 0.38, p = .003) 

contributed significantly to the prediction of event-based PM in the final regression 

model. 

Discussion 

 The purpose of the current study was to compare the PM performance of 

individuals with stroke to neurologically healthy controls, to firstly determine if PM is 

impaired after stroke. This was done by using an objective and standardised measure of 

PM, the CAMPROMPT. It was hypothesised that individuals with stroke would 

perform poorer on the CAMPROMPT when compared to neurologically healthy 

controls, particularly on time-based PM. The first hypothesis was supported as 

individuals with stroke performed significantly lower on the CAMPROMPT total PM 

score as well as the time- and event-based sub scores when compared to controls. These 

results indicate that PM impairment does exist after stroke. When time- and event-based 

PM was compared, only significant differences were found for the controls, where they 

performed significantly worse on time-based compared to event-based PM. Whereas no 

significant difference was found for individuals with stroke on PM task type. No 

significant interaction between group and PM task type was found, indicating that 

individuals with stroke did not find the time-based PM task to be much more difficult 

than the event-based PM task. This finding suggests that PM impairment in this 

population is not likely due to self-initiated retrieval.  

The current findings are in line with the previous research conducted by Barr 

(2011) and Man, Chan, et al. (2015), who also found that individuals with stroke 

performed poorer on all three scores of the CAMPROMPT when compared to  
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Table 7.10 

Unstandardised (B) and Standardised (β) Regression Coefficients, and Squared Semi-partial Correlations (sr2) for Each Predictor 

Variable on Each Step of the Hierarchical MRA Predicting CAMPROMPT Event-based PM 

  95% CI   

Variable B Lower bound Upper bound β sr2 

Step 1       

  Group 3.19** 1.04 5.35 .388 .151 

Step 2       

  Group 0.77 -1.25 2.80 .094 .005 

  Age -0.14*** -0.21 -0.07 -.422 .154 

  Total Recall (HVLT-R) -0.05 -0.27 0.17 -.058 .002 

  Retention (HVLT-R) 0.06* 0.02 0.11 .353 .067 

  Executive Function (TMT) -0.002 -0.03 0.02 -.020 .000 

  Global Cognitive Function (MoCA) 0.61** 0.22 1.00 .383 .093 

  Self-reported PM (BAPM total) -0.08 -2.36 2.20 -.008 .000 

Note. *p < .05, **p < .01, ***p < .001. MRA = multiple regression analysis; CAMPROMPT = Cambridge Prospective Memory Test; PM = prospective 

memory; CI = confidence interval; HVLT-R = Hopkins Verbal Learning Test – Revised; TMT = Trail Making Test; MoCA = Montreal Cognitive 

Assessment; BAPM = Brief Assessment of Prospective Memory.
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neurologically healthy controls. For the current study, when individuals with stroke 

were placed into normative categories based on overall CAMPROMPT PM score, age, 

and estimated IQ, 39.2% showed some level of PM impairment. This is slightly higher 

than those who participated in the study by Mitrovic et al. (2016) who reported that 

33.3% of their sample showed PM impairment to some extent. Miller and Radford 

(2014) also reported that at baseline for their intervention study, individuals with stroke 

performed lower than the normative means on the RPA-ProMem, indicating possible 

PM impairment. The current results differ slightly to those found by Kim et al. (2009) 

who used the VW to measure PM after stroke. While they found individuals with stroke 

performed significantly lower than controls on time-based PM, the same was not found 

for event-based PM. This difference may be due to the small sample size used in Kim et 

al.’s study, or due to the use of a different measure of PM. Nonetheless, the findings of 

the current study indicate that PM impairment does exist after stroke, but not 

necessarily for the entire population. This could be due to a number of reasons, like the 

location/severity of an individual’s stroke, deficits in other cognitive domains as well as 

other factors that have been previously shown to impact PM.  

The second aim of the current study was to gain a better understanding of the 

causes of PM impairment post-stroke. Therefore, correlational analyses were conducted 

on the self-reported PM and CAMPROMPT scores to explore if there were 

relationships between the two. Due to lack of previous stroke research and mixed 

findings, no hypothesis was derived for the current aim. Rather a research question was 

posed: is there a strong relationship between self-reported PM and actual PM 

performance as assessed by objective measures after stroke? The findings of the current 

study are mixed, dependent on group membership. When the sample was analysed as a 

whole (stroke and controls), only the BADL subscale of the BAPM was significantly 

correlated with the event-based subscale of the CAMPROMPT. The findings suggest 
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that as participants report more BADL PM impairment, their performance on event-

based PM increases. When controls were analysed separately no significant correlations 

were found between any of the CAMPROMPT scores and the self-reported PM scores. 

However, when the individuals with stroke were analysed separately, all three 

CAMPROMPT PM scores (total, event-, and time-based PM) significantly positively 

correlated with all three scores of the BAPM (total, IADL, and BADL) and the PM 

score of the PRMQ.  

These relationships seem counterintuitive. The pattern of results suggests that as 

individuals with stroke self-reported more PM impairment, their PM performance 

increased. One would assume that the more PM failures a person reports, the worse the 

person would perform on the CAMPROMPT. However, the current findings suggest the 

opposite direction. These findings may indicate a lack of self-awareness for some 

individuals with stroke into their own PM abilities, which has been suggested by 

previous research (Barr, 2011; Brooks et al., 2004; Kim et al., 2009; Man, Yip, et al., 

2015). Futhermore, the results indicate that self-reported PM after stroke should be 

interpreted with caution, due to possible impairments in self-awareness. The current 

findings are not in line with those found by Barr (2011), who found that the PRMQ 

total, and PRMQ RM subscales of individuals with stroke correlated with overall 

CAMPROMPT performance. Their findings suggested that positive self-ratings of 

overall everyday memory and RM were associated with higher scores on the 

CAMPROMPT. While the current study did not use the PRMQ total score, it did not 

find any relationship between the RM subscale of the PRMQ and CAMPROMPT 

scores. Additionally, the current findings also differ from Man et al.’s (2011) who 

reported that TBI patients’ responses on the BAPM did not significantly correlate with 

patient scores on the CAMPROMPT. This again, further suggests that the results are 

indicative of the notion that self-reported PM questionnaires may lack validity when 
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compared to laboratory-based tasks (Uttl & Kibreab, 2011). However, they tap into 

different constructs within PM, therefore, may provide ecological validity compared to 

other PM tasks.  

The third aim of the current study was to examine whether demographics, 

executive/cognitive functions, and metacognitive factors predict PM performance. It 

was hypothesised that demographic, executive function, and metacognitive factors 

would significantly predict PM performance. This hypothesis was supported, however, 

as outlined below, not all variables significantly predicted PM performance. Firstly, 

individuals with stroke performed lower than controls on a number of predictor 

variables. No significant difference in RM as measured by the CAMPROMPT was 

found between individuals with stroke and controls in the current study. This is most 

likely due to the fact that both groups performed close to ceiling and suggests that this 

score may not be robust enough to accurately measure RM. In future, a more 

comprehensive measure should be used to accurately assess RM after stroke. As 

individuals with stroke performed significantly lower than controls on both the total 

recall and retention scores on the HVLT-R, it can be assumed that some RM 

impairment does exist in this sample. This may impact on PM performance, as PM has 

both a prospective and retrospective component. In addition, the executive function 

component of the TMT showed that individuals with stroke performed significantly 

worse than healthy controls. No differences were found between the groups on the 

MoCA, however, individuals with stroke did score slightly lower than the normative cut 

off for mild cognitive impairment on this tool. These results are not surprising as 

previous research has found stroke to have a negative impact on general cognitive 

function (Andrews, Halford, Chappell, et al., 2014; Caplan, 2006; Ownsworth & Shum, 

2008). When assessing metacognitive variables, no differences were found between the 

groups on strategy use (note-taking), however, individuals with stroke reported more 
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overall self-reported PM failure on both the BAPM and PRMQ than controls.  

After controlling for group membership (stroke vs. control), age, executive 

function, recall, retention, global cognitive function, note-taking, and PRMQ PM were 

significantly correlated with time-based PM. It was found that time-based PM was only 

significantly predicted by the demographic variable of age, and metacognitive variable 

of note-taking. After controlling for group membership (stroke vs. control), age, 

executive function, recall, retention, global cognitive function, and BAPM total were 

significantly correlated with event-based PM. It was found that event-based PM was 

only significantly predicted by the demographic variable of age, and the cognitive 

variables of retention and global cognitive function. Both total recall and retention were 

found to be associated with PM performance, with higher scores indicating better PM 

performance, however, retention was only found to predict event-based PM. This is 

different to the findings of Kant et al. (2014) who reported that only RM was predictive 

of event-based PM after stroke, but reported that processing speed, attention/executive 

functions, and RM significantly predicted time-based PM after stroke. Additionally, 

while higher performance on the MoCA (global cognitive function) was associated with 

higher PM performance for both event- and time-based PM, it was only predictive of 

event-based PM. The current findings did not support previous research (Cockburn, 

1995; Fish et al., 2007; Fleming et al., 2008; Groot et al., 2002; Kinch & McDonald, 

2001; Kliegel et al., 2004; Martin et al., 2003) which found that executive functions are 

more predictive of time-based than event-based PM, and this may reflect limited power 

in the current study. 

Strategy use on the CAMPROMPT was only associated with and significantly 

predicted time-based PM performance. The same patterns of results were found by 

Fleming et al. (2008) who assessed PM predictors in a TBI sample. A possible reason as 

to why note-taking was predictive of time-based PM may have to do with an 
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individual’s monitoring strategy, as time-based tasks are believed to require more 

monitoring from the individual completing them compared to event-based tasks. It is 

assumed that those who took notes throughout the CAMPROMPT would refer to them 

as they completed the task. This could be considered a type of monitoring (instead of 

checking a clock, they are checking their notes), and may mean that those who were 

checking notes more often, may also have been checking the time more often, therefore, 

resulting in higher time-based PM performance. However, this is speculative as 

monitoring was not measured in the current study, but has been found to positively 

correlate with time-based PM performance in previous stroke research (Kant et al., 

2014). Nonetheless, more research needs to be conducted to explore the relationship 

between note-taking and monitoring and its impact on PM performance to support this 

claim. Additionally, those with RM deficits, may have relied on their notes to complete 

their PM tasks, however, this does not explain why it was only predictive of time- and 

not event-based PM.   

Self-reported PM was also associated with both time- and event-based PM, 

however, did not significantly predict PM performance. As outlined in Chapter 6, this 

further adds to the idea that while valuable information can be gained into an 

individual’s understanding of their own PM abilities, self-reported PM may not be a 

valid measure of actual PM performance. As such, research which uses self-reported 

PM measures, should also utilise standardised, objective measures of PM to capture 

actual PM performance. 

Age significantly predicted event-based PM, with older participants having 

poorer PM performance. The current results support previous research (Kvavilashvili et 

al., 2009; Mäntylä, 1994; Maylor, 1996; Maylor et al., 2002; Park et al., 1997; R. E. 

Smith & Bayen, 2006; West & Craik, 2001; Zimmermann & Meier, 2006) who also 

found that age predicts event-based PM. This is different to the results outlined by Kant 
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et al. (2014) who reported that age did not significantly predict event-based PM in 

individuals with stroke. Additionally, age significantly predicted time-based PM, with 

older participants having poorer PM performance. The current results support the 

findings of Einstein et al. (1995), Kvavilashvili et al. (2009), and Park et al. (1997) who 

also found that age predicts time-based PM. The current findings do not align with Kant 

et al. who reported that age did not predict time-based PM in individuals with stroke. 

Martin et al. (2003) concluded that interindividual differences in executive function 

could be predictive of PM performance, particularly in old age. In other words, higher 

levels of PM performance in older adults would be dependent on stronger executive 

function. As stroke populations in general are older (over the age of 65), including the 

one used in the current study, it is reasonable to assume that age may play a role in PM, 

if not directly, then through their decline in cognitive functioning. This seems to be the 

case for the current sample as age and multiple cognitive variables were found to predict 

event-based PM after stroke. Another possible reason for these findings could lie in the 

focality of the PM cue, as age effects may be more pronounced in tasks that use non-

focal cues (Niedźwieńska & Barzykowski, 2012). This will be discussed in more depth 

in the next chapter.  

The current study was limited by the small sample size, therefore, may be 

underpowered to find significant results. A priori power analyses based on a medium 

effect size (f2= .15), indicated that larger sample sizes (n = 98) would have provided 

greater power for hierarchical multiple regression analyses. If the sample was larger, it 

would also allow for more predictor variables, like stroke characteristics (e.g., time 

post-stroke, stroke type and location, etc.), to be included in the analyses to see how 

they predict PM post-stroke. Additionally, the CAMPROMPT does not allow for the 

measurement of monitoring, which means that we could not test this as a predictor of 

PM post-stroke and only speculate on its impact. It is suggested that future research 
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both recruit and measure more individuals with stroke and controls in order to obtain 

higher power, which may pick up on more significant differences between the groups. It 

is also suggested that future research either record the number of clock checks a 

participant makes while completing the CAMPROMPT, or include another PM task 

which allows for the measurement of monitoring so that its impact on PM performance 

post-stroke can be assessed. As the previous literature (Hogan et al., 2016) has outlined, 

differences in PM performance are highly dependent on the type of PM task used (i.e., 

experimental vs. naturalistic), therefore, it is suggested that future research utilise 

multiple behavioural measures of PM to examine whether individuals with stroke 

perform differently on different types of PM tasks.  

While limitations exist in the current research, it has helped to confirm the 

findings of the previous literature (Barr, 2011; Man, Chan, et al., 2015; Miller & 

Radford, 2014; Mitrovic et al., 2016). In that when using a standardised measure of PM, 

individuals with stroke showed impairment in PM ability (both event- and time-based 

PM), when either compared to neurologically healthy controls or normative means. 

These PM impairments may be due to a number of factors, including age, strategy use, 

and executive function ability. In conclusion, the current findings suggest that PM 

impairment does exist after stroke and outlines some possible reasons for impairment. 

Now that this has been established, the next chapter will aim to further examine the 

nature of PM impairment after stroke. This will be done by focusing on the impact that 

cue focality has on PM performance post-stroke, and how PM can be measured using 

VR. Additionally, Study 3 will examine the impact implementation intentions have on 

PM after stroke to see if they can improve PM performance.  
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CHAPTER EIGHT 

Study 3: The Effects of Cue Focality and Implementation Intentions on 

Prospective Memory After Stroke  

 As outlined in Chapter 4, previous research suggests that impairments in PM 

exist after stroke, nevertheless, this is dependent on the type of PM measure used and 

the type of PM being assessed (Hogan et al., 2016). When using experimental PM 

measures, impairments in time-based PM, but not event-based PM are often reported 

(Cheng et al., 2010; Kant et al., 2014). When using single-item naturalistic measures 

(e.g., the Remember a Belonging Task from the RBMT; B. Wilson et al., 1985), the 

majority of previous research did not find impairments in event- (Brooks et al., 2004; 

Kant et al., 2014; Kim et al., 2009) or time-based PM (Kant et al., 2014). The only 

exception is the study by Brooks et al. (2004) which found impairments in event-based 

PM when participants were instructed to ask for a written explanation of the study at the 

end of another task. The results from Study 2, as outlined in Chapter 7, further 

corroborate this notion, that when using a psychometrically validated PM measure (viz., 

CAMPROMPT; B. Wilson et al., 2005), individuals with stroke performed significantly 

poorer than neurologically healthy controls on both time- and event-based PM tasks. 

These findings are further supported by those of Barr (2011) and Man, Chan, et al. 

(2015). Additional research using another clinical measure (VW; Rendell & Henry, 

2009) found individuals with stroke showed impairments on only time-based PM (Kim 

et al., 2009). As outlined in Chapter 3, while clinical measures have been developed 

with ecological validity in mind, the tasks that participants are required to perform are 

still not typical of tasks that they would perform in their daily lives and their ecological 

validity has often been questioned (Canty et al., 2014).  
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There is a continual emphasis on the importance of using neuropsychological 

tests with high ecological validity. Ecological validity can be measured in two ways: 

verisimilitude and veridicality (Franzen & Wilhelm, 1996). Verisimilitude is defined as 

the degree to which the cognitive demands of a test theoretically parallel the cognitive 

demands in an everyday environment. Veridicality on the other hand, refers to the 

degree to which existing neuropsychological tests are empirically similar to assessments 

of everyday functioning. Due to the push for more ecologically valid measures, 

limitations of current neuropsychological tests, and advances in technology, VR has 

attracted considerable attention in recent years as a possible solution to these assessment 

problems (Knight & Titov, 2009).  

Virtual Reality 

 VR consists of artificial computer-generated environments that contain 

distinctive sensory properties, which users can explore and interact with in real time 

(Knight & Titov, 2009; Mitrovic et al., 2016). Many benefits of using VR in 

neuropsychological assessment have been outlined. For example, the use of VR in 

neuropsychological assessment could balance the demands of ecological validity with 

the requirements of sensitivity and specificity that conventional PM measures possess. 

It could also overcome the practical and reliability issues associated with measuring PM 

in real-life scenarios. This is because VR offers a platform for the inclusion of 

naturalistic everyday PM tasks in environments that are familiar to participants. 

Additionally, the VR platform also provides experimenters and clinicians with the 

environmental control that is required for standardised testing to take place. They can 

provide a consistent environment with the potential for unlimited repetitions of the same 

assessment, at the same time, also offering the flexibility to adjust certain aspects like 

task complexity, difficulty, or response requirements for each individual and their 

possible impairments. The novelty of the VR environment has also been suggested to 
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enhance the motivation and interest of participants (Canty et al., 2014; Sweeney et al., 

2010). This is in contrast to some experimental tasks like the LDT which can be tedious 

and tiring, particularly for clinical populations who may fatigue quickly. Virtual 

environments are particularly suited to the assessment of PM because not only can they 

construct and facilitate a standardised procedure with ease, they can also test the 

dynamic coordination of multiple cognitive abilities (Knight & Titov, 2009).  

 The use of VR in PM assessment is an emerging field. VR has previously been 

used to either assess PM or to improve PM in many populations, including TBI/ABI 

(Banville & Nolin, 2012; Canty et al., 2014; Kinsella et al., 2009; Morris, Kotitsa, 

Bramham, Brooks, & Rose, 2002; Sweeney et al., 2010; Yip & Man, 2013), stroke 

(Brooks et al., 2004; Mitrovic et al., 2016), schizophrenia (Kurtz, Baker, Pearlson, & 

Astur, 2006; Man et al., 2018), aging (Debarnot et al., 2015) as well as healthy 

populations (Gonneaud et al., 2014). Additionally, many virtual environments have 

been used in the assessment and rehabilitation of PM including virtual shopping centres 

(Canty et al., 2014; Kinsella et al., 2009; Yip & Man, 2013), 

apartments/bungalows/houses (Banville & Nolin, 2012; Brooks et al., 2004; Mitrovic et 

al., 2014; F. D. Rose et al., 1999; Sweeney et al., 2010), and cities/towns (Debarnot et 

al., 2015; Gonneaud et al., 2014).  

One example of a VR platform used to assess PM in individuals with TBI is the 

Virtual Reality Shopping Task (VRST) developed by Canty et al. (2014). Utilising a 

dual-task paradigm, the ongoing task of the VRST requires participants to move their 

way around a virtual shopping centre to purchase items from a shopping list. 

Additionally, three event- and three time-based PM tasks are embedded throughout the 

simulation. The time-based task requires participants to access a virtual mobile phone 

and send pre-written messages at certain pre-specified time points. The event-based PM 

task requires participants to press the T key on the computer keyboard when they hear 
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an audio sale announcement. In their study that used the VRST, Canty et al. found that 

individuals with TBI performed significantly poorer than controls on both the event- 

and time-based PM tasks, with both groups performing worse on time- than event-based 

PM. The VRST was found to have sound convergent and ecological validity and was 

deemed to be a sensitive task to detect PM impairment following TBI.  

Using VR to investigate PM after stroke. 

Only two studies have investigated PM after stroke using VR. One focused on 

measuring PM, whereas the other used it as a rehabilitation tool. Brooks et al. (2004) 

compared PM performance between 25 individuals with stroke and 25 age-matched 

controls utilising a VR measure. Their virtual environment consisted of a four-room 

bungalow. Participants were instructed that the owner of the bungalow was moving to a 

larger house and that TO GO labels had been placed on the items that needed to be 

moved to the new house. Participants were to organise these items for the removalists 

by asking the experimenter to move the items labelled into the rooms of the new house. 

Additionally, there were three PM tasks embedded throughout. For the event-based PM 

task, participants were required to ask the experimenter to place Fragile notices on 

items that had a glass component (e.g., computer, television, grandfather clock, etc.) 

before they were moved. For the time-based PM task, individuals were required to give 

the removal men access to the bungalow every 5 min by asking the experimenter to 

click on the red button beside the clock located in the hall. To check the time, 

participants needed to ask the experimenter to check the time on the hall clock. For the 

activity-based PM task, participants were required to ask the experimenter to close the 

door every time they left the kitchen so that their cat would not escape. Controls were 

found to perform better than individuals with stroke on all PM tasks, however, 

significant differences were only found for the event- and activity-based PM tasks. 

Time-based PM was marginally significantly different between the groups (p = .05).  



PROSPECTIVE MEMORY AFTER STROKE  165 

 

Brooks et al. (2004) concluded that individuals with stroke were impaired on all 

three PM tasks, but less impaired on the time-based PM task. It was suggested that a 

possible reason for this pattern of results was that the time-based task was not realistic 

or comparable to real-life time-based PM tasks. They argued that the interval between 

each retrieval occasion was short (viz., 5 min), and perhaps the individuals with stroke 

did not perform as poorly on this task because they continually kept it conscious in their 

minds. In addition, they compared the VR results to that of the Remember a Belonging 

Task from the RBMT (B. Wilson et al., 1985) and found no differences between the 

stroke and control groups on the Remember a Belonging Task, suggesting that the VR 

task was more sensitive to PM impairments than the RBMT task. This is most likely 

because the Remember a Belonging Task is a single-item measure which may not be 

robust enough to measure PM performance after stroke. It is also important to note that 

the participants in the study did not control the simulation themselves. Instead they were 

instructing the experimenter how to move around and respond in the virtual 

environment. A great benefit of using VR is the ability for an individual to be immersed 

into the virtual environment which provides a novelty aspect to testing. It could be 

argued that by not having the participants directly engage with the virtual environment 

themselves, this novelty could be lost in Brooks et al.’s study.  

