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Abstract 

Background 

Chronic pain is a common problem in people with dementia living in residential aged care 

facilities (RACFs); however, it is often under-recognised and untreated due to the cognitive 

impairment of residents, and lack of knowledge and communication among care providers. 

Untreated pain is reported to be associated with behavioural and psychological symptoms of 

dementia (BPSD), such as agitation, depression and anxiety. Moreover, pain is also related to 

poor sleep and reduced physical activity, leading to a lower quality of life in people with 

dementia. Social robots, such as the robotic seal PARO, are promising psychosocial 

interventions to improve mood and manage behaviours in people with dementia, and the 

results from feasibility studies also indicate the potential effect of PARO to reduce pain in 

people with dementia. However, no randomised controlled trials (RCT) have been conducted 

to explore the effect of PARO on chronic pain in people with dementia living in RACFs. 

Objectives 

This PhD study had four main aims: (1) to obtain the feasibility of a pilot RCT of a PARO 

intervention on observational pain levels in people with dementia living in RACFs; (2) to 

explore the effect of the PARO intervention on pain, agitation, depression, anxiety and 

quantified dosage of medication use in people with dementia living in RACFs; (3) to explore 

the effect of the PARO intervention on physiological responses (i.e., sleep and motor activity, 

salivary cortisol) in people with dementia; and (4) to explore experiences and perceptions of 

people with dementia towards the PARO intervention.  

Methods 

A pilot RCT followed by semi-structured interviews was conducted with residents aged ≥ 65 

years with dementia and chronic pain living in RACFs in Southeast Queensland, Australia. 

Participants were randomised into either a PARO intervention group (individual, non-
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facilitated, 30-minute sessions, 5 days per week for 6 weeks) or a usual care group (music, 

church, singing, story listening, etc.) using a computer-generated random number list. 

Feasibility of this pilot study included recruitment, eligibility, attrition, protocol adherence, 

data collection and safety issues. The primary outcome was the effect size of the change in 

the mean difference of researcher-observed pain level measured by the Pain Assessment in 

Advanced Dementia Scale (PAINAD) between the two groups. Secondary outcomes included 

staff-rated pain, agitation, depression, anxiety, quantified dosage of regular and pro re 

nata (PRN) medications, sleep and motor activity (i.e., step counts, physical activity and 

energy expenditure) measured by actigraphy, as well as stress level measured by salivary 

cortisol. Quantitative analyses followed the intention-to-treat approach. Differences in 

outcomes between two groups were examined using the generalised estimating equation 

model. Covariate-adjusted mean differences with 95% confidence intervals accounted for the 

potential confounding factors of age, gender, cognitive status and medications at baseline. 

Cohen’s d for effect size was calculated, and statistical significance was set at p < .05. 

Participants who were capable of verbal communication and comprehension were 

interviewed about their experiences and perceptions of the PARO intervention. Qualitative 

data were analysed using inductive thematic analysis. 

Results 

Feasibility of the pilot RCT was established. Forty-three participants with dementia and 

chronic pain living in three RACFs participated in the study. The recruitment rate for the 

eligible residents was 60.6% (43/71) after a strict screening process. The attrition rate of the 

participants was low, with three out of 43 participants (7.0%) dropping out during the 

intervention process. The average attended sessions among participants was 23.3 (±7.3) and 

the average duration of each session was 16.36 (±8.13) minutes. A total of 2,470 out of 2,520 
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(98.02%) observational pain assessments were completed. No adverse events were reported 

during the study. 

Compared to participants in the usual care group, participants in the PARO group had a 

significantly lowered level of observed pain (-0.514, 95% confidence interval [CI] -0.774 to  

-0.254, p < .001, Cohen’s d = -0.765) after receiving the PARO intervention and used fewer 

prescribed PRN medications (-1.175, 95% CI -2.205 to -0.145, p = .025, Cohen’s d = 0.690) 

during the 6-week PARO intervention, which were adjusted for age, sex, Mini-Mental Status 

Examination (MMSE) and medication at baseline. No significant results have been found on 

staff-rated pain, agitation, depression, anxiety and regularly scheduled medications after the 

6-week PARO intervention. At the end of the 6-week PARO intervention, compared to the 

usual care group, participants in the PARO group showed a greater increase in the duration 

(hours) of daytime wakefulness (1.91, 95% CI: 0.09 to 3.73, p = .042, Cohen’s d = 0.655) and 

a greater reduction in the duration (hours) of daytime sleep (-1.35, 95% CI: -2.65 to -0.05, p 

= .040, Cohen’s d = 0.664). After one session of PARO intervention, the increase in the 

duration (hours) of night sleep was significantly higher in the PARO group (1.81, 95% CI: 

0.22 to 3.84, p = .030, Cohen’s d = 0.570). No significant results were found for motor 

activity. Several difficulties in the collection and analysis of salivary cortisol were 

encountered, including cognitive impairment of participants and inadequate saliva volume for 

assay.  

Four themes emerged from qualitative interviews of 11 participants with mild to 

moderate dementia: (1) perceptions of PARO, (2) therapeutic effects of PARO, (3) 

limitations of PARO, and (4) program improvement. Residents with dementia expressed 

positive attitudes towards the use of PARO and acknowledged the therapeutic benefits of 

PARO on mood improvement and relaxation for pain relief, but also mentioned the 

limitations of its weight, voice and characteristics. Residents’ responses to the PARO 
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intervention could fluctuate during the intervention process. 

Conclusions 

Results from this study indicate that the PARO intervention may be incorporated into daily 

practice as a psychosocial intervention to manage pain in people with dementia. It also 

provides subsequent benefits on sleep and promotes positive mood for participants. However, 

the effect of the PARO intervention on BPSD (i.e., agitation, depression and anxiety), motor 

activity and salivary cortisol level needs further exploration. In addition, considering the 

challenges of obtaining valid saliva samples, salivary cortisol may not be a feasible 

biomarker of physiological stress in people with dementia and chronic pain. Larger 

randomised controlled trials with longer time frames are needed to evaluate the use of PARO 

for people with dementia living in long-term care settings. Moreover, individual preferences 

need to be considered before the use of PARO intervention. 

This thesis consists of nine chapters. Notably, Chapter 2, the literature review, presents 

two published systematic reviews, and Chapters 5 - 8 present four published/submitted 

research articles reporting the effects of PARO from the pilot RCT and findings from 

interviews. This dissertation does not include a traditional discussion chapter as each research 

article details the major findings of the study and a discussion of the results. The final chapter 

gives a summary of the main findings, methodological limitations as well as implications for 

future research, nursing practice and healthcare education. 
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Chapter 1 Introduction 

 

Older adults living in long term care facilities are likely to have cognitive impairment 

and frequently experience chronic pain (Achterberg et al., 2020; Sirsch et al., 2019). It is 

estimated that over half of the residents living in Australian residential aged care facilities 

(RACFs) have a diagnosis of dementia (Dementia Australia, 2019), and around 80% of the 

long-term care residents experience pain (Torvik et al., 2015). However, pain in people with 

dementia is often unrecognised and untreated due to their reduced ability to verbalise their 

pain experience and a lack of knowledge and pain assessment skills among care providers 

(Knopp-Sihota et al., 2019). Untreated pain can trigger behavioural and psychological 

symptoms of dementia (BPSD), such as agitation, depression and anxiety (Nowak et al., 

2018). Untreated pain is also linked to increased stress (Gatchel et al., 2007), sleep 

disturbances (Flo et al., 2017) and may inhibit physical activity (Plooij et al., 2012). These 

negative consequences significantly reduce the quality of life in people with dementia. 

Evidence suggests that better pain management, aside from symptomatic pain relief, 

potentially may also yield a greater overall improvement of physiological and psychosocial 

well-being for individuals with dementia living in RACFs (Rajkumar et al., 2017; Sampson et 

al., 2015; Tederko et al., 2014). 

This PhD study examined the effect of a social robot (PARO) intervention on pain, 

BPSD, and physiological responses (salivary cortisol, sleep and motor activity) in people 

with dementia living in RACFs. This chapter presents the background, significance, research 

aim and organisation of this doctoral thesis. 

Background 

Dementia 

Dementia refers to a group of neurodegenerative diseases affecting cognitive function, 
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including memory, problem-solving, attention, orientation, judgement and visuospatial 

abilities. There are many types of dementia, including Alzheimer’s disease (AD), which is the 

most common type, vascular dementia (VaD), frontotemporal dementia (FTD), Lewy body 

dementia (LBD), alcohol-related dementia as well as HIV-associated dementia (Alzheimer's 

Association, 2017). Dementia is associated with multiple changes in different parts of the 

brain resulting in decreased cognition as well as changes in behaviour, personality and 

communication (McKeith & Cummings, 2005).  

Stages of dementia can be classified as mild, moderate or severe using assessment tool 

such as the Mini-Mental State Examination (MMSE) (Folstein et al., 1975)  with associated 

changes in the behaviours of people with dementia (Alzheimer's Association, 2017) as 

follows:  

 Early-stage or mild dementia (i.e., MMSE score of 20 to 24), where activities of daily 

living can still be performed independently. However, they may experience forgetfulness, 

personality changes, or have difficulty with complex tasks, such as paying bills. 

 Middle-stage or moderate dementia (i.e., MMSE score of 10 to 20), where some assistance 

may be needed in their daily lives. With the progression of dementia, it becomes harder for 

them to maintain their self-care ability. They may also exhibit symptoms of confusion, 

changes in sleep patterns and significant changes in personality or behaviour. 

 Late-stage or severe dementia (i.e., MMSE score of less than 10), where full assistance 

with daily living may be needed. They may lose their capability to communicate, walk and 

sit. They may also be more prone to infections due to pneumonia or pressure ulcers. 

Risk factors for dementia  

The causes of dementia are complex, and a combination of risk factors contribute to the 

development of dementia. The main risk factor for dementia is older age. The literature 

suggests that the prevalence of dementia increases exponentially from the age of  65 years, 
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doubling every 5 or 6 years (van der Flier & Scheltens, 2005). Other risk factors for dementia 

include a family history of dementia, smoking, sedentary lifestyle, obesity, stroke, diabetes, 

hypertension, head trauma and depression (Li et al., 2019). Some forms of dementia are 

associated with specific genes, such as the apolipoprotein E (APOE) ε4 gene (Yamazaki et al., 

2019). However, higher levels of educational attainment, being more physically active as 

well as being cognitively active may be associated with a lower risk of dementia (Li et al., 

2019).  

Management and treatment for dementia 

Currently, there is no cure for dementia, but medication and supportive measures may 

provide some degree of symptomatic relief for memory loss or behavioural problems. The 

commonly used cognitive-enhancing medications (i.e., donepezil, rivastigmine, galantamine 

and memantine), have been shown to provide some benefits in improving or stabilising 

memory function in people with dementia. Behavioural and psychological symptoms of 

dementia (BPSD) are very common in long-term care residents. It is estimated that 85% of 

people with dementia may exhibit one or more BPSD (Pieper et al., 2013). Although current 

guidelines recommend nonpharmacological interventions as the first-line treatment for BPSD 

(Cohen-Mansfield, 2018; Gitlin et al., 2012), psychotropic medications, such as 

antipsychotics, antidepressants, anxiolytics and benzodiazepines, are frequently prescribed 

for residents with dementia living in RACFs despite its limited effects on BPSD and an 

increased risk of death as well as many other reported adverse events (e.g., falls, stroke) in 

older people (Harrison et al., 2020; Westbury et al., 2019).  

The cost and care burden of dementia 

Dementia is considered as an international major public health issue. Currently, over 50 

million people are living with dementia globally, and this number is predicted to increase to 

152 million by the year 2050 (Alzheimer’s Disease International, 2019). In Australia, more 
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than 447,115 people are living with dementia (Dementia Australia, 2019). Dementia is the 

second most common cause of death in Australia and the leading cause of death in Australian 

females (Australian Bureau of Statistics, 2018). The cost of dementia in 2019 was estimated 

to be more than $15 billion in Australia (Dementia Australia, 2019).  

Besides a care burden related to comorbidities and polypharmacy (Clague et al., 2016), 

caring for people with dementia who are in pain can be very challenging, especially for care 

staff, who are known to have limited pain-related knowledge and skills to observe and assess 

pain in this population (Douglas et al., 2016; Liu, 2014). Furthermore, there is considerable 

overlap between pain and BPSD (Cipher et al., 2006; Jordan et al., 2007), and this can result 

in people with dementia being treated with antipsychotic prescriptions rather than analgesic 

medications (Rajkumar et al., 2017). Evidence shows that clinically significant pain in long-

term care residents is associated with more health utilisation, such as higher risks of 

hospitalisation, physician and specialist visits, and prescription drug dispensations (Guliani et 

al., 2020).  

Pain 

Definition of pain 

The International Association for the Study of Pain (IASP) previously defined pain as “an 

unpleasant sensory or emotional experience associated with actual or potential tissue damage, 

or described in terms of such damage” (Merskey & Bogduk, 1994, p. 209). Although this 

definition has been widely adopted, some researchers have raised concerns that not only does 

it ignore the cognitive and social components of pain (Williams & Craig, 2016), it may not be 

appropriate for people who are unable to communicate verbally, such as people with 

dementia (Cohen et al., 2018). Therefore, in 2019, the IASP proposed an alternative 

definition of pain to better reflect current knowledge and guide future pain research and 

patient care. It suggests that pain be defined as “an aversive sensory and emotional 
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experience typically caused by, or resembling that caused by, actual or potential tissue injury” 

(International Association for the Study of Pain, 2019).  

Classification of pain 

According to pain physiology, there are two common pain types caused by tissue damage: 

nociceptive and neuropathic pain. Nociceptive pain is triggered by stimulation of pain 

receptors, termed nociceptors. The painful stimuli can include chemicals, mechanical force, 

temperature and radiation. Neuropathic pain is caused by nerve injury or dysfunction of nerve 

pathways, such as pain related to nutritional neuropathies, peripheral neuropathies or post-

herpetic neuralgia. Mixed pain is induced by tissue damage with the involvement of nerves, 

such as fibromyalgia and myofascial pain (Herr, 2011; Hughes et al., 2012). Furthermore, 

pain can be classified as either acute or chronic. Acute pain typically comes on suddenly and 

has a limited duration; it usually does not last longer than 3 months.  Chronic pain, on the 

other hand, is ongoing and usually lasts longer than 3 months. The originating causes of pain 

in chronic cases are usually resolved, and the resultant pain is the product of peripheral and 

central pain processing changes, such as sensitisation (Garland, 2012). Common sources of 

chronic pain for older people with dementia include musculoskeletal disorders such as 

arthritis and osteoporosis, with other common causes, including fractures, pressure ulcers, 

gastrointestinal and cardiac pain, and cancer-related pain (Corbett et al., 2012). 

Processing of pain 

The gate control theory of pain (Figure 1.1) (Melzack & Wall, 1965) is based on the theory 

that the transmission of a potentially painful impulse could be modulated by a “cellular gating 

mechanism” found in the spinal dorsal horn, especially the substantia gelatinosa (SG). In the 

ascending pathway, impulses from the afferent fibres to the transmission (T) cells can be 

influenced by both large (touch) fibres and small (pain) fibres (Melzack & Wall, 1965). Large 

fibres tend to reduce the input to the T cells through exciting the presynaptic inhibition 
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exerted by the interneuron (close the gate) while small diameter fibres remove the 

presynaptic inhibition of the sensory inputs (open the gate) (Melzack & Wall, 1970).  

 

 

 

 

 

 

 

Figure 1.1 The gate control theory of pain adapted from Melzack and Wall (1965) 

(The large (L) and small fibres (S) project to the substantia gelatinosa (SG, an interneuron) 

and first central transmission (T) cells. The central control trigger is represented by a line 

running from the large fibre system to the central control mechanism, which in turn project 

back to the gate control system. The activation of T cells results in a neural mechanism 

activation, called the action system. +, Excitation; -, Inhibition.)  

 

However, the overall activity of the gate system is also influenced by descending 

inhibitory fibres, mediated by the cerebral cortex, thalamus and brain stem, all of which are 

associated with mediating responses in attention, emotion and memories (Stamford, 1995). 

Main neurotransmitters, such as noradrenaline, serotonin, and endogenous opioids, play an 

important role in pain modulation. Noradrenaline can suppress nociceptive transmission 

through spinal adrenoceptors and inhibit ascending spinal nociceptive cells. Serotonin can 

play an important role as an inhibitory transmitter that mediates centrally induced analgesia 

(Melzack, 2001). The endogenous opioids affect the modulation of pain at the spinal cord 

level in the ascending pathway as well as the brainstem in the descending pathway (Stamford, 

1995). 
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Owing to the physiological process of ageing, there are significant losses in the roles and 

functions associated with both the peripheral and central nervous systems. This includes 

processes associated with pain processing of both afferent transmission pathways and the 

descending inhibitory control system (Yezierski, 2012). The effect of ageing on pain has been 

investigated through the assessment of the pain threshold (the lowest intensity at which a 

given stimulus is perceived as painful) and pain tolerance (the maximum level of pain that a 

person can tolerate) in older adults. Evidence shows that ageing may lead to a slight increase 

in pain threshold and a decrease in tolerance irrespective of stimulus (electrical, ischaemic, 

mechanical, heat, or cold) (Hadjistavropoulos et al., 2014; Lautenbacher, 2012). From brain 

imaging studies, ageing is associated with a reduced function of the endogenous pain 

modulatory mechanism in the descending pathways (Cole et al., 2010). Therefore, older 

people are more vulnerable to pain, and this may explain the increased prevalence of pain 

reported from older adults. 

Pain in people with dementia  

Biology of pain in different stages and subtypes of dementia 

The inability to communicate verbally does not negate the possibility that people with 

dementia are experiencing pain and need appropriate pain-relieving treatments. However, the 

biological pathway of pain in different subtypes and stages of dementia is still not well-

established (Binnekade et al., 2017). Findings from recent pain studies indicate that the pain 

threshold for painful heat stimuli is not altered while pain tolerance decreases in people with 

mild/moderate Alzheimer’s disease (AD) compared to healthy controls (Jensen-Dahm et al., 

2014). It appears that reduced pain tolerance plays an important role in pain experience of 

those individuals with more advanced dementia (Defrin et al., 2015; Hadjistavropoulos et al., 

2014) as residents with more severe dementia had a higher prevalence of observed pain than 

those with less severe dementia (van Kooten et al., 2017). 
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For people with AD, the neuropathological changes in the temporal and parietal cerebral 

cortex and hippocampus may impact pain processing involved in these areas (Defrin et al., 

2015). The memory impairment (especially short-term) and aphasia in AD may further 

reduce their ability to communicate and verbalise pain experience. Furthermore, older people 

with early stages of VaD may suffer more from pain (Binnekade et al., 2017). This may be 

attributed to the presence of white matter lesions, which are the most affected brain area in 

VaD, which could disrupt connections between cortical and subcortical brain areas associated 

with central pain processing (Binnekade et al., 2017), leading to an increase in pain 

experience in people with VaD when compared to cognitively intact controls (Binnekade et 

al., 2019; Scherder et al., 2015). For people with FTD, both pain threshold and tolerance are 

likely to increase as a lowered level of pain awareness was reported by caregivers of older 

people with FTD than those with AD or VaD (Carlino et al., 2010).  

With declining cognition in people with dementia, this may reduce the placebo effect 

(e.g., positive expectations and reward) of pain treatments. The placebo effect is a powerful 

mechanism for modulating clinical outcomes, particularly in pain management (Colloca, 

2019). The effect size of the placebo effect is reported to be comparable to the active 

treatment (Tuttle et al., 2015) and larger than the no treatment arm (Vachon-Presseau et al., 

2018). The placebo-induced analgesia is found to be related to functional connectivity 

between regions such as the medial and lateral prefrontal cortex, the anterior cingulate cortex, 

and the subcortical limbic structures (Vachon-Presseau et al., 2018), but these areas are 

commonly affected in people with dementia, leading to a reduced placebo effect, especially 

in the advanced stage of dementia who may need higher doses of analgesics (Álvaro 

González, 2015). 

Pain assessment in people with dementia 

Pain is a subjective experience and self-reported pain is the gold standard of assessment. 
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However, this may not apply to individuals with advanced dementia or individuals with an 

inability to communicate verbally due to their reduced capacity to express and report their 

pain. It is recommended that a combination of self-reports, proxy reporting from carers and 

observation of pain behaviours could provide a more valid result among seniors with 

cognitive impairment (Booker, 2016; Fisher et al., 2002; Hadjistavropoulos et al., 2010). A 

hierarchical approach to pain assessment in nonverbal patients recommends that self-reports 

should be obtained from all patients (Herr et al., 2011), even for those with mild cognitive 

impairment, individual self-reports of pain can also be attained and is reliable.  

There are various tools for self-report of pain in older people. Evidence recommends the 

use of a pain thermometer that has good validity and reliability with a low failure rate, and 

that this scale is practical and preferred by older adults (Herr, 2011; Weiner, 1999). When 

self-reports are unattainable or absent, the observation of pain-related behaviours, such as 

facial expressions, body movements, vocalization/verbalization, and mental status change 

(Booker, 2016), or proxy reports from family carers or health care providers (Ersek et al., 

2011) can be alternate ways for pain assessment. More than 20 pain assessment tools have 

been developed for cognitively impaired individuals (Lichtner et al., 2014). A systematic 

review indicated that the Pain Assessment in Advanced Dementia Scale (PAINAD) (Warden 

et al., 2003) had the strongest psychometric properties in terms of construct validity, internal 

consistency and strong inter-rater reliability (Ellis-Smith et al., 2016). It also had good 

concurrent validity when assessed with the numeric rating scales (NRS) in people with 

varying degrees of cognitive impairment (Mosele et al., 2012). Experts also recommend the 

use of PAINAD as a short time assessment of pain indicators (Herr et al., 2010; Lukas et al., 

2012).  

Prevalence of pain in older adults with dementia 

Although pain in dementia is a common and challenging issue, there is still a lack of 
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consensus regarding pain prevalence due to large variations in pain assessment methods 

across different settings. As for self-reports of pain, a recent study from the US using a single 

question - “Are you in pain?”, indicated that 43.3% (74/171) of people with dementia from 

RACFs had pain on one or more occasions during the daytime period (Lee et al., 2015). 

Several studies have also used observational pain assessment tools. Pain was observed in 

42.3%, 35.3% and 51.8% of people with dementia living in RACFs in the Netherlands (van 

Kooten et al., 2017), UK (Rajkumar et al., 2017) and Italy (Malara et al., 2016), respectively. 

According to  Barry et al. (2016), pain was reported by 57.3% (118/206) of the residents with 

dementia living in communities. Similarly, the prevalence of pain in people with dementia 

admitted to hospitals is also high, with a reported 57% of the patients experiencing pain 

during their hospitalisation (Sampson et al., 2015). Furthermore, existing literature provides 

some evidence that dementia severity and dementia subtypes affect pain experience. For 

example, pain was observed more often in residents with severe dementia (Rajkumar et al., 

2017), and older adults with VaD reported higher pain levels than those with other dementia 

subtypes (van Kooten et al., 2017). 

Pain medication use in older adults with dementia 

Despite the high prevalence of pain in individuals with dementia, underestimates of pain has 

led to fewer analgesic medications being prescribed for people with dementia compared to 

those without dementia (Monroe et al., 2014; Tan et al., 2015). Researchers found that 

residents with a higher ability to communicate were more likely to receive pain medication 

(Liu & Leung, 2017; Malara et al., 2016), suggesting that the comparatively lower treatment 

and management of pain in people with dementia may be associated with their reduced 

capacity for communication (Bruneau, 2014). A systematic review found that residents with 

dementia or cognitive impairment had a significantly lower prevalence of analgesic use (odds 

ratio [OR] = 0.576, 95% confidence interval [CI] = 0.406-0.816) (Tan et al., 2015). 
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According to Monroe et al. (2014), nursing home residents without a dementia diagnosis 

were significantly more likely to have a medication order for an opioid (OR 4.37, 95% CI 

1.29-14.73). From the evidence, pain in people with dementia is largely undertreated, and this 

may further decrease the quality of life of persons with dementia (Klapwijk et al., 2016). 

Pain-related symptoms in people with dementia 

Untreated pain can have a negative impact on behaviours (Bransvik et al., 2015; Brecher & 

West, 2016; Sampson et al., 2015) and mood in people with dementia (Husebo et al., 2014; 

Jaremka et al., 2014). A systematic review (Selbæk et al., 2013) indicated that agitation, one 

of the most common neuropsychiatric behaviours, was found in 79% of nursing home 

residents with dementia, and pain scores were positively significantly related to agitation 

scores (Volicer et al., 2012). Studies also showed that pain was significantly associated with 

depression (de Heer et al., 2014; Malara et al., 2016) and anxiety (Gerrits et al., 2014; Gerrits 

et al., 2012). 

Depression is the most common psychiatric diagnosis in residents with dementia. A 

study reported that over half of the 2,032 Dutch nursing home residents had symptoms of 

depression (Volicer et al., 2012). A systematic review indicated that the incidence of 

depression among residents with dementia ranged from 3% to 14% and the cumulative 

prevalence rate was 27% to 46% (Selbæk et al., 2013). Evidence suggests that high levels of 

pain are significantly linked to depression in people with dementia, and pain treatment has 

been shown to ameliorate depression symptoms (Husebo et al., 2014). Anxiety is another 

important symptom of dementia and is negatively associated with quality of life of older 

adults with dementia. It is estimated that the prevalence of anxiety among people with 

dementia ranged from 11% to 18% in assisted living environments (Neville & Teri, 2011). A 

systematic review concluded that anxiety was a risk factor for cognitive decline (risk ratio 

[RR] = 1.77 95% CI 1.38-2.26) and dementia (RR = 1.57 95% CI 1.02-2.42) (Gulpers et al., 
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2016). Furthermore, anxiety may lead to stress and higher levels of cortisol, which could 

influence the neuropathological processes leading to further cognitive decline (Seignourel et 

al., 2008).  

People with dementia often have difficulties with communication, daily activities and 

social relationships, and this could lead to chronic stress. Besides, an individual's stress 

threshold lowers in accordance with disease progression (Williams et al., 2016). Untreated 

chronic pain could serve as a stressor to activate the hypothalamus-pituitary-adrenal (HPA) 

axis, leading to an increase of cortisol secretion (Choi et al., 2012). Prolonged activation of 

this system can create physiological changes, including increased glucocorticoid 

concentrations and elevated blood pressure (Smith & Vale, 2006). Also, chronic pain is 

generally linked to sleep disturbances (Flo et al., 2017) and may inhibit physical activity in 

people with dementia (Plooij et al., 2012), which can increase the risk of falls  (Chen et al., 

2016) and caregiver burden (Terum et al., 2017). Appropriate pain management may provide 

subsequent improvements in sleep (Blytt et al., 2018) and physical functions (e.g., mobility or 

activities) of residents with dementia (van Dalen-Kok et al., 2015). 

Given the negative impact of untreated pain in people with dementia, the impetus for 

research is to identify effective psychosocial interventions in combination with 

pharmacological treatments to manage pain in this population. According to Gagliese et al. 

(2017), pain in people with dementia is a biopsychosocial phenomenon as a result of the 

interaction of pain, aging and dementia. Therefore, psychosocial interventions that 

manipulate the psychological and/or social components of pain may have the potential to 

modify the pain experience in people with dementia. Besides, psychosocial interventions may 

have fewer side effects compared to medication and they can be applied alone or with 

medication (Tederko et al., 2014). One form of psychosocial intervention is animal-assisted 

therapy.  
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Animal-assisted therapy  

Animal-assisted therapy (AAT) is defined as the use of specific animals with definite 

therapeutic outcomes (Burton, 2013). AAT can be delivered in a variety of settings, such as 

specially trained animals working closely with their handlers in rehabilitation facilities to 

help with skills improvement (Gammonley & Yates, 1991).  

Animal-assisted therapy for pain management 

Several findings are available indicating the impact of animal visits on pain alleviation. 

Marcus et al. (2013) observed significant self-reported pain reduction for patients with 

fibromyalgia after certified therapy dog visits compared to a waiting room control. 

Additionally, pet therapy interventions not only reduced pain levels but also decreased 

anxiety and fatigue for hospitalised patients (Coakley & Mahoney, 2009). The value of 

human-animal interactions on pain may be explained by the increased level of oxytocin (Boll 

et al., 2018), which offers anti-stress effects and increases pain threshold (Beetz et al., 2012).  

Animal-assisted therapy for people with dementia 

Interacting with animals may lead to positive health outcomes for people with dementia 

where neurochemicals associated with relaxation and anti-stress are increased following AAT. 

Furthermore, AAT has been reported to improve social interaction and thus reduce loneliness 

and agitation in people with dementia (Hu et al., 2018). Nursing home residents with 

dementia may benefit from the AAT with improved mood and reduced depression (Aarskog 

et al., 2019). Results from a cluster randomised controlled trial indicated that animal-assisted 

activities with a dog significantly reduced depression and improved quality of life for people 

with dementia living in nursing homes (Olsen et al., 2016).  

Although animal therapy has potential benefits for people with dementia, its 

application could be limited as some people may be allergic to animals and specially trained 

personnel are required to care for these animals. Therefore, robotic animals can be an 
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alternative to traditional AAT and can provide the same effect as live animals while avoiding 

issues such as bites or risk of disease (Kramer et al., 2009; Thodberg et al., 2016a). Studies 

have indicated that interacting with social robots may distract residents’ attention from their 

physical pain and reduce pain-related behaviours (Lane et al., 2016; Marti et al., 2006; Roger 

et al., 2012). The therapeutic benefits of social robots have been explored in older adult care 

(Abdi et al., 2018; Bemelmans et al., 2012), people with cancer (Eskander et al., 2013), 

autism spectrum disorder (Bertel & Rasmussen, 2013) as well as those with psychosocial 

disabilities (Jøranson et al., 2015; Robinson et al., 2013). 

The use of social robots in dementia care 

Due to the absence of a cure for dementia, there is a growing interest in developing 

innovative technologies to help promote independence and maximise quality of life. 

Technologies could help to fill a gap in care to promote independence, positive mood and 

quality of life for people living with dementia (Moyle, 2019), and social robots are gaining 

traction to deliver psychosocial interventions as a supplement to other health services (Pu et 

al., 2019a; Robinson et al., 2019). A social robot is defined as an artificial agent embodied 

with features of a human or an animal to support its users through interaction or information 

exchange (Broekens et al., 2009; Hegel et al., 2009).  