 VR has also been used in the rehabilitation of PM after stroke. Mitrovic et al. 

(2016) examined whether visual imagery could improve PM performance in 15 

individuals with stroke. The aim of the visual imagery training was to strengthen the 

association between the PM cue and action, thus inducing spontaneous retrieval of the 

intention later. Individuals with stroke utilised a VR environment to practice PM tasks. 

The VR environment consisted of a house and garden that contained common 

household objects. Participants were given a distractor task (30 s) between being given 

the PM instructions, and access to the VR environment. Both event- and time-based PM 
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was assessed and included tasks like ‘when the phone rings, answer it’ (event-based) 

and ‘at 10:01am, feed your pet by filling up their bowl’ (time-based). For the time-

based tasks, a clock could be viewed by pressing a time button. Overall participants 

completed four sessions within the VR environment and completed a total of 14 

problems, each with a different number of PM tasks. The tasks gradually increased in 

number and complexity throughout the training sessions, and altogether participants 

completed 36 time- and 36 event-based tasks. The CAMPROMPT (B. Wilson et al., 

2005) was also used as a standardised measure for comparison throughout training. It 

was administered four times at sessions 1, 2, 9 and 10. Mitrovic et al. found that visual 

imagery significantly improved the PM ability of individuals with stroke over the 

course of training when assessed using the VR measure and the CAMPROMPT. 

Interestingly, individuals with stroke performed better on time- than event-based PM in 

the VR environment, replicating the results of Brooks et al. (2004). While some 

participants reported difficulty using the joystick initially, the majority of the 

individuals with stroke reported that they enjoyed using the VR environment, 

highlighting that individuals with stroke are capable of independently controlling and 

interacting with the VR platform. Results of this study suggest that not only can VR be 

used in the assessment of PM after stroke, it can also be utilised in rehabilitative settings 

to help improve PM ability after stroke.  

 It is important that standardised measures of PM, including those that use virtual 

environments, continue to be developed for use in both experimental and clinical 

settings. They should aim to incorporate a variety of real-life tasks, naturalistic 

environments, platforms that engage participants’ attention and increase motivation as 

well as feature user-friendly controls. It is also important that these assessments not 

only focus on the measurement of PM, but also have the ability to manipulate and 
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control certain factors in order to determine the underlying reason(s)/mechanism(s) of 

PM impairments.  

Reasons for PM Impairment After Stroke 

 Overall the previous research and results outlined in Chapter 7 suggest that PM 

impairment exists after stroke, particularly for time-based PM. PM impairment after 

stroke could be due to a myriad of reasons. As outlined in Chapter 6 (Study 1) 

individuals with stroke self-reported more PM failures than controls, especially for 

BADL. However, they also reported that these memory failures were less problematic 

or important than the control participants. This suggests that individuals with stroke 

seem to underestimate the importance of PM impairment, possibly due to having 

significant-others or carers completing daily tasks for them if they are no longer able to 

complete these tasks independently. If this is the case, then impairments in PM may not 

be a key focus for these individuals, and this lack of self-awareness into the importance 

of their own PM ability could in turn create more PM failures. As they do not think it is 

a problem, individual’s may not give the proper attention necessary for completion of 

daily PM tasks. However, as outlined in Chapter 7 (Study 2), a counterintuitive 

relationship between self-reported PM and PM ability was found. Suggesting that the 

more individuals with stroke self-reported PM impairment, the more their PM 

performance increased. This finding may suggest a lack of self-awareness for 

individuals with stroke into their own PM abilities, which has also been suggested by 

previous research (Barr, 2011; Brooks et al., 2004; Kim et al., 2009; Man, Yip, et al., 

2015). However, self-reported PM while associated, did not significantly predict PM 

performance compared to other variables analysed in the current study.   

 Individuals with stroke also self-reported more RM failures in Study 1, 

suggesting that PM deficits could be due to RM impairment having an impact on the 
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retrospective component of PM (as outlined in Chapter 3). No RM impairments were 

found on the CAMPROMPT in Study 2 (Chapter 7), most likely due to both groups 

performing close to ceiling on a relatively simple RM task (viz., to remember five items 

and the locations of where they were hidden). However, when using the HVLT-R, 

individuals with stroke were found to perform poorly than control participants on both 

the retention and total recall scores when compared to controls, suggesting some RM 

impairment does exist post-stroke. Additionally, retention was found to significantly 

predict event-based PM. Event-based PM was also significantly predicted by a global 

cognitive function measure (viz., the MoCA; Nasreddine et al., 2005), and age. Martin 

et al. (2003) concluded that interindividual differences in executive function could be 

predictive of PM performance, particularly in older adults. As stroke populations in 

general (including the one in the current study) are older (over the age of 65), it is 

reasonable to assume that age may play a role in PM. If not directly, then through 

decline in cognitive functioning. This seems to be the case for the current sample, as age 

and multiple cognitive variables, like RM and global cognitive function were found to 

predict event-based PM. Additionally, as impairments in cognitive functions are 

common after stroke, it is clear that these could further impact PM ability. Impairments 

in PM after stroke could also be due to other reasons not covered by the scope of the 

current studies, for example stroke severity, location and type of stroke, time post-

stroke, level of depression and anxiety. 

 Another possible reason for PM impairment after stroke may come in the form 

of strategy use or monitoring. As outlined in Chapter 7 (Study 2), time-based PM was 

significantly predicted by note-taking on the CAMPROMPT, with those who took notes 

performing significantly better. Note-taking could tap into an individual’s monitoring 

strategy, as it is assumed that those who took notes would refer to them as they 

completed the task. This could be considered a type of monitoring and may mean that 
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those who were checking notes more often, may also have been checking the time more 

often. Therefore, resulting in better time-based PM performance. Additionally, different 

PM tasks have different types of PM cues, which are believed to require different 

monitoring strategies in order for successful prospective remembering to take place. 

Perhaps, the type of cue could impact on PM performance after stroke.  

Cue focality. 

As described in Chapter 3, PM cues can be described in terms of their focality. 

The multi-process framework proposed by McDaniel and Einstein (2000) makes this 

distinction. A focal cue is one that overlaps with the information from the ongoing task 

(McDaniel et al., 2008). In this instance it is expected that individuals would rely 

heavily on automatic spontaneous retrieval processes. For example, imagine your PM 

task is to post a personal letter, and part of your role at work is to go to the post-office to 

drop off parcels that need to be sent. Here the ongoing task is dropping off parcels to the 

post-office, and the focal PM cue is the post-office. Therefore, it would be assumed, that 

when you arrive at the post-office to send off the parcels, you would automatically 

remember to post your letter at the same time. A non-focal cue, on the other hand, is one 

that is present in the environment, but it is not being considered by the individual for the 

purposes of completing the ongoing task. If this type of cue is being used, it is expected 

that individuals would utilise a strategic monitoring approach to monitor the 

environment continuously for the cue. Using the example above, you need to post a 

letter at the post-office. But now your job role requires you to do the morning coffee run 

from the local café, which is located across the street from the post-office. Here the 

ongoing task is collecting coffee and the non-focal PM cue is the post-office. Therefore, 

you would need to monitor the environment for the post-office when you are 

completing the coffee run in order to remember to post the letter.  



PROSPECTIVE MEMORY AFTER STROKE  170 

 

It is, therefore, believed that focal cues may assist in prospective remembering 

due to the fact that they overlap with the information from the ongoing task. However, 

PM may be poorer when non-focal cues are used, as they are present in the 

environment, but individuals are not paying attention to them for the purposes of 

completing the ongoing task. It is due to the differences in retrieval strategies 

(spontaneous retrieval vs. strategic monitoring) that PM tasks with focal cues are 

deemed to be less cognitively demanding when compared to those that use non-focal 

cues. Therefore, prospective remembering is better when focal cues are used rather than 

non-focal cues (N. S. Rose et al., 2010). This is because strategic monitoring requires 

far more resources than spontaneous retrieval. As cognitive demand impacts PM 

performance, with high levels of cognitive load being related to lower performance on 

either the ongoing task, PM task, or both (Einstein et al., 1997; R. L. Marsh et al., 2002; 

Maujean et al., 2003), it is important to keep this factor in mind when measuring PM 

performance. Particularly in clinical populations, as individuals may already have 

cognitive impairments. That is, people with brain injury (e.g., stroke) may have 

problems with PM when the cue is non-focal rather than focal. By studying the effects 

of cue focality, we can clarify this issue and the results could have implications for the 

management and treatment of PM problems.  

Most of the previous research focusing on the impact of cue focality on PM has 

been conducted with ageing populations. As outlined in Chapter 7, age can significantly 

predict PM performance, with older participants having poorer PM performance 

(Einstein et al., 1995; Kvavilashvili et al., 2009; Mäntylä, 1994; Maylor, 1996; Maylor 

et al., 2002; Park et al., 1997; R. E. Smith & Bayen, 2006; West, 2011; Zimmermann & 

Meier, 2006). As outlined earlier, stroke populations in general are older, therefore, it is 

reasonable to assume that age may play a role in PM, and if not directly, then through 

decline in cognitive functioning. In addition, decline in PM performance could lie in the 
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focality of the PM cue, as age effects may be more pronounced in tasks that use non-

focal cues (Niedźwieńska & Barzykowski, 2012). Since deficits in attention are 

common after stroke (Barker-Collo et al., 2009; Hochstenbach, Mulder, van Limbeek, 

Donders, & Schoonderwaldt, 1998), it is assumed that this demand on attentional 

resources in monitoring for non-focal cues could be a possible reason why PM 

performance declines after stroke.  

Cue focality has not been previously examined in a stroke population, therefore, 

the current study is using an exploratory approach to examine its impact on PM after 

stroke. Considering that age and attentional deficits have previously been found to 

negatively impact PM performance, particularly when using non-focal cues, it is 

important to examine the impact cue focality has on PM performance after stroke. By 

examining cue focality, we can draw conclusions about the monitoring processes of 

prospective remembering after stroke. Additionally, the results could provide support 

for the theories and models of PM, such as the multi-process model of PM, outlined in 

Chapter 3. Assessing the monitoring stage of PM and knowing the type of cue which 

aids prospective remembering, can provide us with valuable information that can be 

used to direct future rehabilitative approaches post-stroke. While it is unclear exactly 

why PM impairment exists after stroke, it is important to examine whether PM can be 

improved. As PM is heavily linked to everyday function, the ability to live 

independently, and the safety of an individuals and those surrounding them, it is 

important that research continue to look for ways to improve PM post-stroke. 

Implementation intentions. 

As outlined in Chapter 3, the first stage of prospective remembering, intention 

formation, utilises planning. Forming an intention involves planning to do something in 

the future or encoding the PM intention. It is important to ensure that this stage is not 
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interrupted and is given proper attention. This is because previous research has found 

that both poor planning, like not using external aids to their full capacity, or having 

divided attention while encoding can negatively impact PM performance (Einstein et 

al., 1997; Shum et al., 2013). Thus, if more emphasis is placed on deeper or better 

encoding of the intention at the planning stage, retrieval of the intention at a later stage 

could be easier and more automatic.  

It has been suggested that strengthening the anticipation of the triggering cue 

can aid in spontaneous retrieval. One such way to strengthen the anticipation of a PM 

cue is to use a simple strategy previously studied in the wider psychological literature, 

known as implementation intentions. Implementation intentions have previously been 

found to aid in goal attainment: specifically, increasing exercise and vitamin-taking 

(Sheeran & Orbell, 1999), frequency of self-breast examination (Orbell, Hodgkins, & 

Sheeran, 1997), and blood glucose monitoring (Liu & Park, 2004) as well as aiding in 

habit replacement (Holland, Aarts, & Langendam, 2006), and attaining prosocial goals 

(Trötschel & Gollwitzer, 2007), to name a few.  

Implementation intentions follow the if-then contingency which follows the 

simple structure, if X occurs, then I will perform behaviour Y. For example, if I have 

eaten dinner, then I will take my medication (Gollwitzer & Brandstätter, 1997). Most 

people form general intentions which focus on the intended action (e.g., I need to post 

the letter), however, implementation intentions focus on the triggering event rather than 

the action needed to be completed (e.g., When I see the red post-box on my drive home, 

I will post the letter). Therefore, by placing more emphasis on the triggering event, it is 

argued that the PM response will become more automatic and alleviates the need for 

effortful conscious monitoring of the PM cue. It is common practice for studies to 

include both a verbal and imagery component when using implementation intentions 

(Chen et al., 2015). For example, participants may first need to repeat out loud an 
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instruction multiple times in the form of an implementation intention (verbal form) and 

then proceed to visualise and imagine themselves completing this task (imagery form).  

Implementation intentions have previously been found to improve event-based 

PM in both younger (McFarland & Glisky, 2012) and older adults (Burkard et al., 2014; 

Chasteen, Park, & Schwarz, 2001; McFarland & Glisky, 2011; Zimmermann & Meier, 

2010). Chen et al. (2015) outlined in their systematic/meta-analytic review that overall, 

implementation intentions improved PM performance for both younger and older adults. 

Additionally, previous research has found that implementation intentions can improve 

PM in some clinical populations like Parkinson’s disease (Foster, McDaniel, & Rendell, 

2017), early psychosis (Khoyratty et al., 2015), a population with schizotypal 

personality features (Chen et al., 2014), and Multiple Sclerosis (Kardiasmenos, 

Clawson, Wilken, & Wallin, 2008).  

Mioni et al. (2015) examined the impact of implementation intentions on PM in 

a TBI sample (n = 18 implementation intention condition, n = 18 no strategy). They 

found that although the TBI patients showed impairments in time-based PM, 

implementation intentions did not improve PM for the TBI participants on either event- 

or time-based PM as measured by the computer-based VW (Rendell & Craik, 2000). 

Improvements were only found for controls’ time-based PM when implementation 

intentions were used (n = 16 implementation intention condition, and n = 18 no 

strategy). They concluded that the strategies needed to improve PM in a TBI group are 

likely to be more complex than those that benefit healthy adults, and that strategies may 

need to target more phases of the PM process in addition to or rather than the intention 

formation phase. However, this study only used verbal implementation intention 

instructions and did not incorporate a visual element. In another study, Grilli and 

McFarland (2011), found that when a brain damaged group (N = 12, predominately 

made up of TBI participants, n = 9) used self-imagining, event-based PM was found to 
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improve. Participants completed a computerised general knowledge quiz as the ongoing 

task. The event-based PM task required participants to press the 1 key each time the 

word president or state appeared in the trivia question.  They concluded that benefits of 

imagery implementation intentions might help these individuals to process the PM task 

with more self-relevance, therefore, making it more memorable.  

No previous research has evaluated the effect of implementation intentions on 

improving PM in individuals with stroke. Overall, it is considered that PM impairments 

exist after stroke, however, it is unclear exactly why such impairments exist. The ability 

to monitor the environment for cues is one of the possible reasons for PM impairment 

after stroke. By manipulating the level of planning, through the use of implementation 

intentions in the intention formation stage of PM, it is suggested that less cognitive 

resources will be needed to monitor for a PM cue, as it should be more automatic. 

Therefore, the current study utilised a combination of verbal and imagery 

implementation intention instructions to determine the impact they have on PM after 

stroke. This can provide us with valuable information, which could be implemented into 

future rehabilitative approaches post-stroke. Therefore, to clarify the reason for 

prospective forgetting and to study the effect of a simple rehabilitative technique in an 

ecological manner, this study manipulated cue focality and PM task instructions in a VR 

environment. 

Aims and Hypotheses  

 The current study aimed to design and measure PM after stroke using a VR 

measure and compare the results to an experimental and naturalistic measure of PM. It 

was hypothesised that individuals with stroke would perform poorer than controls on 

both time- and event-based PM on the LDPMT, DMT, and VRPMST.  It was 

hypothesised that both individuals with stroke and controls would rate the VRPMST 
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more favourably than the LDPMT in terms of subjective user friendliness. In addition, 

the current study aimed to determine the nature of PM impairment after stroke by 

specifically manipulating cue focality within the virtual environment to determine its 

impact on PM performance. It was hypothesized that PM performance would be poorer 

in a non-focal cue condition than a focal cue condition for both groups. In addition, it 

was expected that individuals with stroke would have more difficulties with non-focal 

PM cues than the controls. Lastly, the current study aimed to assess the effect of 

implementation intentions on PM performance post-stroke. It was hypothesised that 

implementation intentions would improve the overall PM performance for both 

individuals with stroke and controls.  

Method 

Design  

The current study formed part of a larger study which focused on PM 

impairment after stroke (see Chapter 5). A quantitative, mixed (between and within-

participant) quasi-experimental design was used. The study consisted of two between-

participant variables, including group and instructions, and one within-participant 

variable which was cue focality. Participants were allocated to one of four groups. 

Firstly, participants were allocated to two groups (individuals with stroke or 

neurologically healthy controls) as determined by their pre-existing group membership. 

Secondly, participants were randomly allocated to either a standard instruction group or 

an implementation intentions group. The two groups received the same battery of 

assessments with the only difference being the instructions that were provided to the 

participants on some assessment items. Implementation intention instructions were 

manipulated on the LDPMT, VRPMST, and DMT. Cue focality was manipulated 

within the VRPMST on event-based PM, with both focal and non-focal event-based PM 
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being assessed. More detail is provided in the measures section. See Chapter 5 for a 

detailed outline of the overall study design.   

Participants 

 Twenty-eight individuals with stroke and 27 neurologically healthy controls 

participated in the current study. See Chapter 5 for a detailed description of the overall 

demographic characteristics of the sample. Of the 28 individuals with stroke, 14 were 

placed in the standard instruction condition, and 14 were placed in the implementation 

intentions condition. Of the 27 neurologically healthy controls, 13 were placed in the 

standard instruction condition and 14 were placed in the implementation intention 

condition. The four groups did not significantly differ on age, years of education, or 

estimated premorbid IQ (see Table 8.1). See Table 8.2 for a breakdown of gender 

between groups. See Table 8.3 for a specific breakdown of stroke characteristics 

between the standard and implementation intention conditions. For detailed recruitment 

methods see Chapter 5.  

Measures 

As part of the larger study, individuals with stroke and controls completed a 

battery of PM measures and other cognitive/executive function tests. Results for 

baseline PM (CAMPROMPT) can be found in Chapter 7.  

Lexical decision prospective memory task. 

The LDPMT was developed for the current study and features two instruction 

conditions (standard and implementation intention). The task was based on a dual-task 

paradigm and had two parts (event- and time-based PM respectively). It was run on an 

iPad and adapted from Canty et al. (2014) and Maujean et al. (2003). A practice trial  

and confirmation of instructions was run before each section to ensure that participants 
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Table 8.1 

Demographic Variables Between the Groups 

 Stroke Standard  

(n = 14) 

Control Standard  

(n = 13) 

Stroke II 

(n = 14) 

Control II  

(n = 14) 

ANOVA 

 M SD M SD M SD M SD F df p 

Age (years) 65.57 11.99 54.54 9.93 60.14 13.93 58.14 11.42 2.02 3, 51 .12 

Education (years) 13.93 5.24 14.65 2.49 14.25 4.45 13.89 4.00 0.10 3, 51 .96 

TOPF 102.79 15.48 108.00 12.30 104.71 10.32 102.93 10.22 0.52 3, 51 .67 

Note. II = Implementation intention condition; TOPF = Test of Premorbid Function. 
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Table 8.2 

Gender Ratio Between the Groups 

 Stroke Standard  

(n = 14) 

Control Standard  

(n = 13) 

Stroke II 

(n = 14) 

Control II  

(n = 14) 

 

 

Gender 

Male Female Male Female Male Female Male Female χ2 p 

7 7 4 9 4 10 3 11 2.84 .42 

Note. II = Implementation intention condition 
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Table 8.3 

Stroke Specific Demographic Information Between the Standard Instruction and Implementation Intention Conditions 

Variable Stroke Standard (n = 14) Stroke Implementation Intention (n = 14) Significance 

Time since stroke  

(months) 

M(SD) = 14.64(13.73) 

Range = 2 - 45 

M(SD) = 17.61(14.26) 

Range = 2 - 53 

 

t(26) = -0.56, p = .58 

 

Living in community 

(months) 

M(SD)= 13.00(12.32) 

Range = 1 - 37 

M(SD) = 16.61(13.73) 

Range = 2 - 52 

 

t(26) = -0.73, p = .47 

 

First time stroke Yes = 10   

No = 4 

Yes = 8   

No = 6 

𝜒2 = 0.62, p=.43 

 

 

Type of stroke Ischaemic = 11 

Haemorrhagic = 3 

Ischaemic = 8 

Haemorrhagic = 4 

Both = 2 

𝜒2 = 2.62, p=.46 

 

 

 

Stroke lateralisation  

(1 missing) 

Left = 4 

Right = 8 

Bilateral = 2 

Left = 7 

Right = 3 

Bilateral = 3 

𝜒2 = 3.26, p=.20 
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were familiar with the controls and understood what was required for task completion. 

In the first part, the ongoing task consisted of a LDT. Here participants were 

shown a series of English words (55), legal non-words (words that follow the rules of 

the English language but are not an English word; 44), and PM animal words (6) in a 

pre-set randomly allocated order, see Figure 8.1. Each item consisted of four letters and 

were presented in capitals in a clear legible font. English words were sourced from the 

MRC Psycholinguistic Database (M. Wilson, 1988) and legal non-words from the ARC 

Nonword Database (Rastle, Harrington, & Coltheart, 2002). Each text item was 

presented on the screen for 3 s and then disappeared, however, participants could take as 

long as they liked to respond. After the participant had responded, an asterisk (*) was 

shown in the middle of the screen for 1 s, and then the next trial was presented. 