Numerous studies have identified social robots as appropriate therapeutic tools in 

dementia with measurable benefits in both (socio) psychological (i.e., mood, loneliness, 

social connections and communication) and physiological (i.e., stress reduction, blood 

pressure reduction) parameters (Abbott et al., 2019; Pu et al., 2019a; Robinson et al., 2019). 

Different kinds of social robots have been developed, including animal robots (i.e., a robotic 

seal called PARO, a robotic cat called NeCoRo, a robotic dog called AIBO) and humanoid 

robots (i.e., NAO, Pepper, Bandit). Among these, PARO is one of the most popular social 

robots which has no reported significant negative side effects. It is described as a socially 
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assistive robot that is used to enhance communication, socialisation and emotional connection 

for people living with dementia (Petersen et al., 2017; Sabanovic et al., 2013; Soler et al., 

2015).  

PARO 

PARO (Personal Assistant RobOt, Figure 1.2), a therapeutic seal robot, was developed in 

1998 by Dr Takanori Shibata, a mechanical engineer from Japan, and became commercially 

available in 2003. It has the appearance of a baby harp seal and is covered with artificial fur, 

which is soft and warm to touch, and this also avoids allergic reactions to live animals. It has 

the following four senses: sight, hearing, balance and tactile senses. PARO has two optical 

nose sensors to recognise the source of light and has a diurnal rhythm of sleep or movement 

according to the light sources and stimulation of the sensors. PARO also has three 

microphones in its ears to detect sound source direction and speech recognition, such as its 

name or greetings as well as some simple words. It contains a posture sensor to maintain 

balance and recognises its posture when it is held by a user. For motion, it has seven silent 

intelligent actuators to open and close its eyes and move its neck and its front and rear feet. 

Thus, PARO combines these four senses to respond and communicate with users by moving 

or making a sound. The voice of PARO was recorded from a real baby harp seal (Wada et al., 

2003). PARO can also learn users’ preference for its behaviours. Taking care of PARO can 

make people feel happy and they may enjoy having PARO for a companion, which reflects 

the therapeutic effect of PARO on users. 
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Figure 1.2 PARO (Shibata, 2012) 

 

The use of PARO for pain management in people with dementia 

The robotic seal PARO, has been reported as a promising therapeutic robot to improve mood 

and manage negative behaviours in people with dementia (Jøranson et al., 2015; Liang et al., 

2017; Moyle et al., 2017c; Petersen et al., 2017). Furthermore, pilot studies indicate that 

PARO might have a potential effect on pain alleviation for groups such as paediatric patients 

(Okita, 2013) and patients with cancer (Eskander et al., 2013). Evidence has shown 

promising results of PARO to reduce pain (Demange et al., 2019; Lane et al., 2016) and the 

potential to reduce pain medications in people with dementia (Petersen et al., 2017). One 

recent feasibility study indicated that PARO could potentially reduce acute pain associated 

with care procedures in patients with dementia (Demange et al., 2019). However, these 

studies are limited by the lack of a control group, unclear information regarding pre-existing 

pain conditions of participants and the absence of valid and reliable pain measures. Therefore, 

a pilot randomised controlled trial (RCT) was conducted to obtain pilot evidence of the effect 

of a PARO intervention on pain, BPSD and physiological responses (sleep and motor activity, 

salivary cortisol) in people with dementia living in RACFs.  

Research aims  

The overarching aim of this PhD research was to investigate the feasibility and effect of a 
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social robot intervention for people with dementia and chronic pain living in RACFs. The 

objectives were as follows: 

(1) To obtain the feasibility of a pilot RCT of a PARO intervention on observational pain 

levels in people with dementia living in RACFs;  

(2) explore the effect of a PARO intervention on pain, BPSD (i.e., agitation, depression, 

anxiety) and quantified dosage of regular and Pro re nata (PRN) pain medications used in 

people with dementia living in RACFs;  

(3) explore the effect of the PARO intervention on physiological responses (i.e., sleep, motor 

activity, salivary cortisol) in people with dementia compared to a usual care group; and  

(4) explore the emotional responses, experiences and perceptions of a PARO intervention on 

people with dementia.  

Significance  

As pain is a disturbing problem for people living with dementia, pharmacological approaches 

are necessary for pain management. However, these medications may bring undesirable side 

effects, and non-pharmacological interventions have been developed to reduce these side 

effects. Social robot interventions, such as PARO, are promising in their ability to reduce 

pain, and these interventions are convenient for both health care providers and patients, such 

as people with dementia. It is therefore important to explore the effect of PARO on pain in 

people with dementia as this population is increasing alongside the ageing of the population.  

This research will increase knowledge about pain management in dementia and add to 

our understanding of using social robot interventions to manage pain in people with dementia. 

Specifically, findings from this study have the potential to provide evidence for the use of 

social robots (i.e., PARO) to manage pain, and thus improve the quality of life for people 

with dementia. Furthermore, the study may help clinicians and researchers to consider the 

future use of social robots as an alternative for pain management and inform future studies 
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investigating behavioural and psychological benefits of PARO for people with dementia. 

Structure of the thesis 

This thesis consists of nine chapters. Introduction (Chapter 1) provides an overview of the 

research background, research aims, significance and structure of this document. Literature 

review (Chapter 2) presents a comprehensive literature review with two published 

systematic reviews: (1) “The effectiveness of social robots for older adults: A systematic 

review and meta-analysis of randomised controlled studies” (published); (2) “Psychosocial 

interventions for pain management in older adults with dementia: A systematic review of 

randomised controlled trials” (published); (3) updates of the two systematic reviews; and (4) 

knowledge gap. Methodology (Chapter 3) outlines the study design, research questions, 

implementation process, data collection, ethical considerations and conceptual framework of 

this study. Results and discussion (Chapters 4-8): (1) Chapter 4 – The feasibility of the 

pilot RCT;  (2) Chapter 5 - “The effect of using PARO for people living with dementia and 

chronic pain: A pilot randomised controlled trial” (published); (3) Chapter 6 - “The effect of 

a social robot intervention on sleep and motor activity of people living with dementia and 

chronic pain: A pilot randomised controlled trial” (under review); (4) Chapter 7 - “Using 

salivary cortisol as an objective measure of physiological stress in people with dementia and 

chronic pain: A pilot feasibility study” (published); and (5) Chapter 8 - “How people with 

dementia perceive a therapeutic robot called PARO in relation to their pain and mood: A 

qualitative study” (published). Conclusion and recommendations (Chapter 9) provides 

conclusions and recommendations for future research, clinical practice and healthcare 

education. 

Summary of this chapter 

Pain is common in people with dementia, yet treatment is often challenging due to cognitive 

impairment and communication difficulties. Social robots, such as PARO, are promising 
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approaches for people with dementia living in RACFs. However, its effect on pain in this 

population remains unclear. This thesis explores the effect of a social robot PARO on pain 

and BPSD in residents with dementia living in RACFs. In summary, this chapter has 

introduced the research problem and the significance of this PhD study. The following 

chapter provides two systematic reviews with updates: the first, on the effectiveness of social 

robots in older adults; and the second, on the existing literature on the use of psychosocial 

interventions to manage pain in people with dementia.   
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Chapter 2 Literature review 

 

The literature review chapter is composed of four parts. First, it presents a published 

systematic review about the use of social robots for older adults. Second, another published 

review paper discusses the use of psychosocial interventions to manage pain in people with 

dementia. Third, it provides an update of the literature review, which includes additional 

analyses of relevant papers published from the time of the publication of the review papers to 

March 2020. Lastly, it presents the knowledge gap based on the literature review.  
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Systematic review 1. The effectiveness of social robots for older adults: A systematic 

review and meta-analysis of randomised controlled studies 

 

The purpose of this part is to summarise the effectiveness of social robots on 

psychological, physiological, quality of life or medications of older adults from randomised 

controlled trials (RCTs). It comprises a systematic review and meta-analysis published in the 

journal The Gerontologist. 

Pu, L., Moyle, W., Jones, C., & Todorovic, M. (2019). The effectiveness of social robots for 

older adults: A systematic review and meta-analysis of randomised controlled studies. The 

Gerontologist, 59(1), e37-51. https://doi.org/10.1093/geront/gny046 
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The effectiveness of social robots for older adults: A systematic review and meta-

analysis of randomised controlled studies 

Reference: Pu, L., Moyle, W., Jones, C., & Todorovic, M. (2019). The effectiveness of social 

robots for older adults: A systematic review and meta-analysis of randomised controlled 

studies. The Gerontologist, 59(1), e37-51. https://doi.org/10.1093/geront/gny046 

 

Abstract 

Background and Objectives: Social robots may promote the health of older adults by 

increasing their perceived emotional support and social interaction. This review aims to 

summarise the effectiveness of social robots on outcomes (psychological, physiological, 

quality of life or medications) of older adults from randomised controlled trials (RCTs). 

Research Design and Methods: A mixed-method systematic review of RCTs meeting the 

study inclusion criteria was undertaken. Eight databases were electronically searched up to 

September 2017. Participants’ characteristics, intervention features and outcome data were 

retrieved. The mean difference (MD) and standardised mean difference (SMD) with 95% 

confidence intervals (CI) were synthesised to pool the effect size.  

Results: A total of 13 articles from 11 RCTs were identified from 2,204 articles, of which 

nine studies were included in the meta-analysis. Risk of bias was relatively high in allocation 

concealment and blinding. Social robots appeared to have positive impacts on agitation, 

anxiety and quality of life for older adults, but no statistical significance was found in the 

meta-analysis. However, results from a narrative review indicated that social robot 

interactions can improve engagement, interaction and stress indicators, as well as reduce 

loneliness and the use of medications for older adults.  

Discussion and Implications: Social robots appear to have the potential to improve the well-

being of older adults, but conclusions are limited due to the lack of high-quality studies. More 
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RCTs are recommended with larger sample sizes and rigorous study designs. 

Keywords: socially assistive robots, technology, well-being, analysis-systematic review  
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Introduction 

Maintaining mental health is a major problem in older adults, especially in people with 

dementia. Behavioural and psychological symptoms in people with dementia (BPSD), such 

as agitation, depression and anxiety, are highly prevalent among people with dementia, with 

an estimation of prevalence up to 80% (Pieper et al., 2013). People with these conditions are 

commonly prescribed antipsychotic medications, which are associated with an increased risk 

of cardiovascular events (Stoner, 2017) and even death (Gill et al., 2007). Therefore, viable 

non-pharmacological approaches are recommended as the primary alternative to manage 

BPSD while avoiding undesirable adverse effects. 

Over the last decade, the value of human-animal-intervention (HAI) has been widely 

acknowledged with research showing that interaction with a live animal can improve human 

health (Beetz et al., 2012). Although many individuals may enjoy the opportunity to interact 

with a live animal, this can be difficult to implement within long-term care (LTC). Dogs, for 

example, usually have one master and they (i) can become stressed when attention is given by 

numerous residents, (ii) may be overfed by zealous residents and (iii) can take care staff away 

from their care of residents (Moyle et al., 2013). Live animals also present issues of hygiene, 

and some residents can experience allergic responses, have a fear of a particular animal type 

or may be bitten by the animals (Moyle et al., 2013). Human-robot-intervention (HRI), such 

as social robots, is an alternative to traditional HAI and can provide the same effect as live 

animals while avoiding issues such as bites or risk of disease (Kramer et al., 2009; Thodberg 

et al., 2016a). 

A social robot is defined as an artificial agent embodied with features of a human or an 

animal (Broekens et al., 2009; Hegel et al., 2009). It has been identified as an approach to 

meet the mental health needs of older adults through interaction or information exchange 

(Broadbent, 2017). The application and effectiveness of social robots have been investigated 
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in mental healthcare (David et al., 2014; Rabbitt et al., 2015) and aged care (Khosravi & 

Ghapanchi, 2016; Sicurella & Fitzsimmons, 2016; Vandemeulebroucke et al., 2017). The 

advantages of social robots include increased psychological and physiological well-being as 

well as improved quality of life (Costescu et al., 2014; Mordoch et al., 2013). However, 

mixed results have been reported regarding the effectiveness of social robots for older adults. 

Some studies found that interaction with social robots reduced agitation (Jøranson et al., 2015; 

Moyle et al., 2017c), depression and anxiety (Petersen et al., 2017) and improved quality of 

life (Moyle et al., 2013) or sustained quality of life in people with advanced dementia 

(Jøranson et al., 2016). However, some other studies indicated that social robots have no 

significant impact on depression and quality of life (Broadbent et al., 2014; Robinson et al., 

2013). These conflicting results make it difficult to evaluate the effectiveness of social robots.  

Previous reviews described the effectiveness of different types of socially assistive 

robots in aged care (Bemelmans et al., 2012; Kachouie et al., 2014). Shibata and Wada (2011) 

focused on the therapeutic use of the robotic seal PARO to improve mental health of older 

adults, especially for those with dementia. Existing reviews based on observational or non-

randomised studies (Mordoch et al., 2013; Rabbitt et al., 2015) have added to the knowledge 

base and identified potential applications of social robots; however, a meta-analysis of well-

designed randomised controlled trials (RCTs) can provide stronger evidence for social robot 

intervention. In addition, more RCTs have taken place in recent years with more researchers 

showing interests in robot therapy within aged care. Therefore, a systematic review and meta-

analysis, based on currently available evidence of RCTs, is needed to clarify the benefits of 

social robots for older adults. 

Methods 

Search strategy 
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This review focuses on the existing RCTs using social robots in healthcare of older adults, 

including those with and without cognitive impairment. This review has been registered with 

the PROSPERO International Prospective Register of systematic reviews (registration 

number: CRD42017069542). Online databases searched include Scopus, ProQuest (Nursing 

& Allied Health Database and Psychology Database), PubMed, Medline and CINAHL (via 

EBSCO), PsychINFO (via OVID), Science Direct, Web of Science and Cochrane Library in 

November 2016 (search strategy was rerun on 7 September 2017). Key words followed the 

PICOS principals (see Appendix A), including: 

Population: dementia or Alzheimer* or “cognitive impairment” or elder or elderly or 

“elderly people” or older or “older adults” or “older people” or aged or geriatric or senior  

Intervention: robot* or Paro or “seal robot” or “social interactive robot*” or “social assistive 

robot*” or “social commitment robot*” or “social interactive robot*” or “assistive robot*” or 

“companion robot*” or “personal assistive robot*” or “personal robot*” or “therapeutic 

robot*” or “therapeutic seal robot*” or “robot* therapy” or “robot interaction” 

Outcomes:  pain or “pain management” or “pain relief” or “pain medication” or analgesics or 

BPSD or “behaviour and psychotic symptom” or “antisocial behavio*” or “disruptive 

behavio*” or “acting out” or agitat* or aggressi* or problematic or wandering or mood or 

engagement or “quality of life” or “social interaction” or “stress” or “robot interaction” or 

“behavio* disturbance” or “aggressive behavio*” or “destructive behavio*” or “resistive 

behavio*” or depression or sleep or “sleep duration” or “sleep quality”. 

Eligibility 

Titles and abstracts were screened according to the study inclusion criteria: (1) older adults 

(participants were 55 years or older); (2) RCTs using social robots without the restriction of 

robot type or intervention frequency; (3) articles were published in English. Excluded articles 

included: (1) subjects were children or younger adults; (2) reviews, nonrandomised studies, 
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study protocols, case studies, observational studies, cross-sectional studies, qualitative studies 

or pre-post studies without a control group; as well as (3) conference abstracts without full 

text. In addition, references of the included studies were screened for eligibility and there 

were no restrictions on the time of publication. After discarding duplicates, two reviewers 

(LP & CJ) screened titles and abstracts independently according to the inclusion and 

exclusion criteria. Then, related articles with full text were retrieved and reviewed by three 

independent reviewers (LP, CJ & WM). The inter-rater agreement among reviewers was high 

(κ = .61, p < .001) and any disagreements were resolved through discussion.  

Quality assessment 

Three reviewers (LP, CJ & WM) independently assessed the risk of bias using the Cochrane 

Collaboration tool for assessing risk of bias in randomised trials (Higgins & Green, 2011), 

including (1) random sequence generation (selection bias); (2) allocation concealment 

(selection bias); (3) blinding of participants and personnel (performance bias); (4) blinding of 

outcome assessment (detection bias); (5) incomplete outcome data (attrition bias); (6) 

selective reporting (reporting bias); as well as (7) other bias. Judgments were grouped into 

three levels: “low risk of bias”, “high risk of bias” or “unclear risk of bias”. The reviewers 

assessed the quality of each study independently, and conflicting results were resolved 

through discussions. 

Data extraction  

A data extraction form was designed for the included studies, including: (1) study 

characteristics (publication time, journal, author, country, design, setting); (2) participant (age, 

gender, sample size, and level of cognitive impairment); (3) intervention and control (type of 

social robots, duration, intervention frequency, length of follow-up); (4) outcome 

measurement; as well as (5) results. This form was first piloted, and two reviewers extracted 

data independently and entered it into an excel spreadsheet.  
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Data synthesis 

The mean difference (MD) or standardised mean difference (SMD) with 95% confidence 

interval (CI) was chosen to calculate the effect size of continuous outcomes. If reported, 

results from an analysis of covariance (ANCOVA) estimate were selected, which considers 

individual baseline scores as covariates to correct the phenomenon of regression to the mean 

for baseline imbalance (Twisk & Proper, 2004). Otherwise, change from baseline (change 

value) with standard deviations (SDs) and final scores with SDs were selected when results 

from ANCOVA had not been reported. The number of participants included in the summary 

statistics from each outcome was measured in both groups. A random-effects model was 

applied given the clinical or methodological diversity across included studies. Heterogeneity 

between studies was measured by Chi-square test (p < .10 and I
2 

> 40%). Subgroup analysis 

on individual and group intervention, the level of cognitive impairment of participants, and 

self-report and proxy report results were undertaken where applicable. Missing data was 

obtained from study authors whenever possible; otherwise, missing SDs of change value 

were calculated with an estimated correlation from similar studies and missing SDs of final 

scores were imputed using the average SDs of similar studies in the meta-analysis. Moreover, 

carry-over effect and intra-cluster correlation coefficient (ICC) was considered for data 

imputation when cross-over or cluster RCTs were included. Studies with multi-arms resulted 

in the findings from relevant groups (e.g., different types of the social robot) being combined 

to create a single pair-wise comparison. In addition, a sensitivity analysis was performed to 

check the robustness of results and publication bias were tested. Data synthesis was 

performed with RevMan 5.3 software. Results were also presented with a narrative summary 

if they could not be included in the meta-analysis.  

Results 

Selected articles 
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As shown in Figure 2.1, a total of 2,202 articles were searched from the databases, and two 

articles were retrieved from reference searching. After removing duplicates, 1,655 articles 

were screened based on title and abstract, and a total of 1,470 articles were excluded. 

Therefore, 185 articles remained for full-text screening, and 13 publications from 11 RCTs 

were identified to meet the study inclusion and exclusion criteria.  

Risk of bias 

Most studies reported the method of random sequence generation, including computer 

generated programs (Broadbent et al., 2014; Moyle et al., 2013; Moyle et al., 2017c), random 

list generator (Liang et al., 2017; Robinson et al., 2013), random allocation by an external 

research centre (Jøranson et al., 2015), coin toss (Petersen et al., 2017), a six-sided die (Soler 

et al., 2015) and block randomisation (Thodberg et al., 2016a). Low risk of allocation 

concealment was recorded from five trials (Broadbent et al., 2014; Jøranson et al., 2015; 

Moyle et al., 2013; Moyle et al., 2017c; Soler et al., 2015). However, only two trials were 

judged as low risk of blinding the participants and personnel (Broadbent et al., 2014; Moyle 

et al., 2017c), and less than half of the trials mentioned blinding of outcome assessors 

(Broadbent et al., 2014; Moyle et al., 2013; Moyle et al., 2017c; Soler et al., 2015). Three 

studies described the methods to manage missing data, including multiple imputation 

procedures (Jøranson et al., 2015) and intention-to-treat analysis (Moyle et al., 2017c). Moyle 

et al. (2013) reported a large amount of missing data due to the advanced cognitive 

impairment of participants. Two studies failed to provide enough data for meta-analysis 

(Banks et al., 2008; Thodberg et al., 2016a), and interpretation bias was observed in one 

study (Jøranson et al., 2015). Emails were sent to authors asking for more information, but no 

response was received. Therefore, nine studies were included in the meta-analysis. The risk 

of bias is presented in Figure 2.2 and Appendix B. 
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Figure 2.1 Flow chart of literature review 
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Figure 2.2 Risk of bias summary 
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Study characteristics 

Different study designs were identified among the included studies, including cross-over 

studies (Broadbent et al., 2014; Moyle et al., 2013), two-arm (parallel) trials (Jøranson et al., 

2015; Liang et al., 2017; Petersen et al., 2017; Robinson et al., 2013; Tanaka et al., 2012) and 

multiple-arm trials (Banks et al., 2008; Moyle et al., 2017c; Soler et al., 2015; Thodberg et al., 

2016a). These studies were conducted in seven different countries: Denmark (Thodberg et al., 

2016a; Thodberg et al., 2016b), Norway (Jøranson et al., 2015; Jøranson et al., 2016), New 

Zealand (Liang et al., 2017; Robinson et al., 2013), USA (Banks et al., 2008; Petersen et al., 

2017), Australia (Moyle et al., 2013; Moyle et al., 2017c), Japan (Tanaka et al., 2012) and 

Spain (Soler et al., 2015).  

Participants 

A total of 1,042 older adults were included in the review, of which 80% were diagnosed with 

dementia or cognitive impairment. The number of participants included in each trial ranged 

from 18 to 415. The majority of studies were conducted in long-term care facilities. However, 

one study (Tanaka et al., 2012) recruited older females from home settings; Robinson et al. 

(2013) selected participants from both hospital and long-term care, and Liang et al. (2017) 

conducted the intervention both at day care centres and at participants’ homes. Detailed 

information is presented in Table 2.1. 
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Table 2.1 Participant characteristics of included studies (n = 11) 

Study Country Setting 
Number of 

participants 

Gender 

(F/M) 

  Age (years) 

 
Cognition 

   
    

Banks et al., 2008 USA Long-term care 

facility 

38 –     –  People without cognitive 

impairment  

Broadbent et al., 2014 New Zealand Retirement 

village 

29 15/14 85.32 (5.14)
a
  Most participants without 

cognitive impairment  

Jøranson et al., 2015 

 

Norway Nursing home 60 40/20   [62, 95]
 b
  People had a diagnosis of 

dementia or cognitive 

impairment 

Liang et al., 2017 New Zealand Dementia day 

care centres and  

home 

30 19/11   [67, 98]
b
  People with dementia  

 

Moyle et al., 2013 Australia Long-term care 

facility 

18 –   85.3 (8.4)
a
  People with moderate to 

severe dementia   

Moyle et al., 2017 Australia Long-term care 

facility 

415 314/101 PARO: 84 (8.4)
a
 

Plush toy: 86 (7.6)
a
 

Usual care: 85 (7.1)
a
 

 People with dementia  

 

Petersen et al., 2017 USA Dementia units 61 47/14 Intervention:83.5 (5.8)
a
 

Control: 83.3 (6.0)
a
 

 People with dementia 
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Study Country Setting 
Number of 

participants 

Gender 

(F/M) 

  Age (years) 

 
Cognition 

Robinson et al., 2013 New Zealand Rest home and 

hospital 

40 27/13   [55,100]
b
  48% had cognitive 

impairment 

Soler et al., 2015 Spain Nursing home Phase I  101 

Phase II 110 

89/12 

99/11 

 84.68
 a 

 84.7
 a
 

 People with 

moderate/severe dementia  

Tanaka et al., 2012 Japan Home 40 40/0  [66, 84]
b
  People without dementia 

Thodberg et al., 2016 Denmark Nursing home 100 69/31  [79, 90]
b
  People with cognitive 

impairment and 30.0% 

with dementia 

 Note. Number of participants refers to the original recruited number. 
a 
Mean (SD); 

b
 Range of age; –, no data provided. 
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Table 2.2 Characteristics of interventions of included studies (n = 11) 

Study Intervention Control Type of intervention Outcome and measurement 

     Banks et al., 2008 AIBO,  

a living dog 

Not receiving 

animal-assisted 

therapy 

 Individual: Weekly visits lasting 30 

minutes for 8 weeks 

 UCLA, MLAPS 

Broadbent et al., 2014 IrobiQ and 

Cafero 

Non-robot 

control  

 Individual: Robots in their homes for 

6 weeks 

 GDS-15, SF-12, MARS 

Jøranson et al., 2015 PARO Treatment as 

usual 

 Group: A group session of 30 

minutes twice a week during 

weekdays over 12 weeks 

 Follow-up after 3 months  

 BARS, CSDD, QUALID 

 Medication 

Liang et al., 2017 PARO 

 

Standard 

activities 

 Group: Day care centres 2 to 3 group 

sessions each week for 6 weeks 

 Individual: PARO at home for 6 

weeks 

 Follow up at week 12 

 CMAI-SF, NPI-Q, CSDD, 

Addenbrooke’s Cognitive 

Examination 

 Observational records of 

responses, salivary cortisol and 

blood pressure, hair cortisol 

concentration, medication 

Moyle et al., 2013 PARO Reading 

activities 

 Group intervention: 45 minutes, 

three afternoons per week for 5 

weeks (group of nine)                 

 AWS, RAID, staff rated RAID,  

AES, GDS
1
, OERS, QoL-AD 

Moyle et al., 2017 PARO, 

plush toy 

Usual care  Individual intervention: Three times 

a week for15 minutes over 10 weeks  

 Follow up at week 15 

 CMAI-SF 

 Video observation of engagement, 

mood states and agitation  
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Study Intervention Control Type of intervention Outcome and measurement 

          Petersen et al., 2017 PARO Standard of care  Group intervention: Three times 

a week for 20 minutes for 12 

weeks (group of 6) 

 RAID, CSDD, GDS
2
, 

 Pulse rate, pulse oximetry, GSR 

and medication 

Robinson et al., 2013 PARO  Dog visits  Group intervention: Twice a 

week for an hour over 12 weeks  

 UCLA, GDS-15, QoL-AD, staff 

rated QoL 

Soler et al., 2015 PARO,  

NAO,  

a live dog 

Conventional 

therapy 
 Group and individual 

intervention:  Two days (30–40 

min) per week for 3 months       

 MMSE, NPI, APADEM-NH, 

QUALID 

Tanaka et al., 2012 Human type 

communication 

robot  

A control robot  Individual intervention: Living 

with a communication robot at 

home for 8 weeks 

 MMSE, blood serum albumin, 

saliva cortisol, sleep, BMI, 

GDS-15 

Thodberg et al., 2016 

 

PARO,  

a soft toy cat 

Dog visits  Individual intervention: 

Biweekly individual visits for 

10 minutes over 6 weeks  

 BMI, GDS
1
, MMSE, sleep 

duration, weight 

 Behavioural observation and 

video record  

Abbreviations: UCLA, University of California Los Angeles Loneliness scale; MLAPS, Modified Lexington Attachment to Pets Scale; GDS
1
, Geriatric Depression Scale; 

SF-12, Health Related Quality of Life Short Form; MARS, Medication Adherence Report Scale; BARS, The Brief Agitation Rating Scale; CSDD, Cornell Scale for 

Symptoms of Depression in Dementia; QUALID, Quality of Life in Late-Stage Dementia scale; CMAI-SF, The Cohen-Mansfield Agitation Inventory-Short Form; NPI-Q, 

Neuropsychiatric Inventory Brief Questionnaire; AWS, Revised Algase Wandering Scales; RAID, Rating Anxiety in Dementia; AES, Apathy Evaluation; OERS, Observed 

Emotional Rating Scale; QoL-AD, Quality of life for Alzheimer’s Disease; GDS
2
, Global Deterioration Scale; GSR, galvanic skin response; MMSE, Mini-Mental State 

Examination; APADEM-NH, Apathy scale for institutionalised Patients with Dementia Nursing Home version; BMI, Body Mass Index.
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Social robots and control conditions 

Different types of social robots, such as animal-like robots and human-like robots, were used 

in the included studies. PARO (an abbreviation of the Japanese phrase “Personal Assistant 

RobOt”), a robotic animal shaped like a baby harp seal, was the most popular and featured in 

eight studies. In addition, a robotic dog AIBO (Banks et al., 2008), a humanoid 

communication robot NAO (Soler et al., 2015), a humanoid communication robot with 

features of a 3-year-old boy (Tanaka et al., 2012) and two healthcare robots, IrobiQ and 

Cafero, (Broadbent et al., 2014) were also used in aged care communities. As for control 

groups, in one study reading activities were provided as a control condition (Moyle et al., 

2013). Another study used a similar toy as an active control (Tanaka et al., 2012). In another 

two studies, participants allocated to the control group received live dog visits (Robinson et 

al., 2013; Thodberg et al., 2016a). In the remaining seven studies, the participants in the 

control group received usual care or standard treatment without robots or pets. Detailed 

information is presented in Table 2.2. 

Intervention form and duration 

Four trials were conducted with group interventions ranging from 20 to 45 minutes per 

session. Individual robot interaction activities were employed in five studies, varying from 10 

to 30 minutes per session, whereas another study (Soler et al., 2015) adopted group sessions 

for residents with mild or mild-moderate dementia and individual sessions for patients with 

moderate-severe and severe dementia. Participants from one study (Liang et al., 2017) 

received group interventions in day care centres and individual interventions at home. In 

terms of the intervention period, the minimum duration was five weeks and the maximum 12 

weeks. As only three studies (Jøranson et al., 2015; Liang et al., 2017; Moyle et al., 2017c) 

had follow-up visits at different times (e.g., 12 weeks, six weeks and five weeks after 

intervention), immediate post-intervention results were selected for data analysis.    
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Statistical analysis   

The baseline between intervention and control groups was similar in included studies, and the 

majority of included studies reported the final score rather than ANCOVA estimates; 

therefore, the final score with its SDs was synthesised to calculate the effect size. As for 

missing data imputation, SDs of final score (Petersen et al., 2017) were calculated using the 

average SDs from similar studies (Jøranson et al., 2015; Liang et al., 2017; Soler et al., 2015). 

As two cross- over studies (Broadbent et al., 2014; Moyle et al., 2013) described 3 weeks and 

18 days of wash-out to reduce carry-over effects, we therefore included results from both 

periods. However, this method ignored the within-patient correlation and rendered our results  

conservative. Results from two cluster trials (Jøranson et al., 2015; Moyle et al., 2017c) were 

imputed according to the reported ICC (0.84 and 0.068, respectively) to calculate the 

effective sample size. Subgroup analysis for self-report and proxy report results was 

performed for anxiety and quality of life measures. However, subgroup analysis was not 

viable on the types of intervention (i.e., individual or group) or the level of cognitive 

impairment on key outcome measures (except for cognition) as there were studies that 

adopted a combination of different types of interventions and included participants with or 

without cognitive impairment. We evaluated the effect of each study on the pooled results by 

excluding each single study sequentially, and the results were almost identical, which 

validated the rationality and reliability of our analysis. A funnel plot of publication bias was 

not created due to the small number of trials included in the meta-analysis.   

Meta-analysis results of the social robot intervention  

Agitation, neuropsychiatric symptoms and anxiety 

Jøranson et al. (2015) reported the Brief Agitation Rating Scale (BARS) score while the other 

two studies reported the Cohen-Mansfield Agitation Inventory-Short Form (CAMI-SF) score 

(Liang et al., 2017; Moyle et al., 2017c), so the SMD was used to summarise the results. A 
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small but not statistically significant effect was observed for agitation (3 studies, 216 

participants, SMD -0.20, 95% CI -0.57 to 0.17) (Figure 2.3), and no significant effect was 

observed for neuropsychiatric symptoms measured by the Neuropsychiatric Inventory (NPI) 

and Neuropsychiatric Inventory Brief Questionnaire (NPI-Q) (2 studies, 95 participants, 

SMD 0.09, 95% CI -0.27 to 0.45) (Figure 2.4). The mean difference of anxiety measured 

with the self-reported Rating Anxiety in Dementia (RAID) was 2.8 (95% CI -1.58 to 7.18), 

and the staff rated anxiety was -1.14 (95% CI -6.54 to 4.26), suggesting that social robots 

have the potential to reduce the staff rated anxiety for people with dementia (Figure 2.5).  

Depressive symptoms and apathy  

Three studies reported the Cornell Scale for Symptoms of Depression in Dementia (CSDD) 

score while the other three reported the Geriatric Depression Scale (GDS) score. There was 

no statistically significant effects for depressive symptoms (7 studies, SMD 0.06, 95% CI -

0.17, 0.29) (see Figure 2.6) and apathy (2 studies, SMD 0.00, 95% CI -0.34 to 0.35) (see 

Figure 2.7).   

Cognitive level 

Four studies provided sufficient raw data to explore the effectiveness of robots on cognition. 

Three different scales were used including Mini-Mental State Examination (MMSE), Global 

Deterioration Scale (GDS) and Addenbrooke’s Cognitive Examination. No significant result 

was observed on cognition for people with dementia (SMD 0.04, 95% CI: -0.33, 0.26) and 

those without dementia (SMD 0.40, 95% CI: -0.28, 1.09) (see Figure 2.8).  

Quality of life 

Four studies measured the effect of PARO on quality of life with 197 individuals living with 

dementia (Jøranson et al., 2016; Moyle et al., 2013; Robinson et al., 2013; Soler et al., 2015). 

Two studies reported the Quality of Life in Late-Stage Dementia scale (QUALID) final score 

(Jøranson et al., 2016; Soler et al., 2015), and the other two reported the Quality of Life for 
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Alzheimer’s Disease (QoL-AD) final score (Moyle et al., 2013; Robinson et al., 2013). The 

SMD for self-reported QoL of people with dementia was 0.21 (95% CI: -0.47, 0.88) and 0.24 

(95% CI: -0.21, 0.69) for staff rated QoL, favouring the social robot intervention, but not at a 

statistically significant level (see Figure 2.9). A baseline difference in the Health-Related 

Quality of Life short form (SF-12) score, but without ANCOVA analysis, was reported by 

Broadbent et al. (2014). However, we did not include this result in the meta-analysis because 

imbalance at baseline may bias the comparison of the final score.  

Description of outcomes not suitable for meta-analysis 

Meta-analysis was not applied to the outcomes of behavioural observation of engagement and 

social interaction, physiological responses and medication because not enough data was 

obtained from the included studies. Instead, the effectiveness of social robots on these 

domains was described and summarised in a narrative review. 

Engagement, social interaction and loneliness  

Positive results of engagement and social interaction between participants and social robots 

were reported in three studies (Liang et al., 2017; Moyle et al., 2017c; Thodberg et al., 2016b) 

using methods of direct observation or video recordings. Compared to a plush toy or a usual 

care group, residents with social robots were significantly more engaged in interactions with 

positive facial expressions and verbal communication with staff, while neutral expressions 

were reduced (Moyle et al., 2017c). In addition, evidence from two trials (Banks et al., 2008; 

Robinson et al., 2013) suggested that robot interactions positively decreased the level of 

loneliness.  
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Figure 2.3 Forest plot: Social robots for agitation (n = 3) 

 

 

Figure 2.4 Forest plot: Social robots for neuropsychiatric symptoms (n = 2) 
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Figure 2.5 Forest plot: Social robots for anxiety (n = 2) 
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Figure 2.6 Forest plot: Social robots for depression (n = 7) 

 

 

Figure 2.7 Forest plot: Social robots for apathy (n = 2) 
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Figure 2.8 Forest plot: Social robots for cognition (n = 4) 
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Figure 2.9 Forest plot: Social robots for quality of life (n = 4) 
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Physiological indicators 

Data from two trials (Tanaka et al., 2012; Thodberg et al., 2016a) indicated that there was no 

effect of social robots on body mass index (BMI), but there was a positive effect on sleep. In 

addition, Petersen et al. (2017) pointed out that PARO could improve oxygenation and 

cardiac status of people with dementia measured by pulse rate, pulse oximetry and galvanic 

skin response (GSR), indicating decreased levels of anxiety and stress. Similar findings were 

found with reduced level of saliva cortisol (Tanaka et al., 2012). However, Liang et al. (2017) 

found no significant differences in physiological indexes, including salivary and hair cortisol, 

blood pressure as well as heart rate between participants in control and intervention groups. 

Medication 

Jøranson et al. (2016) found that a PARO intervention could reduce the use of psychotropic 

drugs in people with severe dementia. However, there was no difference in medication usage 

for people with mild or moderate dementia. Petersen et al. (2017) also implied that 

psychoactive medication use decreased after a 3-month period of a PARO intervention. 

Furthermore, the intervention group used significantly less pain medication when compared 

to control groups, whereas there was no difference for sleep medication or depression 

medication. Similar results were reported with no significant differences in the use of 

dementia-related medication (Liang et al., 2017) and medication adherence (Broadbent et al., 

2014). 

Discussion 

Social robots have developed very quickly in recent years and have been used in several 

countries. However, the effectiveness of social robots for older adults is not well established. 

As far as we know, this is the first systematic review and meta-analysis of RCTs to evaluate 

the effectiveness of social robots for older adults and to provide a higher level of evidence for 

healthcare providers. Pooled results indicate that social robots have the potential to reduce 
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agitation and anxiety as well as improve quality of life for older adults. The narrative review 

indicates that interacting with social robots improves engagement and communication, as 

well as reduces loneliness, stress responses and medication use in older adults.  

Quality of the evidence 

Although 11 studies were included in this review, most of the included studies were of low to 

moderate quality, and only one trial conducted by Moyle et al. (2017c) met the seven criteria 

for RCTs. Nine studies reported the method of randomisation, but concealment of allocation 

was unclear in most studies. Although blinding of participants was challenging in social robot 

interventions, blinding of assessors was practical, but it was only reported in four trials. There 

was a high drop-out in interventions involving older adults, and missing data management 

was poorly reported in the included studies. Two trials had an issue of selective reporting 

resulting in insufficient data being included in the meta-analysis. Therefore, more rigorously 

designed studies should be conducted to scientifically justify the effectiveness of social 

robots.  

Participants and intervention examined  

In this review, seven studies involved participants with cognitive impairment or dementia, 

three studies recruited participants without cognitive impairment and the remaining study 

included participants regardless of their level of cognitive function. Both groups of 

individuals benefited from the social robot interventions, especially those with dementia. 

However, inconsistent results were observed in terms of the effects of social robots on 

participants with different stages of dementia, but we could not conduct a subgroup analysis 

based on the severity of dementia because most studies reported their results generally. 

According to Liang et al. (2017), people with higher cognitive capabilities engaged more 

actively than those with lower capabilities, which is similar to findings reported in previous 

research (Takayanagi et al., 2014). In contrast, Jøranson et al. (2016) found that people with 



49 

 

advanced dementia benefited from social robots for sustained quality of life and reduced 

psychotropic medication, whereas no significant differences were found for those groups with 

mild/moderate dementia. In addition, a quasi-experimental study (Bemelmans et al., 2015) 

using PARO in intramural psychogeriatric care found no significant difference in terms of 

therapeutic outcomes among patients with different phases of dementia. Therefore, more 

research is needed to identify the relationship between the severity of dementia and responses 

from using social robots. 

Interventions in this review varied largely in the format, frequency and duration as well 

as settings of the intervention. Compared to group interventions, individual interactions with 

PARO were more acceptable and applicable, where users could interact and engage with 

PARO in a personalised way (Liang et al., 2017; Moyle et al., 2013). In addition, evidence 

suggested that determining users’ preferences on a per need basis may improve the 

acceptability and perceived benefits (Kachouie et al., 2014). Furthermore, individual 

interventions can minimise the interactions of residents with the facilitator and with others in 

the setting, which indicates that any benefits are more likely to be due to the intervention than 

any confounding variables.   

There is still a lack of RCTs comparing the effectiveness of different dosages of the 

intervention, such as frequency and duration of the use of the social robot with older adults. 

Evidence from animal-assisted therapy (AAT) may provide some guidance regarding the 

dose-response effects of social robot interventions. Results from a meta-analysis of AAT 

(Nimer & Lundahl, 2007) found that the number of AAT sessions was associated with better 

behavioural outcomes, such as social interaction or communication, but it was negatively 

related to well-being, such as anxiety and depression. Similarly, Virués-Ortega et al. (2012) 

suggested that highly intensive AAT interventions may lead to an exhaustion of intervention 

effects in older adults. These results indicate that the dosage of interventions could be 
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designed according to different outcomes or the preferences of individuals. Hence, further 

research should focus on the dose-response effects as well as the duration of social robot 

intervention required to achieve positive outcomes. 

Effects of social robots on behavioural and psychological indicators  

This review indicated that social robots reduced agitation and anxiety, but the results were 

not statistically significant. Although no obvious effects were found on neuropsychiatric 

symptoms, apathy and depression, previous interviews with older people mentioned that 

social robots could help them get through the “gloomy days” (Šabanović et al., 2015). Results 

from a 17-month observational experiment also supported this result (Kazuyoshi et al., 2005), 

indicating that interaction with robots provides stimulation, relaxation and comfort to 

participants.  

It is not surprising the summarised results did not show any significant differences as 

only a small number of studies, with the majority having small sample sizes, were included in 

this review. This indicates that studies with larger sample sizes are warranted in this research 

field. 

Effects of social robots on cognitive function 

No significant result was found for cognitive function, but this result is limited to subjective 

outcome measures. However, some experiments reported improved brain function of 

participants examined by objective devices (e.g., electroencephalogram or functional near-

infrared spectroscopy) when people were interacting with social robots. Improved cortical 

neuron activity was observed for 29 older people with dementia after 20 minutes of robot 

therapy (Wada et al., 2005). Similar results were also found for healthy young adults 

(Kawaguchi et al., 2011), which implied that robot therapy has a high potential to improve 

brain activity and delay the process of cognitive impairment of dementia. However, these 

studies were conducted with small sample sizes and short-term interventions; further 
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experiments involving more participants are needed to investigate the long-term effects of 

robots on brain function of older adults. 

Effects of social robots on quality of life 

The pooled results indicated that social robots may have the potential to improve both self-

report and staff-report quality of life of older adults, but the result was not statistically 

significant. This finding is consistent with previous studies, which found that social robot 

interventions had a positive effect on quality of life (Bemelmans et al., 2015; Kanamori et al., 

2003). Furthermore, compared to the control condition, a higher level of proxy-rated quality 

of life was observed in people with dementia after interacting with social robots, but this 

effect was limited to those with advanced dementia (Jøranson et al., 2016; Soler et al., 2015). 

This may be explained by the fact that older people may experience reduced interaction and 

social engagement due to limited access to meaningful activities; thus, social robots could 

increase communication and stimulation to fill this gap and provide therapeutic 

companionship. In addition, people who positively interacted with the robots may experience 

further improvement in their quality of life (Kanamori et al., 2003; Moyle et al., 2013), and in 

particular, for those with late stages of dementia. However, the effect of social robots on the 

quality of life for people with mild/moderate dementia is still unclear.  

Effects of social robots on engagement, social interaction and loneliness 

This review indicated that social robots improved engagement and social interaction of older 

adults and had the potential to reduce loneliness; loneliness and social isolation increases 

with old age, in particular for people living with dementia (Nicholson, 2012). Actively 

engaging people with dementia in meaningful group activities, such as social robot 

interaction, could be an important way to increase social interaction, which may further 

stimulate the engagement between residents, and therefore reduce the level of loneliness (Chu 

et al., 2016; Masi et al., 2011; Moyle et al., 2019). Observation notes or video recordings are 
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the common ways to measure engagement; however, a comprehensive coding protocol for 

engagement should be developed at the planning stage to avoid observer bias. For example, 

Jones et al. (2015) developed a video coding scheme (VC-IOE) to detect six dimensions of 

engagement: emotional, verbal, visual, behavioural, collective and signs of agitation. In 

addition, previous studies focused on the short-term engagement of participants, research is 

also needed to increase knowledge concerning approaches to enhance or improve 

engagement duration of users towards social robots to further design personal centred 

services. 

Effects of the social robot on physiological indicators 

Results from three studies indicated that social robot interventions could improve sleep and 

reduce stress levels. According to a recent study (Robinson, MacDonald, & Broadbent, 2015), 

both systolic and diastolic blood pressure significantly decreased when older people 

interacted with PARO, and their heart rate decreased as well. Meanwhile, Petersen et al. 

(2017) also found pulse oximetry and GSR were increased, while pulse rate decreased 

compared to the control group. A reduced value of 17-KS-S (17-Ketosteroid Sulphate) and 

increased ratio of 17-KS-S/17-OHCS (17-hydroxycorticosteroids) from urinary tests was 

observed, which confirmed that interaction with social robots may decrease stress levels 

(Wada & Shibata, 2007; Wada, Shibata, Saito, Sakamoto, & Tanie, 2005). This may be 

explained by increased levels of oxytocin, which can be released by non-noxious sensory 

stimulation, such as touch, stroking, and light pressure during interaction with social robots 

(Handlin et al., 2011; Jøranson et al., 2015). Oxytocin offers anti-stress effects and increases 

the pain threshold (Beetz et al., 2012). In addition, therapy dog visits have been shown to 

increase levels of oxytocin (Handlin et al., 2011; Miller et al., 2009). Future studies may 

combine the measurement of oxytocin and biomarkers of stress, such as cortisol, to provide 
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more evidence regarding the underlying mechanism of the physiological effects of social 

robots on older adults. 

Effects of the social robot on medications 

Evidence has indicated that robot interactions can reduce pain medications and psychotropic 

medications for people with dementia. According to the progressively lowered stress 

threshold (PLST) model (Richards & Beck, 2004), unmanaged pain may be regarded as a 

physical stressor that contributes to stress-related behaviours (Brecher & West, 2016; 

Sampson et al., 2015) and mood (Husebo et al., 2014; Jaremka et al., 2014). People might be 

distracted from their pain and anxiety when interacting with robots (Lane et al., 2016; Marti 

et al., 2006; Roger et al., 2012), thus decreasing disruptive behaviours and medication usage. 

However, Petersen et al. (2017) pointed out that although depression improved for 

participants, health providers were reluctant to change participants’ antidepressant medication, 

which suggested that physicians and pharmacists should be involved in a multidisciplinary 

team advocating psychosocial interventions to help to manage medications for residents. 

Furthermore, as little is known about the effectiveness of social robots on pain management 

in older adults, especially in people with dementia, this area is worthy of study. 

Limitations and future research 

This study is the first systematic review and meta-analysis of RCTs exploring the 

effectiveness of social robots for older adults. The use of defined inclusion/exclusion criteria, 

application of a rigorous search strategy from eight databases, strict quality assessment of the 

studies and systematic combination of findings, are the strengths of this review. However, 

there are some limitations. First, the small number of trials and participants included in this 

review reflects the paucity of RCTs in the research field of social robots for older adults. 

Second, a large variation of intervention types may influence the pooled results due to the 

substantial clinical heterogeneity. Although results from this review offer guidance regarding 
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social robot interventions for older adults, they should be interpreted with caution since only 

a few studies were included in the subgroup meta-analysis. In addition, subgroup analysis 

based on the level of cognitive impairment or intervention types was limited. Inadequate 

information related to outcomes from included RCTs is also a potential source of bias, 

suggesting a need for RCTs to follow reporting guidelines. Third, language bias may be 

considered since only RCTs published in the English language were selected and the age 

selection was 55 years old, which may exclude younger adults with physical disabilities who 

may also benefit from social robot intervention. Although RCT is the gold standard of 

evidence for the highest internal validity, caution is needed in generalising the findings to a 

broader population in clinical practice due to the unique subject population in this review. 

Furthermore, ethical issues should be considered as HRI is not designed to replace human 

contact but regarded as a possible adjunct to HAI in the care of vulnerable older adults. 

Human rights and autonomy should be respected during the application of social robots, as 

some individuals may prefer live animal interaction. 

Conclusions 

This systematic review integrates evidence from RCTs of social robot use with older adults. 

A total of 13 articles from 11 studies were included in this review. The results implied that 

current RCTs about social robots were predominately of low to moderate quality, especially 

in the allocation of concealment and blinding of assessors. Additional rigorously designed 

studies should be conducted to confirm the effectiveness of social robot use in older adults. 

Results indicate that robot interactions have potential effects on agitation, anxiety and 

loneliness, medication consumption as well as quality of life for older adults. But the 

potential for social robots to improve cognition, depression and apathy needs further 

investigation.  
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Systematic review 2. Psychosocial interventions for pain management in older adults 

with dementia: A systematic review of randomised controlled trials 

 

The purpose of this review is to assess the effectiveness of psychosocial interventions on 

pain in older adults living with dementia from randomised controlled trials (RCTs). It 

comprises a systematic review and meta-analysis published in the Journal of Advanced 

Nursing. 

Pu, L., Moyle, W., Jones, C., & Todorovic, M. (2019). Psychosocial interventions for pain 

management in older adults with dementia: A systematic review of randomised controlled 

trials. Journal of Advanced Nursing, 75(8), 1608-1620. https://doi.org/10.1111/jan.13929 
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Psychosocial interventions for pain management in older adults with dementia: A 

systematic review of randomised controlled trials 
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controlled trials. Journal of Advanced Nursing, 75(8), 1608-1620. 
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Abstract 

Aim: To assess the effectiveness of psychosocial interventions on pain in older adults living 

with dementia. 

Design: A systematic review with meta-analysis of randomised controlled trials. 

Data sources: Scopus, ProQuest, EBSCO (CINAHL and MEDLINE), PubMed, OVID 

(PsycINFO), Web of Science, and Cochrane Library were searched from their inception up to 

May 2, 2018. 

Review Methods: Risk of bias assessment and meta-analysis were conducted according to 

the Cochrane methods using RevMan 5.3, and findings were generated using the GRADE 

profiler software.  

Results: Eight studies met the inclusion criteria, but the quality of the current evidence was 

low to moderate. Results showed that psychosocial interventions significantly reduced the 

observational pain score as well as pain medication. Subgroup analyses indicated that sensory 

stimulation and individual interventions showed a reduction in observational pain in people 

with dementia.  

Conclusion: Findings suggest that psychosocial interventions may be potentially effective 

alternatives for pain management in people with dementia. However, caution is needed in 

interpreting these results due to limited studies, risk of bias and heterogeneity across studies. 
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Further, well-designed research is needed on psychosocial interventions to strengthen quality 

of pain management in people with dementia. 

Impact: This review synthesised current evidence using psychosocial interventions to 

manage pain in people with dementia. Findings suggest that psychosocial interventions may 

lead to a potential reduction of pain and pain medication in people with dementia. Healthcare 

providers may wish to integrate psychosocial interventions as part of the multimodal 

approach to the management of pain in people living with dementia. 

Key words: pain, dementia, psychotherapy, psychosocial intervention, systematic review, 

meta-analysis, nursing, older adult, aged 
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Summary statement 

Why is this review of the research needed? 

 Pain is prevalent in people with dementia, and it is often under-detected and under-

treated. 

 Research studies have found psychosocial interventions to be effective for pain 

management in older adults, but people with dementia are often excluded from these 

studies. 

 There is a paucity of evidence on the effectiveness of psychosocial interventions to 

manage pain in people with dementia. 

What are the key findings? 

 Psychosocial interventions may potentially reduce pain and pain medication in people 

with dementia. 

 This review indicates that there were insufficient rigorous studies to support the 

potential use of psychosocial interventions to manage pain in people with dementia. 

 Large variations in pain measurements suggest the need for guidelines and consensus on 

pain assessment tools for people with dementia. 

How should the findings be used to influence research/practice/policy/education? 

 More randomised controlled trials with larger sample sizes and rigorous study designs 

are needed to explore the effectiveness of psychosocial interventions to manage pain in 

people with dementia.  

 The model of delivery, content, and/or duration of psychosocial interventions should be 

tailored to individual preferences and cultural background as well as programmed into 

daily clinical practice. 

 Guidelines and consensus for evaluating and managing pain in people with dementia are 

needed.   
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Introduction 

Studies show that pain is one of the most common problems in people with dementia, 

affecting approximately half of nursing home residents with dementia (Lee et al., 2015; van 

Kooten et al., 2017), and up to 57.3% of people with dementia living in the community 

(Barry et al., 2016). Such high rates of pain in people with dementia is known to be closely 

associated with the presentation of neuropsychiatric symptoms, as well as reduced sleep 

quality, and poor quality of life (Hodgson et al., 2014; Rajkumar et al., 2017). However, there 

remains a paucity of evidence for pain management strategies in dementia (Husebo et al., 

2016). Indeed, only three out of 15 existing pain management guidelines are designed for use 

with people with dementia, and robust evidence of effective interventions for this population 

are lacking (Corbett et al., 2016). In light of this, more evidence-based research is warranted 

to better understand the quality of pain care for people with dementia (de Tommaso et al., 

2017; McGuire et al., 2014; Savvas & Gibson, 2015). 

Specifically, cognitive impairment and communication difficulties can make the 

detection and management of pain challenging in this population, and nonverbal expressions 

of pain (i.e., facial grimacing and behavioural changes) can often go under-recognised 

(Booker, 2016) and lead to inappropriate use of antipsychotic medication (Rajkumar et al., 

2017) and reduced rates of analgesic use (Liu & Leung, 2017; Malara et al., 2016). Although 

people with dementia may receive less pain medication than their counterparts, analgesics 

(opioids, antipyretics, anticonvulsants and non-steroidal anti-inflammatory drugs) may have 

serious side effects, including constipation, confusion, falls and personality changes, which 

may be more troublesome than the pain (Cazacu et al., 2015; Dowell et al., 2016). As such, 

the Centres for Disease Control (CDC) suggest psychosocial interventions, such as music and 

physical activity, may be helpful to manage pain in older adults (Guerriero & Reid, 2017).  

Background 
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Psychosocial interventions are often discussed synonymously with non-pharmacological 

interventions, although the two terms are different. Within this review, psychosocial 

interventions are defined according to the INTERDEM Network (Moniz-Cook et al., 2011) as 

physical, cognitive or social activities that aim to improve well-being and functioning of the 

person with dementia. Non-pharmacological interventions, according to McDermott et al. 

(2018), do not clearly describe what a non-pharmacological intervention is and simply define 

the intervention as not involving medications. Further, non-pharmacological interventions 

tend to focus on symptom management, whereas psychosocial interventions have a broad 

focus on functioning and well-being.   

Pain impacts on psychological and social functioning. The integrated biopsychosocial 

model of pain and dementia supports the application of psychosocial interventions to 

manipulate the psychological and/or social components of pain in order to modify the pain 

experience in people with dementia (Gagliese et al., 2017; Gatchel et al., 2007). The 

underlying mechanism may be attributed to the strategy of distracting attention from pain 

when people are participating in another sensory modality (such as an auditory, visual, or 

tactile stimulus), accompanied by a sense of relaxation (Jensen, 2011; Johnson, 2005; Park et 

al., 2015). Additionally, psychosocial interventions can also help to stimulate the release of 

pain modulating neurotransmitters, such as noradrenaline, serotonin or endogenous opiates, 

which may moderate the pain system (Melzack, 2001).  

Previous reviews have suggested that psychosocial interventions can alleviate pain for 

long-term care (LTC) residents with fewer side-effects and can be more cost-effective when 

compared to analgesic medication (Keefe et al., 2013; Tederko et al., 2014). Psychosocial 

interventions can also help reduce agitation (Pedersen et al., 2017), distress (Mitchell & 

Agnelli, 2015), anxiety and depression (Orgeta et al., 2015) in people with dementia. 

However, the effectiveness of psychosocial interventions on pain in people with dementia is 
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still unclear. Results from current pain reviews have often included people with and without 

dementia (Keefe et al., 2013; Knopp-Sihota et al., 2016), which impedes generalisation of the 

results to people with dementia specifically. The reduced level of cognitive function and 

inability to verbalise by people with dementia may influence their ability to understand and 

participate in activities, which makes implementation and outcome measurement more 

complex than those without dementia. Existing reviews based on both randomised and non-

randomised trials (Knopp-Sihota et al., 2016; Park & Hughes, 2012) have provided the 

knowledge basis and potential application of psychosocial interventions to manage pain in 

older adults. However, a systematic review of RCTs can provide more reliable conclusions 

and avoid possible confounding factors. In addition, previous reviews have only focused on 

older adults from a specific setting, such as community (Park & Hughes, 2012) or nursing 

homes (Anderson et al., 2017; Knopp-Sihota et al., 2016; Tederko et al., 2014), which also 

limits the generalisation of the results to a larger population.  

Despite the fact that pain is highly prevalent and often undertreated due to the lack of 

knowledge, and barriers in pain assessment and management in people with dementia, there 

is a lack of evidence to guide the use of psychosocial interventions to manage pain in this 

group. This paper aims to provide an overview of the available evidence from RCTs to 

explore the effectiveness of psychosocial interventions as supportive modalities to manage 

pain, with a particular focus on people living with dementia in any setting. 

The review 

 Aims  

This review aimed to provide an overview of the available evidence from RCTs and to assess 

the effectiveness of psychosocial interventions for managing pain in people with dementia. 

Design 
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This was a quantitative systematic review with meta-analyses following the Cochrane 

methods (Higgins et al., 2011) and the standard guidelines of Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009). It was prospectively 

registered with PROSPERO, the International Prospective Register of Systematic Reviews 

(registration number: CRD 42018090534). 

Search methods  

Seven electronic databases were searched, including Scopus, ProQuest, EBSCO (CINAHL 

and Medline), PubMed, OVID (PsycINFO), Web of Science, and Cochrane Library. Each 

database was searched from their inception to November 2017, and updated database 

searches were undertaken on May 2, 2018 to capture new available research. Medical Subject 

Headings (MeSH) included “dementia”, “pain”, and “psychotherapy”. Key words searches 

were performed on abstracts using Boolean. Search terms were organised into three groups:  

Population: dementia OR Alzheimer’s OR "cognitive impairment" OR "memory loss" OR 

"cognitive decline" OR "mild cognitive impairment" OR "cognitive function" OR "cognitive 

dysfunction" OR "cognitive disability" 

Intervention: "psychosocial therapy" OR nonpharmacological OR non-pharmacological OR 

psychotherapy OR animal OR pet OR doll OR music OR games OR movies OR picture OR 

humo* OR Snoezelen OR aromatherapy OR reminiscence OR reiki OR therapeutic touch OR 

reflexology OR massage OR imagery OR meditation OR "Tai Ji" OR "qi gong" OR breath* 

OR "sensory therapy" OR "cognitive behavio* therapy" OR horticultural OR garden 

Outcomes: pain OR discomfort OR distress OR suffering OR "pain management" OR "pain 

relief" OR "pain medication" OR analgesics 

The search strategy in EBSCO is shown in Appendix C. Reference checks were conducted 

for retrieved articles to capture relevant publications. Titles and abstracts were then screened, 

and potentially relevant citations with full texts were assessed independently by two 
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reviewers (LP & CJ) to determine eligibility for inclusion. Any disagreements were resolved 

through discussion, or with a third reviewer.  

Search outcomes 

To be included in the review, selected studies had to meet the following inclusion criteria: (1) 

Participants: older adults (≥ 60 years old) with dementia or mild cognitive impairment living 

in any setting (e.g., LTC, community); (2) Design: randomised controlled trials (RCTs); (3) 

Intervention: psychosocial interventions versus control groups with no treatment, usual 

standard care, or an alternative intervention; (4) Outcomes: primary outcomes focused on  

levels of pain, as measured by validated self- or proxy-reported scales, or observational pain 

scales rated by a researcher, staff or family members. The secondary outcome was the use of 

pain medication; and (5) original research published in the English language. Studies were 

excluded if they focused on interventions for care staff or family caregivers. 

Quality appraisal  

Quality appraisal of the eight included studies was based on the Cochrane Collaboration’s 

tool for assessing risk of bias in randomised trials (Higgins et al., 2011). The seven criteria 

for risk of bias included: random sequence generation (selection bias); allocation 

concealment (selection bias); blinding of participants and personnel (performance bias); 

blinding of outcome assessment (detection bias); incomplete outcome data (attrition bias); 

selective reporting (reporting bias); and other bias. Two reviewers (LP & CJ) independently 

assessed the quality of each study according to the Cochrane Handbook for Systematic 

Reviews of Interventions, version 5.1.0, Chapter 8 (Higgins & Green, 2011), and any 

disagreements were resolved through discussion with a third reviewer (WM). The quality of 

evidence for specific outcomes was assessed according to the Grading of Recommendations, 

Assessment, Development, and Evaluation (GRADE) approach (GRADE Working Group, 

2011).  
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Data abstraction  

All data were extracted using a purposefully designed, standard data extraction form. Items 

included details about the following: (1) study characteristics (e.g., source, country, study 

design, setting); (2) participants (e.g., age, sample size, drop-out rate, stage of dementia, 

history of pain); (3) intervention characteristics (e.g., type, instructor, length, frequency, 

duration, and control conditions); (4) outcomes (measurement for pain, type of measurement, 

pain medication, adverse events); and (5) findings of the included studies.  