Participants were instructed to press the button on the left when the text was a word 

(i.e., GIRL) and the button in the middle when the text was a non-word (i.e., YIMS). 

Additionally, participants were given an event-based PM task, where they were 

instructed to press the button on the right when the text on the screen was an animal 

word (i.e., FROG). Thus, participants could receive a total score of 99 for the ongoing 

task, which was later computed into a percentage correct score (number of correct 

responses divided by 99 trials, multiplied by 100), and a total of 6 for event-based PM, 

with higher scores indicating better PM performance.  

After a break, if necessary, the time-based section followed. Again, participants 

completed another LDT, with different items and were instructed that no animal words 

would appear, therefore, they did not need to press the button on the right. As before, 

participants were instructed to press the button on the left for words, and the button in 

the middle for non-words. For the time-based PM task, participants were required to   

press the button on the right every 60 s (1 min). Six time-based PM trials were placed   

throughout the task (i.e., 1 min, 2 min, 3 min, 4 min, 5 min, 6 min), with the task  
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Figure 8.1. LDPMT event-based PM example screens.   

 

automatically ending at 6 min 30 s. Participants could check the elapsed time as often as 

they liked by pressing on a grey bar at the top of the screen (see Figure 8.2). The time 

showed for 2 s and then disappeared. Scoring for the ongoing LDT was scored as 

percentage correct (number of correct responses divided by total trials completed, 

multiplied by 100). Time-based PM had a total score of 18, with higher scores 

indicating better PM performance. For detailed scoring of time-based PM, see Table 

8.4. Similar scoring methods have been used in other PM research (Canty et al., 2014; 

Einstein et al., 1995). A monitoring score was also made available for the time-based 

section and recorded how many times participants pressed the grey bar to check the 

time. Two versions of the LDPMT were created, one with standard instructions and the 

other with additional implementation intention instructions. Implementation intention 

instructions took the form of, if X occurs, then I will do Y. For example, ‘If I see an 

animal word, then I will press the button on the right’ and ‘After each 60 second 
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Figure 8.2. LDPMT time-based PM trials. 

 

Table 8.4 

Scoring for Time-based PM on the LDPMT 

Score Criteria 

3 ≤ 5 s after specified time  

2 > 5 but ≤ 10 s after specified time  

1 > 10 but ≤ 15 s after specified time 

0 > 15 s after specified time, or no response at all 

Note. PM = prospective memory; LDPMT = Lexical Decision Prospective Memory Task.  

 

  

 

Time 
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interval, I will press the button on the right.’ Implementation intention instructions were 

only made for the event- and time-based PM instructions. 

Virtual reality prospective memory shopping task. 

 A VR PM Task with manipulations in cue focality was specifically designed for 

the current study. The VRPMST used in the current study was adapted from the VR 

framework (shopping centre) used by Canty et al. (2015), see Figure 8.3. The 

framework was adapted to include both PM tasks with manipulations of cue focality and 

implementation intention instructions. The VRPMST was run on a laptop and an iPad 

wirelessly connected to the laptop was used to control the simulation (see Figure 8.4).  

 

 

 

 

 

 

 

 

 

 

Figure 8.3. Map of the virtual shopping environment. The red dot indicates where the 

participant is located and green arrows indicate shop entrances. 
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Figure 8.4. VRPMST controller on iPad. 

The VRPMST features a dual-task paradigm wherein participants were required 

to complete a task list by moving around the virtual environment and buying 

items/completing errands at stores in a set order. Tasks were designed to mimic 

everyday activities that would be completed at a shopping centre. For example, pick up 

scripts from the pharmacy, or buy a coffee from the Coffee Club. The ongoing shopping 

task was scored out of 12, where participants received one point for correctly 

completing the item, with higher scores indicating better performance. 

A series of PM tasks (both time- and event-based) were also embedded 

throughout the task. Time-based PM was scored out of 12, with higher scores indicating 

better PM performance. Here participants were instructed that their doctor has asked 

them to keep track of their heart rate when they are out and about, thus they must check 

their heart rate every 3 min. They can check the time by pressing the time button on the 

iPad, which will then show a watch appear on the laptop screen showing the elapsed 

time (see Figure 8.5). The clock starts at 12:00, thus participants must check their heart 

rate at 12:03, 12:06, 12:09, and 12:12. To check their heart rate, participants must press 

the H button on the iPad. Detailed scoring for the time-based task on the VRPMST is  
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Figure 8.5. Time-based PM task within the VRPMST. 

 

outlined in Table 8.5. Similar scoring methods have been used in other PM research 

(Canty et al., 2014; Einstein et al., 1995). Overall monitoring was also measured as 

number of times the participant pressed the time button.  

 

Table 8.5 

Scoring for Time-based PM on the VRPMST 

Score Criteria 

3 ≤ 15 s after specified time  

2 > 15 but ≤ 30 s after specified time  

1 > 30 but ≤ 60 s after specified time 

0 > 60 s after specified time, or no response at all 

Note. PM = prospective memory; VRPMST = Virtual Reality Prospective Memory Shopping 

Task.  
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Eight event-based PM tasks were embedded throughout the VRPMST and 

include four focal and four non-focal tasks. For the event-based focal PM task, 

participants were instructed at the start that they are trying to keep track of how much 

money they spend on food each week. Thus, they must get a receipt after they buy an 

item of food. There were four ongoing tasks where participants were required to buy 

food. They could collect a receipt by pressing R button on the iPad after buying the food 

item (see Figure 8.6). Participants can receive a single point for each item, thus a total 

of four points is the maximum they can score for focal event-based PM, with higher 

scores indicating better performance. 

 

 

 

 

 

 

 

 

Figure 8.6. Focal event-based PM on the VRPMST.  

 

For the non-focal event-based PM task, participants were told at the beginning 

that they have lost their glasses the last time they went shopping. Therefore, they are 

required to ask the security guard every time they see them whether they have seen their 

lost glasses. They could do this by walking up to the security guard and pressing S on 

the iPad (see Figure 8.7). The task was programmed for the security guards to appear in  
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Figure 8.7. Non-focal event-based PM task on the VRPMST. 

 

the environment only after certain ongoing tasks had been completed. Participants can 

again receive a maximum of four points for non-focal event-based PM, with higher 

scores indicating better performance.  

Two conditions of the VRPMST were created, one with standard instructions 

and the other with additional implementation intention instructions. Implementation 

intention instructions took the form of, if X occurs, then I will do Y. For example, ‘If I 

buy an item of food, I will get a receipt.’ Implementation intention instructions were 

only made for the event- and time-based PM tasks. 

Delayed message task.  

 A delayed message task was created to examine PM performance after a 24 hr 

delay period. Participants were instructed to create a message that they would later pass 

onto the researcher (i.e., I had cereal for breakfast). The time was then set to 24 hr ahead 

(for example, if the session was at Monday 2pm, they would need to pass along the 
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message at Tuesday 2pm), and the participants were asked to select a method of contact 

(text, email, or phone and instructed to leave a message if the phone was not picked up). 

Scoring for this task was two-fold. Participants received one point for contacting the 

experimenter and passing along the correct message. Additionally, participants were 

given a time-based score dependent on how close they passed the message along to the 

allocated time. See Table 8.6 for detailed scoring. For this task participants were given 

either standard or implementation intention instructions, which took the form of, if X 

occurs, then I will do Y. For example, ‘If it is 2:30pm Tuesday, then I will text [insert 

researchers name] telling them I had cereal for breakfast.’ Each time, method of 

contact, and message differed depending on the participants preferences and responses. 

 

Table 8.6 

Delayed Message Task Scoring  

Score Criteria 

5 10 min either side of specified time  

4 10 - 30 min either side of specified time 

3 30 - 60 min either side of specified time 

2 60 - 120 min either side of specified time 

1 +120 min either side of specified time 

0 Did not relay message 

 

User friendliness scale. 

 A modified version of the UFS used by Canty et al. (2014) was used in the 

current study to rate the participant’s experience of the LDPMT and VRPMST. 

Participants were asked to rate the LDPMT and VRPMST on a 5-point Likert scale 
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ranging from Strongly Disagree to Strongly Agree. The UFS-LDPMT consists of eight 

questions outlined in Table 8.7. The UFS-VRPMST consists of nine questions outlined 

in Table 8.8. An additional question was added to the UFS-VRPMST as participants 

were asked to rate both the focal and non-focal event-based tasks separately, whereas 

the LDPMT only includes one event-based task.  

 

Table 8.7 

UFS-LDPMT Questions  

Item Question 

1 The task included activities that were similar to what I would do in my 

everyday life 

2 I found the task interesting 

3 The instructions for the task were clear and easy to understand 

4 The task was easy to learn 

5 I found the word decision part of the task difficult 

6 I found the animal word part of the task difficult 

7 I found the time (60 s) part of the task difficult 

8 I would recommend this task to other people 

 

Table 8.8 

UFS-VRPMST Questions 

Item Question 

1 The task included activities that were similar to what I would do in my 

everyday life 

2 I found the task interesting 

3 The instructions for the task were clear and easy to understand 

4 The task was easy to learn 

5 I found the shopping part of the task difficult 

6 I found the receipt part of the task difficult 

7 I found the security guard part of the task difficult 

8 I found the heart rate part of the task difficult 

9 I would recommend this task to other people 
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Procedure  

The current study formed part of the larger study which focused on PM 

impairment after stroke, outlined in Chapter 5. For the current study, both individuals 

with stroke and neurologically healthy controls were allocated to either a standard 

instruction condition or an implementation intention condition. A neuropsychological 

test battery was conducted over two sessions, each taking 1 hr 30 min to 2 hr to 

complete, with breaks to avoid fatigue if required. The LDPMT, and UFS-LDPMT were 

completed in the first session, while the VRPMST, UFS-VRPMST, and DMT were 

completed in the second session. 

For those placed in the implementation intention condition, implementation 

intention instructions were provided for the PM components on the LDPMT, VRPMST, 

and DMT. For each task participants were given an instruction in the form of, if X 

occurs, then I will do Y. They were instructed to read the sentence out loud three times. 

After this, they were instructed to visualize themselves completing the task for 30 s. 

After both the standard and implementation intention instructions were provided to 

participants, all participants were asked to repeat back to the experimenter what they 

needed to do to complete the task to check their understanding of the instructions. If 

needed, clarification of the instructions was provided to the participants at this stage, 

however, once the tasks began, the experimenter provided no further instruction. See 

Chapter 5 for a full outline of the overall study procedure.  

Statistical Analyses 

 Data were analysed using IBM SPSS statistics for Windows (Version 25; IBM 

Corporation, 2017). Descriptive statistics were obtained for basic demographic data and 

are outlined in the participants section of this chapter. Comparisons of the LDPMT, 

DMT, and time-based VRPMST scores were made using factorial between groups 
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ANOVA, with effect sizes determined using ƞp
2. Effect sizes for F ratios were 

interpreted using the following criteria: small = 0.01; medium = 0.09; or large = 0.25 

(Cohen, 1988). Planned comparisons of the LDPMT, VRPMST time-based scores, and 

DMT were made between the stroke and control groups using independent-samples 

one-tailed t-tests. Effect sizes for t distributions were determined using Cohen’s d and 

were interpreted using the following criteria: small = 0.2; medium = 0.5; or large = 0.8 

(Hu, 2010). Comparisons of the VRPMST event-based PM scores were made between 

the stroke and control groups using a mixed ANOVA and followed by planned 

comparisons. Pearson’s correlation coefficient was used to examine the relationships 

between the time-based PM and monitoring scores of both the LDPMT and VRPMST 

to determine if there were any relationships. Effect sizes for correlations were 

interpreted using the following criteria: small = 0.1, medium = 0.3, and large = 0.5 

(Cohen, 1988). Independent samples t-tests were used to analyse the results of the USF-

LDPMT and UFS-VRPMST between individuals with stroke and controls. 

Additionally, paired-sample t-tests were used to compare the LDPMT and VRPMST on 

user friendliness.  

Results 

Results from 28 individuals with stroke (14 standard instruction, 14 

implementation intention), and 27 neurologically healthy controls (13 standard 

instruction, 14 implementation intention) were analysed for the current study. The data 

were screened for accuracy, missing values, outliers, and normality. One participant’s 

(control standard instruction) data were missing for the LDPMT due to a technical error. 

one individual with stroke (standard instruction) had missing data for the time-based 

section of the LDPMT, as fatigue resulted in noncompletion of this section. One 

individual with stroke (standard instruction) had missing data on the VRPMST due to a 

technical error, and one individual with stroke (standard instruction) did not wish to 
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complete the VRPMST due to her unfamiliarity with computers. Therefore, the same 

participant did not complete the UFS-VRPMST. One individual with stroke 

(implementation intention) could not be given a time-based score on the DMT as 

experimenters had to contact them as they could not make phone calls, only receive. 

The event-based score for the LDPMT, and the time-based score for the DMT were 

found to be significantly skewed. Transformations were applied to address this issue; 

however, this did not change the significance of the results. Thus, untransformed scores 

are reported. Two outliers were found for event-based PM on the LDPMT, however, 

when removed, did not change the significance of the results. Therefore, analyses with 

outliers left in are reported.  

LDPMT 

Table 8.9 outlines the means and standard deviations for each group on the 

LDPMT. The groups scored similarly on both ongoing LDT tasks, with all groups 

scoring above 91% percent correct. A factorial between-groups ANOVA was used to 

investigate the effects of group (stroke vs. control) and instruction (standard instructions 

vs. implementation intentions) on event-based PM. No significant main effect of group, 

F(1, 50) = .70, p = .41, ƞp
2 = .014, or instruction was found, F(1, 50) = 2.51, p = .12,  

ƞp
2 = .048. Also, no significant interaction was found, F(1, 50) = 2.33, p = .13,            

ƞp
2 = .045. Planned comparison results are summarised in Table 8.10. There was a 

significant difference, accompanied by a medium effect size, found between the stroke 

standard and stroke implementation intentions group, with those in the latter group 

performing significantly higher on event-based PM. No difference was found between 

the stroke and control groups, however, there was a trend towards significance between 

the stroke and control standard instruction groups. 
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Table 8.9 

Means and Standard Deviations for Each Group on Each LDPMT Score 

 

Stroke Control 

Standard (n = 14) II (n = 14) Standard (n = 13) II (n = 14) 

Variable M SD M SD M SD M SD 

Event-based Ongoing task 91.70 6.42 94.88 3.95 95.20 3.26 93.00 4.88 

PM 3.86 2.11 5.14 1.35 4.83 0.72 4.86 1.46 

          

Time-based Ongoing task 91.28 7.46 93.37 5.36 94.75 3.79 93.48 4.23 

PM 7.46 7.56 10.36 6.40 13.67 5.93 14.00 6.05 

Monitoring  6.77 7.11 16.21 16.10 21.58 9.83 25.93 13.12 

Note. LDPMT = Lexical Decision Prospective Memory Task; II = implementation intentions; PM = prospective memory. 
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Table 8.10 

Planned Comparisons for the LDPMT 

 Comparisons t df p (one-tailed) d 

Event-based PM Stroke standard – Control standard -1.63 16.40 .06 -0.62 

Stroke II – Control II 0.54 26 .30 0.20 

Stroke standard – Stroke II -1.92 26 .03* -0.72 

Control standard – Control II -0.05 24 .48 -0.03 

 Stroke II – Control standard 0.71 24 .24 0.29 

 

Time-based PM Stroke standard – Control standard -2.27 23 .017* -0.91 

Stroke II – Control II -1.55 26 .067 -0.58 

Stroke standard – Stroke II -1.08 25 .15 -0.41 

Control standard – Control II -0.41 24 .45 -0.06 

 Stroke II – Control standard -1.36 24 .09 -0.49 

 

Monitoring Stroke standard – Control standard -4.34 23 .000** -1.73 

Stroke II – Control II -1.75 26 .046* -0.66 

Stroke standard – Stroke II -1.95 25 .03* -0.76 

Control standard – Control II -0.94 24 .18 -0.38 

 Stroke II – Control standard -1.00 24 .16 -0.40 

Note. LDPMT = Lexical Decision Prospective Memory Task; PM = prospective memory; II = implementation intentions. *p < .05, **p < .01.  



PROSPECTIVE MEMORY AFTER STROKE          195 

A factorial between-groups ANOVA was used to investigate the effects of group 

(stroke vs. control) and instruction (standard instructions vs. implementation intentions) 

on time-based PM. The main effect of group was statistically significant,                   

F(1, 49) = 7.53, p = .008, ƞp
2 = .133 with participants in the control groups scoring 

significantly higher than those in the stroke groups. No significant main effect was 

found for instruction, F(1, 49) = .81, p = .37, ƞp
2 = .016, and no significant interaction 

effect was found, F(1, 49) = .51, p = .48, ƞp
2 = .010. Planned comparison results are 

outlined in Table 8.10. There was a significant difference, accompanied by a large effect 

size, found between the stroke standard and control standard group, with those in the 

latter group performing significantly higher on time-based PM.  

Finally, a factorial between-groups ANOVA was used to investigate the effects 

of group (stroke vs. control) and instruction (standard instructions vs. implementation 

intentions) on monitoring. The main effect of group was statistically significant,       

F(1, 49) = 13.37, p = .001, ƞp
2 = .214 with participants in the control groups monitoring 

significantly more than those in the stroke groups. The main effect of instruction was 

also statistically significant, F(1, 49) = .4.23, p = .045, ƞp
2 = .079, with participants in 

the implementation intention groups monitoring significantly more than those in the 

standard instruction groups. No significant interaction effect was found, F(1, 49) = .58,           

p = .45, ƞp
2 = .012. Planned comparison results are outlined in Table 8.10. There was a 

significant difference between the stroke standard and control standard group, with 

those in the latter group monitoring significantly more, accompanied by a large effect 

size. Significant differences were also found between the stroke and control 

implementation intention groups as well as the stroke standard and stroke 

implementation intention group, accompanied by medium effect sizes. Additionally, 

time-based PM was found to significantly correlate with monitoring when groups were 

combined, r = .332, p = .015, indicating that more monitoring increased time-based PM 
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performance. However, when the groups were split into stroke and controls, monitoring 

was only significantly correlated with time-based PM for individuals with stroke,           

r = .442, p = .021.      

DMT 

 Table 8.11 outlines the means, standard deviations, and frequencies for each 

group on all scores of the DMT. No significant differences were found between the 

groups for the message passed correctly score on either instruction (𝜒2 = 1.06, p = .30) 

or group (𝜒2 = 2.29, p = .13). A factorial between-groups ANOVA was used to 

investigate the effects of group (stroke vs. control) and instruction (standard instructions 

vs. implementation intentions) on time-based PM. No significant main effect of group, 

F(1, 50) = 3.42, p = .07, ƞp
2 = .064, or instruction was found, F(1, 50) = 1.02, p = .32, 

ƞp
2 = .020. Also, no significant interaction was found, F(1, 50) = 1.60, p = .31,            

ƞp
2 = .021. Planned comparison results are outlined in Table 8.12. There was a 

significant difference found between the stroke standard and control standard group, 

with those in the latter group performing significantly better on time-based PM, 

accompanied by a medium effect size.  

VRPMST 

Table 8.13 summarises the means and standard deviations for each group on all 

scores on the VRPMST. All groups scored similarly on the ongoing task indicating that 

the groups did not find the ongoing task too difficult. A factorial between-groups 

ANOVA was used to investigate the effects of group (stroke vs. control) and instruction 

(standard instructions vs. implementation intentions) on time-based PM. The main 

effect of group was not statistically significant, F(1, 49) = 2.76, p = .10, ƞp
2 = .053 and 

the main effect of instruction was also not significant, F(1, 49) = 1.27, p = .27,            

ƞp
2 = .025. No significant interaction was found, F(1, 49) = .72, p = .40, ƞp

2 = .014.  
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Table 8.11 

Means, Standard Deviations, and Frequencies for Each Group on the DMT  

 Stroke Control 

 Standard (n = 14) II (n = 14) Standard (n = 13) II (n = 14) 

 No Yes No Yes No Yes No Yes 

Message passed correctly  6 8 3 11 2 11 2 12 

         

 M SD M SD M SD M SD 

Time-based PM 2.57 2.28 3.69 2.10 4.15 1.86 4.14 1.79 

Note. DMT = Delayed Message Task; II = implementation intentions; PM = prospective memory.  
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Table 8.12 

Planned Comparisons for Time-based PM on the DMT  

Comparisons t df p d 

Stroke standard – Control standard -1.97 25 .03* -0.76 

Stroke II – Control II -0.60 25 .28 -0.23 

Stroke standard – Stroke II -1.33 25 .10 -0.51 

Control standard – Control II 0.02 25 .49 0.01 

Stroke II – Control standard -0.59 24 .28 -0.23 

Note. PM = prospective memory; DMT = Delayed Message Task; II = implementation intentions. *p < .05 
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Table 8.13 

Means and Standard Deviations for Each Group on Each VRPMST Score  

 

Stroke Control 

Standard (n = 14) II (n = 14) Standard (n = 13) II (n = 14) 

Variable M SD M SD M SD M SD 

Time-based Ongoing task  10.92 1.38 11.57 0.65 11.85 0.38 11.36 1.45 

PM 3.08 4.46 5.50 4.55 6.15 4.41 6.50 4.36 

 

 

Event-based 

Monitoring  6.83 8.22 10.21 8.25 18.85 12.59 14.36 12.51 

         

Focal PM 1.92 1.73 2.57 1.56 2.92 1.32 2.71 1.82 

Non-focal PM 1.58 1.56 2.36 1.69 1.77 1.48 2.21 1.63 

Note. VRPMST = Virtual Reality Prospective Memory Shopping Task; II = implementation intentions; PM = prospective memory.  
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Planned comparison results are outlined in Table 8.14. There was a significant 

difference found between the stroke standard and control standard group, with those in 

the latter group performing significantly better on time-based PM, accompanied by a 

medium effect size. 