Synthesis 

Data were combined and statistically analysed using a meta-analysis procedure in RevMan 

5.3 (Higgins et al., 2011). Overall results of the review were presented in a summary of 

findings table (Table 2.3), which was generated with the GRADE profiler software 

(GRADEpro) (GRADE Working Group, 2011). Generated pooled estimates on continuous 

data (e.g., scores on pain scales) were calculated with the mean difference (MD) or 

standardised mean difference (SMD), with 95% confidence interval (CI). A random-effect 

model was applied to pool the data due to the potential heterogeneity across studies measured 

by chi-square test (p < .10 and I
2 

> 40%). Subgroup analyses were performed on outcome 

measures, types/format of interventions, degree of cognitive impairment and pain history of 

participants, where possible. Sensitivity analyses were applied to validate the rationality and 

reliability of the results, and the funnel plot was used to detect publication bias. Outcomes 

unable to be pooled in the meta-analysis were presented with a narrative description.  

Results 

Study selection  

The seven database searches yielded a total of 7,186 records, with an additional seven 

citations included from reference checks. After removing duplicates, 4,933 records were 
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screened by title and abstract, which resulted in 68 full texts assessed for eligibility. A total of 

nine articles from eight RCTs met the inclusion criteria. The study flow diagram is shown in  

Figure 2.10. 

Participants and study characteristics 

This review included RCTs with the following designs: (i) three parallel, (ii) two cross-over, 

(iii) one cluster, (iv) one multi-arm, and (v) one cluster-study with multi-arm. Half of the 

studies were undertaken in the USA (50%), and one each from the Netherlands, Australia, 

France and Spain. The care recipients were residing in LTC facilities in six of the studies, 

while one study was conducted in the community (Tsai et al., 2013), and one recruited 

participants from memory clinics (Pongan et al., 2017). The sample size was typically small 

(range 10~129), with the highest drop-out rate being 18.2%. Participants with different stages 

of dementia (mild, moderate, or advanced dementia), and different types of pain history 

(chronic pain, cancer pain, or unclear pain) at baseline, were recruited. Characteristics of 

participants are presented in Appendix D. 

Different types of psychosocial interventions were identified. Six studies focused on 

sensory stimulation: reflexology (Hodgson & Andersen, 2008), massage (Hodgson & 

Lafferty, 2012; Kapoor & Orr, 2017), ear acupressure (Rodriguez-Mansilla et al., 2015), 

music (Pongan et al., 2017) as well as showering (Sloane et al., 2004), whereas two studies 

reported physical activity interventions, including Tai Chi (Tsai et al., 2013) and passive 

movement therapy (PMT) (Hobbelen et al., 2012). The format of the interventions included 

both group and individual interventions, and the frequency of interventions ranged from once 

a week to daily, with 10 to 120 minutes per session, and spanning a period of four to 20 

weeks. Characteristics of participants and the studies are presented in Appendix D and 

Appendix E. 
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Figure 2.10 Study flow diagram 
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Outcomes measurements 

Pain was measured by a number of observational as well as self-reported pain scales, 

including the Pain Assessment Checklist for Seniors with Limited Ability to Communicate 

(PACSLAC) (Hobbelen et al., 2012), Checklist of Nonverbal Pain Indicators (CNPI) 

(Hodgson & Andersen, 2008; Hodgson & Lafferty, 2012), Pain Assessment in Advanced 

Dementia (PAINAD) (Kapoor & Orr, 2017), Brief Pain Inventory (BPI) (Pongan et al., 2017), 

DOLOPLUS-2 scale (Rodriguez-Mansilla et al., 2015), Discomfort Scale for Dementia of the 

Alzheimer Type (DS-DAT) (Sloane et al., 2004), and the Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC) pain subscale and observations of videotaped 

pain-related behaviours (Tsai et al., 2015). Self-reported scales included the Numeric Rating 

Scale (NRS), Simple Visual Scale (SVS) (Pongan et al., 2017) and Verbal Descriptive Scale 

(VDS) (Tsai et al., 2015). Tsai et al. (2015) further calculated doses of analgesic medication 

based on the calculation of standard acetaminophen equivalents, and three studies measured 

percentages of medication use (Hobbelen et al., 2012; Hodgson & Andersen, 2008; Sloane et 

al., 2004).  

Risk of bias 

Risk of bias is presented in Figure 2.11 and Appendix F. Four studies reported the 

randomisation methods, which included a computer-generated random list (Hobbelen et al., 

2012; Rodriguez-Mansilla et al., 2015), random number table conducted by an independent 

researcher, e.g., the statistician (Tsai et al., 2013) or independent researcher (Pongan et al., 

2017). Only two studies provided sufficient information for allocation concealment and 

blinding of the participants (Rodriguez-Mansilla et al., 2015; Tsai et al., 2013). Blinding of 

outcome assessors (detection bias) was reported in seven studies, and blinding was unclear in 

one study (Kapoor & Orr, 2017). Three trials reported an intention-to-treat (ITT) analysis 

(Hodgson & Andersen, 2008; Pongan et al., 2017; Tsai et al., 2013), and one study reported 
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no drop-out during the study (Hodgson & Lafferty, 2012). As for other bias, Sloane et al. 

(2004) reported imbalance between intervention and control groups at baseline, and there was 

insufficient information about the baseline difference in three studies (Hodgson & Lafferty, 

2012; Kapoor & Orr, 2017; Rodriguez-Mansilla et al., 2015). Regarding data analysis, one 

cluster trial failed to report the intra-cluster correlation coefficient (ICC) to adjust for the 

effect of clustering (Sloane et al., 2004). 

 

  

Figure 2.11 Risk of bias summary 

  

Unclear (uncertain bias) ？ 

No (high risk of bias) - 

+ Yes (low risk of bias) 
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The effectiveness of psychosocial interventions for pain relief in people with dementia 

Statistical analysis 

Generated pooled estimates on the effectiveness of psychosocial interventions on pain were 

calculated with standardised mean differences (SMDs) (Guyatt et al., 2013), due to the 

heterogeneity of the pain scales. Subgroup analyses were performed based on the 

measurement of pain (observational or self-reported pain), types of interventions (sensory 

stimulation or physical activity), as well as intervention format (group or individual). 

However, subgroup analysis was not viable on the level of cognitive impairment or the pain 

history of participants on key outcomes. For data imputation, results from two intervention 

groups were combined to create a single pair-wise comparison (Higgins & Green, 2011) from 

two multi-arm RCTs (Rodriguez-Mansilla et al., 2015; Sloane et al., 2004). The sample sizes 

from two cross-over RCTs were imputed as double (Hodgson & Andersen, 2008; Hodgson & 

Lafferty, 2012) as each patient appeared twice in the trial (Elbourne et al., 2002). We 

analysed data with the available results from one cluster-RCT due to insufficient information 

for ICC for data imputation (Sloane et al., 2004). Results concerning pain medication and 

adverse events are presented in a narrative description. No publication bias was detected. 

Summary of the findings is shown in Table 2.3. 
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significant result for physical activity interventions (SMD = -0.24, 95% CI [-1.06, 0.59]) 

(Figure 2.13). 

Different format of psychosocial interventions  

A significant result on observational pain was found for individual interventions (SMD =  

-0.55, 95% CI [-1.01, -0.09], very low certainty), while there was no significant result for 

group interventions (SMD = -0.27, 95% CI [-1.06, 0.53]) (Figure 2.14). Participants receiving 

individual interventions were recruited from nursing homes.  

 

 

Figure 2.12 Subgroup analysis: Different pain measurements 
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Figure 2.13 Subgroup analysis: Different types of interventions on observational pain 

 

 

 

Figure 2.14 Subgroup analysis: Different format of interventions on observational pain 
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Test for overall effect: Z = 2.80 (P = 0.005)

1.2.2 Physical activity

Hobbelen et al. 2012

Tsai et al. 2013

Subtotal (95% CI)

Heterogeneity: Tau² = 0.29; Chi² = 6 00, df = 1 (P = 0.01); I² = 83%

Test for overall effect: Z = 0.56 (P = 0.57)

Mean

1.88

1.58

-1.2

1.44

-7.3

1.69

-0.4

-0.82

SD

2.7

1 2

1 8

1.89

4.25

0.53

2.4

3.12

Total

21

18

5

31

75

49

199

47

28

75

Mean

4 51

2

-0.8

1 22

-3.78

2.14

-0.8

1 37

SD

3.3

0.79

2.17

1.27

1.42

0.35

2.5

3.26

Total

21

18

5

28

35

24

131

54

27

81

Weight

16 5%

16 0%

7.7%

19 2%

21 3%

19 2%

100.0%

52.7%

47 3%

100.0%

IV, Random, 95% CI

-0.86 [-1.49, -0.22]

-0.40 [-1 07, 0 26]

-0.18 [-1.43, 1 06]

0.13 [-0 38, 0 65]

-0.97 [-1 39, -0.55]

-0.93 [-1.44, -0.42]

-0.58 [-0.99, -0.17]

0.16 [-0 23, 0 55]

-0.68 [-1 22, -0.13]

-0.24 [-1.06, 0.59]

Psychsocial intervention Control Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-1 -0.5 0 0.5 1

Favours [intervention] Favours [control]

Study or Subgroup

1.3.1 Group intervention

Pongan et al. 2017

Tsai et al. 2013

Subtotal (95% CI)

Heterogeneity: Tau² = 0.26; Chi² = 4.52, df = 1 (P = 0.03); I² = 78%

Test for overall effect: Z = 0.66 (P = 0 51)

1.3.2 Individual intervention

Hobbelen et al. 2012

Hodgson et al. 2008

Hodgson et al. 2012

Kapoor et al. 2017

Rodriguez et al. 2015

Sloane et al. 2004

Subtotal (95% CI)

Heterogeneity: Tau² = 0.23; Chi² = 19 92, df = 5 (P = 0.001); I² = 75%

Test for overall effect: Z = 2.35 (P = 0 02)

Mean

1.44

-0 82

-0.4

1.88

1.58

-1.2

-7.3

1.69

SD

1 89

3.1205

2.4

2.7

1.2

1.8

4 25

0 53

Total

31

28

59

47

21

18

5

75

49

215

Mean

1.22

1.37

-0 8

4.51

2

-0 8

-3.78

2.14

SD

1.27

3 261

2.5

3.3

0.79

2.17

1.42

0.35

Total

28

27

55

54

21

18

5

35

24

157

Weight

50.7%

49.3%

100.0%

20.4%

16.5%

16.0%

8.7%

19.9%

18.5%

100.0%

IV, Random, 95% CI

0.13 [-0.38, 0 65]

-0 68 [-1.22, -0.13]

-0.27 [-1.06, 0.53]

0.16 [-0.23, 0 55]

-0 86 [-1.49, -0 22]

-0.40 [-1.07, 0 26]

-0.18 [-1.43, 1 06]

-0 97 [-1.39, -0 55]

-0 93 [-1.44, -0.42]

-0.55 [-1.02, -0.09]

Psychosocial intervention Control Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-1 -0.5 0 0.5 1

Favours [intervention] Favours [control]
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Sensitive analysis 

The effectiveness of psychosocial interventions on pain in people with dementia did not 

achieve statistical significance for observational pain (SMD = -0.42, 95% CI [-0.86, 0.01]), 

sensory stimulation interventions (SMD = -0.53, 95% CI [-1.07, 0.01]), or individual 

interventions (SMD = -0.51, 95% CI [-1.11, 0.10]) when two studies with high risks of bias 

were omitted (Kapoor & Orr, 2017; Sloane et al., 2004). 

The effectiveness of psychosocial interventions in reducing pain medications 

Only one study provided adequate information about the change of analgesic use before and 

after the intervention (Tsai et al., 2015). Although no significant difference was found in 

daily acetaminophen equivalent dosage between two groups at post-test (p = 0.308), 

analgesic intake in the Tai Chi group was reduced (223mg/day), whereas there was an 

increase in the comparator attention control group (221.7mg/day). The change in analgesic 

intake after intervention was insufficiently reported in two studies, despite comparable 

analgesic use at baseline (Hobbelen et al., 2012; Sloane et al., 2004). Hodgson and Andersen 

(2008) reported no change in medications for the intervention and control groups. No detailed 

information about medication use was available for meta-analysis.  

Adverse events 

Five studies reported no adverse events during the study period (Hodgson & Andersen, 2008; 

Hodgson & Lafferty, 2012; Kapoor & Orr, 2017; Sloane et al., 2004; Tsai et al., 2013). 

Discussion 

To our knowledge, this is the first systematic review and meta-analysis of RCTs to examine 

the effectiveness of psychosocial interventions on pain in people with dementia. Eight studies 

were included in this review, and results indicate that psychosocial interventions significantly 

reduced observed pain in people with dementia. Further, subgroup analyses showed that 

sensory stimulation interventions (e.g., massage, reflexology, acupressure and music), and 
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individual format of intervention significantly reduced observational pain in people with 

dementia. However, sensitivity analyses suggest that our estimates are not robust based on 

the current studies.  

Comparison with previous literature 

Findings from this meta-analysis concur with a recent review involving seven quantitative 

studies using complementary and alternative medicine (CAM) for residents with dementia 

living in LTC (Anderson et al., 2017). While results from three of the included studies 

indicated a reduction of pain in people with dementia, it is important to note that only CAM 

therapies assessed in RCTs were included, and the risk of bias and quality of the evidence 

was unclear. In another review, which included ten studies with psychosocial interventions, 

lower pain intensity was reported in seven studies, involving interventions, such as listening 

to music, guided imagery, mindfulness-based meditation, and cognitive-behavioural therapy 

(Park & Hughes, 2012). However, both people with and without cognitive impairment were 

included in the review, and no subgroup analysis of results was conducted for people with 

cognitive impairment, making comparisons of results difficult. Similarly, while Tederko et al. 

(2014) found that non-pharmacological pain therapies could have a possible positive 

analgesic effect for LTC residents, effectiveness remains unproven due to the low 

methodological quality of the included studies. In contrast, a systematic review and meta-

analysis found no statistical differences in treatment effect (SMD = 0.30, 95% CI [-0.60, 

0.01]) of non-analgesic interventions (e.g., humorous movie, mindfulness-based stress 

reduction, acupuncture, social visits, exercise) on pain in nursing home residents (Knopp-

Sihota et al., 2016). This review, however, permitted inclusion of non-randomised studies 

(e.g., before-and-after studies without a control group), and did not undertake any subgroup 

analyses of residents with dementia.   
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Our subgroup analyses indicated that sensory stimulation showed a significant 

reduction in observational pain in people with dementia. This may be explained by positive 

emotion arousal (Jensen, 2011) and the release of neuromodulatory chemicals, such as 

noradrenaline, serotonin, or endogenous opiates (Field, 2018). These biochemical responses 

have previously been shown to modulate pain at the spinal cord level in the ascending 

pathway, as well as at the brainstem in the descending pathway (Bushnell et al., 2013; 

Melzack, 2001). As only two studies using physical activities were included in this review, 

no significant result was found for pain reduction. However, potential underlying 

mechanisms have been explored for the effects of physical activities to relieve pain through 

the release of endogenous opiates, as well as the elimination of muscular tension (Rhoads, 

2013). Results from this review indicate that sensory stimulation interventions were focused 

on chronic pain, while physical activities were specifically focused on pain related to 

paratonia or osteoarthritis. However, it is difficult to generalise these results due to the 

limited number of studies and diversity in the pain experience of participants. In addition, 

further clinical and laboratory studies concerning the hypothetical mechanism of pain 

modulation upon the nervous system are warranted. 

Of the eight studies included in our review, only one compared the analgesic 

consumption between Tai Chi and an attention control group, and showed a promising 

decrease of analgesics for Tai Chi (Tsai et al., 2015). Given the high prevalence of pain in 

older adults, it is common for them to take analgesic medications for long periods of time. It 

is, therefore, important to document and compare medication use (e.g., the name of the 

analgesic they were taking, regular or Pro Re Nata (PRN), the dosage and the frequency of 

use) between groups, as concomitant medication consumption may confound the results on 

pain experience. Other confounding methods, such as physiotherapies, should also be fully 

documented.  
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Heterogeneous groups of participants and outcome measurement  

People with different stages of dementia and levels of pain, as well as a variety of outcome 

measures, were reported in this review. Although subgroup analysis with a random effect 

model and SMD was applied to synthesise and standardise the effect estimation of outcomes 

using different scales, statistical heterogeneity was high (I
2 

> 40%). This may be explained by 

variations in the interventions, as well as pain history of participants. That said, however, 

generalisation of the results should be treated with caution, as heterogeneous participants may 

lead to a large SD with a small SMD and, thus, bias the absolute estimate of the magnitude of 

intervention effect (Guyatt et al., 2013).  

In terms of the effect of psychosocial interventions on pain in participants from 

different settings, the review indicates that individual psychosocial interventions may lead to 

a potential pain reduction in people with dementia living in nursing homes. Effects of such 

interventions for people living in communities, however, are not clear, and more research is 

needed. Regarding pain assessment in people with dementia, there is currently no consensus 

on the best tool to assess pain in people with dementia. Pain measurement instruments for 

people with dementia should be based on the person’s level of cognitive impairment and, 

based on previous studies, individual self-reports of pain should be obtained whenever 

possible (Herr et al., 2011). When self-reports are unattainable or absent, observation of pain-

related behaviours from family caregivers or health care providers offer alternate ways for 

pain assessment (Ersek et al., 2011). The recent UK National Guidelines for Assessment of 

Pain in Older People recommended NRS or verbal descriptors as self-reports for people with 

mild to moderate cognitive impairment. For those with advanced dementia, PAINAD or 

Doloplus-2 can be used as observational measures of pain (Schofield, 2018). In this case, the 

inter-rater reliability with multiple observers should be demonstrated. Furthermore, the use of 

innovative technology to detect pain in older adults with dementia is also ongoing, such as 
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the Facial Action Coding System (FACS) (Lints-Martindale et al., 2007), and the electronic 

Pain Assessment Tool (ePAT) (Atee et al., 2017). 

Current guidelines recommend that the same principles of pain management apply 

equally to people with and without dementia, and that psychosocial interventions, such as 

music therapy, exercise or relaxation, are considered useful to reduce pain in people with 

dementia (Cornally et al., 2016; Guideline Adaptation Committee, 2016). These 

recommendations are based on expert opinions, and there is an absence of evidence-based 

guidelines for practice (Corbett et al., 2016). Findings from this systematic review of RCTs 

potentially could provide the opportunity to inform clinical practice in regard to pain 

management in people with dementia. 

The validity of the evidence based on quality assessment 

Given the lack of published empirical studies, only a small number of studies met the 

inclusion criteria, and the poor quality of the evidence lowers our confidence in the effect 

estimate. Caution is needed in generalising findings to a broader population in clinical 

practice due to the following reasons: (1) available RCTs had low to moderate quality, in 

particular, potential selection bias and attrition bias cannot be ruled out; (2) results from the 

sensitivity analysis also indicated that the evidence of the effectiveness of psychosocial 

interventions on pain was not robust and consistent, based on the current available studies; 

and (3) different characteristics of participants and interventions led to a large heterogeneity 

of results and inconsistency across the studies. As such, more RCTs, of higher quality and 

involving participants with more homogeneity, are needed to help identify the reliability and 

validity of the results and generalise the findings to the target population. 

Limitations  

Given the lack of published empirical evidence, only a small number of studies met the 

inclusion criteria, and the sample size of the included studies is relatively small, such that our 
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findings may not be applicable to other settings. Although favourable results were achieved 

from the meta-analysis, they were not consistent after sensitivity analysis, and the risk of bias 

of included studies was rated as unclear or high. Conclusions should be interpreted with 

caution due to the large variation in participant characteristics, interventions and outcome 

measurements, which precludes the generalisation of the results to a specific group. In 

addition, two cross-over studies were included in this review, although this design is not 

recommended for dementia care due to the progressive deterioration of the condition. Finally, 

only articles published in English were included, and thus research reported in other 

languages, particularly studies about Tai Chi or massage, may have been missed.  

Recommendations for future research and practice 

Several recommendations for future research can be made from this review. First, the model 

of delivery, content, and/or duration of psychosocial interventions should be tailored to 

individual preferences and cultural background, as well as programmed into daily clinical 

practice, which will improve attendance and adherence to the intervention. Second, different 

outcome measures used in the included studies contributed to the inconsistency of the results 

and limited the quality of the evidence; therefore, follow-up studies are warranted to develop 

appropriate pain assessment tools with diverse samples and further studies of tool sensitivity 

to detect changes in response to interventions are needed. Third, there is concern regarding 

insufficient reporting of participants’ safety during the intervention. Given that some of the 

interventions are associated with side-effects, such as injury or allergic responses, future 

studies should assess and report safety issues. Finally, further understanding of the theoretical 

background of the mechanism for psychosocial interventions on pain in people with dementia 

is required. 

Conclusion 
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This review examined RCTs investigating the effectiveness of psychosocial interventions on 

pain in older adults with dementia. Evidence suggests that psychosocial interventions may 

lead to a potential reduction of pain and pain medication in people with dementia. However, 

results should be interpreted with caution due to low to moderate methodology quality, 

heterogeneity of participants, intervention approaches, and variations in outcome 

measurements. This review highlights the paucity of rigorous research about pain 

management in people with dementia, and the need for future studies to focus on 

psychosocial interventions in contributing to the effective management of pain within this 

vulnerable population.  
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Update of literature reviews 

Update of the effectiveness of social robots for older adults 

The search strategy of the first systematic review and meta-analysis (Pu et al., 2019a) was 

updated for the period from September 2017 to March 2020. A total of 684 records were 

retrieved from eight databases, including Scopus, ProQuest (Nursing & Allied Health 

Database and Psychology Database), PubMed, Medline and CINAHL (via EBSCO), 

PsychINFO (via OVID), Science Direct, Web of Science, and Cochrane Library. After 

removing duplicates (n = 196), 30 records were retrieved for full-text review following title 

and abstract screening (n = 488). Four studies (Jones et al., 2018; Mervin et al., 2018; Moyle 

et al., 2018; Pu et al., 2020b) met the inclusion and exclusion criteria. Three studies provided 

additional results from a previously included cluster randomised controlled trial (Moyle et al., 

2017c) exploring the effects of individual, non-facilitated sessions with PARO on the 

emotional and behavioural symptoms of dementia for people living in RACFs. Only one new 

study explored the effect of PARO intervention on pain and BPSD in people with dementia 

living in nursing homes (Pu et al., 2020b). However, this new study is not included in the 

literature review update as it was published from the current PhD study, and is related to the 

thesis research gap. Chapter 5 reports detailed information about this study.    

In addition to the positive effects of PARO in improving pleasure and reducing 

neutral affect (Moyle et al., 2017c), Moyle et al. (2018) found that PARO may have some 

effect on motor activity of older people with dementia in long-term care, but not on sleep 

patterns, as measured by SenseWear armbands. Jones et al. (2018) concluded that people with 

lower levels of agitation and higher cognitive impairment had better responses to PARO, and 

a person-centred approach is recommended in the use of PARO. Further, Mervin et al. (2018) 

analysed the cost-effectiveness of using PARO and suggested that a soft toy animal may be 

used to manage agitation in people with dementia if the cost of PARO was beyond the reach 
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of the facility.  

Update of psychosocial interventions to manage pain in people with dementia 

A search update was conducted to retrieve any articles published from May 2018 to March 2020. 

The search strategy was consistent with the original review (Pu et al., 2019b). A total of 831 

records were retrieved from seven databases, including Scopus, ProQuest, EBSCO (CINAHL and 

Medline), PubMed, OVID (PsycINFO), Web of Science, and Cochrane Library. After removing 

duplicates, 635 titles and abstracts of each information source retrieved were assessed for the 

inclusion and exclusion criteria. After the screening of the title and abstract, 29 sources were 

retrieved for full-text review. Subsequently, 26 articles were excluded for the following reasons: 

participants without dementia (n = 11), outcomes without pain (n = 12), and not psychosocial 

interventions (n = 3).  

The new pilot RCT (Pu et al., 2020b) from the current PhD study was not included in the 

update. Additional two cluster RCTs (Maltais et al., 2018; Tse et al., 2018) met the inclusion 

and exclusion criteria. Table 2.4 and Table 2.5 shows the characteristics of the two studies. 

Both studies included participants with cognitive impairment (MMSE < 25) living in nursing 

homes. Maltais et al. (2018) examined the effects of a 6-month exercise intervention on 

neuropsychiatric symptoms, pain, and medication consumption in older people with dementia 

living in nursing homes. Pain was assessed using the Algoplus scale, and no significant 

differences were found for pain, and a trend was found for an increase in medication 

consumption in the control group. Tse et al. (2018) examined the effectiveness of play 

activities programs in reducing pain and improving psychological well-being among nursing 

home residents with dementia. Pain level was assessed by the Chinese version of the Pain 

Assessment in Advanced Dementia Scale (PAINAD) and significant treatment effects on 

pain were observed when comparing the experimental group and control group. 
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Table 2.4 Characteristics of included studies (n = 2) 

Studies 

country 

Study 

design 

Setting  Sample size  

drop-out 

(%) 

Age, mean (SD) Cognitive impairment  

(MMSE) 

History of pain 

(Maltais et 

al., 2018) 

France 

Cluster  

RCT 

Nursing 

home 

(n = 7) 

98 

7 (7.1%) 

Exercise group: 88.3 (5.1) a 

Social activity group: 86.9 (5.8) a 

Exercise group: 11.4 (6.2) a 

Social activity group:  

10.8 (5.5) a 

Algoplus score  

0 (0-1)
b
 

(Tse et al., 

2018) 

Hongkong 

Cluster  

RCT 

Nursing 

home 

(n = 4) 

53 

0 (0) 

Play group: 83.3 (7.5) a 

Control group:87.6 (8.0) a
 

10-25 PAINAD > 1 

Abbreviations: RCT, randomised controlled trial; MMSE, Mini-mental Status Examination; PAINAD, Pain Assessment in Advanced Dementia 
a 
Mean (SD); 

b 
Range. 

 

Table 2.5 Characteristics of interventions (n = 2) 

Studies Intervention 

format 

conductor 

 

Control  Length 

frequency  

(per week) 

duration 

Pain  

measurement 

[range] 

 

Findings  

 

(Maltais et 

al., 2018) 

 Exercise training group 

 Exercise instructors & social 

activity interventionists 

Social 

intervention 

 

 60 minutes 

 Twice 

 24 weeks 

Algoplus scale 

[0, 5] 

The group by-time interaction was not 

significant for pain, indicating that the effects 

of exercise did not differ from the effects of 

the social activities.  

 

(Tse et al., 

2018) 

 Play activities 

     group 

 Not mentioned 

Book reading  60 mins 

 Once 

 8 weeks 

PAINAD 

[0, 10] 

The between-subject effect (p < .001) and the 

interactive effect (p = .021) were significant 

 

Abbreviations: PAINAD, Pain Assessment in Advanced Dementia. 
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Both studies reported the methods of randomisation and allocation concealment. 

However, the blinding of participants and outcome assessors was compromised. The intra-

cluster correlation coefficient (ICC) to adjust for the effect of clustering was not reported in 

one study (Tse et al., 2018). We added the two trials (Maltais et al., 2018; Tse et al., 2018) to 

the original systematic review (Pu et al., 2019b), resulting in a total of ten included studies. 

Pooled results showed that psychosocial interventions significantly reduced the observational 

pain score in people with dementia (SMD = -0.50, 95% CI [-0.87, -0.13]). Furthermore, 

sensory stimulation interventions significantly reduced the observational pain (SMD = -0.70, 

95% CI [-1.11, -0.29], and no significant results were found for physical activities (SMD =  

-0.09, 955 CI [-0.57, 0.38]. A significant difference was found for individual interventions 

(SMD = -055, 95% CI [-1.02, -0.09]), while no significant results were found for group 

interventions (SMD = -0.44, 95% CI [-1.13, 0.25]). The updated results were similar to the 

results of the original review that sensory stimulation interventions (i.e., massage, reflexology, 

acupressure, and music), and individual format of intervention significantly reduced 

observational pain in people with dementia.  

Knowledge gap based on literature reviews 

Results from the first systematic review about the use of social robots in older adults indicate 

that robot interactions have potential positive effects on agitation, anxiety and loneliness, 

medication consumption, as well as quality of life for older adults. However, little is known 

about the effect of social robots on pain management in older adults, especially in people 

with dementia. Further studies are needed to explore the underlying mechanism of social 

robots on physiological responses in older adults. The second systematic review evaluated the 

effectiveness of psychosocial interventions on pain management in people with dementia. 

Results implied that psychosocial interventions may reduce observational pain in people with 

dementia, in particular individualised interventions for sensory stimulation. This review 
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highlights the paucity of rigorous research about pain management in people with dementia, 

and there is an absence of studies using social robots to manage pain in people with dementia. 

As a result, more studies are required to investigate whether social robot interventions are 

effective in reducing pain among older adults with dementia. In addition, future research 

should assess the physiological benefits of social robot interventions in people with dementia. 

Summary of this chapter 

This chapter overviews the current evidence of using social robots to support the care of older 

adults and the potential effectiveness of psychosocial interventions to manage pain in people 

with dementia. Results indicate the potential use of social robots, such as PARO, to manage 

behaviours and reduce medications in people with dementia. This PhD study aims to explore 

the feasibility and effect of a social robot (PARO) intervention to manage pain and BPSD in 

people with dementia and chronic pain living in RACFs. The following chapter presents the 

methodology and theoretical framework of this study. 

  



 

88 

 

Chapter 3 Methodology 

 

This chapter presents the methodology of a pilot randomised controlled trial (RCT) 

followed by semi-structured interviews to evaluate the feasibility and effect of a social robot 

(PARO) intervention on pain, behavioural and psychological symptoms of dementia (BPSD) 

(i.e., agitation, depression and anxiety) and physiological responses (i.e., sleep and motor 

activity, salivary cortisol) for people living with dementia. The study design, research 

questions, implementation process, data collection, ethical considerations and conceptual 

framework are outlined.  

Study design 

A pilot RCT with two parallel groups was conducted in three residential aged care facilities 

(RACFs) in Southeast Queensland. Participants were randomly allocated to either an 

intervention group (PARO intervention with usual care) or a control group (usual care only). 

Then, face-to-face individual semi-structured interviews of around 10 to 20 minutes were 

conducted with intervention participants to explore individual interaction experiences with 

PARO.  

Research questions  

The following specific research questions were explored: 

(1)  What was the feasibility of the pilot RCT exploring the PARO intervention on pain in 

residents with dementia living in the participating nursing homes? 

(2)  What was the effect of the PARO intervention on observational pain levels, staff-rated 

BPSD (i.e., agitation, depression and anxiety), quantified dose of regular and pro re nata 

(PRN) medication use in people with dementia compared to a usual care group? 

(3) What was the effect of the PARO intervention on physiologic responses (i.e., sleep and 

motor activity, salivary cortisol) in people with dementia compared to a usual care group? 
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(4)  What were the emotional responses, experiences and perceptions of daily interaction with 

PARO for residents with dementia living in the participating nursing homes? 

Participants 

Inclusion criteria  

Convenience sampling was used to recruit participants who met the following criteria:  

(1) Aged 65 years and older and can speak and understand English.  

(2) Participants must have been diagnosed with some form of dementia, or probable diagnosis    

of dementia, by staff with a MMSE score lower than 25 (Folstein et al., 1975).  

(3) Participants are assumed to experience underlying chronic pain (i.e., prescribed with 

regular pain medications or with an indication of chronic pain). For those who cannot self-

report pain, proxy reports of pain from registered nurses for the previous week were obtained.  

(4) Demonstration of appropriate senses for interaction with PARO, such as vision, hearing 

or touch. 

(5) Living in a nursing home for more than 3 months (to avoid the potential anxiety and 

distress caused by being placed in a new environment). 

Exclusion criteria  

Participants were determined ineligible for participation if they had one or more of the 

following:  

(1) Diseases such as acute exacerbation of chronic obstructive pulmonary disease or renal 

failure that required patients to be admitted to hospital frequently. 

(2) Terminal illness, such as advanced cancer, where the patient is in the final palliative stage. 

(3) A diagnosis of a major mental illness, such as schizophrenia, to avoid confounding 

behaviours.  

(4) Infectious diseases such as acquired immune deficiency syndrome (AIDS), or tuberculosis, 

or an open wound that was unable to be covered. 
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Sample size calculation 

Given the limited existing studies about the effectiveness of social robots on pain (primary 

outcome) in older adults with dementia living in nursing homes, the sample size was 

calculated based on the effect size of a music intervention on pain in people with dementia 

(Park, 2010), as both studies share the same pain modulation based on gate control theory of 

pain (Magill-Levreault, 1993; Melzack et al., 1963). According to Power Analysis and 

Sample Size (PASS) software version 15, it was anticipated that a total of 42 participants 

were required to have a power of 0.8 to detect a significant change in pain score (Park, 2010) 

at an alpha level of 0.05. With a further attrition rate of 10% due to dropout, hospitalisation 

and death (Jøranson et al., 2015; Moyle et al., 2015), we aimed to recruit 46 (23 per group) 

participants in this study.  

Recruitment of nursing homes 

An invitation letter was first sent to the nursing home administrator and then the principal 

supervisor contacted them to seek their interest in undertaking this study, with a letter of 

invitation and study information. Members of the research team also shared study 

information through their online Twitter accounts for potential facility recruitment. A 

telephone call followed to describe the study in detail and to answer questions. Upon verbal 

consent, the research team members met with the nursing home administrator and visited the 

facility to further discuss the feasibility and process of the study. Following agreement to 

progress with the study, the clinical nurse manager was appointed as a site coordinator and 

contact person for the facility visits, identification of potential participants as well as 

arrangements of intervention and data collection. 

Recruitment of participants 

The site coordinator was asked to (a) assist with the identification of potential 

participants according to the study inclusion criteria and (b) seek permission from 
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potential participants and their guardian to identify if they were willing to be contacted 

by the student researcher.  

The following steps were used to recruit participants.  

(1) Approaches were undertaken to encourage participation: 

a. Recruitment flyers (Appendix G) containing project information and contact details 

were provided to the facility for recruitment. The site coordinator assisted by putting 

up the flyer at the facility and gave one to each of the potential eligible residents and 

families.  

b. An invitation letter was also published within the facility newsletter.  

c. The site coordinator sent emails with an invitation letter containing study information 

and researcher contact details to the family member of potential participants. A 

reminder email was sent one week later. 

d. For those who were unable to respond to the email, the site coordinator made a 

follow-up call to ask for the willingness of residents and their family to participate in 

the study. 

(2) Any residents or family carers who were interested in this study could either directly 

contact the researcher or indicate their willingness to the staff.  

(3) With the help of the facility staff, the study was introduced by the student researcher to 

potential participants and their family carers. Once residents and/or family indicated their 

interest in the study, the researcher met with them in the facility to describe the study in 

detail and provided the opportunity to ask questions. 

Informed consent  

The initial informed consent discussion occurred between the researcher, the resident 

and the guardian. An information sheet and consent form (Appendix H) was provided to 

potential participants and their guardians to explain the nature of the study. Consent was 
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sought from people with cognitive impairment wherever they were deemed capable of 

giving consent. Where the person had been deemed by the staff as not capable of making 

such a decision, consent was sought from the participant's guardian or persons, or 

organisations authorised by law. The family member or guardian could indicate their 

informed consent during in-person meetings or through email or text messages.  

Verbal assent was obtained when possible before the commencement of each 

intervention session. If a resident declined to participate during the intervention period, a 

second approach was attempted later on in the day. If the resident declined a third time, 

the resident was recorded as unwilling to engage in the intervention on that day. 

Participation in this study was entirely voluntary, and there was no obligation to participate. 

Participants, either directly or via their legal representatives, could withdraw from the 

study at any time for any reason without comment or penalty. Under no circumstances 

would they be prejudiced as a result of their actions, participation or withdrawal of consent in 

terms of present or future involvement with Griffith University or their care provider. 

Randomisation and blinding 

After obtaining informed consent and baseline data, participants were randomly assigned to 

either the PARO or usual care group via a computer-generated randomisation list at 

https://www.random.org/ by an independent researcher who was not involved in the 

recruitment or data collection of this study. Blinding of participants was difficult to achieve 

due to the scope of this study. Furthermore, the nursing staff were not blinded to the 

intervention, and the student researcher was also involved in data collection due to the limited 

resources, such as personnel and funding. Nevertheless, objective indicators of physiological 

responses were collected.  

Due to limited resources (i.e., the number of PARO and personnel), three rounds of 

the intervention within the three nursing homes were conducted. Intervention sessions were 
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conducted in the morning of week 1, week 3, and week 5, whereas on week 2, week 4, and 

week 6, intervention sessions were conducted in the afternoon. The timing of the PARO 

intervention and data collection for the first week was generated by a random number list 

from the website https://www.random.org/. This time was then rotated in the following weeks 

to ensure each participant received the PARO at different times to avoid any confounding 

medication effect. If the participant was unable or unwilling to receive the PARO at the 

scheduled time, PARO was allocated to the next participant on the list. An attempt was then 

made to offer PARO to the participant later in the day. Timings were scheduled each day to 

collect data from participants in the control group.  

Intervention process  

Intervention group: PARO group 

According to Klein et al. (2013), a 15 to 30 minutes individual intervention was an 

appropriate time for people with dementia due to their limited attention span. Also, prior 

studies of psychosocial interventions for pain in people with dementia demonstrated that a 6-

week psychosocial intervention would be sufficient to produce effects on pain (Pu et al., 

2019b). Therefore, participants allocated to the intervention group received a daily individual 

non-facilitated 30-minute PARO interaction in their bedrooms from Monday to Friday over 

six weeks. In each session, the student researcher introduced PARO to the participant and left 

PARO with the participant for 30 minutes. The researcher then moved away from the 

participant and returned to an area where the researcher could observe the participant but was 

not in the direct vision of the participant. Notes of what the participant was doing, whom they 

stayed with, where they were sitting and anything else that was going on around the 

environment, such as music, and activities, were recorded on an observation sheet. Specific 

details are described in the PARO intervention protocol along with the PARO cleaning 

procedure in Appendix I. 
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Control group: usual care group 

Participants allocated to the usual care group continued their routine care (music, church, 

singing, story listening, etc.) without the PARO intervention. To ensure that residents in the 

control group (i.e., usual care) did not miss out, we provided one PARO to the facility for two 

weeks at the end of the study to offer the opportunity for those in the control group to trial the 

PARO. 

Outcomes and data collection 

Feasibility of the pilot RCT 

According to the focus of a feasibility study (O'Cathain et al., 2013; Thabane et al., 2010), 

information regarding (1) recruitment and eligibility (i.e., the proportion of participants 

screened eligible to enrol), consent (i.e., the number of participants consented and enrolled); 

(2) intervention process, including adherence (i.e., rates of adherence or non-attendance) and 

dropouts (i.e., reasons for dropouts); (3) measurement of outcomes, including assessment 

procedures (i.e., response rates of all the scales); as well as (4) target condition (i.e., potential 

personnel challenges and data management issues) were assessed (Leon et al., 2011). In 

addition, any adverse events such as discomfort during the intervention or data collection 

were recorded. 

Data collection 

Demographic information, such as age, gender, marital status, educational level, animal 

preferences and previous pet ownership, were collected before the intervention. Levels of 

pain (i.e., self-reports before and after each session, nurse’s proxy report of the resident’s 

pain in terms of frequency and intensity, and observational pain indicators measured by the 

student researcher) were the primary outcome measures. Secondary outcomes included 

agitation, depressive symptoms as well as anxiety administered by interviewing the nursing 

assistants and physiological indicators (e.g., saliva cortisol, sleep and motor activity). 
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Outcome measures administered at each time point are described in Table 3.1. All outcomes 

measurements are presented in Appendix J. Detailed information regarding the outcome 

measurement, data collection and data analysis are described in the four published/submitted 

manuscripts in Chapters 5 to 8. 
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Ethical considerations of using social robots for people with dementia 

With the increasing number of people diagnosed with dementia and a shortage of care staff 

working in care facilities, one possible solution considered to meet these challenges is the use 

of robots in aged care. Social robots, such as PARO, are being developed to provide 

companionship for older adults. While these robots offer some therapeutic benefits, some 

ethical considerations have been raised, including concern that interactions with robot pets 

are demeaning or lack value compared to other human interactions. Another concern is 

ethical considerations about the giving and retrieval of PARO. We acknowledge these 

considerations and discussions around the ethics of using social robots for companionship in 

dementia care.  

Firstly, we identified residents’ preferences to engage with PARO in a person-centred 

way and respect for autonomy is fulfilled by obtaining their verbal assent when possible 

before the commencement of each intervention session. Interviews from older people 

(McGlynn et al., 2017), care staff (Moyle et al., 2016a) and families (Moyle et al., 2019) 

indicated that most of them were positive towards the use of PARO for people with dementia. 

Second, PARO is used for residents who are willing to interact and may benefit from the 

comfort of PARO. Evidence shows that PARO may increase interactions among residents 

and caregivers rather than replace staff time (Takayanagi et al., 2014; Wada et al., 2010). 

Third, we took appropriate measures to avoid separation anxiety caused by withdrawing 

participant’s access to PARO. For example, during the last week, participants were informed 

that PARO would go back home, and we encouraged them to say goodbye to PARO. 

Additionally, we advised the nursing home staff to use soft animals as a replacement for 

PARO to comfort participants who do not want to give up PARO. Furthermore, information 

was provided to the nursing home in case they wished to purchase a PARO for their facility. 

Moreover, this study was conducted with reference to the National Statement of Ethical 
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Conduct in Human Research 2007 (updated 2018) and this is particularly pertinent in 

conducting research with people highly dependent on medical care who may be unable to 

give consent and people with cognitive impairment (Australian Government National Health 

Medical Research Committee, 2018). The four ethical principles, research merit and integrity, 

justice, beneficence and values of respect, provide a substantial and flexible framework to 

guide the design and conduct of human research.  

Research merit and integrity 

This study was conducted following recognised principals of research conduct and research 

integrity. The potential benefit, which includes the contribution to knowledge and 

understanding to improve dementia care was presented in the information sheet. The research 

design of a pilot RCT was appropriate for achieving the research aims and the respect for 

participants was not compromised by the aims of the research. In addition, the conduct of the 

research was overseen by supervisors with expertise and competence in dementia care, and 

the study was conducted with appropriate facilities and resources. Both favourable and 

unfavourable results will be disseminated to permit scrutiny and contribute to knowledge and 

understanding. 

Justice 

The process of recruiting participants was fair, and there was no unfair burden of 

participation in the research. Both participants in the intervention and control group had 

access to the benefits of the research. One PARO was provided to the facility for two weeks 

at the end of the study so that residents in the control group (i.e., usual care) had the 

opportunity to trial the PARO. At the end of the program, a lay summary of research findings 

was made accessible to the involved facilities and participants. 

Beneficence  

The potential benefits and risks were classified for participants and the risks of harm and 
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discomfort to participants were minimised. Measures were taken to control the potential risks 

during wearing of the SenseWear armband and saliva collection. The skin was checked daily 

to ensure that the SenseWear armband did not cause a tear, lesions, or rash and swelling due 

to allergy. If the resident experienced or reported discomfort, the SenseWear armband was 

first checked and adjusted for fit and comfort. If the resident continuously experienced 

discomfort, the SenseWear armband was removed immediately if any adverse reactions were 

noted, and a staff member was notified according to the protocol (Appendix K). The details 

of the removal were documented as well. 

The collection of salivary samples may have the potential to distress participants.  

Therefore, the researchers used appropriate communication to instruct and encourage 

participants to open their mouth to collect the salivary sample during the data collection  

(Appendix L). No force was used, and if participants were unable or unwilling to comply 

with the instruction, we did not continue or pressure the participant, and the data were 

considered as missing. The feasibility of collecting the sample formed part of this study.  

Values of respect 

The privacy, confidentiality and cultural sensitivities of participants were respected and 

fulfilled throughout the research process. For people with dementia who were unable to make 

their own decisions or had diminished capacity, they were involved to empower them where 

possible and to provide for their protection as necessary. 

Data from this study were treated in strictest confidence, privacy rights were protected, 

and the anonymity of all participants was secured including verbal and non-verbal responses 

to interviews, written responses to questionnaires and medical history audited from medical 

records. Each respondent was given a unique identifier. No identifying information was 

collected other than for administrative purposes, for example, consent forms. No participant 

was named and identified in the reporting of the results of this study. Only the involved 
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investigators and research team members had access to the de-identified data collected under 

this program of research for data analysis, report writing and dissemination in sites for which 

they were responsible. No external parties had access to the data unless they were owners of 

the institutional source data.  

Data from questionnaires and hard copy forms were entered into spreadsheets in 

digital format. Interviews were audio-recorded in a digital format and deleted after 

transcription. Information was stored in password-protected computers behind secure 

firewalls and backed up in secure locations such as university servers or password-protected 

hard drives. Paper-based data was stored in locked filing cabinets. Any identifiable 

information was destroyed after the results of the research have been published. Paper 

records were disposed of via contracted secure disposal services for confidential information, 

as provided by the University. 

Ethical approval and trial registration 

Ethical approval for the study was firstly obtained from the Griffith University Human 

Research Ethics Committee (Reference number: 2017/774) (Appendix M). Ethics approval 

for the study was then sought from the nursing home administration (Reference number: Pu 

22418) (Appendix N). This pilot study was also registered with the Australia New Zealand 

Clinical Trials Registry (ANZCTR, Trial ID ACTRN12618000082202).  

Conceptual framework 

Based on Melzack and Wall’s (1965) gate control theory, pain has been increasingly 

understood as a multidimensional experience of three components: cognitive-evaluation, 

sensory-discrimination and motivational-affection (Melzack, 1999, 2001). Cognitive factors 

include personality, prior pain experience, culture, expectations and concentration on pain. 

Sensory contributors include sensory and visceral stimulation inputs (Melzack, 2001). 

Emotions such as depression or anxiety could also have an impact on pain experience. 
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Besides, physiologic activities in the hypothalamic-pituitary-adrenal axis, the sympathetic 

nervous system, the immune system as well as the limbic system factor could also contribute 

information to the pain processing (Melzack, 1999, 2001). This theory indicates that the brain 

plays an important role in the creation and modulation of pain across the three dimensions. 

The cyclical processing and synthesis of all these three components produce individual pain 

perception and “action programs” as well as physiologic stress responses. The 

biopsychosocial framework of pain and dementia (Gagliese et al., 2017) also provides the 

theoretical basis for using psychosocial interventions to manipulate the psychological and/or 

social components of pain to modify the pain experience in people with dementia. 

Following this, the conceptual framework (Figure 3.1) for this study is built on the 

premise that interacting with PARO may change the participants’ perception of pain. In other 

words, the PARO interaction may reduce pain by following three possible pathways: 

(1) Cognitive-evaluative: such as including outside interests, thoughts that help people cope 

with pain, and distracting oneself from chronic pain. Individuals could be distracted from 

pain when facing, holding and communicating with PARO.  

(2) Sensory-discriminative: such as providing competing sensory modalities of the auditory, 

visual or tactile stimulus. The sensory stimulation of PARO interaction may influence the 

sensory components of pain through counter-stimulation of the afferent fibres. These 

fibres could stimulate the presynaptic inhibition thus close the “pain gate” located in the 

spinal dorsal horn. 

(3) Motivational-affective: such as having a positive attitude, overcoming depression, 

negative feelings and stress management. Interacting with PARO may improve mood 

through transmitters of cortisol, endogenous opioid and noradrenalin from modulation of 

the limbic system and endogenous opiates regulation. 
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Chapter 4 Feasibility of this pilot randomised controlled trial 

 

Feasibility of the study recruitment and retention 

Recruitment of nursing homes 

The whole study took 15 months, from October 2017 to January 2019. The recruitment of the 

nursing homes started in October 2017 and was completed in March 2018 with a duration of 

six months. Four aged care service providers showed an interest in the project; however, two 

providers declined to participate due to the staff workload (n = 1) and time constraints (n = 1). 

Two not-for-profit care providers (Carinity and Blue Care), agreed to participate, and three 

facilities were recruited into the study: facility 1 - Carinity Clifford House; facility 2 - Blue 

Care Yurana Aged Care Facility; and facility 3 - Blue Care Bethania Haven Aged Care 

Facility. For each facility, a total of four months was allocated with one month for 

recruitment and three months for the intervention and data collection. 

Recruitment and retention of participants 

The recruitment of participants, intervention and data collection started in January 2018 and 

was completed in January 2019. A summary of the recruitment of participants from the three 

study sites is presented in Table 4.1. A total of 43 residents were recruited from the three 

facilities. Of the residents, 37.4% (71/190) met the inclusion and exclusion criteria after 

initial screening, and 67.65% (48/71) of the eligible residents agreed to participate. The 

recruitment rate for the eligible residents was 60.6% (43/71) after a strict screening process. 

The attrition rate of the participants was low, with three out of 43 participants (7.0%) 

dropping out during the intervention process. Among the three participants, one resident in 

the control group passed away following the collection of baseline data before receiving the 

allocated intervention. One resident in the intervention group passed away at the end of four 
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weeks of the intervention, and another dropped out at the end of week four due to loss of 

interest; however, the resident agreed to provide their follow-up data.  

Table 4.1 Recruitment and dropouts of participants at the three study sites 

Variables Facility 1 Facility 2 Facility 3 Total 

Time period Jan. - Apr. Jul. – Oct. Oct. – Jan. 12 months 

Beds, n 81 61 50 192  

Occupied, n (%) 79 (97.5%) 61 (100%) 50 (100%) 190 (99.0%) 

Eligible, n (%) 28 (35.4%) 21 (34.4 %) 22 (44.0%) 71 (37.4%) 

Consent to participate, n (%) 15 (53.5%) 16 (76.2%) 17 (77.3%) 48 (67.6%) 

Recruitment rate, n (%) 14 (50.0%) 15 (71.4%) 14 (63.6%) 43 (60.6%) 

Attrition rate, n (%) 0 (0) 2 (13.3%) 1 (7.0%) 3 (7.0%) 

 

Implementation of the study intervention 

Intervention context 

To minimise the bias of contamination, residents in the intervention group received the 

PARO intervention in their bedroom. Therefore, with the help of the nursing staff, the 

participant was moved to their bedroom while trying to minimise their agitation. However, it 

was not always feasible to move residents due to staff workload as well as the health 

conditions of residents. In this case, participants were moved to a quiet place (e.g., the 

activity room) where residents in the control group did not have access to the PARO.  

Total number of sessions of the PARO intervention 

Twenty-one residents in the PARO group were scheduled to interact with the social robot 

PARO for 30 minutes from Monday to Friday for 6 weeks with a total of 30 sessions. The 

average attended sessions among participants was 23.3 (±7.3). Only five residents finished 30 

sessions, and the reasons for not attending the PARO intervention were (1) fell asleep (n = 9); 

(2) not interested in PARO (n = 4), (3) discomfort (n = 2), (4) not available due to health 

examination (n = 1). 

Times and durations of the PARO intervention 
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The average duration of each session was 16.36 (±8.13) minutes. There was no significant 

difference in the duration of the intervention over six weeks (p = .691). No significant 

differences in the intervention duration were found between male (15.58±4.18) and female 

participants (16.49±8.70, p = .862). While insignificant (p = .563), the means trend suggests 

that participants with a higher level of cognitive function (MMSE score > 10) interacted with 

PARO (18.04±9.93) longer than those with MMSE score ≤ 10 (15.69±7.59).  

Feasibility of the data collection 

Demographic information was collected from medical charts, residents or their family carers 

when possible. Missing data was recorded in religion from seven (16.3%) participants and 

education level from 17 (39.5%) participants.  

 A hierarchical approach to pain assessment in nonverbal patients was followed.  This 

approach recommends that self-reports should be obtained from all patients (Herr et al., 

2011), even for those with mild cognitive impairment, and recommends individual self-

reports of pain could also be attained and are reliable. However, most participants in this 

study had severe cognitive impairment, with an average MMSE score of 9.93 (±8.05), which 

resulted in a large amount of missing data in self-reported pain using the Revised Iowa Pain 

Thermometer (IPT-R). Although most of the participants (32/43, 74.4%) were able to 

verbally communicate, it was challenging for them to rate their pain using the IPT-R when 

they had moderate-to-severe dementia.  

In this study, we found it was easier for people with advanced dementia to answer the 

question “Do you have any pain today?” with yes/no, but it was difficult for them to indicate 

the intensity of pain using a number from 0 to 10 or word description such as 

mild/moderate/severe pain. There were also fluctuations in their ability to describe their pain 

level. Therefore, data collection and analysis of the self-reported IPT-R before and after each 

session was not achievable. A decision was made to choose the observational pain measure 
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Pain Assessment in Advanced Dementia Scale (PAINAD) as the primary outcome for all 

participants, and this allowed 42 samples to be included in the analysis (one resident from the 

control group died before the collection of daily pain assessment). 

According to the outcome measurement protocol, observational pain assessment with 

PAINAD twice a day for six weeks, the total possible assessment per participant was 60. A 

total of 2,470 out of 2,520 (98.02%) observational pain assessments were completed with 50 

occasions missing because of (1) health examination (n = 24), (2) residents being sent to the 

hospital (n = 6) and (3) death (n = 20). Missing data were imputed via last carried forward 

(LOCF) method. There was no significant difference in the time of pain assessment (morning 

or afternoon) between two group (p = .092).  

The observational pain assessment tool PAINAD was useful in the daily routine 

assessment of pain in people with dementia with a short application time of 3 to 5 minutes of 

observation and ease of use with clear instructions for each item. This tool monitored changes 

in the observational pain score over time and in response to the intervention to determine changes 

in pain. However, there were some issues when using the PAINAD scale: (1) some residents 

may not demonstrate any obvious pain behaviours or cues, especially for those bedridden 

residents or when they fell asleep; (2) there was a high false positive rate in the item facial 

expression when residents felt distressed or tired, which was not related to pain; and (3) 

participants were first asked for their self-reported pain followed by their PAINAD score, and 

it was noted that residents’ self-reports could influence the observer’s decision on the 

subsequent observational pain score. 

Comprehensive assessment of pain was completed by the same RNs before and after 

the intervention, and all participants had their data recorded. Data collection on agitation, 

depression and anxiety were completed by care staff with only post-intervention missing data 

for two deceased residents, which were imputed using their baseline data. The same care staff 
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were asked to assess the same resident before and after the intervention; however, this was 

compromised on some occasions as a result of the turn-over and workload of care staff. The 

feasibility of SenseWear data and salivary cortisol collection are discussed in Chapter 6 and 

Chapter 7. 

Safety of the data collection and study intervention 

Participants may experience discomfort during the use of the SenseWear armband; however, 

the risks of wearing the SenseWear armband to the residents are minimal. One resident 

reported short-term discomfort from the armband, and her family carer was concerned about 

safety issues from the use of the armband. We checked the participant’s skin condition and 

adjusted the strap, and they agreed to wear the armband after we explained the purpose and 

safety of wearing the SenseWear armband. No other adverse effects were identified during 

the process of data collection. As for safety issues during the saliva collection, one resident 

with advanced dementia forgot to open her mouth to allow the removal of the swab. After 

communication and with proper guidance, the swab was removed safely without any adverse 

events.  

During the intervention, the student researcher observed and recorded the activities of 

each participant when they interacted with PARO at each session. Some residents regarded 

the PARO as a live animal, and they wanted to feed PARO with water or food, which could 

have had an adverse effect on the PARO. Moreover, no separation anxiety and stress from the 

withdrawal of PARO was recorded. 

Finally, the safety of the researcher was ensured when interacting with residents with 

aggressive behaviours. For example, the researcher kept a safe distance from residents if they 

were aggressive and interacted with them in a friendly and empathic manner. The researcher 

also sought help and advice from staff members when necessary.  
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Summary of this chapter 

This chapter reports the feasibility of participant recruitment, the intervention process, 

feasibility of data collection and safety issues throughout the study. Chapters 5 to 8 reports 

findings from the analysis of quantitative and qualitative data with four published or 

submitted papers. 
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Chapter 5 The effect of using PARO for people living with dementia and chronic pain: 

A pilot randomised controlled trial 

 

This paper presents the main findings of the effect of the PARO intervention on the 

primary outcomes of pain and behavioural and psychological symptoms as well as 

medication use. This manuscript has been published in the Journal of the American Medical 

Directors Association. 

Pu, L., Moyle, W., Jones, C., & Todorovic, M. (2020). The effect of using PARO for people 

living with dementia and chronic pain: A pilot randomised controlled trial. Journal of the 

American Medical Directors Association. 

https://doi.org/https://doi.org/10.1016/j.jamda.2020.01.014 
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The effect of using PARO for people living with dementia and chronic pain: A pilot 

randomised controlled trial 

Reference:  Pu, L., Moyle, W., Jones, C., & Todorovic, M. (2020). The effect of using 

PARO for people living with dementia and chronic pain: A pilot randomised controlled trial. 

Journal of the American Medical Directors Association. 

https://doi.org/https://doi.org/10.1016/j.jamda.2020.01.014 

 

Abstract 

Objectives: To evaluate the effect of interaction with a robotic seal (PARO) on pain and 

behavioural and psychological symptoms of people with dementia and chronic pain. 

Design: A parallel pilot randomised controlled trial conducted between January 2018 and 

January 2019. 

Setting: Three long-term care facilities in Australia. 

Participants: Forty-three participants aged ≥ 65 years living with dementia and chronic pain. 

Intervention: Participants were randomised to the PARO group (individual, non-facilitated, 

30-minute sessions, 5 days per week for 6 weeks) or a usual care group using a computer-

generated random number. 

Measurements: The primary outcome was researcher rated observational pain behaviours 

before and after each session. Secondary outcomes were staff rated pain level, agitation, 

depression and anxiety measured at baseline and the end of week six. Medications regularly 

prescribed and as needed were recorded weekly. Analyses followed intention-to-treat, using 

the generalised estimating equation model. Australian New Zealand Clinical Trials Registry 

(ACTRN 12618000082202). 

Results: Participants in the PARO group had a significantly lowered level of observed pain ( 
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-0.514, 95% confidence interval [CI] -0.774 to -0.254, p < .001) and used fewer PRN 

medications (-1.175, 95% CI -2.205 to -0.145, p = .025) than those in usual care after 

controlling for age, gender, cognitive function and medications. There were no significant 

differences in staff-rated pain, agitation, anxiety and depression, nor regularly scheduled 

medications between intervention and control group. 

Conclusions and Implications: PARO shows promise in reducing pain and medications for 

individuals with dementia and chronic pain in long-term care facilities. This intervention 

might be incorporated into daily practice as an alternative to manage pain in people with 

dementia. Larger randomised controlled trials with longer time frames are needed to identify 

further and test the use of PARO in long-term care settings. 

Keywords: PARO, dementia, pain, agitation, depression, anxiety, nursing home 
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Introduction 

It has been estimated that approximately half of the people with dementia are experiencing 

pain (van Kooten et al., 2016; van Kooten et al., 2017), and despite the high prevalence of 

pain in this population, pharmacological management is poor (van Kooten et al., 2017). In 

particular, residents with dementia living in long-term care facilities (LTCFs) are less likely 

to have their pain identified and documented (Andrews et al., 2019; Veal et al., 2019). 

Several barriers are associated with pain assessment and can lead to an increased risk of 

untreated pain for these residents (Griffioen et al., 2017), including cognitive impairment, 

lack of knowledge and communication among care providers (Knopp-Sihota et al., 2019). 

Consequently, this may further trigger behavioural and psychological symptoms of dementia 

(BPSD), such as agitation (Nowak et al., 2018), anxiety and depression (Malara et al., 2016), 

and over 80% of persons with dementia will develop BPSD (Abraha et al., 2017). These 

correlated symptoms may further decrease the quality of life of persons with dementia 

(Klapwijk et al., 2016). 

Given the negative impact of pain for people with dementia, the impetus of research is 

to identify effective psychosocial interventions in combination with pharmacological 

treatments to manage pain in this population (Pu et al., 2019b). The biopsychosocial 

framework of pain and dementia (Gagliese et al., 2017) provides the theoretical basis for 

using psychosocial interventions to manipulate the psychological and/or social components 

of pain to modify the pain experience in people with dementia. For example, animal-assisted 

therapies may reduce pain in older adults by promoting distraction, relaxation and social 

activities (Harper et al., 2015; Janevic et al., 2019). The value of human-animal interactions 

on pain may be explained by the increased levels of oxytocin (Boll et al., 2018), which offers 

anti-stress effects and increases pain threshold (Beetz et al., 2012). However, living animals 

may not always be feasible in LTCFs considering potential issues of hygiene, bites and 
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allergies. Therefore, robotic animals, such as the robotic seal PARO, were developed to offer 

similar benefits of animal-assisted therapies where real animals were challenged.  