Additionally, a factorial between-groups ANOVA was used to investigate the 

effects of group (stroke vs. control) and instruction (standard instructions vs. 

implementation intentions) on monitoring. The main effect of group was statistically 

significant, F(1, 49) = 7.58, p = .008, ƞp
2 = .132 with participants in the control groups 

monitoring significantly more than those in the stroke groups. No main effect of 

instruction was found, F(1, 49) = .036, p = .85, ƞp
2 = .001, and no significant interaction 

was found, F(1, 49) = 1.80, p = .19, ƞp
2 = .035. Planned comparison results are outlined 

in Table 8.14. There was a significant difference between the stroke standard and 

control standard group, with those in the latter group monitoring significantly more, 

accompanied by a large effect size. Finally, time-based PM was found to significantly 

correlate with monitoring when stroke and control groups were combined, r = .779,       

p = .000, and analysed separately (stroke r = .870, p < .001; control r = .735, p < .001), 

with more monitoring indicating better PM performance. 

A 2 x 2 x 2 mixed-model ANOVA was used to investigate the effects of group, 

instruction, and cue focality on event-based PM.  No significant main effect of group, 

F(1, 49) = .72, p = .40, ƞp
2 = .014, or instruction was found, F(1, 49) = 1.40, p = .24,  

ƞp
2 = .028. No interaction (instruction x group) was found, F(1, 49) = .72, p = .40,      

ƞp
2 = .01, A significant main effect of cue focality was observed (see Figure 8.8),     

F(1, 49) = 4.21, p = .046, ƞp
2 = .079. No significant interactions were found between 

cue focality and group, F(1, 49) = 1.06, p = .31, ƞp
2 = .021; cue focality and instruction, 

F(1, 49) = .52, p = .48, ƞp
2 = .010; or group, instruction, and cue focality,                  

F(1, 49) = .25, p = .62, ƞp
2 = .005. Paired samples t-tests were used to examine the 
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Table 8.14 

Planned Comparisons for Time-based PM and Monitoring on the VRPMST 

 Comparisons t df p (one-tailed) d 

Time-based PM Stroke standard – Control standard -1.73 23 .048* -0.69 

Stroke II – Control II -0.59 26 .279 -0.22 

Stroke standard – Stroke II -1.36 24 .093 -0.54 

Control standard – Control II -0.21 25 .420 -0.08 

 Stroke II – Control standard -0.38 25 .35 -0.14 

 

Monitoring Stroke standard – Control standard -2.80 23 .005** -1.13 

Stroke II – Control II -1.03 26 .155 -0.39 

Stroke standard – Stroke II -1.04 24 .150 -0.41 

Control standard – Control II 0.93 25 .180 -0.36 

 Stroke II – Control standard -2.12 25 .022* -0.81 

Note. PM = prospective memory; VRPMST = Virtual Reality Prospective Memory Shopping Task; II = implementation intentions. *p < .05, **p < .01.
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Figure 8.8. Performance on focal and non-focal event-based PM on the VRPMST. Error 

bars indicate +/- 1 SE. 

 

effect of focality for each group (see Table 8.15). After further analysis, focality only 

significantly impacted on the standard control group, with participants performing 

significantly higher on focal compared to non-focal event-based PM. Planned 

comparison results are outlined in Table 8.16. There was a trend towards significance  

(p = .057) between the stroke and control standard groups on focal event-based PM, 

accompanied by a medium effect size, with stroke performing worse than controls, but 

no other significant differences were found. 

User Friendliness 

UFS-LDPMT. 

Table 8.17 displays the means and standard deviations for both the individuals 

with stroke and neurologically healthy controls on the UFS-LDPMT. Significant 

differences were found between the groups for the item ‘The task was easy to learn’ 
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Table 8.15 

Paired Samples t-tests Assessing Focality Between the Groups on the VRPMST 

  t df p (one-tailed) 

Focal vs. Non-focal Stroke standard 0.63 11 0.27 

Stroke II 0.37 13 0.36 

Control Standard 2.09 12 0.03* 

Control II 1.05 13 0.16 

Note. *p < .05. VRPMST = Virtual Reality Prospective Memory Shopping Task; II = Implementation intentions.   
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Table 8.16 

Planned Comparisons for Event-based PM on the VRPMST 

 Comparisons t df p (one-tailed) d 

Focal Stroke standard – Control standard -1.64 23 .057 -0.65 

Stroke II – Control II -0.22 26 .41 -0.08 

Stroke standard – Stroke II -1.02 24 .16 -0.40 

Control standard – Control II 0.34 25 .37 0.13 

 Stroke II – Control standard -0.63 25 .27 -0.24 

 

Non-focal Stroke standard – Control standard -0.31 23 .38 -0.12 

Stroke II – Control II 0.23 26 .41 0.09 

Stroke standard – Stroke II -1.20 24 .12 -0.48 

Control standard – Control II -0.74 25 .23 -0.28 

 Stroke II – Control standard 0.96 25 .17 0.54 

Note. PM = prospective memory; VRPMST = Virtual Reality Prospective Memory Shopping Task; II = Implementation intentions. 
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Table 8.17 

Subjective Experience Rating of the LDPMT as Measured by the UFS-LDPMT  

Item Stroke  

(n = 28) 

Control  

(n = 27) 

 
 

 M SD M SD t df p d 

The task included activities that were similar to what I would do 

in my everyday life 

2.79 1.23 2.81 1.39 -0.08 53 .935 -0.02 

I found the task interesting  3.89 0.83 4.00 0.88 -0.47 53 .644 -0.13 

The instructions for the task were clear and easy to understand 4.18 0.67 4.44 0.97 -1.18 53 .242 -0.31 

The task was easy to learn 3.75 0.70 4.41 1.05 -2.75 53 .008** -0.74 

I found the word decision part of the task difficult (ongoing)  2.29 0.98 2.33 1.18 -0.16 53 .871 -0.04 

I found the animal word part of the task difficult (event-based 

PM) 

2.18 1.02 1.70 0.78 1.94 53 .058 0.53 

I found the time (60 s) part of the task difficult (time-based PM) 3.63 1.08 2.69 1.23 2.96 51 .005** 2.07 

I would recommend this task to other people 3.57 0.92 4.00 0.96 -1.69 53 .097 -0.46 

Note. *p < .05, **p < .01. LDPMT = Lexical Decision Prospective Memory Shopping Task; UFS-LDPMT = User Friendliness Scale – LDPMT; PM = 

prospective memory 
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with individuals with stroke reporting more difficulty. However, the mean score 

represents reporting of neutral to agree on this statement for stroke and agree to 

strongly agree for controls, therefore, still favourable for the LDPMT. Significant 

differences were also found between the groups for the item ‘I found the time (60 s) part 

of the task difficult’ with individuals with stroke reporting more difficulty. 

UFS-VRPMST. 

Table 8.18 displays the means and standard deviations for both the individuals 

with stroke and neurologically healthy controls on the UFS-VRPMST. Significant 

differences were found between the groups for the item ‘I found the task interesting’ 

with individuals with stroke reporting neutral to agree for this statement, but controls 

reporting agree to strongly agree. Despite the significant difference between the groups, 

the score still represents a favourable opinion of the VRPMST. Significant differences 

were also found between the groups for the item ‘The instructions for the task were 

clear and easy to understand.’ With individuals with stroke reporting agree and controls 

strongly agree with the statement. Significant differences were found between the 

groups for the item ‘The task was easy to learn’ with individuals with stroke reporting 

more difficulty. However, the mean score represents reporting of neutral to agree on 

this statement for stroke and agree to strongly agree for controls, therefore, still 

favourable for the VRPMST. 

Comparing the UFS-LDPMT and UFS-VRPMST. 

 Paired-samples t-tests were conducted to examine the differences between the 

subjective ratings of the LDPMT and VRPMST, as measured by the UFS. Table 8.19 

displays the differences between the measures when the overall sample was combined 

as well as separated into stroke and control groups. When the whole sample was 

analysed, the VRPMST were rated to include significantly more activities that were  
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Table 8.18 

Subjective Experience Rating of the VRPMST as Measured by the UFS-VRPMST 

Item Stroke  

(n = 28) 

Control  

(n = 27) 

 
 

 M SD M SD t df p d 

The task included activities that were similar to what I would do 

in my everyday life 

4.19 0.48 4.33 0.78 -0.84 43.25 .408 -0.22 

I found the task interesting  3.96 0.85 4.41 0.69 -2.10 52 .041* -0.58 

The instructions for the task were clear and easy to understand 4.11 0.51 4.59 0.57 -3.27 52 .002** -0.89 

The task was easy to learn 3.70 0.82 4.33 0.92 -2.65 52 .011* -0.72 

I found the shopping part of the task difficult (ongoing)  2.30 1.10 1.74 0.94 1.99 52 .052 0.55 

I found the receipt part of the task difficult (focal) 2.81 1.21 2.44 1.40 1.04 52 .302 0.28 

I found the security guard part of the task difficult (non-focal) 2.93 1.21 2.56 1.55 0.98 49.01 .332 0.27 

I found the heart rate part of the task difficult (time-based)  3.41 1.15 3.00 1.27 1.23 52 .223 0.34 

I would recommend this task to other people 3.81 0.74 4.19 1.04 -1.51 52 .137 -0.42 

Note. *p < .05, **p < .01. VRPMST = Virtual Reality Prospective Memory Shopping Task; UFS-VRPMST = User Friendliness Scale – VRPMST.  
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Table 8.19 

Subjective Experience Rating of the LDPMT Compared to the VRPMST for the Overall Sample 

  Overall sample Stroke Control 

Variable  t df p t df p t df p 

The task included activities that were similar to what I would do in my 

everyday life 

-8.29 53 .000** -6.00 26 .000** -5.65 26 .000** 

I found the task interesting  -1.72 53 .091 -0.34 26 .739 -2.38 26 .025* 

The instructions for the task were clear and easy to understand -0.31 53 .761 0.57 26 .574 -0.72 26 .476 

The task was easy to learn 0.38 53 .705 0.21 26 .839 0.32 26 .752 

I found the word decision/shopping part of the task difficult (ongoing)  1.50 53 .141 -0.14 26 .892 2.41 26 .023* 

I found the animal word/receipt (focal) part of the task difficult (event-based) -3.37 53 .001** -2.41 26 .023* -2.36 26 .026* 

I found the animal word/security guard (non-focal) part of the task difficult 

(event-based) 

-3.63 53 .001** -2.60 26 .015* -2.53 26 .018* 

I found the time (60 s)/heart rate part of the task difficult (time-based) -0.29 51 .773 0.90 25 .376 -1.16 25 .257 

I would recommend this task to other people -1.47 53 .147 -1.37 26 .183 -0.78 26 .445 

Note. *p < .05, **p < .01. LDPMT = Lexical Decision Prospective Memory Task; VRPMST = Virtual Reality Prospective Memory Shopping Task; PM 

= prospective memory.  
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similar to everyday life compared to the LDPMT. Additionally, the focal and non-focal 

event-based tasks from the VRPMST was rated to be more difficult than the event-

based task from the LDPMT. When the samples were analysed separately, both 

individuals with stroke and controls rated the VRPMST to include significantly more 

activities that were similar to everyday life. Both groups also rated the focal and non-

focal event-based PM tasks from the VRPMST to be more difficult than the event-based 

task from the LDPMT. Controls also rated the VRPMST to be significantly more 

interesting than the LDPMT and found the ongoing task from the VRPMST to be 

significantly easier than the ongoing task from the LDPMT.  

Table 8.20 displays the difficulty rating for the ongoing tasks and PM tasks 

within the LDPMT and VRPMST for the whole sample as well as stroke and controls 

separately. When the overall sample was analysed, event-based PM on the LDPMT was 

rated as significantly less difficult than the time-based PM task. This result was also 

found when the stroke and control groups were separated, with both groups reporting 

the time-based PM task to be more difficult. Additionally, when the overall sample was 

analysed, the ongoing task was rated to be more difficult than the event-based task but 

less difficult than the time-based task. However, when broken into stroke and control 

groups, individuals with stroke only reported the time-based task to be more difficult 

than the ongoing task. Controls rated the ongoing task to be significantly more difficult 

than the event-based PM task, however, their mean score outlines that they disagree that 

the ongoing task was difficult, and strongly disagree that the event-based task was 

difficult. 

When the groups were analysed together, time-based PM was reported to be 

significantly more difficult than the focal event-based task and the non-focal event-

based PM tasks on the VRPMST. However, when analysed separately, only time-based 

PM was rated to be significantly more difficult than the focal event-based PM task for  
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Table 8.20 

Subjective Experience Difficulty Rating Between Ongoing, Event-, and Time-based PM Tasks for the LDPMT and VRPMST 

   Overall sample Stroke Control 

 Variable Comparison Variable  t df p t df p t df p 

LDPMT Event-based PM Time-based PM -7.88 52 .000** -6.54 26 .000** -4.66 25 .000** 

Ongoing LDT Event-based PM 2.63 54 .011* 0.68 27 .501 2.85 26 .008** 

Ongoing LDT Time-based PM -4.63 52 .000** -5.46 26 .000** -1.51 25 .144 

            

VRPMST Focal event-based PM  Non-focal event-based PM -0.52 53 .609 -0.39 26 .699 -0.34 26 .739 

Focal event-based PM Time-based PM -3.41 53 .001** -2.84 26 .009** -2.07 26 .049* 

Non-focal event-based PM Time-based PM -2.25 53 .029* -1.76 26 .091 -1.42 26 .167 

Ongoing Shopping task Focal event-based PM -3.05 53 .004** -2.27 26 .032* -2.12 26 .044* 

Ongoing Shopping task Non-focal event-based PM -3.09 53 .003** -2.05 26 .051 -2.28 26 .031* 

Ongoing Shopping task Time-based PM -7.17 53 .000** -4.73 26 .000** -5.33 26 .000** 

Note. *p < .05, **p < .01. PM = prospective memory; LDPMT = Lexical Decision Prospective Memory Task; VRPMST = Virtual Reality Prospective 

Memory Shopping Task; LDT = lexical decision task. 
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both individuals with stroke and controls, but not non-focal event-based PM. When the 

groups were analysed together the ongoing shopping task was rated as less difficult than 

all three PM tasks. Individuals with stroke reported that the focal event-based and time-

based PM task were significantly more difficult than the ongoing task, but not the non-

focal event-based task, which was trending towards significance (p = .05). Controls 

reported that all three PM tasks were more difficult than the ongoing shopping task. 

Discussion 

Multiple Measures of PM 

The purpose of the current study was to design and measure PM using VR in 

individuals with stroke and compare the results to an experimental and a naturalistic 

measure of PM. It was hypothesised that individuals with stroke would perform poorer 

than controls on both time- and event-based PM on the LDPMT, DMT, and VRPMST. 

The first hypothesis was partly supported. For the LDPMT, individuals with stroke in 

the standard instruction group performed significantly poorer than standard controls on 

time-based PM only. However, there was a trend towards significance for event-based 

PM as well, with individuals with stroke in the standard instruction group performing 

poorer than controls in the same condition (p = .06) and was accompanied by a 

moderate effect size. On the DMT, individuals with stroke in the standard instruction 

group performed significantly worse than controls in the standard instruction group on 

time-based PM. On the VRPMST, there was a significant difference between 

individuals with stroke and controls in the standard instruction group on time-based PM, 

with individuals with stroke performing poorer than the controls.  

These results suggest that PM impairment does exist after stroke, especially for 

time-based PM. This is in line with the findings from Chapter 7. Barr (2011) and Man, 

Chan, et al. (2015) also found that individuals with stroke performed poorer on time-
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based PM when compared to neurologically healthy controls. While no other previous 

research has utilised a LDT to assess PM after stroke, other studies have been conducted 

using a similar dual-task paradigm. The current results are in line with those of Cheng et 

al. (2010) and Kant et al. (2014) who also found that time-based PM was significantly 

poorer for individuals with stroke compared to controls when using experimental PM 

measures. Additionally, the current study did not find significant differences between 

the groups for event-based PM on the LDPMT. This is similar to the findings of Cheng 

et al. (2010) and Kant et al. (2014) who also found no impairments in event-based PM 

for individuals with stroke when using experimental measures. This is most likely due 

to the differences in the measure type, as outlined in Chapter 4, and the difference in 

time- and event-based PM, that is, event-based PM is believed to use less cognitive 

resources for completion than time-based PM (Einstein et al., 1995). While it is 

generally understood that event-based PM tasks are less resource demanding than time-

based tasks, it is conceivable that event-based PM tasks could be equally or more 

resource demanding than time-based tasks dependent on the task itself and the 

prospective memory cues available within the environment.  

In the previous study (see Chapter 7), age was found to significantly predict 

event-based PM on the CAMPROMPT, with older participants having poorer 

performance. This pattern has been found in previous research with older adults having 

poorer event-based PM performance when compared to younger adults (Kvavilashvili et 

al., 2009; Mäntylä, 1994; Maylor, 1996; Maylor et al., 2002; Park et al., 1997; R. E. 

Smith & Bayen, 2006; West & Craik, 2001; Zimmermann & Meier, 2006). Since 

individuals with stroke are generally older, perhaps age could have impacted on the 

current findings. However, as the control and stroke groups were matched on age, it is 

unlikely that age is responsible for these differences in the current sample, and rather it 

is due to impairment after stroke. This is in line with other research that has suggested 
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that age does not predict either event- or time-based PM in individuals with stroke 

(Kant et al., 2014). As Martin et al. (2003) outlined, interindividual differences in 

executive function could be predictive of PM performance particularly in old age. It is 

reasonable to assume that if age does not play a direct role in PM function, then it may 

play an indirect role through a decline in general cognitive functioning, which is also 

common after stroke. Therefore, it is important to look at other possible reasons for PM 

impairment after stroke, like the impact that cue focality or monitoring ability has on 

PM performance.  

Using VR to Measure PM 

It was hypothesised that both individuals with stroke and controls would rate the 

VRPMST more favourably than the LDPMT in terms of subjective user friendliness. 

When comparing the subjective experience of the VRPMST to the experimental 

LDPMT, both measures were rated favourably. That is, participants agreed that the 

tasks were interesting, the instructions were clear and easy to understand, the tasks were 

easy to learn, and that they would recommend them to other people. Additionally, both 

groups reported that they did not find the ongoing task difficult for either the LDPMT or 

VRPMST, which aligns with the high scores and no significant differences between the 

groups on these ongoing tasks. This further suggests that the ongoing task was unlikely 

to impact on PM performance as it did not require great levels of cognitive demand.  

In terms of task difficulty, individuals with stroke and controls reported the 

time-based PM task to be significantly more difficult than the event-based PM task on 

the LDPMT. For the VRPMST, both groups rated the time-based PM task to be 

significantly more difficult than the focal event-based task. No differences in difficulty 

were reported between the focal and non-focal event-based task or non-focal and time-

based task. Again, this is in line with Einstein et al. (1995) who suggested that event-

based PM is easier to complete than time-based PM. Individuals with stroke also 
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reported that they would recommend the VRPMST just as much as the LDPMT, 

suggesting that VR is suitable to use in this clinical population and positively enhanced 

the participants’ subjective experience. Most importantly, the VRPMST was deemed to 

have more tasks that were similar to their everyday lives than the LDPMT by both 

individuals with stroke and controls, suggesting higher ecological validity. These 

findings suggest that VR measures should continue to be used with stroke populations 

as individuals were not only able to control and engage with the virtual environment but 

also gave favourable ratings when compared to a standard experimental task.  

Implementation Intentions 

Lastly, the current study aimed to assess the impact of implementation intentions 

on PM performance post-stroke. It was hypothesised that implementation intentions 

would improve the overall PM performance for both individuals with stroke and 

controls. Overall the hypothesis was only marginally supported, dependent on the type 

of PM being assessed and the measure used. As outlined in Chapter 7 (Study 2), the 

groups significantly differed on both event- and time-based PM. With individuals with 

stroke showing impairments in both forms of PM before the introduction of 

implementation intentions.  

Event-based PM and implementation intentions. 

Firstly, when event-based PM was assessed between the groups, results were 

dependent on the type of measure used and whether cue focality was being manipulated. 

When using the experimental LDPMT measure, there was a significant difference 

between the performance of individuals with stroke in the standard and implementation 

intention condition, with those in the latter performing significantly better. This 

suggests that implementation intentions improve event-based PM performance after 

stroke. In fact, those in the stroke implementation intention group were performing 
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close to ceiling. These findings are in line with those of Grilli and McFarland (2011) 

who found that implementation intentions can improve event-based PM performance in 

a TBI population. Implementation intentions, however, did not improve event-based PM 

performance for the control participants. Possibly because they were performing quite 

well and there may have not been enough potential for further improvement. When 

event-based PM on the LDPMT was assessed between the groups, individuals with 

stroke in the standard instruction condition did perform lower than controls in the same 

condition. However, there was only a trend towards significance, suggesting possible 

event-based PM impairment after stroke. Furthermore, when implementation intentions 

were introduced, those in the stroke group did not perform significantly differently to 

the control standard or the control implementation intention condition. This possibly 

suggests that implementation intentions help to improve event-based PM after stroke, 

especially since those in the stroke implementation intention condition actually scored 

higher than both control groups, however, not significantly.   

 When using the VRPMST to assess focal event-based PM, individuals with 

stroke in the standard condition performed lower than controls in the same condition, 

with a trend towards significance, suggesting possible PM impairment. These findings 

replicate those found when using the LDPMT. Those in the stroke implementation 

intention condition performed similarly to those in the control standard and control 

implementation intention conditions, suggesting that implementation intentions could 

help to improve PM after stroke. However, although those in the stroke implementation 

intention group performed higher on focal event-based PM than those in the stroke 

standard group, these differences were not significant. This suggests that 

implementation intentions may help in improving focal event-based PM after stroke, but 

not significantly. No improvements were found for controls either. The current findings 

contrast with Zimmerman and Meier (2010) who found that implementation intentions 



PROSPECTIVE MEMORY AFTER STROKE  216 

improved prospective remembering when using focal cues, however, only for older 

adults.  