PARO has already been widely used in LTCFs worldwide as a promising therapeutic 

robot to improve mood and manage behaviours in people with dementia (Moyle et al., 2017c; 

Pu et al., 2019a). Besides this, pilot studies indicate that PARO might have a potential effect 

on pain alleviation for groups such as paediatric patients (Okita, 2013) and patients with 

cancer (Eskander et al., 2013). Promising evidence from previous studies (Demange et al., 

2019; Lane et al., 2016) have shown PARO to reduce pain and may have the potential to 

reduce pain medications in people with dementia (Petersen et al., 2017). Nevertheless, these 

studies are limited by the lack of a control group, unclear information regarding pre-existing 

pain conditions of participants, and the absence of valid and reliable pain measures. 

Therefore, a pilot randomised controlled trial (RCT) was conducted to obtain preliminary 

evidence of the effect of a PARO intervention on pain, agitation, depression and anxiety in 

people with dementia and chronic pain living in LTCFs and to estimate the effect size for the 

primary outcome for a larger trial. 

Methods 

Research design 

The parallel pilot RCT was conducted between January 2018 and January 2019 at three 

LTCFs in Australia. Participants were randomly assigned to either an intervention (PARO 

with usual care) or a control group (usual care only) via a computer-generated randomisation 

list by an independent researcher who was not involved in the recruitment or data collection.  

Ethical Considerations 

The study was reviewed and approved by the Griffith University Human Research Ethics 

Committee and study sites. This study was also prospectively registered with the Australia 

New Zealand Clinical Trials Registry (Trial ID ACTRN12618000082202). Written informed 
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consent was obtained from participants where they were capable and their legally authorised 

representatives. Assent from participants was also sought before every intervention 

session. 

Participants 

Convenience sampling was used to recruit participants who met the following inclusion 

criteria: (1) aged 65 years and older; (2) participants must have been diagnosed with some 

form of dementia, or probable diagnosis of dementia; (3) participants are assumed to 

experience underlying chronic pain, e.g. prescribed with regular pain medications or with an 

indication of pain (for those who cannot self-report pain, proxy reports of pain from 

registered nurses (RNs) for the previous week were obtained); (4) demonstration of perceived 

senses for interaction with PARO; and (5) living in a facility for more than 3 months.  

Participants were determined ineligible for participation if they met at least one of the 

following criteria: (1) diseases such as acute exacerbation of chronic obstructive pulmonary 

disease that required patients to be admitted to hospital frequently; (2) terminal illnesses 

where the patient is in the final palliative stage; (3) a diagnosis of a major mental illness, such 

as schizophrenia; and (4) infectious diseases, such as acquired immune deficiency syndrome, 

or tuberculosis, or an open wound that was unable to be covered.  

Due to the lack of studies in this area, the sample size was calculated based on the 

effect of an individualised music intervention on pain in people with dementia (Park, 2010). 

Forty-six participants were required to have a power of 0.8 and an alpha level of 0.05, 

considering a further 10% attrition rate. 

PARO 

PARO has the appearance of a baby harp seal and is covered with artificial fur, which is soft and 

warm to touch. It combines four senses, including sight, hearing, balance and tactile senses, to 

respond and communicate with users. PARO can learn users’ preference for its behaviour. For 
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example, it can open and close its eyes, move its neck, front and rear flippers as well as 

respond to users by making a sound when it is being stroked, patted or called. It can also 

show negative emotions on undesired stimulation, such as being hit (Wada et al., 2012). 

Procedures 

Participants allocated to the intervention group received an individual non-facilitated PARO 

intervention in their bedrooms from Monday to Friday for six weeks. In each session, the 

researcher introduced PARO and left the robot with the participant for 30 minutes. The 

researcher then moved away from the participant and returned to an area where they could 

observe but was not in the direct vision of the participant. Participants in the usual care group 

continued their routine care (music, church, singing, story listening, etc.) without the PARO 

intervention.  

Intervention sessions were conducted in the morning of week one, week three, and 

week five, and in the afternoons of week two, week four, and week six. A random number list 

generated the timing of the PARO intervention for the first week. It was then rotated in the 

following weeks to ensure each participant received the PARO at different times to avoid any 

confounding medication effect. If the participant was unable (e.g., they were engaging in 

other meaningful activities) or unwilling to receive the PARO at the scheduled time, an 

attempt was then made to offer PARO to the participant later that day. Participants in the 

control group received their usual care including a variety of social activities (e.g., music, 

church, singing, story listening, etc.) while they had their assessments undertaken at the 

scheduled time. 

Measurements and outcomes 

Socio-demographic information and animal preferences of participants were assessed at 

baseline. Cognitive status was assessed using the Mini-Mental State Examination (MMSE) 

(Folstein et al., 1975). Medical diagnosis and health conditions were audited from medical 
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records. The residents’ primary RNs provided their proxy reports of comprehensive pain-

related information (e.g., pain intensity, onset, frequency, location, physical therapies, etc.) 

based on their judgement and interactions of the residents for the previous week.  

The primary outcome was the change (i.e., pre-post each session) in the researcher 

observed pain behaviours as measured by the Pain Assessment in Advanced Dementia Scale 

(PAINAD) (Warden et al., 2003). It has strong psychometric properties and currently represents 

one of the best scales to assess pain in dementia (Mosele et al., 2012). The same researcher 

completed the PAINAD scale immediately before and after each PARO intervention session. 

Secondary outcomes were: (i) RNs estimated pain level using a numeric scale (0-10); (ii) care 

staff rated agitation measured by the Cohen-Mansfield Agitation Inventory-Short Form 

(CMAI-SF) (Werner et al., 1994), depression measured by the Cornell Scale for Depression 

in Dementia (CSDD) (Sheehan, 2012) and anxiety measured by the Rating Anxiety in 

Dementia (RAID) scale (Shankar et al., 1999); and (iii) weekly recorded pain-related 

medications ordered on a regular basis and administered as needed and quantified by the 

Medication Quantification Scale-III (MQS-III) (Harden et al., 2005). Staff-rated secondary 

outcomes were measured at baseline and at the end of week six. Both researchers and staff 

were not blinded to group allocation. 

Statistical analysis 

All data analysis was conducted using IBM SPSS Statistics software 25.0. An intention-to-

treat approach was used where all participants were analysed based on the treatment group in 

which they were randomised, and the last observation carried forward was used to manage 

missing data. The change value of the outcome at week six was the dependent variable, and 

the interaction effect between group and time was the predictor of interest. To account for 

potential confounding factors of pain in people with dementia, such as age, gender, cognitive 

status and medications (Miu & Chan, 2014), the generalised estimating equation (GEE) 
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model was used to examine differences in outcomes between two groups using covariate-

adjusted mean differences with 95% confidence intervals (CIs). Cohen’s d for effect size was 

calculated, and statistical significance was set at p < .05. 

Results 

Forty-three residents from three LTCFs were randomly allocated to the intervention group (n 

= 21) and the control group (n = 22). The attrition rate of participants was low (3/43, 7.0%) 

due to death (n = 2) or loss of interest (n = 1). Figure 5.1 shows the CONSORT flow 

diagram.  

Sample characteristics and descriptive results 

Participants’ age ranged from 65 to 97 years, with a mean of 86.0±7.35 years. The percentage 

of females in the intervention group (18/21, 85.7%) was significantly higher than that in the 

control group (12/22, 54.4%, p = .026). The percentage of participants with a lower MMSE 

score (≤ 10) in the intervention group (15/21, 71.4%) was also significantly higher than that 

in the control group (9/22, 40.9%, p = .044). Except for gender and cognitive function, 

demographic characteristics of participants were similar between the two groups at baseline 

(Table 5.1).  

Pain conditions and medication use of participants at baseline 

All participants were identified to experience chronic pain (≥ 3 months) and had at least one 

pain-related condition, particularly osteoarthritis (51.8%). Also, most participants were 

estimated to have mild (37.2%) or moderate pain (41.9%), with a mean score of 3.19 (±2.24). 

Most participants (86.0%) received physical therapies. Paracetamol was prescribed to 76.7% 

of the participants, and nearly one-third (27.9%) were prescribed opioids. As for pro re nata 

(PRN) medications, opioids (41.9%) were the most frequently prescribed analgesic (Table 

5.2). There were no significant differences between the two study groups regarding possible 

pain causes and medication use at baseline.  
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Table 5.1 Demographic characteristics of study participants (n = 43) 

Variables Total 

(n = 43) 

Usual care group 

(n = 22) 

PARO group 

(n = 21) 

p value 

Age
*
 86.00±7.35 

86.6 (65, 97) 

85.55±5.80 

88 (72, 93) 

86.48±8.81 

90 (65, 97) 

.210
† 

Gender  

    Female 

    Male 

 

30 (69.8%) 

13 (30.2%) 

 

12 (54.5%) 

10 (45.4%) 

 

18 (85.7%) 

3 (14.3%) 

.026
‡
 

 

 

Marital status 

     Married 

     Divorced 

     Widowed  

     Single 

 

10 (23.3%) 

5 (11.6%) 

27 (62.8%) 

1 (2.3%) 

 

5 (22.7%) 

3 (13.6%) 

14 (63.6%) 

0 (0.0%) 

 

5 (23.8%) 

2 (9.5%) 

13 (61.9%) 

1 (4.8%) 

.750
§
 

 

 

Dementia subtypes 

    Alzheimer's disease 

    Vascular dementia  

     Frontal-temporal dementia 

     Dementia unspecified 

 

17 (39.5%) 

5 (11.6%) 

1 (2.3%) 

20 (46.5%) 

 

8 (36.4%) 

3 (13.6%) 

1 (4.5%) 

10 (45.5%) 

 

9 (42.9%) 

2 (9.5%) 

0 (0.0%) 

10 (47.6%) 

.744
§
 

MMSE score
*
 9.93±8.05 

9.5 (0, 24) 

12.05±7.84 

14.0 (0, 23) 

7.71±7.84 

5.0 (0, 24) 

.073
†
 

MMSE ≤ 10 24 (55.8%) 9 (40.9%) 15 (71.4%) .044
‡
 

Sensory deficit
 **

, yes  27 (62.8%) 13 (59.1%) 14 (66.7%) .607
‡
 

Verbal communication, yes 32 (74.4%) 18 (81.8%) 14 (66.7%) .255
‡
 

Admission month
*
 28.05±26.36 32±29.52 23.9±22.36 .627

†
 

Living unit 

     Secure dementia unit 

     Facility unit 

 

23 (53.5%) 

20 (46.5%) 

 

10 (45.5%) 

12 (54.5%） 

 

13 (61.9%) 

8 (38.1%) 

.280
‡
 

 

 

Facility room-type 

     Single room 

     Shared room 

 

38 (88.4%) 

5 (11.6%) 

 

20 (90.9%) 

2 (9.1%) 

 

18 (85.7%) 

3 (14.3%) 

.664
§
 

 

Activity level 

    Ambulatory 

    Assistive devices 

    Wheelchair 

    Bedridden 

 

5 (11.6%) 

18 (41.9%) 

6 (14.0%) 

14 (32.6%) 

 

1 (4.5%) 

12 (54.5%) 

3 (13.6%) 

6 (27.3%) 

 

4 (19.0%) 

6 (28.6%) 

3 (14.3%) 

8 (38.1%) 

.265
§
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Variables Total 

(n = 43) 

Usual care group 

(n = 22) 

PARO group 

(n = 21) 

p value 

Previous pet ownership, yes 42 (97.7%) 22 (100.0%) 20 (95.2%) .488
§
 

Pet preference 

    Like 

    Neutral 

    Dislike 

 

34 (79.1%) 

8 (18.6%) 

1 (2.3%) 

 

16 (72.7%) 

5 (22.7%) 

1 (4.5%) 

 

18 (85.7%) 

3 (14.3%) 

0 (0.0%) 

.574
§
 

Note. 
* 

values presented as
 
Mean ± SD

 
/ median (range); SD, standard deviation; MMSE, Mini-Mental State 

Examination; 
**

Includes hearing; vision; olfaction; touch/pain/tingling; and other deficits; Bold values are 

statistically significant (p < .05). 
†
value was calculated with Mann-Whitney U test 

‡
value was calculated by Chi-square test 

§
value was calculated by Fisher’s exact test 
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Table 5.2 Pain related history and medication of participants at baseline (n = 43) 

Variables Total 

(n = 43) 

Usual care group 

(n = 22) 

PARO group  

(n = 21) 

p value 

Number of pain diagnosis
**

 1.88±0.98 

2.0 (1.0, 5.0) 

1.77±0.87 

2.0 (1.0, 4.0) 

2.00±1.10 

2.0 (1.0, 5.0) 

.550
†
 

Number of pain locations
*
 2.58 ±1.50 

3.0 (0, 6.0) 

2.73±1.45 

3.0 (0, 6.0) 

2.43±1.57 

3.0 (0, 5.0) 

.447
||
 

RN estimated pain level
* 

   (0~10) 

3.19±2.24 

3.0 (0, 9.0) 

3.14±2.03 

3.0 (0, 8.0) 

3.24±2.49 

3.0 (0, 9.0) 

.208
||
 

The frequency of pain   

    No pain 

    Less than daily 

    Daily 

 

8 (18.6%) 

23 (53.5%) 

12 (27.9%) 

 

1 (4.5%) 

14 (63.6%) 

7 (31.8%) 

 

7 (33.3%) 

9 (42.9%) 

5 (23.8%) 

.360
§
 

 

 

The intensity of pain 

    No pain 

    Mild 

    Moderate 

    Severe 

 

8 (18.6%) 

16 (37.2%) 

18 (41.9%) 

1 (2.3%) 

 

1 (4.5%) 

10 (45.5%) 

11 (50.0%) 

0 (0.0%) 

 

7 (33.3%) 

6 (28.6%) 

7 (33.3%) 

1 (4.8%) 

.411
§
 

 

 

Physical therapies
† †

, yes 37 (86.0%) 18 (81.8%) 19 (90.5%) .664
§
 

Regular CNS medication, yes 

   Paracetamol 

   Opioid 

   NSAIDs  

   Antipsychotics 

   Benzodiazepines    

   Antidepressants 

   Anticonvulsant 

   Anticholinesterase 

 

33 (76.7%) 

12 (27.9%) 

6 (14.0%) 

12 (27.9%) 

6 (16.3%) 

20 (46.5%) 

4 (9.3%) 

3 (7.0%) 

 

19 (86.4%) 

8 (36.4%) 

5 (22.7%) 

6 (27.9%) 

4 (18.2%) 

9 (40.0%) 

1 (4.5%) 

1 (4.8%) 

 

14 (66.7%) 

4 (19.0%) 

1 (4.8%) 

6 (27.3%) 

2 (9.1 %) 

11 (52.4%) 

3 (14.3%) 

2 (9.1%) 

 

.162
§
 

.206
‡
 

.185
§
 

.924
‡
 

1.000
§
 

.451
‡
 

.345
§
 

1.000
§
 

MQS score for regular 

medication
*
 

11.09±7.3 

10.6 (0, 33.4) 

12.11±8.17 

11.2 (0, 33.4) 

10.02±6.29 

7.8 (0, 22.8) 

.353
†
 

PRN medication, yes 

  Paracetamol  

  Opioid  

  NSAIDs 

  Antipsychotics 

  Benzodiazepines   

 

17 (39.5%) 

18 (41.9%) 

1 (2.3%) 

4 (9.3%) 

14 (32.6%) 

 

7 (31.8%) 

10 (45.5%) 

1 (2.3%) 

3 (13.6%) 

9 (40.9%) 

 

10 (47.6%) 

8 (38.1%) 

0 (0) 

1 (4.8%) 

5 (23.8%) 

 

.289
‡ 

.625
‡ 

1.00
§ 

.607
§ 

.232
‡
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Variables Total 

(n = 43) 

Usual care group 

(n = 22) 

PARO group  

(n = 21) 

p value 

MQS score for PRN 

medications
*
 

3.98±2.98 

3.4 (0, 10.9) 

4.49±3.42 

3.4 (0, 10.9) 

3.44±2.42 

7.8 (0, 7.0) 

.390
† 

 

Total MQS score
*
 15.07±8.62 

13.3 (2.2, 36.9) 

16.60±9.56 

14.9 (4.4,36.9) 

13.46±7.42 

12.4 (2.2, 28.8) 

.362
†
 

Note.
*
Values were presented as

 
Mean ± SD

/
median (range), significant level (p < .05)  

SD, Standard deviation; RN, Registered nurse; CNS, central nervous system; MQS, Medication quantification 

scale version; NSAIDs, Nonsteroidal anti-inflammatory drugs; PRN, pro re nata or as needed.  
** 

Pain diagnosis included osteoarthritis, fracture/fall, coronary heart disease, low back pain and stroke, etc. 
† †

 Physical therapies included massage, walk exercise, heat packs, transcutaneous electrical nerve stimulation. 
† 

value was calculated by Mann-Whitney U test 
‡ 

value was calculated by Chi-square test 
§
 value was calculated by Fisher’s exact test 

|| 
value was calculated with independent t-test 

 

 

The effect of PARO intervention  

The group status showed a significant difference in the observational pain change score (post-

pre) (p = .004, Cohen’s d = -0.765). Changes in the PAINAD score over time were plotted 

for both groups. Significant differences between the two groups were seen consistently 

throughout the 6 weeks (Figure 5.2). The change score was then computed into a category 

outcome of pain reduction (yes/no) as the dependent variable, and the percentage of pain 

reduction in the PARO group was 20.63% (130/630) and 4.92% (31/630) in the control group, 

and the difference between the two groups was statistically significant (p < .001). One 

participant in the control group died before receiving the intervention, so only 42 participants 

were included in the analysis of the primary outcome. 
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Figure 5.2 Weekly average change score (post-pre) in PAINAD over time 

 

A significant interaction effect between group and time was found in the change of 

PAINAD score (-0.514, 95% CI: -0.774 to -0.254, p < .001) using GEE model after 

controlling for confounding factors at baseline. Besides, the MQS score for PRN medication 

consumption in the PARO group (0.32±1.02) was significantly lower compared with the 

control group (1.56±2.31) during the 6-week intervention (-1.175, 95% CI: -2.205 to -0.145, 

p = .025, Cohen’s d = 0.69), particularly in the consumption of opioids and hypnotics. There 

was no significant difference in staff-rated pain, agitation, anxiety and depression as well as 

regularly scheduled medication at week six (Table 5.3). 
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Table 5.3 Participants’ pain, behaviours and medication use at baseline and week six 

Outcomes 
Baseline 

Mean±SD 

Week 6 

Mean±SD 

Change score 

Mean±SD 

Adjusted mean 

difference* 

(95% CI) 

p 

value 

PAINAD observational pain score  

  PARO  0.78±0.69 0.57±0.54 -0.18±0.24 -0.514 

(-0.774, -0.254) 

.000 

  Usual care  0.67±0.64 0.67±0.75 0.00±0.23  

RN estimated pain level  

  PARO  3.24±2.49 3.10±2.55 -0.14±2.82 0.039 .958 

  Usual care  3.14±2.03 2.95±2.57 -0.18±2.10 (-1.412, 1.490)  

CMAI-SF agitation score    

  PARO  27.10±10.13 26.95±11.84 -0.14±7.05 -2.006 .453 

  Usual care  29.95±12.01 31.82±15.15 1.86±10.62 (-7.247, 3.234)  

RAID
 
anxiety score  

  PARO  17.24±11.95 14.76±12.93 -2.48±9.38 -1.294 .608 

  Usual care  20.18±10.33 19.18±13.75 -1.00±7.73 (-6.234, 3.645)  

CSDD
 
depressive symptoms score  

  PARO  11.19±7.23 9.57±8.38 -1.62±5.72 -2.346 .158 

  Usual care  13.59±7.54 14.32±9.62 0.73±5.44 (-5.607, 0.914)  

Scheduled medication MQS-III score  

  PARO  13.46±7.42 13.57±7.29 0.10 ±0.48 -0.677 .131 

  Usual care  16.60±9.56 17.37±10.20 0.78±2.09 (-1.555, 0.201)  

PRN Meds. Parace. Opioids Antipsy. Benzos.    

  PARO  1 (14.3%) 1 (4.8%) 1 (4.8%) 0 (0.0%) 0.32±1.02   -1.175 .025 

  Usual care  3 (4.5%) 4 (8.2%) 0 (0.0%) 3 (13.6%) 1.56±2.31 (-2.205, -0.145) 

Abbreviations: SD, standard deviation; CI, confidence interval; GEE, generalised estimating equation.  

PAINAD, Pain Assessment in Advanced Dementia; RN, Registered Nurse; CMAI-SF, Cohen-Mansfield 

Agitation Inventory short form; RAID, Rating Anxiety in Dementia; CSDD, Cornell Scale for Depression in 

Dementia; MQS, Medication quantification scale-III. 

PRN Meds. means PRN medication consumption; Paracet. means paracetamol, Antipsy. means antipsychotics, 

Benzos. means benzodiazepines. 

*The adjusted mean differences were calculated by GEE model based on the change of values at week 6 minus 

values at week 0 between the PARO group and the usual care group which were adjusted for age, sex, MMSE at 

baseline, medication MQS score at baseline and scale score at baseline, except outcomes on medication which 

were adjusted for age, sex, MMSE at baseline and medication MQS score at baseline.  The usual care group was 

the reference group at all measurements.  

Bold values are statistically significant (p < .05). 
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Discussion 

Results indicated that the PARO intervention had some effect in reducing observational pain 

behaviours and medications in people with dementia and pain; however, no significant 

differences were observed in staff estimated pain level and BPSD compared with the control 

group.  

As pain management is increasingly recognised as an important issue in people with 

dementia, this study corroborates and furthers the application of innovative technologies, 

such as animal robots, to manage pain in people with dementia. Results from this study were 

consistent with previous studies that the PARO intervention was reported to reduce pain in 

people with dementia (Demange et al., 2019; Lane et al., 2016; Roger et al., 2012). In contrast,  

researchers found that 4 weeks of the PARO intervention did not affect pain in residents with 

dementia (Guse et al., 2014). Although inconsistent findings have been reported, considerations 

must be given to health conditions of participants, measurements and intervention 

format/frequency/duration to achieve an effective therapeutic outcome. To be eligible for this 

study, participants had both dementia and chronic pain. A more frequent intervention was 

adopted as a daily (5 days per week) 30-minutes individual PARO intervention for 6 weeks. Also, 

the daily use of the observational pain scale-PAINAD provided credible results. However, some 

aspects need to be considered when using this scale. A floor effect was found as some 

residents may not demonstrate obvious pain behaviours at rest. This was also reported from a 

recent study involving patients with advanced dementia from acute geriatric hospitals (Lukas 

et al., 2019). There may be a high false-positive rate, and behaviours caused by distress rather 

than pain may be detected (Jordan et al., 2011). There is a need to develop scales specific to 

pain in dementia with higher reliability, validity and clinical utility. 

Regarding the theoretical basis of the animal robot intervention, users can pat, stroke and 

talk to PARO, and this may have similar therapeutic effects of animal therapies (Jøranson et 

al., 2015; Lane et al., 2016). Simultaneously arousing positive emotions might reduce pain 
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perception by modulating emotional aspects of the pain experience (Boll et al., 2018). Also, 

interacting with PARO may distract people’s attention from their pain, which could induce an 

analgesic effect by limiting the cognitive resources of the attention system for pain perception 

(Johnson, 2005). However, whether people with cognitive impairment have similar 

psychophysiological responses remains unclear.  

Although the PARO intervention reduced PRN medication use, it did not affect the 

administration of regularly scheduled medications. Previous studies only recorded regular 

medications while ignoring the use of PRN medications, which makes the comparison of 

PRN medication use difficult. A non-significant result for regular medications is similar to 

the findings from several previous RCTs (Jøranson et al., 2015; Liang et al., 2017; Mervin et 

al., 2018). Conversely, the PARO intervention was reported to reduce pain and behavioural 

medications (Petersen et al., 2017; Shibata, 2012) as well as depression medication (Shibata, 

2012). In this study, medications were quantified with MQS score, which considers the type, 

dosage and pharmacological classifications. It has been validated to estimate pain 

medications prescribed for people with dementia (Fuchs-Lacelle et al., 2008; Liu & Lai, 

2017). This method is more rigorous than merely identifying the number of medications 

(Mervin et al., 2018) or the dosage of medications (Liang et al., 2017; Petersen et al., 2017; 

Shibata, 2012). As pain in people with dementia is complex, it is essential to develop 

effective pain communications among a multidisciplinary team (e.g., resident, families, 

nurses and physicians) to competently manage pain in this vulnerable group (Schofield, 

2018). 

Although significant differences were found on observed pain levels and medication 

between the two groups during the 6 weeks, results showed a tendency to converge at week 

six. This may be due to the limited behavioural repertoires of PARO (Thodberg et al., 2016b), 

and participants’ interest may decline over time. Future research with a longer study period 
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may allow for the identification of trends in responses. Also, changes in RNs estimated pain 

ratings were not significant between the two groups. We assume that the efficacy of PARO-

induced analgesia is likely to be time-limited and may not have a sustained effect after 

withdrawing PARO. Besides, different instruments may detect different dimensions of pain. 

The numeric scale assesses the sensory discriminative dimension, whereas the behavioural 

scale may reflect the motivational, affective dimension (Fischer et al., 2019). Therefore, 

multidimensional scales considering different aspects of pain may be more suitable for a 

comprehensive assessment.  

The null findings regarding PARO’s effect on care staff proxy reports of agitation, 

anxiety and depressive symptoms for individuals with dementia immediately after 

intervention were consistent with earlier studies (Moyle et al., 2013; Moyle et al., 2017c; 

Robinson et al., 2013). In contrast, reduced agitation (Jøranson et al., 2015), anxiety 

(Petersen et al., 2017) and depressive symptoms (Jøranson et al., 2015; Liang et al., 2017; 

Petersen et al., 2017) have also been reported. The difference may be explained by the 

different intervention format as well as duration, as residents in our study only interacted with 

PARO for 6 weeks, and this duration may not be long enough to produce any significant 

effects on behaviour or mood change. These inconclusive results also indicate further 

research to identify the most beneficial PARO intervention dose to achieve therapeutic 

effects.  

Strengths and Limitations 

To our knowledge, this is the first randomised clinical trial to explore the effect of PARO on 

pain and BPSD for residents with dementia and chronic pain living in LTCFs. However, our 

study has several limitations. First, given pain self-report is compromised in people with 

advanced dementia, we identified participants who were assumed to be experiencing chronic 

pain based on medication use and staff proxy reports. Second, the small number of 
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participants limited the validity of the findings and may be insufficient to detect significant 

differences in secondary outcomes. Despite randomisation, there was an imbalance between 

the number of people with a lower MMSE score (≤ 10) and the gender ratio between the two 

groups. Although these factors were controlled in the analysis, these imbalances may have 

influenced the results, as both cognitive impairment level and gender had an impact on 

participants’ responses to PARO (Thodberg et al., 2016b) and pain perception (Miu & Chan, 

2014). It would be anticipated that with a larger sample the groups would be comparable, and 

the use of stratified randomisation and subgroup analysis could minimise the influence of 

those factors. Third, the lack of blinding of the outcome assessor and care staff has the 

potential to limit the results. In the future, an adequately funded study with blinding of the 

outcome assessors could strengthen the credibility of the results. Furthermore, although the 

intervention was non-facilitated, the presence of the researcher during the intervention may 

have had an impact on the participants’ behaviours and mood. Given these limitations, the 

results and their application to clinical practice should be interpreted with caution.  

Conclusion and implications 

Findings from this study partly support the effect of PARO to reduce pain behaviours and 

medication in people with dementia and chronic pain living in LTCFs. Therefore, such an 

intervention might be incorporated into daily practice as an alternative intervention to 

manage pain in people with dementia, but individualised characteristics, such as the level of 

cognitive impairment and gender, need to be considered in advance. There was no significant 

difference in behavioural and psychological symptoms between the intervention and control 

condition; however, the small sample size may have limited the power and suggests the need 

for larger-scale trials with participants of similar characteristics and context. 
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Chapter 6 The effect of a social robot intervention on sleep and motor activity of people 

living with dementia and chronic pain: A pilot randomised controlled trial 

 

This paper presented the main findings of the effect of PARO intervention on 

secondary outcomes of sleep and motor activity in people with dementia. This manuscript has 

been submitted for publication. 

Pu, L., Moyle, W., Jones, C., & Todorovic, M. (2020) The effect of a social robot 

intervention on sleep and motor activity of people living with dementia and chronic pain: A 
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2020. 
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Abstract 

Objective: To investigate the effect of a social robot intervention on sleep and motor activity 

in nursing home residents living with dementia and chronic pain.  

Method: A pilot randomised controlled trial was conducted with 41 residents from three 

Australian nursing homes. People living with dementia and chronic pain were randomised 

into either a 30-minute daily social robot (PARO) condition or a usual care condition during 

6 weeks. Sleep and motor activity were assessed by actigraphy at four-time points: week 0 at 

baseline, week 1, week 6, and after the intervention. Data were reduced into daytime (8:00am 

- 7:59pm) and night-time (8:00pm - 7:59am) summaries. Change scores for each time point 

compared to baseline were computed for data analysis, and the generalised estimating 

equation model with imbalanced baseline values added as covariates were performed.  

Results: At week one, residents in the PARO group had a greater increase in the night sleep 

period (1.81, 95% CI: 0.22 to 3.84, p = .030, Cohen’s d = 0.570). At week six, residents in 

the PARO group showed a greater increase in daytime wakefulness (1.91, 95% CI: 0.09 to 

3.73, p = .042, Cohen’s d = 0 .655) and a greater reduction in daytime sleep (-1.35, 95% CI: 

-2.65 to -0.05, p = .040, Cohen’s d = 0 .664). No significant results were found for motor 

activity.  
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Conclusion: PARO could be a potentially beneficial therapy to improve sleep patterns for 

nursing home residents living with dementia and chronic pain, but the effect of PARO on 

motor activity needs further research. 

Australian New Zealand Clinical Trials Registry (ACTRN12618000082202). 

Keywords: dementia, pain, sleep, motor activity, actigraphy, nursing homes 
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Introduction 

Sleep disturbances and physical inactiveness are common in people with dementia living in 

residential aged care facilities (RACFs). Up to 70% of individuals with dementia are affected 

by disturbed sleep (Wennberg et al., 2017), and people with dementia living in residential 

aged care facilities (RACFs) are reported to spend around 85% of their daytime physically 

inactive (Moyle et al., 2017a). Disturbed sleep and decreased physical function can have 

significant consequences, such as greater risks of injuries (Chen et al., 2016) and increased 

caregiver burden (Terum et al., 2017). Pain is generally linked to sleep disturbances (Flo et 

al., 2017) and may inhibit physical activity (Plooij et al., 2012). Over half the people with 

dementia living in RACFs are affected by pain (van Kooten et al., 2016). Evidence suggests 

that appropriate pain management may improve sleep (Blytt et al., 2018) and physical 

activity of residents with dementia (van Dalen-Kok et al., 2015).  

Despite the increasing use of pain medications, over 50% of residents living in 

RACFs are affected by clinically relevant pain that may trigger behavioural and 

psychological symptoms (Tosato et al., 2012). There is some evidence that psychosocial 

interventions may be effective in pain alleviation for people with dementia (Pu et al., 2019b). 

Social robots, which are defined as an artificial agent embodied with features of a human or 

an animal, have been identified as an approach to meet the mental health needs of older 

adults through interaction or information exchange (Broadbent, 2017). Social robots are 

reported to improve the well-being of a variety of people, especially for older adults with 

dementia (Pu et al., 2019a). Sleep quality and motor activity are important indicators of well-

being, but until now have not been widely measured as effective outcomes in studies using 

social robots. Several studies suggest that social robot interventions may have the potential to 

positively affect sleep parameters for people with dementia. For example, the robotic seal 

PARO, has been reported to improve sleep behaviours for people with dementia (Lane et al., 



 

136 

 

2016). Studies with older women showed that living with a communication robot tended to 

increase nocturnal sleep hours and decrease the difficulty in maintaining sleep (Tanaka et al., 

2012). Additionally, one study found that participants in a PARO group had a greater 

reduction in night-time motor activity than the usual-care group (Moyle et al., 2018). 

Although studies have demonstrated potential benefits of social robots for people with 

dementia, none of these studies reported its effect on people with both dementia and chronic 

pain from randomised controlled trials. While chronic pain may be a risk factor for sleep 

problems and physical functions in older persons, PARO is hypothesised to have the potential 

to reduce pain and subsequently lead to improvements in sleep and motor activity for people 

with dementia and chronic pain living in RACFs.  

Methods 

Design 

This study was performed as part of a pilot randomised controlled trial, exploring the 

feasibility and effect of a social robot (PARO) intervention for people with dementia and 

chronic pain living in RACFs in Australia from January 2018 to January 2019 (Pu et al., 

2020b). Participants were randomised into either a daily (Monday to Friday) 30-minute 

individual, non-facilitated PARO condition or a usual care condition (e.g., music, bingo, 

activities, etc.) for 6 weeks by a computer-generated random list. Given the nature of 

psychosocial interventions, both participants and researchers were not blinded to the random 

allocation. Sample size calculation was based on the primary outcome of observational pain 

levels (Pu et al., 2020b).  Our previously published paper of the study’s primary outcomes 

indicated that PARO intervention shows promise in reducing pain and  medications needed 

for individuals with dementia in RACFs (Pu et al., 2020b). In this paper, findings from the 

study’s secondary outcomes of sleep and motor activity are presented.  

PARO 
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PARO, a therapeutic robotic seal, is a psychosocial intervention and can be described as a 

socially assistive robot to enhance communication, socialisation and emotional connection 

for people living with dementia (Wada et al., 2003). PARO has the appearance of a baby harp 

seal and is covered with artificial fur. It has four senses of sight, hearing, balance and tactile 

to respond and communicate with users by moving or making a sound. Interacting with 

PARO can make people feel happy, and they may enjoy having PARO for a companion, 

which reflects the therapeutic effect of PARO on users (Wada et al., 2003).  

Sample 

Convenience sampling was used to recruit participants who met the following criteria:  

(1) aged 65 years and older; (2) participants must have been diagnosed with some form of 

dementia, or probable diagnosis of dementia; (3) being prescribed pain medications or an 

indication of chronic pain (for those who cannot self-report pain, proxy reports of pain from 

registered nurses (RNs) for the previous week were obtained); (4) demonstration of perceived 

senses for interaction with PARO, such as vision, hearing or touch; and (5) living in a facility 

for more than 3 months. 

Participants were ineligible for participation if they met at least one of the following 

criteria: (1) diseases such as acute exacerbation of chronic obstructive pulmonary disease or 

renal failure that required patients to be admitted to hospital frequently; (2) terminal illnesses 

where the patient is in the final palliative stage; (3) a diagnosis of a major mental illness, such 

as schizophrenia; and (4) infectious diseases or with an open wound that was unable to be 

covered. 

Outcome measures 

Socio-demographic information of participants was assessed at baseline. Cognitive status was 

assessed using the Mini-Mental State Examination (MMSE) (Folstein et al., 1975).  Medical 

diagnosis and medication use were audited from medical records. Researchers collected 
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proxy assessments of pain history (e.g., pain frequency, onset, intensity, locations, and 

nonpharmacological therapies) through structured interviews with the nursing staff who had 

regular contact with the resident. 

Given the challenges of measuring sleep and motor activity in people with dementia, 

the use of actigraphy was deemed to be feasible and acceptable in people with dementia 

(Camargos et al., 2013; Farina et al., 2019). It is an objective measurement of sleep patterns 

and motor activity while avoiding reliance on over- or under-estimated reports from caregiver 

(Camargos et al., 2013; Skender et al., 2016). The actigraphy used in this study was the 

SenseWear Professional 8.0 activity armband (Body Media, Inc) (Andre et al., 2006). It is a 

wireless, slim, nonintrusive armband which is placed on participants’ upper non-dominant 

upper arm over the tricep muscle and held in place by a Velcro armband. Several sensors 

related to sleep and motor activity are incorporated into this device. Data was collected over 

24 hours with participants on four occasions: (1) Sunday of week 0 before the intervention 

(baseline); (2) Monday of the first week (week 1); (3) Friday of week six (week 6); and (4) 

Saturday of week six (after), removing only for bathing or discomfort. Care workers were 

trained on how to put on and take off the armband. Instructions for administering the 

SenseWear were also placed in the residents’ rooms and in the nurses’ office to explain the 

use of the actigraphy and objectives of the study. The researcher checked the skin of the 

resident daily to ensure that the armband did not cause a tear, lesions, or rash and swelling 

due to allergy.  

According to a previously published study (Moyle et al., 2018), data at each time 

point were reduced into daytime (8:00am - 7:59pm) and night-time (8:00pm - 7:59am) 

summaries.  Outcomes were changes in participants’ levels of sleep and motor activity at 

week six. Sleep patterns were measured by the time spent (hours) (1) lying down, (2) awake, 

and (3) sleep (light sleep, deep sleep and very deep sleep). Motor activity was measured by (1) 
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skin temperature, (2) distance walked (kilometres), (3) number of steps taken, (4) time spent 

(hours) in light physical activity (> 1.5 metabolic equivalent of task), and (5) energy 

expenditure (kcal). Short term and prolonged effects at week 1 and week 6 were also 

examined, respectively. 

Data analysis 

All data analysis was conducted using IBM SPSS Statistics software 25.0. The last 

observation carried forward was used to manage missing data for outcomes. SenseWear data 

were extracted using SenseWear software and then uploaded to a password protected PC for 

analysis. The generalised estimating equation (GEE) model with imbalanced baseline values 

added as covariates was used to explore the effect of PARO interventions on outcomes. 

Change scores from baseline to each time point with 95% confidence intervals (CIs) between 

two groups were computed for analyses. Cohen’s d for effect size was calculated and 

statistical significance was set at p < .05. 

Results 

Forty-three residents from three RACFs were randomly allocated to the intervention group (n 

= 21) and the control group (n = 22). Two residents from the control group refused to put on 

the armband, and they were excluded from the data analysis. The attrition rate of participants 

was 7.0% with three drop-outs due to death (n = 2) and loss of interest (n = 1). No adverse 

events (e.g., skin tear, allergy, etc.) were recorded during the data collection.  

Figure 6.1 shows the CONSORT flow diagram.  

Demographic comparisons between the two groups 

The percentage of females is significantly higher (p = .033) in the intervention group (85.7%) 

than in the control group (55.0%). Apart from gender, the demographics and medical 

conditions of participants in the two groups were comparatively similar before the 

intervention (Table 6.1).   
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Table 6.1 Demographics and medical conditions of participants with SenseWear data 

Variables Control group 

(n = 20) 

Intervention group 

(n = 21) 

p value 

Age
*
 85.50±6.02 

86.5 (72, 93) 

86.48±8.81 

90 (65, 97) 

.234
†
 

Gender  

    Female 

    Male 

 

11 (55.0%) 

9 (45.0%) 

 

18 (85.7%) 

3 (14.3%) 

 

.033
‡  

 

Dementia subtypes 

    Alzheimer's disease 

    Vascular dementia  

     Frontal-temporal dementia 

     Dementia unspecified 

 

7 (35.0%) 

3 (15.0%) 

1 (5.0%) 

9 (45.0%) 

 

9 (42.9%) 

2 (9.5%) 

0 (0.0%) 

10 (47.6%) 

.766
§
 

Living unit 

     Secure dementia unit 

     Facility unit 

 

9 (45.0%) 

11 (55.0%） 

 

13 (61.9%) 

8 (38.1%) 

.354
‡
 

 

 

Facility room-type 

     Single room 

     Shared room 

 

18 (90.0%) 

2 (10.0%) 

 

18 (85.7%) 

3 (14.3%) 

1.000
§
 

 

Activity level 

    Ambulatory 

    Assistive devices 

    Wheelchair 

    Bedridden 

 

1 (5.0%) 

11 (55.0%) 

3 (15.0%) 

5 (25.0%) 

 

4 (19.0%) 

6 (28.6%) 

3 (14.3%) 

8 (38.1%) 

.280
§
 

Admission month
*
 33.2±29.32 

25 (3, 100) 

24.8±23.68 

16 (3, 99) 

.449
†
 

MMSE
*
 11.55±8.06 

(0, 23) 

7.71±7.84 

(0, 24) 

.114
†
 

MMSE <11  9 (45.0%) 15 (71.4%) .086
†
 

BMI
*
 25.10±7.04 

(16.4, 49.6) 

22.12±4.93 

(11.83, 35.8) 

.134
†
 

The intensity of pain 

    No pain 

    Mild 

    Moderate 

 

1 (5.0%) 

8(40.0%) 

  11 (55.0%) 

 

7 (33.3%) 

6 (28.6%) 

7 (33.3%) 

.486
§
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Variables Control group 

(n = 20) 

Intervention group 

(n = 21) 

p value 

    Severe 0 (0.0%)          1 (4.8%) 

Nurse-estimated pain score
* 

 

3.05±2.09 

3 (0, 8) 

3.24±2.49 

3 (0, 9) 

.915
†
 

MQS score for medication
*
 14.54±8.59 

13.5 (2.2, 36.9) 

14.56±7.86 

12.4 (3.8, 33.7) 

.896
†
 

Note. 
* 

values presented as
 
Mean ± SD

/
median (range), Bold values are statistically significant (p < .05). 

Abbreviations: SD, Standard Deviation; MMSE, Mini-Mental State Examination; BMI, Body Mass Index; 
 MQS, Medication quantification scale-III. 
†
value was calculated with Mann-Whitney U test 

‡ 
value was calculated by Chi-square test 

§
value was calculated by Fisher’s exact test 

||
value was calculated with independent t-test 

 

Baseline outcome measures between the two groups 

Compared to residents in the control group at baseline, residents in the PARO group had 

fewer daytime step counts (p = .039), shorter night-time awake hours (p = .030) and less 

daytime (p = .032) and night-time (p = .039) energy expenditure (Table 6.2). 

The effect of PARO intervention on sleep and motor activity  

The effect of the 6-week PARO intervention  

At the end of the 6-week PARO intervention, compared to the control condition, the duration 

of daytime wakefulness was significantly increased (1.91, 95% CI: 0.09 to 3.73, p = .042, 

Cohen’s d = 0 .655), and the duration of daytime sleep was significantly decreased (-1.35, 95% 

CI: -2.65 to -0.05, p = .040, Cohen’s d = 0 .664) in the PARO group, especially in the 

reduction of daytime light sleep (-1.27, 95% CI: -2.36 to -0.19,  p = .023, Cohen’s d = 0 .746) 

(Table 6.3). There were no significant differences in daytime motor activity and all night-

time outcomes. 

Short-term effect of PARO intervention 

After one session of PARO intervention at week 1, the increase in the duration of light sleep 

at night was significantly higher in the PARO group when compared to the control group 
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(1.81, 95% CI: 0.22 to 3.84, p = .030, Cohen’s d = 0 .570) (Table 6.3). However, no 

significant differences were found in daytime outcomes. 

Sustained effect of PARO intervention  

There were no significant differences in the change of sleep and motor activity between the 

PARO and control group after the 6-week intervention (Table 6.3), which means that there 

was insufficient evidence to support the sustained effect of the PARO intervention on any 

outcomes.  
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Table 6.2 SenseWear outcomes at four time points (n = 41) 

 PARO group (n = 21)  Usual care group (n = 20) 

Baseline Week 1 Week 6 After  Baseline Week 1 Week 6 After 

SenseWear, daytime  

Time on body (hrs.) 9.46 (1.99) 11.15 (1.87) 10.49 (2.73) 10.62 (2.24)  9.47 (1.86) 10.23 (3.08) 10.46 (2.58) 9.89 (3.59) 

Skin temperature (°C) 33.27 (1.10) 33.23 (0.93) 32.55 (2.41) 33.12 (1.27)  33.30 (0.76) 32.72 (1.37) 32.96 (1.49) 33.24 (1.17) 

Distance (kilometres) 0.03 (0.09) 0.05 (0.23) 0.05 (0.200 0.03 (0.13)  0.03 (0.10) 0.04 (0.11) 0.03 (0.08) 0.04 (0.10) 

Step counter (n) 88.33 

(209.01) 

115.95 

(333.24) 

100.00 

(248.86) 

91.00 

(225.52) 

 188.10
†
 

(288.74) 

187.85 

(311.72) 

135.35 

(220.34) 

194.15 

(361.38) 

Lying down (hrs.) 2.49 (3.37) 2.96 (3.73) 2.60 (3.02) 2.26 (2.37)  0.68 (1.05)  1.64 (2.79) 2.38 (3.36) 1.59 (2.77) 

Average MET 1.22 (0.11) 1.21 (0.11) 1.19 (0.21) 1.15 (0.10)  1.25 (0.16) 1.24 (0.18) 1.17 (0.14) 1.20 (0.19) 

Physical activity (hrs.) 1.07 (0.97) 1.17 (1.28) 0.84 (1.29) 0.71 (0.93)  1.45 (1.25) 1.51 (1.42) 0.95 (0.99) 1.12 (1.36) 

EE (kcal) 2789.06 

(877.68) 

3346.11 

(1240.16) 

3069.60 

(1339.13) 

2993.37 

(1087.09) 

 3046.49
||
 

(901.48) 

3681.54 

(1553.31) 

3553. 87 

(1364.33) 

3561.08 

(1756.06) 

Awake (hrs.) 7.45 (3.35) 8.75 (3.79) 8.59 (3.45) 9.00 (3.26)  9.01 (2.20) 9.29 (3.27) 8.66 (3.28) 8.84 (4.09) 

Total sleep (hrs.) 2.01 (2.93) 2.40 (3.48) 1.90 (2.80) 1.61 (2.18)  0.47 (0.90) 0.95 (1.72) 1.80 (2.78) 1.05 (2.55) 

  Light sleep (hrs.) 1.62 (2.43) 1.77 (2.61) 1.30 (1.80) 1.34 (1.82)  0.33 (0.55) 0.66 (1.02) 1.38 (2.03) 0.73 (1.74) 

  Deep sleep (hrs.) 0.24 (0.53) 0.33 (0.71) 0.37 (0.75) 0.16 (0.22)  0.10 (0.25) 0.19 (0.56) 0.28 (0.47) 0.22 (0.56) 

  Very deep sleep (hrs.) 0.15 (0.31) 0.33 (0.71) 0.23 (0.50) 0.11 (0.28)  0.04 (0.15) 0.19 (0.56) 014 (0.46) 0.11 (0.31) 

SenseWear, night-time  

Time on body (hrs) 9.33 (4.25) 10.85 (2.73) 9.66 (4.24) 9.89 (3.98)  9.80 (4.14) 10.31 (3.91) 10.61 (3.65) 10.08 (4.05) 
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 PARO group (n = 21)  Usual care group (n = 20) 

Baseline Week 1 Week 6 After  Baseline Week 1 Week 6 After 

Skin temperature 

(°C) 

33.33 (1.27) 32.35 (7.44) 31.64 (7.52) 33.66 (1.21)  33.41 (1.16) 31.85 (7.57) 31.62 (7.56) 33.42 (1.29) 

Distance (kilometres) 0.00 (0.02) 0.00 (0.00) 0.00 (0.14) 0.00 (0.00)  0.03 (0.12) 0.01 (0.03) 0.00 (0.02) 0.01 (0.03) 

Step counter (n) 25.67  

(55.89) 

41.71 (66.66) 97.10 

(336.36) 

25.81 (50.61)  134.55 

(248.52) 

85.10  

(129.96) 

98.02 

(129.27) 

77.75 

(179.63) 

Lying down (hrs) 7.06 (4.42) 8.85 (3.12) 7.35 (4.24) 6.72 (4.12)  5.53 (4.12) 6.41 (3.61) 6.31 (4.00) 6.34 (3.49) 

Average MET 1.15 (0.31) 1.00 (0.26) 1.05 (0.35) 1.13 (0.32)  1.11 (0.16) 1.01 (0.28) 1.03 (0.30) 1.16 (0.47) 

Physical activity (hrs) 0.26 (0.43) 0.35 (0.54) 0.24 (0.32) 0.27 (0.36)  0.57 (0.83) 0.48 (0.54) 0.64 (0.92) 0.55 (0.87) 

EE (kcal) 2362.80 

(1098.87) 

2764.96 

(970.96) 

2443.70 

(1095.77) 

2423.96 

(958.03) 

 3034.74
†
 

(159.83) 

3089.57 

(1420.46) 

3260.62 

(1517.55) 

3099.87 

(1459.16) 

Awake (hrs) 3.78 (3.17) 3.74 (2.53) 3.92 (3.07) 4.93 (3.53)  5.83 (3.82)
†
 5.75 (3.34) 6.08 (3.92) 5.52 (3.26) 

Total sleep (hrs) 5.55 (4.31) 7.11 (3.30) 5.74 (4.10) 4.95 (4.13)  3.97 (3.73) 4.56 (3.24) 4.53 (3.63) 4.56 (3.22) 

Light sleep (hrs) 3.64 (2.72) 5.72 (2.58) 4.24 (2.95) 3.29 (2.80)  2.87 (2.61) 3.14 (1.8 9) 3.08 (2.32) 2.91 (1.84) 

Deep sleep (hrs) 1.05 (1.25) 1.04 (1.08) 0.81 (1.28) 1.05 (1.23)  0.56 (0.79) 0.89 (1.26) 1.01 (1.79) 1.03 (1.39) 

Very deep sleep (hrs) 0.87 (1.37) 0.35 (0.55) 0.69 (0.96) 0.62 (1.05)  0.54 (0.82) 0.53 (0.73) 0.44 (0.56) 0.63 (0.97) 

Abbreviations: hrs, hours; mins, minutes; EE, energy expenditure; MET, metabolic equivalent; physical activity was calculated as the average time (mins) spent in activities 

with an estimated EE ≥ 1.5 metabolic equivalents (METs), which is at least light physical activity.  

Bolded values indicate statistically significant results at week 0 for the level of p < .05. 
†
Values were calculated with Mann-Whitney U tests; 

||
Values were calculated with Independent t-tests.  
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Table 6.3 The effectiveness of PARO intervention on SenseWear outcomes
#
 (n = 41) 

Outcomes PARO intervention effect at week 6 Short term effect at week 1 Sustained effect after the intervention 

 Mean difference  

(95% CI) in change  

p  

 

ES Mean difference  

(95% CI) in change  

   p  ES Mean difference  

(95% CI) in change  

p   

SenseWear, daytime  

Skin temperature (°C) 0.02 (-0.79, 0.83) .957   0.54 (-0.13, 1.22) .167  -0.10 (-0.78, 0.59) .781  

Distance (kilometres) 0.02 (-0.06, 0.10) .283  0.01 (-0.10, 0.12) .522  -0.01 (-0.06, 0.05) .705  

Step counter (n) 42.83  

(-43.87, 129.53) 

.277   69.25  

(-16.87, 155.37) 

.177  24.01  

(-30.21, 80.23) 

.435  

Lying down (hrs) -1.49 (-3.12, 0.15) .139  -0.49 (-1.89, 0.90) .968  -1.14 (-2.74, 0.46) .491  

Average MET -0.02 (-0.10, 0.06) .298  -0.02 (-0.71, 0.68) .647  -0.11 (-0.32, 0.09) .397  

Physical activity (hrs) 0.26 (-0.35, 0.86) .403  0.01 (-0.79, 0.82,) .973  -0.14 (-0.67, 0.39) .603  

EE (kcal) 317.88  

(-349.43, 985.18) 

.235  394.15  

(-353.81, 1142.12) 

.286  252.92  

(-527.63, 11033.47) 

.477  

Awake (hrs) 1.91 (0.09, 3.73) .042 0.655 1.01 (-1.08, 3.11) .676  1.72 (-0.63, 4.07) .548  

Total sleep (hrs) -1.35 (-2.65, -0.05) .040 0.664 -0.09 (-1.13, 0.95) .819  -1.15 (-2.28, 0.03) .651  

Light sleep (hrs) -1.27 (-2.36, -0.19) .023 0.746 -0.18 (-0.96, 0.61) .873  -0.68 (-1.88, 0.52) .779  

Deep sleep (hrs) 0.06 (-0.41, 0.29) .281  0.00 (-0.43, 0.43) .497  -0.20 (-0.50, 0.10) .861  

Very deep sleep (hrs) -0.02 (-0.26, 0.21) .712  0.09 (-0.15, 0.33) .819  -0.16 (-0.42, 0.09) .734  

SenseWear, nighttime 

Skin temperature (°C) 0.09 (-4.48, 4.66,) .584  0.56 (-3.98, 5.11) .361  0.31 (-0.40, 1.02) .544  
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Outcomes PARO intervention effect at week 6 Short term effect at week 1 Sustained effect after the intervention 

 Mean difference  

(95% CI) in change  

p  

 

ES Mean difference  

(95% CI) in change  

   p  ES Mean difference  

(95% CI) in change  

p   

Distance (kilometres) 0.17 (-0.13, 0.46) .598  0.02 (-0.03, 0.07) .603  0.02 (-0.04, 0.07) .336  

Step counter (n) 10.7.78 

(-63.74, 279.30) 

.565  65.50 

(-873.97, 139.73) 

.754  56.94 

(-30.14, 144.02) 

.785  

Lying down (hrs) -0.49 (-3.43, 2.45) .738   0.91 (-1.94, 3.76) .522  -1.15 (-3.60, 1.31) .915  

Average MET -0.01 (-0.19, 0.16) .938  -0.05 (-0.25, 0.14) .835  -0.07 (-0.28, 0.14) .476  

Physical activity (hrs) 0.14 (-0.23, 0.51) .452  0.23 (-0.19, 0.64) .280   0.11 (-0.28, 0.50) .568  

EE (kcal) -320.03  

(-1134.10, 494.03) 

.346  26.77  

(-767.30, 820.84) 

.936  -197.43  

(-915.64, 520.79) 

.702  

Awake (hrs) -0.98 (-3.19, 1.22) .298  -1.20 (-2.99, 0.60) .146  0.27 (-1.60, 2.13) .799  

Total sleep (hrs) -0.37 (-3.04, 2.30) .781  0.97 (-1.67, 3.62) .462  -0.41 ( -3.04, 2.22) .747  

Light sleep (hrs) 0.38 (-1.76, 2.52) .720  1.81 (0.22, 3.84) .030 0.57 -0.39 (-2.09, 1.32) .811  

Deep sleep (hrs) -0.8 (-1.61, 0.25) .162  -0.33 (-1.03, 0.37) .344  -0.47 (-1.11, 0.18) .206  

Very deep sleep (hrs) -0.07 (-0.88, 0.73) .464  -0.51 (-1.24, 0.23) .753  -0.34 (-2.32, 0.26) .770  

Abbreviations: hrs, hours; mins, minutes; EE, energy expenditure; MET, metabolic equivalent; ES, the effect size was calculated by Cohen’s d; Bolded values indicate 

statistically significant results at the level of p < .05. 

Short term effect means the change on Monday at week 1, sustained effect means the change on Saturday at week 6. 

 
# 
Values were calculated with generalised estimating equation model adjusted for gender and imbalanced baseline value. Change scores reflected the difference between the 

given assessment time-point and the values recorded at week 0 baseline.  

Mean difference between groups = Mean difference in intervention group - Mean difference in control group, positive scores in favour of PARO group for daytime skin 

temperature, distance, step counter, physical activity, average MET, energy expenditure, awake and night-time lying down and sleep; negative scores in favour of PARO 

group for daytime lying down, sleep and night-time skin temperature, distance, step counter, physical activity, average MET, energy expenditure, and awake.  
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Discussion 

To our knowledge, this was the first attempt to assess the effect of PARO on sleep and motor 

activity for individuals living with dementia and chronic pain. An individual, non-facilitated 

interaction with PARO was found to have some effects in reducing daytime sleep and 

improving night-time sleep when compared with a usual care routine. However, no 

significant results were found for motor activity. These results suggest that PARO may have 

the potential to improve sleep in residents experiencing chronic pain and dementia.  

Some studies have demonstrated the effect of interacting with robots on sleep 

patterns. For example, a robot at the RACF could provide the opportunity for residents to 

stimulate their day-time activity, and thus help residents develop better daytime and night-

time sleeping patterns (Peri et al., 2016). Results from interviews with residents with 

dementia indicated that interacting with PARO made people feel calm, and this could help 

with their sleep (Pu et al., 2020a). Similarly, care staff reported that a robotic cat may bring 

feelings of calm and safety for residents, and thus may be used as an alternative for sedative 

medication (Gustafsson et al., 2015). This may be explained by the fact that social robots may 

have similar benefits to live pets, and their presence could provide a sense of safety and 

security, which could promote sleep (Janevic et al., 2019).  

However, two previous studies (Moyle et al., 2018; Thodberg et al., 2016a) found no 

significant effect of PARO on the sleep of people with dementia. Furthermore, the effect of 

PARO on motor activity (i.e., step counts, physical activity and energy expenditure) were not 

found to be significant in this study. Several reasons regarding the participants and the 

intervention format may contribute to these inconclusive results. The trial population in this 

current study had a lower level of mobility due to chronic pain and a lower level of cognitive 

function at baseline than the population of larger published RCTs (Moyle et al., 2018; 

Thodberg et al., 2016a). The degree of cognitive impairment could impact the intervention 
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efficacy of PARO on participants but the relationship between the severity of cognitive 

impairment and responses from using social robots remains unclear (Pu et al., 2019a). 

Another reason that results may have diverged from past trials is the frequency and duration 

of the intervention. A daily 30-minute intervention for 5 days a week was applied in this 

study, which is more frequent and longer than previous studies with only 15-minutes for three 

sessions per week (Moyle et al., 2018) or 10-minute for two sessions per week (Thodberg et 

al., 2016a). There is still currently an absence of consensus on the appropriate intervention 

dose of PARO intervention for people with dementia, which could impact on the intervention 

efficacy of PARO.  

It is challenging to maintain the compliance of wearing the SenseWear armband for 

people with dementia for a prolonged period. Some residents took off the armband due to 

their unwillingness to wear the actigraphy, especially at night. A systematic review reported 

that the issue of repeated removal of actigraphy devices, in particular at night, often occurs in 

studies involving people with dementia (Camargos et al., 2013). Therefore, low compliance 

with wearing the devices results in a large source of data loss and creates interpretation issues. 

Researchers generally require at least 10 hours of wear time to ensure accurate estimates of 

motor activity (Skender et al., 2016). However, it should be noted that this is based on 

younger participants who were cognitively healthy, and therefore there was no wear time 

requirement in this study, and this requirement may differ in older adults with dementia. 

There were also other issues when using the SenseWear armband. For example, over half of 

the participants in this study had problems with mobility and used a walker or were fully 

bedbound. In this case, the armband was unable to detect movement of their arms and 

measure step counts accurately. Some researchers recommend attaching the device to the hip 

via an elastic belt to measure motor activity and improve compliance in people with dementia 

(Parry et al., 2019). However, the attachment methods may depend on the design of the 
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actigraphy or the study outcomes, as well as feasibility within the study population. It is 

therefore recommended to develop a protocol of using device-based sleep and activity 

monitoring tailored to people with dementia in terms of placement site, methods of 

attachment and the number of days of recording. Approaches are needed to improve 

compliance with protocols by avoiding the removal of the device and increasing the 

sensitivity to detect sleep and motor activity of cognitively impaired subjects. 

This study has several limitations. First, this trial was conducted with a small sample of 

41 residents with dementia and chronic pain living in RACFs in Australia, and results may 

not be generalisable to people in other settings with different conditions. Second, although 

the duration of wearing the actigraphy was comparable between the intervention and usual 

care groups, with an average on-body time of 10 hours (out of 12 hours), results should be 

interpreted with caution as longer wear-time may produce different results. Third, only a 24-

hour period was recorded at each time point, and extending the number of days of recording 

may improve the statistical power of group differences in actigraphy estimates of sleep and 

motor activity. Despite the control of gender in the analysis, the imbalance of gender ratio 

between two groups may bring bias to results as studies suggest that females may respond 

and interact more positively to PARO compared to males (Chang et al., 2014; Thodberg et al., 

2016b). Finally, although the blinding of participants and researchers were compromised in 

this study, this might not significantly affect objective outcomes. 

Conclusion 

PARO could potentially improve sleep for long-term care residents with dementia and 

chronic pain. Whether this type of intervention could be effective in motor activity requires 

further research. However, the small sample size may have limited the statistical power and 

suggests the need for larger-scale trials. This study also highlights the challenges of using 

SenseWear armband to collect objective data with cognitively impaired residents and further 
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development of such devices is needed. 
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Chapter 7 Using salivary cortisol as an objective measure of physiological stress in 

people with dementia and chronic pain: A pilot feasibility study 

 

This paper presents the feasibility of collecting cortisol via salivary swab as an 

indicator of stress in people with dementia and chronic pain. This manuscript has been 

accepted for publication in Biological Research for Nursing. 