When assessing non-focal event-based PM, no differences were found between 

the stroke and control standard groups, stroke and control implementation intention 

groups, or the stroke implementation intention and control standard group. The results 

suggest similar performance on non-focal event-based PM. Additionally, although both 

stroke and controls in the implementation intention condition performed better than 

stroke and controls in the standard condition, no significant differences were found. 

Suggesting that implementation intentions do not improve PM performance for non-

focal event-based PM. These findings may be due to the small sample size, particularly 

for the stroke groups, as the difference between the stroke standard and stroke 

implementation intention group was accompanied by a moderate effect size. A priori 

power analyses based on a medium effect size (f = .25), indicated that larger sample 

sizes (n = 74) would have provided greater power for the ANOVA analyses used in 

Study 3. The current findings do not align with those of Brewer and Marsh (2010), 

Meeks and Marsh (2010), and R. E. Smith, Rogers, McVay, Lopez, and Loft (2014) 

who found that implementation intentions significantly improved PM performance for 

healthy adults when using non-focal cues. Instead, the current findings are similar to 

those of Chasteen et al. (2001) who found that implementation intentions did not 

improve PM when using non-focal cues. Previous literature has concluded that 

implementation intentions would benefit non-focal tasks more than focal tasks. As non-

focal tasks require more strategic monitoring and the implementation intentions would 

then help to increase the saliency of the cue. Since the cue is already salient in a focal 

task, no such benefit would apply (Chasteen et al., 2001). However, other literature 

(McCrea, Radakovich, & Penningroth, 2015) suggests that implementation intentions 
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are less effective in situations where the PM cue is more difficult to notice, like those in 

non-focal tasks. This aligns with the current findings.  

The current study also reported an overall significant main effect of focality. 

When analysed further, PM performance was significantly higher for focal compared to 

non-focal event-based PM, however, only for the standard control group.  Although the 

stroke standard, stroke implementation intention, and control implementation intention 

groups performed higher when focal cues were used, it was not significantly different 

from non-focal event-based PM. This finding suggests that individuals with stroke 

perform similarly on PM tasks despite whether focal or non-focal cues are being used, 

perhaps due to deficits in both spontaneous as well as strategic monitoring processes. 

Additionally, when participants rated their subjective experiences, individuals with 

stroke in both the standard and implementation intention instruction condition rated the 

focal and non-focal cue tasks to have similar levels of difficulty. These findings may be 

due to the small sample size, or it is possible that that non-focal cue was too salient.  

Especially since the groups rated the difficulty of the task to be similar to the focal 

event-based PM task. More research needs to be conducted to examine the impact of 

implementation intentions on both focal and non-focal cues, and whether they can help 

to benefit PM performance after stroke. 

Time-based PM and implementation intentions. 

Secondly, when time-based PM was assessed between the groups, results were 

consistent across the measures, however, differed dependent on instruction condition. 

When using the LDPMT, those in the standard stroke group performed significantly 

worse than those in the standard control group, suggesting impairments in time-based 

PM after stroke.  No significant differences were found between the stroke 

implementation intention and control implementation intention, or stroke 

implementation intention and control standard group, suggesting similar PM 
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performance. This means that when individuals with stroke were given implementation 

intentions, performance improves to levels shown by healthy controls. However, when 

the stroke standard and stroke implementation intention conditions were compared, 

those in the latter group had higher performance, but the difference was not significant.  

Suggesting that implementation intentions can improve time-based PM after stroke but 

not significantly. No improvements were found for the control group when 

implementation intentions were introduced.  

When time-based PM was assessed using the VRPMST, similar results were 

found, with the stroke standard group performing significantly lower than the control 

standard group, suggesting PM impairment. No significant differences were found 

between the stroke implementation intention and control implementation intention, or 

stroke implementation intention and control standard group, suggesting similar PM 

performance. Meaning that when individuals with stroke are given implementation 

intentions, performance improves to levels shown by healthy controls. However, when 

the stroke standard and stroke implementation intention conditions were compared, 

those in the latter group had higher performance, but the difference was not significant.  

Suggesting that implementation intentions can improve time-based PM after stroke but 

not significantly. No improvements were found for the control group when 

implementation intentions were introduced.  

When the DMT was used, similar results were found with the stroke standard 

group performing significantly lower than the control standard group, suggesting PM 

impairment. No significant differences were found between the stroke implementation 

intention and control implementation intention, or stroke implementation intention and 

control standard group, suggesting similar PM performance. This means that when 

individuals with stroke are given implementation intentions, performance improves to 

levels shown by healthy controls. However, when the stroke standard and stroke 
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implementation intention conditions were compared, those in the stroke implementation 

intention condition had higher performance, but the difference was not significant. This 

suggests that implementation intentions can improve time-based PM after stroke but not 

significantly. No improvements were found for the control group when implementation 

intentions were introduced.  

The current findings align with those of Mioni et al. (2015) who reported that 

implementation intentions did not improve time-based PM in a TBI population. They 

did find improvements for controls’ time-based PM, while the current study did not. 

While the current study did not find direct improvement, those in the stroke 

implementation intention condition did perform similarly to those in the control 

standard and control implementation intention conditions, suggesting that 

implementation intentions may be slightly beneficial in improving PM after stroke.  

As PM is highly dependent on multiple interindividual differences, as discussed 

in the introduction, the groups may have ranged on baseline PM ability (i.e., some 

individuals may have had poor baseline PM ability, whereas others high PM function). 

However, the current study used random allocation to try and eliminate group 

differences in the conditions, which was confirmed by the clinical category 

CAMPROMPT results, outlined in Chapter 7. These clinical categories of the 

CAMPROMPT suggest that based on age and estimated IQ, the groups were relatively 

equal on PM impairment. Therefore, it is unlikely that baseline PM impairment 

impacted on the current results, and rather the findings are due to the introduction of 

implementation intentions.  

Implementation intentions and monitoring. 

It is believed that implementation intentions increase the level of planning in the 

intention formation stage of PM. Therefore, less cognitive resources are needed to 
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monitor for a PM cue, making the process more automatic. The impairments seen in PM 

after stroke, may be due to deficits in monitoring ability. This can be seen as the 

monitoring strategies used for focal and non-focal cues are believed to be different, with 

focal cues using a spontaneous response strategy and non-focal cues requiring more 

strategic monitoring. As individuals with stroke performed similarly on these types of 

PM, deficits may be apparent in both automatic and strategic monitoring abilities. While 

monitoring is difficult to measure in event-based PM tasks, it can easily be measured in 

time-based PM tasks using time monitoring. When time monitoring was measured on 

the LDPMT, individuals with stroke in both conditions checked the time significantly 

less than controls in both conditions. This difference in monitoring behaviour may be 

why PM impairment exists after stroke. When implementation intentions were 

introduced to individuals with stroke, the implementation intention group checked the 

time significantly more than those in the stroke standard group. This suggests that 

implementation intentions may help to aid in the use of other strategies which help PM 

performance, in this case monitoring.  

When monitoring was measured on the VRPMST, individuals with stroke in the 

standard instruction group monitored significantly less than those in the control standard 

group. However, those in the implementation intention stroke condition monitored the 

same as the control implementation intention condition. While there was no direct 

significant increase in the monitoring levels between the stroke standard and the stroke 

implementation intention condition, the fact that the stroke and control implementation 

intention groups were monitoring similarly, suggests that implementation intentions 

could help to increase monitoring ability. Additionally, monitoring was found to 

increase PM performance for time-based PM for individuals with stroke on both the 

LDPMT and VRPMST.  Therefore, PM impairments after stroke may be due to deficits 
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in strategic monitoring ability which would impact on both time-based as well as non-

focal event-based PM performance.  

Cue Focality 

The current study also aimed to determine the nature of PM impairment after 

stroke by specifically manipulating cue focality within the virtual environment to 

determine its impact on PM performance. It was hypothesized that PM performance 

would be poorer in a non-focal cue condition than a focal cue condition for both groups. 

This hypothesis was supported as a main effect of focality was found, with performance 

being higher in a focal cue condition, compared to a non-focal condition. In addition, it 

was expected that individuals with stroke would have more difficulties with non-focal 

PM cues than the controls, which was not supported. When analysed further, differences 

were only found between the focal and non-focal scores for the standard control group, 

where they performed significantly better on focal versus non-focal tasks. No significant 

difference between the performance on focal and non-focal tasks was found for 

individuals with stroke, with scores only marginally lower for the non-focal task. 

Additionally, no significant differences were found between performance on either the 

focal or non-focal event-based tasks between individuals with stroke and controls. 

However, there was a trend towards significance for focal event-based PM, with the 

stroke standard instruction group scoring slightly lower than standard controls. A lack 

of significance may be due to the small sample size of the current study as individuals 

with stroke did score less than controls on both focal and non-focal tasks. 

While no previous studies have examined the impact of cue focality on PM after 

stroke, the ageing research suggests that different types of cues, focal or non-focal 

require different monitoring strategies, and in turn require differing levels of cognitive 

demand for completion (N. S. Rose et al., 2010). Based on this notion and the fact that 

many individuals with stroke suffer from attentional deficits post-stroke, it was assumed 
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they would perform poorer on a non-focal task, compared to a focal-task. However, this 

was not found in the current study. Additionally, when asked about their subjective 

experience of the VRPMST individuals with stroke did not rate the focal receipt task to 

be any more/less difficult than the non-focal security guard task. Perhaps the non-focal 

task cue in the current study was too salient. However, if this is the case, it is not 

reflected in the results of either the stroke or controls as they still performed lower on 

this task than the focal receipt task. In fact, the standard controls performed significantly 

better on the focal compared to the non-focal task, in line with the theory (N. S. Rose et 

al., 2010), but again rated the tasks to have similar levels of difficulty. Therefore, for 

standard controls, focal cues did aid in prospective remembering but for the individuals 

with stroke, this was not the case. This finding may suggest that the cognitive 

mechanisms used in spontaneous retrieval are damaged after stroke, however, are not 

significant enough to show impairments when compared with neurologically healthy 

controls. This is further supported by the fact that individuals with stroke performed 

significantly worse than controls on event-based PM on the CAMPROMPT, and was 

trending towards significance on the LDPMT, suggesting that when compared to 

controls, individuals with stroke show impairments in the spontaneous retrieval of 

delayed intentions.  

It is also likely that the cognitive mechanisms involved in strategic monitoring are 

impaired after stroke. Individuals with stroke were found to monitor the time 

significantly less than controls on both the LDPMT and VRPMST. This resulted in 

individuals with stroke performing significantly worse on time-based PM compared to 

controls. Additionally, monitoring was significantly correlated with performance on 

time-based PM for both the LDPMT and VRPMST, with less monitoring resulting in 

lower PM performance. Individuals with stroke and controls also rated the time-based 

tasks to be more difficult than event-based tasks on both the LDPMT and VRPMST, 
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however, this is expected as time-based PM is said to require more cognitive resources 

for task completion (as outlined in Chapter 3; Cockburn, 1995; Einstein et al., 1995; 

Groot et al., 2002; Kinch & McDonald, 2001). Again, this is due to individuals having 

to use a strategic monitoring approach to continually monitor the time. As individuals 

with stroke monitored significantly less than controls, it is suggested that monitoring 

behaviour may be why time-based PM is impaired after stroke, especially since 

individuals with stroke performed significantly worse than controls on all time-based 

PM tasks (CAMPROMPT in Chapter 7, LDPMT, DMT, and VRPMST). 

Limitations and Future Research  

Overall, impairments in both event- and time-based PM were found for 

individuals with stroke when compared to neurologically healthy controls. However, the 

introduction of implementation intentions as a possible rehabilitative technique to 

improve PM post-stroke resulted in mixed findings. While implementation intentions 

potentially have the ability to improve the event- and time-based PM of individuals with 

stroke so that they perform comparably to neurologically healthy controls, the current 

study only found that they significantly improved event-based PM performance after 

stroke when measured by an experimental PM measure. The current findings, while the 

first to assess the impact of implementation intentions on PM after stroke, confirm the 

mixed findings of the previous literature and outline that more research needs to be done 

to assess the impact implementation intentions have on PM after stroke. Perhaps, the 

current findings suggest similar conclusions to those of Mioni et al. (2015) who 

suggested that in order to improve PM in brain injured populations, more complex 

strategies are needed that target more than one phase of the PM process. While 

addressing the intention formation stage using implementation intentions, perhaps more 

strategies need to be included to enhance other stages of the PM process. Additionally, 

other factors that were not addressed by the current research may have impacted on the 
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results, for example time post-stroke. There was a large range of time post-stroke in the 

current study which could have impacted on the rehabilitative benefits of 

implementation intentions. Miller and Radford (2014) reported that individuals with 

stroke who accessed their rehabilitation program closer to the onset of their stroke 

reported greater PM improvement. The same could apply in the current study, and it is 

suggested that future research examine how time post-stroke impacts on the 

effectiveness of implementation intentions in improving PM after stroke.  

While the current study did address some of the limitations of the previous 

stroke PM rehabilitative literature (i.e., not using a single-case experimental design and 

not relying on unfamiliar technologies as rehabilitation tools), limitations are still 

apparent. Firstly, the sample size was small, therefore, may be underpowered to find 

significant results. A priori power analyses based on a medium effect size (f = .25), 

indicated that larger sample sizes (N = 74) would have provided greater power for the 

ANOVA analyses used in the current study. Additionally, there were a few technical 

errors on both the LDPMT and VRPMST resulting in missing data. As outlined earlier, 

another possible limitation, specifically relating to the VRPMST, may be that the focal 

and non-focal PM tasks are not different enough to be measuring the specific constructs. 

However, as a difference in performance on the two measures was found for the control 

group, this is not likely the case. It may be more likely that four PM trials may not be 

robust enough to pick up on these differences and future research may need to add more 

PM trials. Additionally, it is suggested that having to complete three PM tasks 

simultaneously may have impacted on performance as participants were required to 

remember too much. It could be that further research needs to separate the tasks into 

different sessions, where each session focuses on a specific PM task. However, this then 

may be too easy for participants and instead they may respond at ceiling level due to the 

ease of the task. Given the benefits of using VR in the assessment of PM outlined earlier 
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in the chapter, it is suggested that future research continue to develop and improve on 

VR PM paradigms in order to effectively and accurately measure PM in stroke and 

other clinical populations. 

Conclusions 

While limitations exist in the current research, it has helped to confirm the 

findings of previous literature in that PM impairment exists after stroke, particularly for 

time-based PM (Barr, 2011; Cheng et al., 2010; Kant et al., 2014; Man, Chan, et al., 

2015), and as outlined in Chapter 4 is often dependent on the type of PM measure used. 

While cue focality was not found to impact on PM after stroke, it could suggest that 

impairments in spontaneous retrieval abilities after stroke could be the cause. As 

performance on focal cued PM tasks, which is believed to use spontaneous retrieval, 

was similar to performance on non-focal cued PM tasks which is believed to use 

strategic monitoring after stroke. Additionally, in relation to time-based PM impairment 

after stroke, it is suggested that a decline in strategic monitoring ability could be the 

reason. The evidence provided from the LDPMT and VRSPMT suggests that 

monitoring abilities, particularly strategic monitoring is negatively impacted after 

stroke. This may be why impairments in time-based PM exist after stroke.  

Overall, the current findings suggest that VR can be used to assess PM in a 

stroke population. The current results support that the VRPMST is sensitive in 

measuring PM, specifically time-based PM in both neurologically healthy and stroke 

groups. In addition, it was found to be user friendly and more ecologically valid 

compared to a standard experimental measure. The introduction of implementation 

intentions to improve PM after stroke seem promising, particularly for event-based PM. 

However, more research on larger samples needs to be conducted in order to make 

firmer conclusions about whether they do significantly improve PM ability after stroke. 

While the technique did not improve PM in the VR task, improvements were found in 
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the experimental task, suggesting that implementation intentions may not be suitable for 

more ecologically designed tasks, however, further investigation is needed. The next 

chapter will provide a general discussion of the overall findings from the current 

research as well as discuss limitations and future directions.  
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CHAPTER NINE 

General Discussion 

The aim of this thesis was to clarify the nature and extent of PM impairment 

after stroke. Many people with stroke and their families commonly report impairments 

in general memory function following stroke (Andrews, Halford, Shum, et al., 2014). 

However, PM, a more recently defined type of memory, has often been overlooked in 

research and clinical practice. As mentioned in Chapter 4, seven studies have assessed 

PM abilities after stroke using observational measures, and five have assessed the 

impact of an intervention on PM after stroke. The findings from this literature are 

mixed, dependent on the measure used and the type of PM being assessed. In general, 

however, the previous literature suggests that impairments in PM after stroke do exist, 

particularly for time-based PM (Hogan et al., 2016). While PM impairment does exist 

after stroke, it is unclear why, and whether improvements in PM ability can be made 

after stroke. Therefore, the current research aimed to address some of the gaps in this 

area and build on the previous literature to clarify the nature, extent, and reasons for PM 

impairment after stroke.  

Self-perceived PM Impairment After Stroke  

Study 1 aimed to compare self-reported PM of individuals with stroke to 

neurologically healthy controls, to ascertain how much insight individuals with stroke 

have into their own PM abilities. As self-awareness has been found to commonly 

change after ABI (e.g., stroke) leaving individuals unaware of their deficits (Caldwell et 

al., 2014; Leung & Liu, 2011), this study aimed to answer the question: does self-rated 

PM differ between individuals with stroke and healthy controls, and is this dependent 

on the specific measure used to assess self-reported PM? Additionally, the first study 

aimed to compare self-reported PM of individuals with stroke to significant-other’s 
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reports, to ascertain the level of self-awareness individuals with stroke have into their 

own PM function.  

The results of Study 1 revealed that individuals with stroke reported 

significantly more overall PM failures when compared to neurologically healthy 

controls on part A of the BAPM (Man et al., 2011). However, further analyses indicated 

that statistical significance was only found for the BADL subscale of the BAPM, 

suggesting that individuals with stroke reported more memory failures for their personal 

routine behaviours. This is in line with the study by Man, Yip, et al. (2015) who found 

that older individuals with stroke reported more BADL PM failures than younger 

controls. Man, Yip, et al. also found that individuals with stroke reported more IADL 

PM failures than controls. However, this was not found in the current study, possibly 

due to the larger power (larger sample size) of the Man, Yip, et al. study. A priori power 

analyses based on a medium effect size (d = .5), indicated that a larger sample size      

(N = 128) would have provided greater power for the t-test analyses used in Study 1. On 

the PRMQ (G. Smith et al., 2000), individuals with stroke reported significantly more 

forgetting than controls on both the PM and RM subscales. This is in contrast to 

previous findings of no differences (Barr, 2011; Kim et al., 2009; Miller & Radford, 

2014), possibly due to the fact that the current study reported the PM and RM scales 

separately. In addition the curent study had a comparatively larger sample size than 

those of previous studies (N = 44, Barr, 2011; N = 24, Kim et al., 2009; N = 45, Miller 

& Radford, 2014).  

On part B of the BAPM, which assesses how problematic the PM failures are, 

individuals with stroke reported the BADL failures to be less important than 

neurologically healthy controls. The current study is the only one to date to report the 

self-perceived importance of PM failures in individuals with stroke, and the result was 

contrary to prediction. It was found that individuals with stroke underestimated the 
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importance of their PM impairment, particularly for routine self-care behaviours. This is 

possibly because some individuals with stroke have carers or significant-others who 

assist them to complete these activities, therefore, they can rely on someone else to 

prompt them to do these tasks. The current sample did include individuals with stroke 

who had mild to moderate physical and language impairments. Therefore, it is possible 

that some participants may have been more concerned with other more obvious 

impairments impacting on their daily lives, rather than their memory impairment. 

Despite this finding, the existence of PM impairment may still have an impact on the 

everyday functioning and quality of life of individuals with stroke. It is, therefore, 

suggested that clinicians should pay attention not only to an individual’s physical and 

language impairments after stroke, but also assess whether PM impairment exists. If it 

does, clinicians should explain to the individual and his/her significant-others the 

possible consequences of such an impairment. If more importance is placed on these 

PM impairments, more effort and energy can then be focused into improving PM after 

stroke. 

In Study 2, correlational analyses were conducted on the self-reported PM and 

the CAMPROMPT (B. Wilson et al., 2005) scores to explore if there were relationships 

between the two. Results revealed that the CAMPROMPT scores for individuals with 

stroke were significantly and positively correlated with the BAPM and PM score of the 

PRMQ. Indicating that as individuals with stroke self-reported more PM impairment, 

their PM performance increased on the CAMPROMPT. This relationship seems 

counterintuitive and one would assume that the more PM failures a person reports, the 

worse the person would perform on an actual PM task. These findings may indicate a 

lack of self-awareness into their own PM abilities for some of the individuals with 

stroke, which has been suggested by previous research as well (Barr, 2011; Brooks et 

al., 2004; Kim et al., 2009; Man, Yip, et al., 2015). 
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In Study 1, when self-reported PM of individuals with stroke was compared to 

significant-other reports, no significant differences were found on either the BAPM or 

PRMQ. These results are similar to one previous study (Barr, 2011) but not another 

(Man, Yip, et al., 2015). The conflicting results from the current study could be due to 

the smaller sample size, compared to the larger sample size of Man, Yip, et al. (2015). 

From the current results it is assumed that the sample of individuals with stroke did not 

suffer from impaired self-awareness related to PM, as they scored similarly to their 

significant-others. It could, however, also be argued that the significant-others may have 

been unaware of how many PM failures actually occur within the daily life of the 

individual with stroke. It is unlikely that the individuals with stroke would share every 

prospective intention with their significant-other, particularly for those who do not live 

with the individual or see them often. Additionally, significant-others or carers may 

complete PM tasks for the individuals with stroke. This can be confirmed by looking at 

the significant-others’ BAPM scores. If they have responses with a lot of Not 

Applicable, this means that the individuals with stroke did not need to complete those 

PM activities. However, this is not likely for the current research, as individuals with 

stroke generally had high levels of daily functioning. While impairment in self-

awareness can be apparent after stroke (Hartman-Maeir et al., 2003), not everyone with 

a stroke will show impairment, as it is highly dependent on the location of stroke. 

Perhaps Man, Yip, et al. found more self-awareness deficits, as they had a larger sample 

size, therefore, were more likely to have a larger portion of participants who showed 

impairments in self-awareness.  

As the current study did not assess self-awareness separately, assumptions on 

their level of self-awareness could only be made based on the comparison between 

individuals with stroke and their significant-others, and the fact that individuals with 

stroke did report more PM failures than neurologically healthy controls. Given that self-
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reported PM questionnaires do not measure PM performance per se (Uttl & Kibreab, 

2011) and are limited by other factors such as rater bias, it is important that research 

examining PM performance using self-reported methods be interpreted with caution and 

limitations taken into consideration (Barr, 2011; Brooks et al., 2004; Kim et al., 2009; 

Man, Yip, et al., 2015). Additionally, researchers should also utilise neuropsychological 

measures of PM to ascertain whether PM performance is actually impaired after stroke.  

PM Impairment After Stroke 

Study 2 aimed to determine if PM is impaired after stroke, by comparing the PM 

performance of individuals with stroke and neurologically healthy controls using a 

psychometrically valid clinical measure of PM. The results of Study 2 indicated that PM 

impairment does exist after stroke to some extent. For the overall CAMPROMPT score, 

when individuals with stroke were placed into normative categories according to age 

and estimated IQ, 39.2% showed some level of PM impairment. This is slightly higher 

than those who participated in the study by Mitrovic et al. (2016) in which 33.3% of the 

sample showed PM impairment to some extent. Thus, the findings of the current study 

indicate that PM impairment does exist after stroke, but not necessarily for the entire 

population. This could be due to a number of reasons, such as the location/severity of an 

individual’s stroke, deficits in other cognitive domains as well as other factors that have 

been previously shown to impact PM.  

 Event- versus time-based PM performance. 

The results of Study 2 indicated that individuals with stroke performed 

significantly more poorly than controls on event-based PM on the CAMPROMPT. This 

is in line with previous research by Barr (2011) and Man, Chan, et al. (2015) who also 

found that individuals with stroke performed more poorly in event-based PM on the 

CAMPROMPT when compared to neurologically healthy controls. In Study 3 of this 
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thesis, other PM measures were also administered to individuals with stroke and 

controls. Results on these measures can also be used to clarify if these individuals are 

impaired on time- and event-based PM. In Study 3, when PM was assessed using the 

LDPMT, no significant difference was found between the stroke and control groups for 

event-based PM. However, there was a trend towards significance, accompanied by a 

moderate effect size, with individuals with stroke performing poorer. These results 

agree with the findings of Cheng et al. (2010) and Kant et al. (2014) who also found no 

impairments in event-based PM for individuals with stroke when using experimental 

measures. On the VRPMST, a newly developed ecological PM measure, no differences 

were found between the groups for the event-based PM tasks.  

When time-based PM was assessed using the CAMPROMPT, individuals with 

stroke performed significantly more poorly than controls. This is in line with previous 

research by Barr (2011) and Man, Chan, et al. (2015) who also found that individuals 

with stroke performed more poorly in time-based PM on the CAMPROMPT when 

compared to neurologically healthy controls. When tested using the LDPMT in Study 3, 

individuals with stroke performed significantly more poorly than controls on time-based 

PM. While no other previous research has utilised a LDT to assess PM after stroke, 

other studies have been conducted using a similar dual-task paradigm. The current 

results are in line with those of Cheng et al. (2010) and Kant et al. (2014) who also 

found that performance on time-based PM was significantly worse for individuals with 

stroke compared to controls when using experimental PM measures. Additionally, in 

Study 3, individuals with stroke performed significantly worse than controls on time-

based PM when assessed using the DMT and VRPMST.  

In Study 2, however, it was found that individuals with stroke did not perform 

much worse on time-based PM, compared to event-based PM on the CAMPROMPT, 

because the interaction between group and PM task was not significant. Event-based 
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PM is believed to use less cognitive resources for completion than time-based PM 

(Einstein et al., 1995), therefore, completion of event-based PM tasks is considered 

easier than time-based PM. This was the case for controls. However, this pattern was 

not found in the individuals with stroke, suggesting these individuals show similar 

extent of impairment on these two types of PM. On the other PM measures, we were 

unable to undertake a similar interaction analysis because the event- and time-based PM 

were scored differently and they could not be directly compared. Overall, the results of 

Study 2 and part of the results of Study 3 suggest that PM impairment does exist after 

stroke, specifically for time-based PM. The mixed findings between the measures, is 

most likely due to the inherent differences in the measure types, as outlined in Chapter 

4. As the CAMPROMPT is a reliable and clinically validated measure of PM, it is clear 

that PM impairment does exist to some extent after stroke. Additionally, because there 

was no interaction between group and PM task, the reason for PM impairment for 

individuals with stroke is not likely to be due to the cognitive demand associated with 

self-initiated retrieval. So, while it is generally understood that PM impairment exists 

after stroke, particularly for time-based PM, the reasons behind this PM impairment are 

poorly understood. Which is why the current study also aimed to examine potential 

reasons for PM performance after stroke.  

Predictors of PM Performance After Stroke  

To gain a better understanding of the causes of PM impairment after stroke, 

Study 2 examined whether demographics, executive/cognitive functions, and 

metacognitive factors predict PM performance post-stroke. After controlling for group 

membership (stroke vs. control), age, executive function, recall, retention, global 

cognitive function, and self-reported BAPM total were found to significantly correlate 

with event-based PM. After controlling for group membership (stroke vs. control), age, 
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executive function, recall, retention, global cognitive function, note-taking, and self-

reported PRMQ PM were found to significantly correlate with time-based PM.  

The metacognitive skill of note-taking significantly predicted time-based PM, 

with note-taking significantly improving performance. Similar results have been found 

in a TBI sample (Fleming et al., 2008). Perhaps, note-taking was predictive of time-

based PM in the current study due to an individual’s monitoring strategy, as time-based 

tasks are believed to require more monitoring from the individual completing them, 

compared to event-based tasks. It could be assumed that those in the current study who 

took notes throughout the CAMPROMPT, would refer to them as they completed the 

task. This could be considered a type of monitoring (instead of checking a clock, they 

are checking their notes), and may mean that those who were checking notes more 

often, may also have been checking the time more often. Therefore, resulting in higher 

time-based PM performance. However, this is speculative as monitoring was not 

measured on the CAMPROMPT, but has been found to positively correlate with time-

based PM performance in previous stroke research (Kant et al., 2014). When time 

monitoring was measured in Study 3 on the LDPMT and VRPMST during time-based 

PM tasks, individuals with stroke checked the time significantly less than controls. 

Additionally, time monitoring for individuals with stroke was found to significantly 

positively correlate with time-based PM performance on both the LDPMT and 

VRPMST, with more monitoring resulting in better PM performance. Therefore, it is 

assumed that deficits in monitoring ability would impact on PM performance, 

particularly time-based PM and may highlight possible impairments in strategic 

monitoring ability after stroke.  

Event-based PM was significantly predicted by age, retention, and global 

cognitive function. This is different to the findings of Kant et al. (2014) who reported 

that only RM was predictive of event-based PM after stroke. They also reported that 
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processing speed, attention/executive functions, and RM significantly predicted time-

based PM after stroke, which was not found in the current study. Additionally, while 

better performance on the MoCA (global cognitive function) was associated with higher 

PM performance for both event- and time-based PM, it was only predictive of event-

based PM. The current findings did not support previous research (Cockburn, 1995; 

Groot et al., 2002; Kinch & McDonald, 2001) which found that executive functions are 

more predictive of time-based than event-based PM, and this may reflect limited power 

in the current study.  

Age significantly predicted both time- and event-based PM, with older 

participants having poorer PM performance. The current results support the findings of 

several studies (Kvavilashvili et al., 2009; Mäntylä, 1994; Maylor, 1996; Maylor et al., 

2002; Park et al., 1997; R. E. Smith & Bayen, 2006; West & Craik, 2001; Zimmermann 

& Meier, 2006) which also found that age predicted event-based PM. This is different to 

the results outlined by Kant et al. (2014) who reported that age did not significantly 

predict event- or time-based PM in individuals with stroke. Martin et al. (2003) 

concluded that interindividual differences in executive function could be predictive of 

PM performance, particularly in old age. In other words, higher levels of PM 

performance in older adults would be dependent on stronger executive function. As 

stroke populations in general are older (over the age of 65), including the population 

sampled in the current study, it is reasonable to assume that age may play a role in PM, 

and if not directly, then through the general decline in cognitive functioning. This seems 

to be the case for the current sample, as age and multiple cognitive variables were found 

to predict event-based PM after stroke. The significant prediction of PM performance 

by other variables, especially the cognitive variables, confirms that PM is a complex 

psychological construct and the carrying out of intended actions involves a number of 

processes that involve the functions of the prefrontal and temporal areas of the brain.   
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The Impact of Implementation Intentions on PM Impairment After Stroke  

Study 3 also aimed to assess the impact of implementation intentions on PM 

performance post-stroke. When event-based PM was assessed between the groups, 

results were dependent on the type of measure being used and whether cue focality was 

being manipulated. On the LDPMT, when implementation intentions were introduced, 

those in the stroke group performed similarly to the control standard and the control 

implementation intention condition. Possibly suggesting that implementation intentions 

helped to improve event-based PM after stroke, especially since those in the stroke 

implementation intention condition actually scored higher than both control groups. 

Additionally, there was a significant difference between the performance of individuals 

with stroke in the standard and implementation intention condition, with those in the 

latter performing significantly better. This suggests that implementation intentions 

improve event-based PM performance after stroke. These results support the previous 

findings of Grilli and McFarland (2011) who found that implementation intentions can 

improve event-based PM performance after TBI.  

On the VRPMST, when assessing focal event-based PM, those in the stroke 

implementation intention condition performed similarly to those in the control standard 

and control implementation intention conditions. This suggested that implementation 

intentions could help to improve focal event-based PM for individuals with stroke so 

that they were performing at the same level of healthy controls, but not significantly. 

When assessing non-focal event-based PM, both stroke participants and controls in the 

implementation intention condition performed better than stroke and controls in the 

standard condition. However, no significant differences were found, suggesting that 

implementation intentions do not improve PM performance for non-focal event-based 

PM. This finding may be due to the small sample size, particularly for the stroke 
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groups, as the difference between the stroke standard and stroke implementation 

intention group was accompanied by a moderate effect size.  

When time-based PM was assessed between the groups, results were consistent 

across the measures, however, differed dependent on instruction condition. No 

significant differences were found between the stroke implementation intention and 

control implementation intention, or stroke implementation intention and control 

standard group on the LDPMT, VRPMST, and DMT. These results suggest similar PM 

performance between the groups, which means that when individuals with stroke are 

given implementation intentions, performance improves to levels shown by healthy 

controls. However, when the stroke standard and stroke implementation intention 

conditions were compared, those in the latter group had higher performance on all three 

PM measures, but the difference was not significant. Suggesting that implementation 

intentions can improve time-based PM after stroke, but not significantly. The current 

findings align with those of Mioni et al. (2015) who reported that implementation 

intentions did not improve time-based PM in a TBI population.  

For individuals with stroke, implementation intentions significantly improved 

PM performance for event-based PM but not time-based PM. Implementation intentions 

can help to make the prospective remembering process more automatic, as a stronger 

connection between the task and retrieval cue is made. However, the current results 

suggest that they only enhance PM after stroke when the cue is already salient (i.e., 

event-based), therefore, may not be significantly beneficial for those that are less salient 

(i.e., time-based). While the current study did not find direct improvement for time-

based PM, those in the stroke implementation intention condition did perform similarly 

to those in the control standard and control implementation intention conditions. This 

suggests that implementation intentions may be slightly beneficial in improving PM 

after stroke for tasks with non-salient cues, so much so that they perform at the same 
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levels as healthy controls. Additionally, implementation intentions may be promising in 

improving PM after stroke for a well-controlled experimental task, but not a more 

ecological task. This is because significant improvements were found for the LDPMT 

but not the VRPMST in the current study. It is important to keep in mind that event- and 

time-based PM were measured separately in the LDPMT, whereas within the VRPMST 

they were assessed at the same time. Perhaps the greater cognitive demand required to 

complete multiple types of PM task at once could have impacted on the positive effect 

that implementation intentions could have had within the VR environment.  

Implementation intentions and monitoring. 

Implementation intentions are thought to increase the level of planning in the 

intention formation stage of PM, therefore, less cognitive resources are needed to 

monitor for a PM cue, making the process more automatic. The impairments seen in PM 

after stroke, may be due to deficits in monitoring ability. This can be seen as the 

monitoring strategies used for focal and non-focal cues are believed to be different, with 

focal cues using a spontaneous response strategy and non-focal cues requiring more 

strategic monitoring. As individuals with stroke performed similarly on these types of 

PM, deficits may be apparent in both automatic and strategic monitoring abilities.  

When implementation intentions were introduced to individuals with stroke on 

the LDPMT, the implementation intention group checked the time significantly more 

than those in the stroke standard group. When monitoring was measured on the 

VRPMST, individuals with stroke in the implementation intention condition monitored 

similarly to the control implementation intention condition. While there was no direct 

significant difference in monitoring levels between the stroke standard and the stroke 

implementation intention condition, the fact that the stroke implementation intention 

group was monitoring similarly to the control in the same condition, suggests that 

implementation intentions could help to increase monitoring ability. Additionally, 
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monitoring was found to increase PM performance for time-based PM for individuals 

with stroke on both the LDPMT and VRPMST.  Therefore, PM impairments after 

stroke may be due to deficits in strategic monitoring ability that would impact on both 

time-based as well as non-focal event-based PM performance. This suggests that 

implementation intentions may help to aid in the use of other strategies which help PM 

performance, in this case time monitoring.  

Use of VR in the Assessment of PM Post-stroke  

When comparing the subjective experience of the VRPMST to the experimental 

LDPMT, both measures were rated favourably. Participants (both individuals with 

stroke and controls) agreed that the tasks were interesting, the instructions were clear 

and easy to understand, the task was easy to learn, and that they would recommend 

them to other people. Individuals with stroke also reported that they would recommend 

the VRPMST just as much as the LDPMT, proposing that VR is suitable to use in this 

clinical population and influenced the participants’ subjective experience positively. 

Most importantly, the VRPMST was deemed to have more tasks that were similar to 

their everyday lives than the LDPMT by both individuals with stroke and controls, 

suggesting higher ecological validity. The VRPMST was also found to be sensitive to 

assessing PM, particularly time-based PM, as results were similar to those found on the 

CAMPROMPT, LDPMT, and DMT.  

These findings highlight that VR measures should continue to be used with a 

stroke population, as individuals were not only able to control and engage with the 

virtual environment but also gave favourable ratings when compared to a standard 

experimental task. In terms of the ecological validity it was rated higher than the 

standard laboratory task and helped to enhance participant motivation during 

completion. It is recommended that VR should continue to be developed and used 

within clinical populations for the assessment and rehabilitation of PM.  
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The Impact of Cue Focality on PM Impairment After Stroke 

Another aim of Study 3 was to determine the nature of PM impairment after 

stroke, specifically, by manipulating cue focality to determine its impact on PM 

performance. One possible reason for PM impairments in individuals with stroke is that 

the cue is not salient enough or that individuals are using the wrong monitoring strategy 

for the specific PM cue. While a main effect of focality was found, when analysed 

further, differences were only found between the focal and non-focal scores for the 

control group, where they performed significantly better on focal versus non-focal tasks. 

No such differences were found for individuals with stroke, with scores only marginally 

lower for the non-focal task. Additionally, no significant differences were found 

between individuals with stroke and controls for either the focal or non-focal tasks. 

Though, there was a trend towards significance for focal event-based PM, with 

individuals with stroke scoring slightly lower than controls.  

The lack of significance may be due to the small sample size of the current 

study, as individuals with stroke did score less than controls on both focal and non-focal 

tasks. Additionally, when asked about their subjective experience of the VRPMST, 

individuals with stroke did not rate the focal receipt task to be any more/less difficult 

than the non-focal security guard task. Perhaps the non-focal task cue in the current 

study was too salient. However, if this is the case, it was not reflected in the results of 

either the stroke or control groups as they still performed lower on this task than the 

focal receipt task, with controls performing significantly better on the focal task. 

Therefore, for controls, focal cues did aid in prospective remembering but for the 

individuals with stroke, this was not the case. It is also possible that the two tasks may 

not be exactly the same, and future research should continue to manipulate cue focality 

within virtual environments in order to gain a deeper understanding of the effect it plays 

in PM impairment.  
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This finding may suggest that the cognitive mechanisms used in spontaneous 

retrieval are damaged after stroke, however, are not significant enough to show 

impairments when compared with neurologically healthy controls. The ageing research 

area suggests that different types of cues, focal or non-focal, require different 

monitoring strategies, and in turn require differing levels of cognitive demand for 

completion (N. S. Rose et al., 2010). With focal cues relying on spontaneous retrieval 

and non-focal cues relying on strategic monitoring. This is further supported by the fact 

that individuals with stroke performed significantly worse than controls on event-based 

PM on the CAMPROMPT in Study 2 and was trending towards significance on the 

LDPMT in Study 3. The results may suggest that when compared to controls, 

individuals with stroke show impairments in the spontaneous retrieval of delayed 

intentions, again because event-based PM is believed to use spontaneous retrieval 

strategies. 

Contributions and Implications of the Thesis 

Theoretical implications.  

 The findings of the current research contribute to the theoretical understanding 

of how PM works. As outlined in Chapter 3, the multi-process framework suggests that 

PM performance can occur both due to conscious monitoring for a PM cue or automatic 

spontaneous retrieval, with the retrieval process being heavily dependent on the 

conditions of the PM task. In other words, when the cue is salient (i.e., event-based PM 

or PM tasks with a focal cue), individuals would rely on a spontaneous retrieval 

strategy, whereas when the cue is not particularly salient (i.e., time-based PM or PM 

tasks with non-focal cues), a strategic monitoring approach would be used. It has been 

suggested that PM tasks with focal cues are less cognitively demanding and thus 

prospective remembering is higher when focal cues are used rather than non-focal cues 
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(N. S. Rose et al., 2010). This was found in the current study for healthy controls, 

therefore, these findings support this model of PM.   

 Additionally, as individuals with stroke were found to perform similarly when 

focal and non-focal cues were used, this suggests possible impairments in automatic 

spontaneous retrieval processes after stroke. Cognitive demand impacts PM 

performance, with high levels of cognitive load being related to lower performance on 

either the ongoing task, PM task, or both (Einstein et al., 1997; R. L. Marsh et al., 2002; 

Maujean et al., 2003). The fact that the stroke sample in the current study showed lower 

cognitive performance compared to controls, and that general cognitive function 

predicted event-based PM, it is possible that the cognitive demand to complete these 

PM tasks was too high for individuals with stroke.  

 As outlined in Chapter 3, the process model of complex PM (Kliegel et al., 

2002) suggests that PM is characterised by an interaction of multiple cognitive 

processes, broken into four phases. These phases include intention formation, intention 

retention, intention initiation, and intention execution. The first phase of intention 

formation involves the cognitive process of planning. Implementation intentions are 

believed to increase the depth of encoding of the intention at this planning stage, thus 

making the retrieval of the intention at a later stage more automatic. In the current 

study, implementation intentions were found to improve event-based PM performance 

in individuals with stroke, suggesting that they enhanced the spontaneous retrieval 

mechanisms used for event-based PM. Additionally, implementation intentions 

improved time-based PM performance for individuals with stroke so that they were 

performing comparably to healthy controls. These results suggest that increasing the 

level of planning in the first stage of PM can improve PM after stroke. However, as 

outlined earlier, Mioni et al. (2015) suggested that in order to improve PM in brain 

injured populations, more complex strategies are needed that target more than one phase 
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of the PM process. As retention, strategy use, and cognitive function were found to 

significantly predict PM performance, perhaps rehabilitative techniques need to target 

multiple stages of PM for significant improvements to be found. For example, 

implementation intentions for the intention formation stage, RM training for the 

intention retention period, and cognitive function training for the intention initiation and 

intention execution stages. More research is required to examine how each phase could 

be targeted to improve PM after stroke.  

 Practical/clinical implications.  

 The findings from the current study highlight that PM impairment does exist 

after stroke and suggests possible reasons for these impairments. However, it also 

highlights that more research needs to be done with larger sample sizes to clarify these 

findings, particularly examining how monitoring plays a role and how it can be 

improved. The current study also highlights that the use of VR is acceptable within a 

stroke population. The use of VR helped to positively increase the subjective experience 

of participants as well as improve ecological validity when compared to a standard 

experimental task. Given the benefits of using VR in the assessment of PM, it is 

suggested that future research continue to develop this technology in order to effectively 

and accurately measure PM, and for rehabilitative purposes in stroke and other clinical 

populations.  

 It is recommended that within clinical settings (e.g., outpatient clinics), 

clinicians test for PM impairments after stroke, as impairments can impact on the 

individuals’ daily life, particularly in terms of their independence and safety, as outlined 

in Chapter 3. According to the CAMPROMPT normative data, not all individuals with 

stroke were impaired on PM, therefore, specific PM assessment needs to be completed. 

More research also needs to be conducted to determine indicators of PM impairment 

after stroke (e.g., type of stroke, location of impairment, etc.). Future research should 
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measure these factors and explore how they impact PM performance after stroke. 

Therefore, if individuals are showing certain indicators, it would allow clinicians to 

assess and provide rehabilitation for PM quickly, instead of waiting for PM problems to 

arise first. Additionally, individuals with stroke need to be educated on the 

consequences of such impairments, in order for them to make it a priority in their 

rehabilitation period. Miller and Radford (2014) reported that individuals with stroke 

who accessed their rehabilitation program closer to the onset of their stroke (ranging 

from 3 – 564 months) showed greater PM improvement. This indicates that PM should 

be assessed soon after a stroke, and if impairments are apparent, rehabilitation should 

occur sooner rather than later.  

Recommendations for Future Research  

 Apart from Man, Chan, et al., (2015) and Man, Yip, et al. (2015), the sample 

size of the current research is comparable to previous stroke and PM studies. However, 

more research with larger sample sizes need to be conducted examining PM after stroke, 

with more in-depth analyses to ascertain the nature of impairment. As outlined in 

previous literature there are inherent difficulties in recruiting large samples of clinical 

populations including stroke. Some possible strategies to help boost rates of recruitment 

include accessing more hospital and community stroke services as well as greater 

incentives for participation. This however may require more funding and longer 

recruitment periods. Another drawback when recruiting individuals with stroke is the 

heterogeneity of the sample, particularly the differences in cognitive impairment 

between individuals. This makes it difficult to draw firm conclusions about PM ability 

after stroke when each individual may have a differing level of cognitive capacity 

dependent on the location and severity of their stroke. One solution to this issue is to 

recruit individuals, assess their cognitive capacities, and then assess their PM with these 

cognitive impairments in mind. This could be done through controlling for cognitive 
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impairment, either through the design of the study wherein individuals are placed into 

groups based on their cognitive ability or controlled through statistical analyses which 

control for such impairments (e.g. using ANCOVAs).   

Additionally, there have been multiple factors found to impact on PM 

performance in previous literature that could not be assessed as they were outside of the 

scope of the current study. It is recommended that future research examine the impact of 

factors like time post-stroke, location and severity of stroke as well as level of 

depression and anxiety on PM performance post-stroke. While the current study aimed 

to assess if implementation intentions could improve PM after stroke, this simple 

technique only targets one phase of the PM process. It is, therefore, recommended that 

future research develop other rehabilitative techniques targeted at each stage of PM to 

see if PM can be improved.  

Conclusions  

While limitations exist in the current research, it has helped to clarify the 

findings of the previous literature. It is concluded that PM exists after stroke, 

particularly for time-based PM. This finding outlines the need for PM assessment after 

stroke within clinical settings to firstly ascertain if PM impairment is apparent, and that 

both individuals with stroke and their significant-others understand the potential 

consequences of such an impairment. In addition, possible reasons for PM impairment 

after stroke have been outlined including: deficits in both spontaneous and strategic 

monitoring processes; advanced age; and impairments in cognitive function and RM. 

With these findings in mind, it is important that individuals who show impairments in 

these areas, also have their PM abilities assessed to see if one impairment is leading to 

another. The findings also help to clarify some of the models which aim to explain PM. 

Lastly, it was found that some improvements in PM performance can be made with 

simple rehabilitative techniques, like implementation intentions. Clinicians aiming to 
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improve PM after stroke may use implementation intentions to improve prospective 

remembering after stroke as well as improving performance of other cognitive functions 

that have been found to predict PM after stroke. Future research should also consider 

other rehabilitative techniques that tap into each stage of prospective remembering.  
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APPENDIX B 

Griffith University Ethics Approval  

GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE 

 

Dear Prof David Shum,  

 

I write in relation to your application for ethical clearance for your project "Determining 

the Nature and Extent of Prospective Memory Impairment After Stroke" (GU Ref No: 

2016/246). The research ethics reviewers resolved to grant your application a clearance 

status of "Fully Approved". 

 

This is to confirm receipt of the remaining required information, assurances or 

amendments to this protocol. 

 

Consequently, I reconfirm my earlier advice that you are authorised to immediately 

commence this research on this basis. 

 

The standard conditions of approval attached to our previous correspondence about this 

protocol continue to apply. 

 

Regards 

Kim Madison 

Policy Officer, Human Research Ethics and Integrity 

Office for Research 

Bray Centre, Nathan Campus 

Griffith University 

ph: +61 (0)7 373 58043 

fax: +61 (07) 373 57994 

email: k.madison@griffith.edu.au 
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APPENDIX C 

Participant Information Sheet for Individuals with Stroke 

 

Participant Information Sheet   

Master - Stroke group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  

 

Part 1: What does my participation involve? 

1. Introduction 

You are invited to take part in the research project “Determining the Nature and 

Extent of Prospective Memory Impairment After Stroke.”  You have been invited to 

participate as you have had a stroke and have been living in the community for at least 

one-month. The project aims to gain a better understanding of how Prospective Memory 

is affected after stroke. You are using your prospective memory when you remember to 

do something in the future (e.g. remembering to pick up milk on the way home). 

This Participant Information Sheet/Consent Form tells you about the research project. It 

explains what you would do in the study if you agree to participate. Knowing what is 

involved will help you to decide if you want to take part in the research. Please read this 

information carefully. Ask questions about anything that you don’t understand or want 

to know more about.  

Participation in this research is voluntary. If you don’t wish to take part, you don’t have 

to. You will receive the best possible care whether or not you take part.  

If you decide you want to take part in the research project, you will be asked to sign the 

consent section. By signing it you are telling us that you: 

• Understand what you have read 

• Consent to take part in the research project 

• Consent to the tests and research that are described 

• Consent to the use of your personal and health information as described 

You will be given a copy of this Participant Information Sheet and Consent Form to 

keep.  
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2. What is the purpose of this research? 

The aim of the study is to gain a better understanding of Prospective Memory abilities 

in people who have had a stroke. The main questions we would like to answer are: 

• Is prospective memory affected by stroke? 

• How do we best identify the problems caused by a stroke, on prospective 

memory? 

• Can we help improve prospective memory after stroke? 

This information will help clinicians in the future to better detect prospective memory 

impairment and highlight possible intervention strategies that can be used to improve 

prospective memory performance post-stroke.  

This research is being conducted as part of a Doctor of Philosophy degree at Griffith 

University.  

3. What does participation in this research involve? 

If you decide to participate in the study, you will need to attend two sessions. You will 

be randomly allocated to one of two experimental groups. Both of these groups will 

complete a similar set of tasks, with one group receiving some additional instructions 

during the tasks.  

If you agree to participate in the study, you will need to sign the consent form. A 

member of the research team will obtain information about you (e.g. age, type of stroke, 

time since stroke) from either the hospital records or yourself. You will also be asked to 

identity a close family member, friend or carer who could be involved. We will invite 

them (with your permission) to participate in the study too.  

The first step of the study for you will involve a phone interview. During the phone call 

you will be asked some questions to make sure it is ok for you to participate. If you can 

participate an appointment time that is convenient for you will be made for the first 

session. The first appointment will see you answering some questionnaires about your 

memory, completing some paper and pen tasks while following other instructions, and 

one computer-based task. This session will take place at either Griffith University, your 

home, or healthcare facility dependent on your preference and take approximately 75 

minutes. At the end, an appointment will be made for a second session about 1 to 3 

weeks later.  

In the second session you will complete a prospective memory assessment that uses a 

virtual-reality program (i.e. a computer program). At the end of the session you will be 

asked to answer a short questionnaire about the virtual reality task and complete some 

tests which measure your problem solving and planning skills. You will then be asked 

to do something in your real-life at a later stage. This session will take approximately 

40-50 minutes. 
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Session 1 (Total time: 75 minutes)  

Measure Task Description Time to 

Complete 

(mins) 

Test of Premorbid 

Function (TOPF) 

A list of words which you will be asked to 

read out loud. This test measures pre-morbid 

IQ.  

<10 

Cambridge 

Prospective Memory 

Test 

(CAMPROMPT) 

You will be required to complete a number 

of puzzles over a period of 20 minutes. 

During this time you will be told to 

remember to do something either during or at 

the end of the task.  

20 

Brief Assessment of 

Prospective Memory 

(BAPM) 

This 16-item questionnaire asks you to 

answer questions about situations where you 

may have forgotten to do things. It is looking 

at your ability to remember to do something 

in the future. 

<10  

LDPMT (Lexical 

Decision Prospective 

Memory Task) 

You will be required to complete a simple 

computer task where you will be deciding if 

the text on the screen is a word or a non-

word. During this task you will be told to 

remember to do some other things at the 

same time.  

10 

Modified version of 

the User Friendliness 

Scale (UFS-

LDPMT) 

You will be asked to rate how the LDPMT 

task reflected every-day activities, if it was 

interesting, clear and easy to learn, and if you 

would recommend the task to others. 

5 

Prospective and 

Retrospective 

Memory 

Questionnaire 

(PRMQ) 

The PRMQ is a 16 item self-report measure 

where you will be asked about memory 

failures in everyday life for both things that 

happened in the past and things that needed 

to happen in the future. 

5 

Nottingham 

Extended ADL 

Scales (NEADL) 

The NEADL is a 22-item self-report measure 

designed to assess individuals’ activities of 

daily living. 

<10 

Montreal Cognitive 

Assessment (MoCA) 

This measure is used to measure global 

cognitive function. 

10 

Modified Rankin 

Scale 

This measures the level of independence on 

activities of daily living.  

<5 

Depression Anxiety 

and Stress Scale – 21 

(DASS-21) 

This measures depression, anxiety and level 

of stress. 

<5 

Session 2 Total Time: 40-50 minutes 

Measure Task Description Time to 

Complete 

Virtual Reality PM 

Shopping task 

(VRPMST) 

Using computer-based virtual reality 

software you will be asked to navigate 

around a shopping centre and complete a list 

of tasks. One group will receive additional 

instructions prior to starting this task.  

 

20-25 
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Modified version of 

the User Friendliness 

Scale (UFS-

VRPMST) 

You will be asked to rate how the virtual 

reality task reflected every-day activities, if it 

was interesting, clear and easy to learn, and 

if you would recommend the task to others.  

5 

Trails A and B You will be required to complete a paper and 

pen task where you will draw a line between 

numbers and letters in ascending order. 

5 

Real-life PM task You will be given a prospective memory task 

to complete after a 24 hour delay. You will 

be given a time of day to contact the 

researchers with a message. One group will 

receive additional instructions prior to 

starting this task. 

5-10 

 

4. What are the possible risks and side effects of taking part? 

There are no to minimal risks or side effects to you from taking part in this study. The 

assessment tasks you will complete are described in the table above. Tasks will assess 

your everyday memory, and thinking skills. These tasks should not cause significant 

discomfort. You may be inconvenienced in terms of the time commitment required to 

participate in the study; however every effort will be made to schedule sessions at times 

that are convenient to you. 

The risk of harm to you is considered extremely low. Some of the questions asked may 

result in you feeling particular emotions. You may feel upset, angry or other emotions 

during the assessment particularly in relation to how the stroke has impacted your life. 

For all participants (individuals with stroke and their family members), the research team 

will seek to manage this risk. This may involve them assisting you to connect with 

appropriate supports (e.g. your GP, or phone based services such as Lifeline). 

5. Do I have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part, you do 

not have to. If you decide to take part and later change your mind, you are free to 

withdraw from the project at any stage. If you do decide to take part, you will be given 

this Participant Information and Consent Form to sign and you will be given a copy to 

keep. Your decision whether to take part or not to take part, or to take part and then 

withdraw, will not affect your routine treatment, your relationship with those treating 

you or your relationship with your hospital. 
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6. What are the possible benefits of taking part? 

We cannot promise that you will receive any benefits from this research. If the 

intervention techniques introduced to one of the groups are found to be beneficial, those 

in the usual treatment group will be provided with information about the technique via 

telephone consultation, if interested. Your involvement in the study will hopefully help 

us better understand the impact stroke has on prospective memory and how to improve 

prospective memory performance after stroke. 

7. What are the possible risks and disadvantages of taking part? 

There are no foreseeable risks and disadvantages of taking part in this project. 

8. What if I withdraw from this research project? 

If you do withdraw your consent during the research project, the research staff will not 

collect additional personal information from you. The personal information already 

collected will be retained to ensure the results of the research project can be measured 

properly and to comply with law.  

9. Could this research project be stopped unexpectedly? 

It is not anticipated that this research project will be stopped unexpectedly. 

10. What happens when the research project ends? 

At the end of the study the information collected will be analysed and written up for 

presentation in the scientific community. This may be through peer-reviewed scientific 

publications, at scientific conferences and in the format of a PhD thesis. If participants 

would like to receive a written summary of the results of the study they can request this 

of the research team. Results of the completed study should be available by late 2018, if 

not before.  

If you wish to have access to your personal results from any of the tasks, you may contact 

the investigator names below. You will also be directed to any publications arising from 

this study.  
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Part 2: How is the research being conducted? 

11. What will happen to information about the participant? 

By signing the consent form you consent to research staff collecting and using personal 

information about you for the research project. Your privacy and confidentiality will be 

maintained at all times during this project. Any information obtained in connection with 

this research project that can identify you will remain confidential. Your information may 

be used for the purpose of future research projects that extend on the current one, wherein 

the researchers will apply for ethical approval. It will only be disclosed with your 

permission, except as required by law. You will be assigned a study number (e.g. PID001). 

All relevant data collected about you will be labelled with this number and not your name. 

Information will be stored safely and securely in a locked filing cabinet at Griffith 

University, Mt Gravatt. Information regarding your medical history will only be used by 

those researchers working on the study. The results of all tests will not be published in a 

way that could reveal your identity.  

All data will be stored for 7 years after completion of the study.  

12. Complaints and compensation 

If you suffer any injuries or complications as a result of this research project, you 

should contact the study team as soon as possible. You will be assisted with arranging 

appropriate medical treatment. All medical treatment required to treat the injury or 

complication will be free of charge as a public patient in any Australian public hospital. 

13. Who is organising and funding the research? 

The research project is being conducted by Griffith University within Metro North 

Hospital and Health Service, and the Princess Alexandra Hospital. The project is funded 

by Griffith University. Participation in this research is voluntary and at the completion 

of the second session you will receive monetary compensation valued at $20. 

14. Who has reviewed the research project? 

All research in Australia involving humans is reviewed by an independent group of 

people called a Human Research Ethics Committee (HREC). The ethical aspects of this 

research project have been approved by the HREC of The Prince Charles Hospital and 

Metro North Health Service, and Griffith University. This project will be carried out 

according to the National Statement on Ethical Conduct in Human Research (2007). 
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This statement has been developed to protect the interests of people who agree to 

participate in human research studies. 

15. Further information and who to contact 

The person you may need to contact will depend on the nature of your query.  

If you have any queries regarding the nature of this research or the procedure, please feel 

free to contact the research contact person: 

Name Mrs Christy Hogan 

Position PhD Candidate Griffith University 

Telephone  (07) 3735 3342 

Mobile 0406 428 318 

Email christy.hogan@griffithuni.edu.au 

 

For matters relating to research at the site at which you are participating, the details of 

the local site complaints person are: 

Complaints contact person 

 

If you have any complaints about any aspect of the project, the way it is being 

conducted or any questions about being a research participant in general, then you may 

contact the Executive Officer, Research and Ethics on (07) 3139 4500 who will forward 

their concerns to the Chair, Human Research Ethics Committee. 

 

 

 

 

 

 

 

Name [Name] 

Position [Position]  

Telephone [Phone number] 

Email [Email address] 
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Participant Consent Form 

Master - Stroke group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  
 

 I agree to participate in the above named project and in so doing acknowledge that: 

▪ I have been informed as to the nature and extent of any risk to my health or well-

being. 

▪ I am aware that, although the project is directed to the expansion of medical 

knowledge generally, it may not result in any direct benefit to me. 

▪ I have been informed that my refusal to consent to participate in the study will not 

affect in any way the quality of treatment provided to me. 

▪ I have been informed that I may withdraw from the project at my request at any time 

and that this decision will not affect in any way the quality of treatment. 

▪ I have been advised that the Executive Director, The Prince Charles Hospital, on 

recommendation from The Prince Charles Hospital Metro North Hospital and Health 

Service Human Research Ethics Committee has given approval for this project to 

proceed. 

▪ I am aware that I may request further information about the project as it proceeds. 

▪ I understand that, in respect of any information (which may consist of records outside 

of this hospital); confidentiality will be maintained to the same extent as for my 

Hospital medical records. In the event of any results of the project being published, I 

will not be identified in any way. 

▪ I agree that, if necessary, my medical records (in respect of my involvement in this 

project) may be inspected by a Research Assessor. This assessor may be external to 

but approved by the Hospital, provided that the Assessor does not identify me or my 

hospital's medical records in any way to a third party. 

 

Patient’s name: .....................................Signature: .............................               Date:_  _ / _ _ _ / _ _ _ _ 

                                                                                                                                    DD / MMM / YYYY 

 

Name of Investigator: ................................Signature: .................................     Date:_ _ / _ _ _ / _ _ _ _ 

                                                                                                                              DD / MMM / YYYY 
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Withdrawal of Participation   

Master - Stroke group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  

 

▪ I hereby wish to WITHDRAW my consent to participate in the research project 

described above and understand that such withdrawal WILL NOT jeopardise any 

treatment or my relationship with The Prince Charles Hospital, Metro North Health 

Services, Princess Alexandra Hospital and Griffith University. 

 
 

Participant’s name (please print):  ......................................................................................... 

 

(Signature)..............................................................           Date:     _ _ / _ _ _ / _ _ _ _ 

                                                                                                                              DD / MMM / YYYY 

This Withdrawal of Participation should be forwarded to: 

 

Mrs Christy Hogan 

School of Applied Psychology (Mt Gravatt campus) 

Griffith University 

176 Messines Ridge Rd, Mt Gravatt 

Queensland, Australia 4122 

christy.hogan@griffithuni.edu.au 
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APPENDIX D 

Participant Information Sheet for Significant-others 

 

Participant Information Sheet 

Master - Significant-other group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  

 

Part 1: What does my participation involve? 

16. Introduction 

You are invited to take part in the research project “Determining the Nature and 

Extent of Prospective Memory Impairment After Stroke.”  You have been invited to 

participate as you have been nominated by your relative, friend, or patient who has had 

a stroke as a significant-other. The project aims to gain a better understanding of how 

Prospective Memory is affected after stroke. You are using prospective memory when 

you remember to do something in the future (e.g. remembering to pick up milk on the 

way home). 

This Participant Information Sheet/Consent Form tells you about the research project. It 

explains what you would do in the study if you agree to participate. Knowing what is 

involved will help you to decide if you want to take part in the research. Please read this 

information carefully. Ask questions about anything that you don’t understand or want 

to know more about.  

Participation in this research is voluntary. If you don’t wish to take part, you don’t have 

to. If you decide not to take part it will not affect the treatment of your relative/friend 

with stroke.  

If you decide you want to take part in the research project, you will be asked to sign the 

consent section. By signing it you are telling us that you: 

• Understand what you have read 

• Consent to take part in the research project 

• Consent to the tests and research that are described 

• Consent to the use of your personal information as described 

You will be given a copy of this Participant Information Sheet and Consent Form to 

keep.  
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17. What is the purpose of this research? 

The aim of the study is to gain a better understanding of Prospective Memory abilities 

in people who had had a stroke. Significant-others are being recruited to report on the 

prospective memory abilities of the individual with stroke to gain a deeper 

understanding of their prospective memory abilities. The main questions we would like 

to answer are: 

• Is prospective memory affected by stroke? 

• How do we best identify the problems caused by a stroke, on prospective 

memory? 

• Can we help improve prospective memory after stroke? 

This information will help clinicians in the future to better detect prospective memory 

impairment and highlight possible intervention strategies that can be used to improve 

prospective memory performance post-stroke.  

This research is being conducted as part of a Doctor of Philosophy degree at Griffith 

University. 

18. What does participation in this research involve? 

If you decide to participate in the study, you will only need to complete one session. 

This session will be the same for all significant-other participants who help with the 

project.  

If you decide to participate in the study you will be asked to report on the everyday 

memory ability and activities of daily living of the person with stroke. The people with 

stroke will take part in a more comprehensive assessment.   

If you agree to participate in the study, you will need to sign the consent form. A 

member of the research team will obtain information about you (e.g. age, gender, 

relation to patient) from you. In the first session you will need to complete some 

questionnaires which will take approximately 20-30 minutes. This can be done in 

person or over the phone dependent on your preference. After this, your participation in 

the study will be complete.  

Session 1 (Total time: 30 minutes)  

Measure Task Description Time to 

Complete 

Brief Assessment of 

Prospective Memory 

(BAPM) 

This 16-item questionnaire asks you to 

answer questions about situations where the 

individual with stroke may have forgotten to 

do things. It is looking at their ability to 

remember to do something in the future. 

<10  

Prospective and 

Retrospective 

Memory 

Questionnaire 

(PRMQ) 

The PRMQ is a 16 item self-report measure 

where you will be asked about the memory 

failures of the individual with stroke in 

everyday life for both things that happened in 

the past and things that needed to happen in 

the future. 

5 
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Nottingham 

Extended ADL 

Scales (NEADL) 

 The NEADL is a 22-item self-report 

measure designed to assess individuals’ 

activities of daily living.  

<10 

 

19. What are the possible risks and side effects of taking part? 

There are no to minimal risks or side effects to you from taking part in this study. The 

questionnaires will assess your understanding of the patient’s everyday memory, and 

ability to perform daily activities. These tasks should not cause significant discomfort. 

You may be inconvenienced in terms of the time commitment required to participate in 

the study; however every effort will be made to schedule sessions at times that are 

convenient to you.  

The risk of harm to you is considered extremely low. Some of the questions asked may 

result in you feeling particular emotions. You may feel upset, angry or other emotions 

during the assessment particularly in relation to the person with stroke and how it has 

impacted your lives. For all participants (individuals with stroke and their family 

members), the research team will seek to manage this risk. This may involve them 

assisting you to connect with appropriate supports (e.g. your GP, or phone based services 

such as Lifeline). 

20. Do I have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part, you do 

not have to. If you decide to take part and later change your mind, you are free to 

withdraw from the project at any stage. If you do decide to take part, you will be given 

this Participant Information and Consent Form to sign and you will be given a copy to 

keep. Your decision whether to take part or not to take part, or to take part and then 

withdraw, will not affect routine treatment, relationship with treating staff or the 

hospital of either yourself or the individual with stroke. 

21. What are the possible benefits of taking part? 

We cannot promise that you will receive any benefits from this research. Your 

involvement in the study will hopefully help us better understand the impact stroke has 

on prospective memory and how to improve prospective memory performance after 

stroke. 

22. What are the possible risks and disadvantages of taking part? 

There are no foreseeable risks and disadvantages of taking part in this project. 
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23. What if I withdraw from this research project? 

If you do withdraw your consent during the research project, the research staff will not 

collect additional personal information from you. The personal information already 

collected will be retained to ensure the results of the research project can be measured 

properly and to comply with law.  

24. Could this research project be stopped unexpectedly? 

It is not anticipated that this research project will be stopped unexpectedly. 

25. What happens when the research project ends? 

At the end of the study the information collected will be analysed and written up for 

presentation in the scientific community. This may be through peer-reviewed scientific 

publications, at scientific conferences and in the format of a PhD thesis. If participants 

would like to receive a written summary of the results of the study they can request this 

of the research team. Results of the completed study should be available by late 2018, if 

not before.  

If you wish to have access to your personal results from any of the tasks, you may contact 

the investigator names below. You will also be directed to any publications arising from 

this study.  

Part 2: How is the research being conducted? 

26. What will happen to information about the participant? 

By signing the consent form you consent to research staff collecting and using personal 

information about you for the research project. Your privacy and confidentiality will be 

maintained at all times during this project. Any information obtained in connection with 

this research project that can identify you will remain confidential. Your information may 

be used for the purpose of future research projects that extend on the current one, wherein 

the researchers will apply for ethical approval. It will only be disclosed with your 

permission, except as required by law. You will be assigned a study number (e.g. PID001). 

All relevant data collected about you will be labelled with this number and not your name. 

Information will be stored safely and securely in a locked filing cabinet at Griffith 

University, Mt Gravatt. Information regarding your medical history will only be used by 

those researchers working on the study. The results of all tests will not be published in a 

way that could reveal your identity.  
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All data will be stored for 7 years after completion of the study.  

27. Complaints and compensation 

If you suffer any injuries or complications as a result of this research project, you 

should contact the study team as soon as possible. You will be assisted with arranging 

appropriate medical treatment. All medical treatment required to treat the injury or 

complication will be free of charge as a public patient in any Australian public hospital. 

28. Who is organising and funding the research? 

The research project is being conducted by Griffith University within Metro North 

Hospital and Health Service, and the Princess Alexandra Hospital. The project is funded 

by Griffith University.  

29. Who has reviewed the research project? 

All research in Australia involving humans is reviewed by an independent group of 

people called a Human Research Ethics Committee (HREC). The ethical aspects of this 

research project have been approved by the HREC of The Prince Charles Hospital and 

Metro North Health Service, and Griffith University. This project will be carried out 

according to the National Statement on Ethical Conduct in Human Research (2007). 

This statement has been developed to protect the interests of people who agree to 

participate in human research studies. 

30. Further information and who to contact 

The person you may need to contact will depend on the nature of your query.  

If you have any queries regarding the nature of this research or the procedure, please feel 

free to contact the research contact person: 

Name Mrs Christy Hogan 

Position PhD Candidate Griffith University 

Telephone  (07) 3735 3342 

Mobile 0406 428 318 

Email christy.hogan@griffithuni.edu.au 
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For matters relating to research at the site at which you are participating, the details of 

the local site complaints person are: 

Complaints contact person 

 

If you have any complaints about any aspect of the project, the way it is being 

conducted or any questions about being a research participant in general, then you may 

contact the Executive Officer, Research and Ethics on (07) 3139 4500 who will forward 

their concerns to the Chair, Human Research Ethics Committee. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name [Name] 

Position [Position]  

Telephone [Phone number] 

Email [Email address] 
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Participant Consent Form 

Master - Significant-other group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  
 

 I agree to participate in the above named project and in so doing acknowledge that: 

▪ I have been informed as to the nature and extent of any risk to my health or well-

being. 

▪ I am aware that, although the project is directed to the expansion of medical 

knowledge generally, it may not result in any direct benefit to me. 

▪ I have been informed that my refusal to consent to participate in the study will not 

affect in any way the quality of treatment provided to me or my friend/relative with 

stroke. 

▪ I have been informed that I may withdraw from the project at my request at any time 

and that this decision will not affect in any way the quality of treatment provided to 

me or my friend/relative with stroke. 

▪ I have been advised that the Executive Director, The Prince Charles Hospital, on 

recommendation from The Prince Charles Hospital Metro North Hospital and Health 

Service Human Research Ethics Committee has given approval for this project to 

proceed. 

▪ I am aware that I may request further information about the project as it proceeds. 

▪ I understand that, in respect of any information (which may consist of records outside 

of this hospital); confidentiality will be maintained. In the event of any results of the 

project being published, I will not be identified in any way. 

 

Participant’s name: ............................................................................ 

 

Signature: ...........................................................................................                

Date:______/______/______   (DD/MM/YYYY)                                                                                                                           

 

Investigator’s name: ............................................................................ 

 

Signature: ...........................................................................................                

Date:______/______/______   (DD/MM/YYYY) 
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Withdrawal of Participation   

Master - Significant-other group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  

 

▪ I hereby wish to WITHDRAW my consent to participate in the research project 

described above and understand that such withdrawal WILL NOT jeopardise any 

treatment to my friend/or relative with stroke or my relationship with The Prince 

Charles Hospital, Metro North Health Services, Princess Alexandra Hospital and 

Griffith University. 
 

 

Participant’s name: ............................................................................ 

 

Signature: ...........................................................................................                

 

Date:______/______/______   (DD/MM/YYYY) 

 

This Withdrawal of Participation should be forwarded to: 

 

Mrs Christy Hogan 

School of Applied Psychology (Mt Gravatt campus) 

Griffith University 

176 Messines Ridge Rd, Mt Gravatt 

Queensland, Australia 4122 

 

 

 

 

 

 

 



PROSPECTIVE MEMORY AFTER STROKE  299 

APPENDIX E 

Participant Information Sheet for Control Participants  

 

Participant Information Sheet   

Master - Healthy Control group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  

 

Part 1: What does my participation involve? 

31. Introduction 

You are invited to take part in the research project “Determining the Nature and 

Extent of Prospective Memory Impairment After Stroke.”  You have been invited to 

participate as you have expressed interest in taking part in the current study. The project 

aims to gain a better understanding of how Prospective Memory is affected after stroke. 

You are using prospective memory when you remember to do something in the future 

(e.g. remembering to pick up milk on the way home). 

This Participant Information Sheet/Consent Form tells you about the research project. It 

explains what you would do in the study if you agree to participate. Knowing what is 

involved will help you to decide if you want to take part in the research. Please read this 

information carefully. Ask questions about anything that you don’t understand or want 

to know more about.  

Participation in this research is voluntary. If you don’t wish to take part, you don’t have 

to.  

If you decide you want to take part in the research project, you will be asked to sign the 

consent section. By signing it you are telling us that you: 

• Understand what you have read 

• Consent to take part in the research project 

• Consent to the tests and research that are described 
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• Consent to the use of your personal information as described 

You will be given a copy of this Participant Information Sheet and Consent Form to 

keep.  

32. What is the purpose of this research? 

The aim of the study is to gain a better understanding of Prospective Memory abilities 

in people who have had a stroke. The prospective memory abilities of individuals with 

stroke need to be compared to those of healthy participants to gain a deeper 

understanding of how prospective memory performance differs after stroke. The main 

questions we would like to answer are: 

• Is prospective memory affected by stroke? 

• How do we best identify the problems caused by a stroke, on prospective 

memory? 

• Can we help improve prospective memory after stroke? 

This information will help clinicians in the future to better detect prospective memory 

impairment and highlight possible intervention strategies that can be used to improve 

prospective memory performance post-stroke.  

This research is being conducted as part of a Doctor of Philosophy degree at Griffith 

University.  

33. What does participation in this research involve? 

If you decide to participate in the study, you will need to attend two sessions. You will 

be randomly allocated to one of two experimental groups. Both of these groups will 

complete a similar set of tasks, with one group receiving some additional instructions 

during the tasks.  

If you agree to participate in the study, you will need to sign the consent form. A 

member of the research team will obtain information about you (e.g. age, psychiatric 

history, neurological history) from you.  

The first step of the study for you will involve a phone interview. During the phone call 

you will be asked some questions to make sure it is ok for you to participate. If you can 

participate an appointment time that is convenient for you will be made for the first 

session. The first appointment will see you answering some questionnaires about your 

memory, completing some paper and pen tasks while following other instructions, and 



PROSPECTIVE MEMORY AFTER STROKE  301 

one computer-based task. This session will take place at Griffith University and take 

approximately 60 minutes. At the end, an appointment will be made for a second 

session about 1 to 3 weeks later.  

In the second session you will complete a prospective memory assessment that uses a 

virtual-reality program (i.e. a computer program). At the end of the session you will be 

asked to answer a short questionnaire about the virtual reality task and complete some 

tests which measure your problem solving and planning skills. You will then be asked 

to do something in your real-life at a later stage. This session will take approximately 

40-50 minutes. 

Session 1 (Total time: 60 minutes)  

Measure Task Description Time to 

Complete 

(Mins) 

Test of Premorbid 

Function (TOPF) 

A list of words which you will be asked to 

read out loud.  

<10 

Brief Assessment of 

Prospective Memory 

(BAPM) 

This 16-item questionnaire asks you to 

answer questions about situations where you 

may have forgotten to do things. It is looking 

at your ability to remember to do something 

in the future. 

<10 

Prospective and 

Retrospective 

Memory 

Questionnaire 

(PRMQ) 

The PRMQ is a 16 item self-report measure 

where you will be asked about memory 

failures in everyday life for both things that 

happened in the past and things that needed 

to happen in the future. 

5 

Cambridge 

Prospective Memory 

Test 

(CAMPROMPT) 

You will be required to complete a number 

of puzzles over a period of 20 minutes. 

During this time you will be told to 

remember to do something either during or at 

the end of the task. 

20 

Lexical Decision 

Prospective Memory 

Task (LDPMT) 

You will be required to complete a simple 

computer task where you will be deciding if 

the text on the screen is a word or a non-

word. During this task you will be told to 

remember to do some other things at the 

same time. 

10 

Modified version of 

the User Friendliness 

Scale (UFS-

LDPMT) 

You will be asked to rate how the LDT task 

reflected every-day activities, if it was 

interesting, clear and easy to learn, and if you 

would recommend the task to others. 

5 

Depression Anxiety 

and Stress Scale – 21 

(DASS-21) 

This measures depression, anxiety and level 

of stress. 

 

 

 

 

<5 
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Session 2 Total Time: 40-50 minutes 

Measure Task Description Time to 

Complete 

Virtual Reality PM 

Shopping task 

(VRPMST) 

Using computer-based virtual reality 

software you will be asked to navigate 

around a shopping centre and complete a list 

of tasks.  

 

20-25 

Modified version of 

the User Friendliness 

Scale (UFS-

VRPMST) 

You will be asked to rate how the virtual 

reality task reflected every-day activities, if it 

was interesting, clear and easy to learn, and 

if you would recommend the task to others. 

5 

Montreal Cognitive 

Assessment (MoCA) 

This measure is used to measure global 

cognitive function. 

10 

Trails A and B You will be required to complete a paper and 

pen task where you will draw a line between 

numbers and letters in ascending order. 

5 

Real-life PM task You will be given a prospective memory task 

to complete after a 24 hour delay. You will 

be given a time of day to contact the 

researchers with a message. 

5-10 

 

34. What are the possible risks and side effects of taking part? 

There are no to minimal risks or side effects to you from taking part in this study. The 

assessment tasks you will complete are described in the table above. Tasks will assess 

your everyday memory, and thinking skills. These tasks should not cause significant 

discomfort. You may be inconvenienced in terms of the time commitment required to 

participate in the study; however every effort will be made to schedule sessions at times 

that are convenient to you. 

The risk of harm to you is considered extremely low.  

35. Do I have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part, you do 

not have to. If you decide to take part and later change your mind, you are free to 

withdraw from the project at any stage. If you do decide to take part, you will be given 

this Participant Information and Consent Form to sign and you will be given a copy to 

keep.  

36. What are the possible benefits of taking part? 

We cannot promise that you will receive any benefits from this research. If the 

intervention techniques introduced to one of the groups are found to be beneficial, those 
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in the usual treatment group will be provided with information about the technique via a 

telephone consultation, if interested. Your involvement in the study will hopefully help 

us better understand the impact stroke has on prospective memory and how to improve 

prospective memory performance after stroke. 

37. What are the possible risks and disadvantages of taking part? 

There are no foreseeable risks and disadvantages of taking part in this project. 

38. What if I withdraw from this research project? 

If you do withdraw your consent during the research project, the research staff will not 

collect additional personal information from you. The personal information already 

collected will be retained to ensure the results of the research project can be measured 

properly and to comply with law.  

39. Could this research project be stopped unexpectedly? 

It is not anticipated that this research project will be stopped unexpectedly. 

40. What happens when the research project ends? 

At the end of the study the information collected will be analysed and written up for 

presentation in the scientific community. This may be through peer-reviewed scientific 

publications, at scientific conferences and in the format of a PhD thesis. If participants 

would like to receive a written summary of the results of the study they can request this 

of the research team. Results of the completed study should be available by late 2018, if 

not before.  

If you wish to have access to your personal results from any of the tasks, you may contact 

the investigator names below. You will also be directed to any publications arising from 

this study.  

Part 2: How is the research being conducted? 

41. What will happen to information about the participant? 

By signing the consent form you consent to research staff collecting and using personal 

information about you for the research project. Your privacy and confidentiality will be 

maintained at all times during this project. Any information obtained in connection with 

this research project that can identify you will remain confidential. Your information may 

be used for the purpose of future research projects that extend on the current one, wherein 
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the researchers will apply for ethical approval. It will only be disclosed with your 

permission, except as required by law. You will be assigned a study number (e.g. PID001). 

All relevant data collected about you will be labelled with this number and not your name. 

Information will be stored safely and securely in a locked filing cabinet at Griffith 

University, Mt Gravatt. Information regarding your medical history will only be used by 

those researchers working on the study. The results of all tests will not be published in a 

way that could reveal your identity.  

All data will be stored for 7 years after completion of the study.  

42. Complaints and compensation 

If you suffer any injuries or complications as a result of this research project, you 

should contact the study team as soon as possible. You will be assisted with arranging 

appropriate medical treatment. All medical treatment required to treat the injury or 

complication will be free of charge as a public patient in any Australian public hospital. 

43. Who is organising and funding the research? 

The research project is being conducted by Griffith University within Metro North 

Hospital and Health Service, and the Princess Alexandra Hospital. The project is funded 

by Griffith University. Participation in this research is voluntary and at the completion 

of the second session you will receive monetary compensation valued at $20. 

44. Who has reviewed the research project? 

All research in Australia involving humans is reviewed by an independent group of 

people called a Human Research Ethics Committee (HREC). The ethical aspects of this 

research project have been approved by the HREC of The Prince Charles Hospital and 

Metro North Health Service, and Griffith University. This project will be carried out 

according to the National Statement on Ethical Conduct in Human Research (2007). 

This statement has been developed to protect the interests of people who agree to 

participate in human research studies. 

45. Further information and who to contact 

The person you may need to contact will depend on the nature of your query.  

If you have any queries regarding the nature of this research or the procedure, please feel 

free to contact the research contact person: 



PROSPECTIVE MEMORY AFTER STROKE  305 

Name Mrs Christy Hogan 

Position PhD Candidate Griffith University 

Telephone  (07) 3735 3342 

Mobile 0406 428 318 

Email christy.hogan@griffithuni.edu.au 

 

For matters relating to research at the site at which you are participating, the details of 

the local site complaints person are: 

 

Complaints contact person 

 

If you have any complaints about any aspect of the project, the way it is being 

conducted or any questions about being a research participant in general, then you may 

contact the Executive Officer, Research and Ethics on (07) 3139 4500 who will forward 

their concerns to the Chair, Human Research Ethics Committee. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name [Name] 

Position [Position]  

Telephone [Phone number] 

Email [Email address] 
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Participant Consent Form 

Master - Healthy Control group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  
 

 I agree to participate in the above named project and in so doing acknowledge that: 

▪ I have been informed as to the nature and extent of any risk to my health or well-

being. 

▪ I am aware that, although the project is directed to the expansion of medical 

knowledge generally, it may not result in any direct benefit to me. 

▪ I have been informed that I may withdraw from the project at my request at any time. 

▪ I have been advised that the Executive Director, The Prince Charles Hospital, on 

recommendation from The Prince Charles Hospital Metro North Hospital and Health 

Service Human Research Ethics Committee has given approval for this project to 

proceed. 

▪ I am aware that I may request further information about the project as it proceeds. 

▪ I understand that, in respect of any information (which may consist of records outside 

of this hospital); confidentiality will be maintained. In the event of any results of the 

project being published, I will not be identified in any way. 

 

Patient’s name: .............................................Signature: ..................................         Date: _ _ / _ _ _ / _ _ _ _ 

                                                                                                                                       DD / MMM / YYYY 

 

Name of Investigator: ........................................Signature: ................................     Date: _ _ / _ _ _ / _ _ _ _ 

                                                                                                                                        DD / MMM / YYYY 

 

 

 

 

 

 

 

 



PROSPECTIVE MEMORY AFTER STROKE  307 

Withdrawal of Participation   

Master - Healthy Control group 

HREC No: HREC/15/QPCH/282 

Project Title: Determining the Nature and Extent of Prospective Memory 

Impairment After Stroke 

Name of Researchers: Prof David Shum, Mrs Christy Hogan, Dr Petrea Cornwell, 

& A/Prof Jennifer Fleming 

Sponsor Details:  

 

▪ I hereby wish to WITHDRAW my consent to participate in the research project 

described above and understand that such withdrawal WILL NOT jeopardise my 

relationship with The Prince Charles Hospital, Metro North Health Services, Princess 

Alexandra Hospital and Griffith University. 

 

 
 

Participant’s name (please print):  .........................................................................................  

 

(Signature)..............................................................           Date:     _ _ / _ _ _ / _ _ _ _ 

                                                                                                                           DD / MMM / YYYY 

 

This Withdrawal of Participation should be forwarded to: 

 

Mrs Christy Hogan 

School of Applied Psychology (Mt Gravatt campus) 

Griffith University 

176 Messines Ridge Rd, Mt Gravatt 

Queensland, Australia 4122 
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APPENDIX F 

Research Advertisement for Individuals with Stroke 
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APPENDIX G 

Research Advertisement for Control Participants  
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APPENDIX H 

Ongoing Tasks for the VRPMST 

Item What Where Choice Scoring 

1 Pick up scripts Pharmacy Would you like to: 

- Buy vitamins 

- Pick up scripts 

- Have a flu shot  

0 1 

2 Buy a coffee Coffee Club Would you like to buy a: 

- Muffin 

- Cake 

- Coffee 

0 1 

3 Buy stamps Post Office Would you like to: 

- Buy stamps 

- Post a letter 

- Pick up a parcel  

0 1 

4 Buy a birthday 

card 

News Agent Would you like to buy a: 

- Newspaper  

- Birthday card 

- Lotto ticket  

0 1 

5 Buy a burger  Takeaway 

Shop 

Would you like to buy a: 

- Soft drink 

- Small chips 

- Burger  

 

 

0 1 

6 Pay phone bill Phone Shop Would you like to: 

- Pay your phone bill 

- Buy a phone 

- Get your phone 

fixed 

 

 

 

0 1 
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7 Buy popcorn Cinema Would you like to buy a: 

- Frozen coke 

- Popcorn 

- Ice-cream  

0 1 

8 Get a haircut Hairdresser Would you like to: 

- Get a haircut 

- Buy some hair 

product 

- Get your hair 

coloured  

0 1 

9 Buy chocolates Myer Would you like to buy a: 

- Food Hamper 

- Tin of Biscuits 

- Box of chocolates 

0 1 

10 Buy a pair of 

shoes 

Shoe Shop Would you like to: 

- Buy a pair of shoes 

- Buy some socks 

- Get shoes repaired  

0 1 

11 Buy a book Book Shop Would you like to buy a: 

- Diary 

- Book 

- Office paper  

0 1 

12 Buy flowers Florist  Would you like to buy: 

- Flowers 

- A balloon 

- A gift basket  

0 1 

Total Score =  /12 
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APPENDIX I 

Event-based PM Tasks for the VRPMST 

Item What Where Focal task Non-focal task 

1 Pick up scripts Pharmacy  Ask security 

(0 or 1) 

2 Buy a coffee Coffee Club Get receipt 

(0 or 1) 

 

3 Buy stamps Post office   

4 Buy a birthday card Newsagent  Ask security 

(0 or 1) 

5 Buy a burger Takeaway shop Get receipt 

(0 or 1) 

 

6 Pay phone bill Phone shop   

7 Buy Popcorn Cinema Get receipt 

(0 or 1) 

 

8 Get a haircut Hairdresser  Ask security 

(0 or 1) 

9 Buy Chocolates Myer Get receipt 

(0 or 1) 

 

10 Buy a pair of shoes Shoe shop  Ask security 

(0 or 1) 

11 Buy a book Book shop   

12 Buy flowers Florist   

  Total = /4 /4 
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APPENDIX J 

Time-based PM Tasks for the VRPMST  

Time 

(min) 

Task 

Scoring 

Within 15 s 16 – 30 s 

31 – 60 

s 

+61 s or not 

completed 

1      

2      

3 Check heart rate (12:03) 3 2 1 0 

4      

5      

6 Check heart rate (12:06) 3 2 1 0 

7      

8      

9 Check heart rate (12:09) 3 2 1 0 

10      

11      

12 Check heart rate (12:12) 3 2 1 0 

13      

Cont..      

 Total Score =    /12  

 

 

 

 