Pu, L., Todorovic, M., Moyle, W., & Jones, C. (2020). Using salivary cortisol as an objective 

measure of physiological stress in people with dementia and chronic pain: A pilot feasibility 

study. Biological Research for Nursing. https://doi.org/10.1177/1099800420934543 
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Using salivary cortisol as an objective measure of physiological stress in people with 

dementia and chronic pain: A pilot feasibility study 
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an objective measure of physiological stress in people with dementia and chronic pain: A 

pilot feasibility study. Biological Research for Nursing. 
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Abstract 

Background: Pain can elevate stress in people with dementia. Although salivary cortisol is 

used as a biomarker of stress in people with dementia, few studies have reported the 

feasibility of collection methods to assess salivary cortisol in nursing home residents with 

both dementia and chronic pain.  

Objective: To explore the feasibility of collecting cortisol via salivary swab as an 

indicator of stress in people with dementia and chronic pain.  

Methods: Participants (n = 43) aged ≥ 65 years and living with dementia and chronic pain 

were randomly assigned to the PARO (individual, non-facilitated, 30-min sessions with the 

robotic seal PARO, 5 days per week for 6 weeks) or usual-care group using computer-

generated random numbers. Salivary cortisol was collected in the early morning before the 

intervention (Week 0) and at the completion of the intervention (Week 6) for comparison.  

Results: There were multiple challenges associated with saliva collection and analysis, 

including cognitive impairment of participants, ability to obtain repeated samples with saliva 

volume adequate for assay, and overall cost. Ultimately, adequate saliva was collected from 

only 8 participants (both pre- and post-intervention) for assay and quantitative analysis.  

Conclusion: Considering the multiple challenges involved in obtaining valid saliva samples 
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in this population, salivary cortisol may not be a feasible biomarker of physiological stress in 

people with dementia and chronic pain.  

Keywords: stress, cortisol, dementia, chronic pain, PARO, social robot 
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Introduction  

People with dementia frequently experience elevated stress due to unmet needs, such as relief 

from pain or discomfort (Cohen-Mansfield, 2013; Sharp, 2019). Pain remains mostly 

unrecognised and untreated in people with dementia (Douglas et al., 2016) due to their 

reduced capacity to verbalise pain experience, and the limited pain-related knowledge and 

skills of the care staff to observe and assess pain (Liu, 2014). Unrecognised and untreated 

pain can trigger a physiological stress response that includes increased secretion of cortisol 

(Hannibal & Bishop, 2014), which is an important glucocorticoid hormone in humans that 

reflects adaptation of hypothalamus-pituitary-adrenal (HPA) axis to stressors (Hellhammer et 

al., 2009). Cortisol is predominantly (90~95%) bound to proteins in the blood, and only 

unbound free cortisol (5~10%) circulates as a biologically active hormone (Kudielka et al., 

2010). Salivary cortisol levels are highly corelated with unbound free cortisol levels in 

plasma and serum (Gozansky et al., 2005; Reid et al., 1992). Therefore, the assessment of 

salivary cortisol levels for the detection of pain-related stress may be a convenient, repeatable 

and minimally invasive approach, especially for people with dementia living in residential 

aged care facilities (RACFs). 

Interest is increasing among researchers in using salivary cortisol as an objective 

measure of physiological stress in people with dementia living in RACFs (D'Cunha et al., 

2019; Kwan et al., 2017; Venturelli et al., 2016). Authors have reported the use of different 

collection methods, sampling frequencies and analytical approaches to assess salivary cortisol 

levels. Different collection practices tend to reflect the desired outcome measure, with some 

studies collecting saliva once per day (Kwan et al., 2017), while others collect them multiple 

times per day (D'Cunha et al., 2019; Venturelli et al., 2016). Outcome measures include 

baseline morning cortisol levels (Kwan et al., 2017), cortisol variation with circadian rhythm 

(Venturelli et al., 2016) or cortisol ratio (comparing waking to evening levels) (D'Cunha et al., 
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2019).  

To date, limited studies have reported on the desired outcome measure and feasibility 

of appropriate collection methods to assess salivary cortisol in people with dementia and 

chronic pain living in RACFs. Woods et al. (2008) previously collected samples at multiple 

timepoints throughout the day to determine range and variability in nursing home residents 

with advanced dementia. They reported that it was feasible to assay 94~98% of the saliva 

samples collected. In contrast, Kwan et al. (2017) reported that 54.8% of salivary cortisol 

were missing in their study, mainly due to an insufficient volume of saliva collection. 

Hydration was the most important influencing factor for the missing data. Bourne et al. (2019) 

reported that measuring stress hormones, including cortisol, via collection of saliva samples 

from residents with dementia was challenging in their feasibility study, as only two of 10 

residents had valid pre/post valid saliva samples for analysis. Reasons for insufficient saliva 

collection included the method of saliva collection, dehydration caused by high 

environmental temperature, procedures and personnel present. Given these inconsistent 

results, the feasibility of using salivary cortisol as an objective measure of physiological 

stress in people with dementia and chronic pain remains to be determined.  

Researchers are exploring that the use of social robots, such as the robotic seal PARO, 

may have the potential to decrease stress-related increases in cortisol levels in people with 

dementia (Jøranson et al., 2015). However, Liang et al. (2017) found no significant 

differences in salivary cortisol levels between participants with dementia receiving a PARO 

intervention and those receiving usual care. To our knowledge, the feasibility of collecting 

salivary cortisol as a measure of stress to determine the effect of a PARO intervention in 

people with dementia who are experiencing chronic pain has yet to be investigated. Therefore, 

in the present study we set out to explore the feasibility of using salivary cortisol as an 

objective measure of physiological stress in people with dementia and chronic pain living 
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in RACFs. 

Methods 

We performed this pilot study as part of a randomised controlled trial, exploring the effect of 

a social robot (PARO) intervention for people with dementia living in RACFs in Australia. 

PARO, a therapeutic robotic seal, is a social robot designed to enhance communication, 

socialisation and emotional connection for people living with dementia. It has the  senses of 

sight, hearing, balance and tactility and can respond to and communicates with users by 

moving or making a sound (Wada et al., 2003). Residents allocated to the intervention group 

received an individualised 30-minute PARO intervention every day from Monday to Friday 

for 6 weeks, while those in the control group received usual care. Details of the PARO 

intervention and participant recruitment have been published elsewhere (Pu et al., 2020b).  

We used the Bowen feasibility framework (Bowen et al., 2009) to guide the design of 

our outcome measures, including (1) acceptability (percentage of participants who adhered 

to the saliva sample collection protocol), (2) implementation (percentage of the total 

possible samples collected for further assay), (3) practicality (cost), and (4) efficacy (effects 

of the intervention). We also recorded the times, durations and number of attempts of saliva 

collection from each participant as well as reasons for failure. The University Human 

Research Ethics Committee and study sites reviewed and approved the study (2017/774), and 

we registered it prospectively with the Australia New Zealand Clinical Trials Registry 

(ACTRN12618000082202). We obtained written informed consent from participants, if they 

were capable, or from their legally authorised representatives. We also sought assent from 

participants before every intervention session.  

Data collection 

We collected socio-demographic data for participants at baseline. To assess cognitive status, 

we used the Mini-Mental Status Examination (MMSE). We collected medical diagnosis and 
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medications from medical records. We identified participants who were assumed to be 

experiencing chronic pain based on medication use and primary nurses’ proxy reports. 

To minimise subject burden for this feasibility study, we collected salivary samples in 

the early morning of Week 0 (the day before the intervention) and Week 6 (the day after the 

intervention had ended). First, we trained the student researcher in the saliva-collection 

procedure, and they practiced with a registered nurse with expertise in dementia care and a 

researcher familiar with the procedure. The student researcher then met with participants and 

care staff to introduce the procedure before data collection began. In addition, we provided a 

research flyer introducing the procedure of salivary collection to both the participants and 

care staff to familiarise them with the procedure. We asked care staff to accompany 

participants for assistance during saliva collection sessions. If a participant refused to open 

their mouth for the saliva collection three times during a session, we recorded it as a failure to 

obtain a saliva sample from that participant.  

To control for confounding factors, such as eating, timing of collection, and exercise, 

we collected salivary samples at an allocated time point between 6:30 a.m. and 8:30 a.m. 

within 1 hour of waking and before oral care, breakfast and all forms of activities. We 

extracted samples using the Salimetrics Children’s Swab Collection Kit (Salimetrics, PA; 

Item no. 5001.06). The saliva oral swab is considered to be the gold-standard device for 

saliva collection in the adult population as it is minimally invasive and easy to use 

(Tryphonopoulos et al., 2013). The elongated cylindrical synthetic swab (8 mm x 125 mm) 

can be held at one end by the researcher to avoid the risk of choking in people with 

dementia. The student researcher placed the swab under the participant’s tongue for at least 

2 minutes (Salimetrics, 2015). Collected saliva samples were placed in Salimetrics storage 

tubes and immediately stored in ice (below 4 °C) until they were transported to the laboratory, 

where they were frozen at -80 °C until analysis. All collected samples were de-identified and 
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processed concurrently within a laboratory setting. Invalid samples with either an extremely 

low salivary cortisol level or with levels that exceeded the calibrated range were discarded. 

We used the most common method for measuring salivary cortisol, an enzyme 

immunoassay (EIA)/enzyme-linked immunoassay (ELISA) (Cortisol EIA Kit, Item no. 

5001.02, Salimetrics). An independent researcher blinded to the group allocation 

performed all measures in duplicates. The average coefficient of variation between 

duplicates was 1.11% (range 0.04~3.6%). 

Data analysis 

We computed descriptive statistics to evaluate patient characteristics and the level of salivary 

cortisol levels (i.e., mean, standard deviation, frequency). We described participants’ 

adherence and the proportion of total possible valid samples that were actually available for 

assay. To explore the effect of the PARO intervention on the level of salivary cortisol, we 

used repeated measures analysis of covariance (ANCOVA) adjusted for baseline values. We 

set statistical significance at p < .05 and IBM SPSS Statistics for Windows, Version 25.0. 

(IBM Corp., Armonk, NY) for analyses. 

Results 

Residents from three RACFs were randomly allocated to the intervention group (n = 21) or 

control group (n = 22). Participant attrition rate was 7.0% with three drop-outs due to death 

(n = 2) or loss of interest (n = 1). All participants were reported to experience chronic pain (≥ 

3 months) and had at least one pain-related condition. More than half (55.8%) of the 

participants had advanced dementia with an MMSE score lower than 11. Antidepressants and 

antipsychotics were prescribed respectively to 20 (46.5%) and 12 (27.9%) participants, 

respectively (see Table 7.1). Further details of participants’ characteristics are reported in a 

previously published paper (Pu et al., 2020b).  
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Table 7.1 Participants characteristics (n = 43) 

Characteristics Control group 

(n = 22) 

Intervention group 

(n = 21) 

Age, years, mean (SD) 85.55 (5.80) 86.48 (8.81) 

Gender, female 12 (54.5) 18 (85.7) 

Dementia subtypes 

  Alzheimer's disease 

  Vascular dementia  

  Frontal-temporal dementia 

  Dementia unspecified 

 

8 (36.4) 

3 (13.6) 

1 (4.5) 

10 (45.5) 

 

9 (42.9) 

2 (9.5) 

0 (0.0) 

10 (47.6) 

MMSE ≤ 10 9 (40.9) 15 (71.4) 

Verbal communication, yes 18 (81.8) 14 (66.7) 

Medication use, yes 

  Antidepressants 

  Antipsychotics 

  Benzodiazepines    

  Anticonvulsant 

 

9 (40.0) 

6 (27.9) 

4 (18.2) 

1 (4.5) 

 

11 (52.4) 

6 (27.3) 

2 (9.1) 

3 (14.3) 

Note. Values are provided as n (%) unless otherwise indicated. MMSE = Mini-Mental Status Examination. 
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Table 7.2 Feasibility outcomes 

  Intervention  Control  

Feasibility Outcome Definition of Variables n Pre Post n Pre Post 

Acceptability, n (%) Participant adherence to 

saliva-collection protocol 

21 21 (100.0) 20 (95.2) 22 22 (100.0) 18 (81.8) 

Implementation, n (%) Successful collection of 

adequate saliva samples 

21 8 (38.1) 8 (40.0) 22 4 (18.2) 9 (47.4) 

Efficacy, mean (SD), μg/dL Salivary cortisol level 5 0.42 (0.06) 0.44 (0.02) 3 0.44 (0.07) 0.39 (0.02) 
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Saliva collection - Acceptability 

We collected 43 (100%) saliva samples before the intervention and 38 (88.4%) at week 6 (see 

Table 7.2). The participant adherence rate was satisfactory. Most residents (95%) agreed to 

put the swab in their mouths for 2 minutes, with only two participants consistently refusing to 

undergo the saliva collection process at Week 6. An additional three samples were missing 

due to death (n = 2) and one resident being sent home on the day of data collection (n = 1).  

Samples for assay – implementation 

Of 81 available samples we collected, we discarded 52 (64.2%) samples due to inadequate 

saliva volume. The remaining 29 (35.8%) samples (12 from pre-intervention and 17 from 

post-intervention) from 21 participants were of adequate volume for the performance of the 

ELISA (Table 7.2). However, only eight participants had both pre- and post-samples that 

were adequate for assay and subjected to quantitative analysis. The between-group difference 

in the collection rate of valid saliva samples was not significant, and the collection of valid 

samples was not significantly related to age, gender or MMSE score of type of medication. 

Cost – practicality 

The cost of consumables used to obtain 81 samples (swabs, storage tubes, labels, storage 

boxes, gloves, and the cortisol EIA kit) was approximately around AUD2000 (approximately 

USD 1,282.86) in this study. 

The effect of the PARO intervention on stress levels - efficacy 

Among the eight participants who had both pre- and post-saliva samples adequate for assay, 

there were no significant differences between the groups at baseline with respect to age, 

gender, MMSE score or medication use. The mean (SD) cortisol levels at baseline for the 

intervention (n = 5) and control groups (n = 3) were 0.42 (0.06) μg/dL and 0.44 (0.07) μg/dL, 

respectively. At Week 6, the mean (SD) cortisol levels for the intervention and control groups 

were 0.44 (0.02) μg/dL and 0.39 (0.02) μg/dL, respectively (Table 7.2). The sample size was 
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inadequate for statistical analysis, and we cannot draw conclusions about the efficacy of the 

intervention from these limited results.  

Discussion  

In the present study, exploring the feasibility of the collection and analysis of pre- and post-

test saliva samples to measure salivary cortisol as a measure of stress in people with dementia 

living in RACFs to measure, we encountered several difficulties. Our study had a much lower 

percentage of valid samples than previously reported studies (Kwan et al., 2017; Woods et al., 

2008). This difference might be explained by the different degrees of cognitive impairment of 

participants, as more of the participants in the present study had severe dementia than in those 

previous studies. Further, almost half of the participants (46.5%) in the present study had 

been prescribed antidepressants, which can reduce saliva production (Woods et al., 2008). 

Additionally, participants in Woods et al.’s (2008) study were allowed to chew on the cotton 

pledget for at least 1 minute, which significantly improved the volume of collected saliva. A 

previous study reported that saliva secretion rate could be increased by chewing stimulation 

(van der Putten et al., 2013). However, chewing can alter the accuracy of the results and 

could potentially dislodge food particulates that could also alter results (Salimetrics, 2015). 

Therefore, we did not ask participants to chew on the cotton pledget in the present study. We 

also encountered several additional methodological difficulties with saliva collection in 

people with dementia in the present study, as illustrated by our findings with respect to our 

primary outcome measures: (1) acceptability, (2) implementation, (3) practicality, and (4) 

efficacy. 

Acceptability – adherence to the saliva collection protocol by participants with cognitive 

impairment 

People with advanced dementia, who may not fully understand the requirement that they 

refrain from consuming food before collection to minimise the risk of sample contamination, 
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and the poor oral hygiene (e.g., food debris, bleeding gums) of people with dementia living in 

RACFs also increase the potential for contamination (Delwel et al., 2018). Furthermore, 

although the researchers explained the sample-collection approach to familiarise participants 

with the procedure and encourage them to open their mouths, the participants with advanced 

dementia who expressed anxiety and fear about the safety and nature of the procedure may 

have experienced additional stress, which could have affected the cortisol level being 

evaluated. This challenge highlights the fact that collaboration with care staff is essential to 

ensure participants are informed of the data collection procedure. Future studies might 

consider training care staff to engage in the collection of the saliva to help reassure, comfort 

and guide residents during the procedure.  

Despite previous studies recommending the use of the oral swab collection method, 

Bourne et al. (2019) reported challenges with using oral swabs to collect saliva in people with 

dementia and recommended the use of the passive drool method (McKune et al., 2014) to 

gather sufficient saliva. While the latter method has the advantage of a visual assessment of 

the collected volume of saliva collected, it could be challenging in people with advanced 

dementia, who may find it challenging to understand and follow instructions, and to produce 

adequate amounts of saliva.  

Alternatives to the collection of saliva for the measurement of cortisol include a small 

number of portable or point-of-care diagnostic tools (Malon et al., 2014; Yamaguchi et al., 

2014) that allow non-invasive, quantitative, and automated analysis of human salivary 

cortisol levels to facilitate timely diagnosis. Alternatively, wearable technologies can also 

monitor cortisol level from a low volume (1-5 uL) of human sweat using portable biosensors 

(Kinnamon et al., 2017). Researchers in future studies involving the measurement of cortisol 

as a stress biomarker in individuals with cognitive impairment might consider testing the 

feasibility of these tools.  
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Implementation - obtaining pre-/post-samples with adequate saliva volume for assay 

Evidence demonstrates that cortisol level varies throughout the day, following a diurnal 

rhythm, with serum levels highest in the early morning (30-45 min after wake time) and 

decreasing throughout the day (Hulett et al., 2019). Recommendations are to collect samples 

with multiple measurement points throughout a 24-hour time period over at least 2 days to 

obtain accurate baseline and subsequent readings (Woods & Mentes, 2011). However, 

evidence suggests that the variations in basal cortisol levels across 2 consecutive days are 

small (Kwan et al., 2016). In the present study, we collected samples within a 2-hour period 

in the early morning on 2 separate days (pre- and post-test). However, the timing of data 

collection was not exactly the same on Week 0 as it was on Week 6 because this was 

dependent on the participants’ time of waking.  

We collected saliva samples using the SalivaBio Children’s Swab, a synthetic swab 

specifically designed to improve volume collection and increase participant compliance by 

eliminating any choking hazards. It is validated for use with saliva collection in people with 

dementia (Williams et al., 2016). While we placed the swab under participants’ tongue for at 

least 2 min, a time period longer than the 60-90 s instructed by the kit, we discarded the 

majority (64.2%) of the samples due to saliva volume inadequate for assay. This issue was 

the most significant and rate-limiting issue that we faced from the outset of the study. Several 

factors may have contributed to our difficulties in collecting adequate saliva volume. First, 

the older age is associated with reduced salivary secretion (hyposalivation) and sensations of 

oral dryness (xerostomia) (Desoutter et al., 2012) as well as a decrease of saliva production in 

the salivary glands (Ortega-Martínez et al., 2014). Second, medications that many of our 

participants were taking, such as antipsychotics, antidepressants and anti-inflammatory 

medications, which affect the autonomic nervous systems, can also reduce the flow of saliva 

(Leal et al., 2010). These medications are commonly prescribed to people with dementia, 
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increasing the risk of hyposalivation and xerostomia (Tan et al., 2018). Evidence also shows 

that people with Alzheimer’s disease produce significantly less saliva per minute than those 

without the disease (Aragón et al., 2018). Additionally, psychological factors, such as anxiety 

and depression, which are common for residents living in RACFs, could contribute to 

xerostomia (Gholami et al., 2017). These factors could account for large amounts of the 

missing data and limit the validity of the results.  

Practicality - cost  

Researchers need to consider the cost of collecting and analysing salivary cortisol in people 

with dementia when planning their studies. For the present study, we only calculated the cost 

of consumables to obtain salivary samples, but the saliva collection, cortisol assay and data 

analysis also incur additional costs. Overall, to collect adequate samples over multiple time 

points and days, both pre- and post-intervention, would significantly increase the cost for this 

measure. Researchers are recommended to conduct feasibility studies prior to larger studies 

and determine the most cost-effective collection methods while limiting the number of 

collections needed to achieve an adequate sample in the target population. Alternatively, 

point-of-care technologies can extract a real-time analysis of salivary cortisol and reduce the 

cost of transportation, storage and laboratory analysis. 

Efficacy – the effect of PARO intervention on the level of salivary cortisol 

Due to our low rate of valid saliva sample collection, interpretation of the salivary cortisol 

results was a challenge. The small sample size meant that we lacked the statistical power to 

detect any significant differences between groups. Therefore, we cannot draw conclusions on 

the effect of the PARO intervention on salivary cortisol levels in people with dementia, and 

the question needs further exploration. The validity of the results could be improved with a 

larger sample size and better saliva collection methods. 

Limitations 
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The present study had a number of limitations that should be considered when assessing the 

outcomes. As the HPA axis is characterised by a distinctive circadian pattern of cortisol 

secretion throughout the day, the use of a single daily measure of salivary cortisol was unable 

to capture the cortisol diurnal cycle. To fully reflect the diurnal rhythms of cortisol release, 

multiple samples should be collected over 24 hours for each participant, and this allows for 

comparison of findings across studies. In addition, salivary collection within the first hour of 

waking did not consider the confounding influence of the cortisol awakening response. In 

future studies, researchers should consider standardising the collection time based upon when 

each participant awakens (e.g., waking time and 30, 45, and 60 min following waking). 

Additionally, the difference in the time of sample collection before and after the intervention 

may have had a confounding effect on the results. We also did not exclude participants who 

were taking corticosteroid medications to treat asthma or arthritis, which can cause high 

cortisol levels, as we expected that the majority of residents in the present study would be 

receiving pharmacological treatment that could include such medications. Future studies may 

consider excluding participants with corticosteroid medications to minimise its effect on 

cortisol levels. Despite these limitations, this feasibility study has highlighted some of the 

pitfalls of measuring salivary cortisol in people with dementia in the context of RACFs and 

offers a road map for improvement for future studies.  

Implications for future research 

Biomarker-based evaluation of the effects of social robot interventions for people with 

dementia is still a relatively new and evolving concept that can complement qualitative and 

mixed-methods research. Although measuring cortisol levels in saliva offers some advantages 

in comparison to measurement in blood or cerebral spinal fluid, such as ease of sample 

collection and the relatively non-invasive method, there is currently a lack of standard 

salivary collection procedures for people with dementia. Issues such as timing, frequency, 
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collection device, and potential confounding factors, such as age-related hyposalivation and 

xerostomia, medication use, and medical conditions, can significantly impact the rigour of 

this measure. More research is required to determine a feasible and valid biomarker to 

measure physiological stress in people with dementia and chronic pain. For example, a new 

wristband device, DemaWare@NH (Kikhia et al., 2016), which measures galvanic skin 

response (GSR), skin temperature, environmental temperature and light and includes an 

accelerometer for capturing motion, had been found to be a feasible tool for measuring stress 

level in people with dementia.  

Conclusion  

Based on the challenges we encountered in obtaining valid saliva samples in participants with 

dementia and chronic pain, salivary cortisol may not be a suitable biomarker of physiological 

stress for this population. Our preliminary results based on eight participants were not 

sufficient to assess the physiological effects of the PARO intervention on stress. Further 

research with a more effective measure of stress is needed.  
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Chapter 8 How people with dementia perceive a therapeutic robot called PARO in 

relation to their pain and mood: A qualitative study 

 

This paper presents the findings of the qualitative interviews regarding the 

experiences and perceptions of people with mild-to-moderate dementia interacting with a 

therapeutic seal robot are reported. This manuscript has been published in the Journal of 

Clinical Nursing. 

Pu, L., Moyle, W., & Jones, C. (2020). How people with dementia perceive a therapeutic 

robot called PARO in relation to their pain and mood: A qualitative study. Journal of Clinical 

Nursing, 29(3), 437-446. https://doi.org/10.1111/jocn.15104 
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therapeutic robot called PARO in relation to their pain and mood: A qualitative study. 

Journal of Clinical Nursing, 29(3), 437-446. https://doi.org/10.1111/jocn.15104 

 

 

Abstract  

Background: Interacting with social robots, such as the robotic seal PARO, has been shown 

to improve mood and acute pain for people with dementia. Little attention has been paid to 

the effect of PARO on people with dementia and chronic pain. 

Objective: To explore how people with mild to moderate dementia and chronic pain perceive 

PARO as an alternative intervention to manage their pain and mood.  

Design: A descriptive qualitative approach nested within a pilot randomised controlled trial.  

Methods: Participants with dementia and chronic pain were recruited from three residential 

aged care facilities. They interacted with PARO for 30 minutes, 5 days a week over a 6-week 

period. A sample of 11 participants completed individual semi-structured interviews at the 

end of the intervention. Data were collected from January 2018 to January 2019. Inductive 

thematic analysis was undertaken. Reporting of findings followed the COREQ checklist. 

Results: Four themes emerged from the data: (1) perceptions of PARO; (2) therapeutic 

effects of PARO; (3) limitations of PARO; and (4) program improvement. Residents with 

dementia expressed positive attitudes towards the use of PARO and acknowledged the 

therapeutic benefits of PARO on mood improvement and relaxation for pain relief but also 

mentioned the limitations of its weight, voice and characteristics. Residents’ responses could 
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also fluctuate during the intervention process, and individual preferences need to be 

considered. 

Conclusions: The PARO intervention is a promising intervention to improve positive 

emotion, and there is some anecdotal evidence that pain may be decreased from the 

perspectives of people living with chronic pain and dementia.  

Relevance to Clinical Practice: Long-term care staff may incorporate PARO therapy into 

daily dementia care. Understanding of individual’s preferences may enhance the 

implementation of PARO for pain management in this group. 

Keywords: social robot, dementia, pain, mood, qualitative study  
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Introduction 

Ageing of the population and the development of artificial intelligence (AI) have resulted in a 

growing body of research on social robots aiming to meet the care needs of older adults 

(Moyle, 2019). Social robots are designed to establish social and affective relations with 

humans (Pedersen et al., 2018). Several animal-shaped social robots, such as the robotic 

JustoCat (Gustafsson et al., 2015) and robotic dog Aibo (Fujita, 2001), have been developed 

to interact with humans as a social companion. To date, the best known example of 

successful animal robot prototypes is the robotic harp seal called PARO, which has been in 

use in hospitals and care facilities in more than 30 countries worldwide (Shibata, 2012). 

PARO can learn users’ preference for its behaviour. For example, it can open and close its 

eyes, move its neck, front and rear flippers as well as respond to users by making a sound 

when it is being stroked, patted or called. It can also show negative emotions on undesired 

stimulation, such as being hit (Wada et al., 2010). People with dementia showed positive 

attitudes towards the use of social robots to reduce loneliness (Wu et al., 2016) and promote 

social interaction (de Graaf & Allouch, 2014), which supports the notion that involving 

people with mild to moderate cognitive impairment in qualitative interviews is achievable. 

With increasing interests in using social robots in aged care, it is essential to understand the 

needs and perspectives of people with dementia towards the use of social robots for future 

service delivery (Cridland et al., 2016). 

Background 

Chronic pain is common in people with dementia with over half of them experiencing pain 

(van Kooten et al., 2016). However, pain is reported to be undiagnosed and untreated in this 

population due to their cognitive impairment and reduced ability to verbalise their pain 

(Knopp-Sihota et al., 2019). Although PARO may have the potential effect to reduce 

paediatric pain (Okita, 2013), pain in cancer patients (Eskander et al., 2013) and pain 
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medications in people with dementia (Petersen et al., 2017), few studies have focused on the 

effect of PARO on pain management in people with dementia. One recent feasibility study 

indicated that PARO could potentially reduce acute pain associated with care procedures in 

patients with dementia, measured by health professionals using the ALGOPLUS scale 

(Demange et al., 2019). Chronic pain is different from acute pain, in particular its long-term 

impact on the mood and well-being of individuals. Pain is a subjective feeling that can only 

be expressed by people themselves, even people with cognitive impairment, and yet there 

remains a lack of studies exploring the effect of interventions such as PARO on chronic pain 

from the voices of people with dementia (Schofield, 2018). In addition, previous studies have 

used PARO in a group activity, and the frequency of the interaction has been limited to twice 

(Jøranson et al., 2015; Robinson et al., 2013) or three times a week (Moyle et al., 2013). A 

more frequent intervention (e.g., individual and daily intervention) may produce a different 

result on the outcome of pain in people with dementia. Therefore, in this study, individual 

interviews were conducted with participants with dementia and chronic pain to gain a better 

understanding of their perspectives and experience after individually interacting with PARO 

for 30 minutes from Monday to Friday over six weeks. 

Methods 

Design, sample and setting 

This study was performed as part of a pilot randomised controlled trial, exploring the 

feasibility and effectiveness of a social robot (PARO) intervention on pain, behavioural and 

psychological symptoms of dementia for people living in residential aged care facilities 

(RACFs) in Australia. Participants were randomised into either a daily individual PARO 

intervention condition or a usual care condition for 6 weeks. At the end of the intervention, a 

follow-up qualitative study was used to explore the experiences and perceptions of residents 
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from the PARO intervention group. Convenience sampling was used to recruit participants 

who met the following criteria.  

Inclusion criteria: (1) aged 65 years and older and can speak and understand English or 

Mandarin (the researcher is fluent in both languages); (2) participants must have been 

diagnosed with some form of dementia or probable diagnosis of dementia and this was 

recorded in their medical notes; (3) participants must have chronic pain, e.g., prescribed with 

regular pain medications or with an indication of pain (for those who cannot self-report pain, 

proxy reports of pain in the previous week were obtained); (4) demonstration of appropriate 

senses for interaction with PARO, such as vision, hearing or touch; and (5) living in the care 

facility for more than 3 months. 

Exclusion criteria: (1) diseases, such as acute exacerbation of chronic obstructive pulmonary 

disease or renal failure, that require patients to be admitted to hospital frequently; (2) terminal 

illnesses, such as advanced cancer, where the patient is in the final palliative stage; (3) a 

diagnosis of a major mental illness, such as schizophrenia, to avoid confounding behaviours; 

as well as (4) infectious diseases such as AIDS or tuberculosis, or an open wound that is 

unable to be covered.  

To be eligible for the follow-up interview, participants must be capable of verbal 

conversation and comprehension. As a result, 11 out of 22 participants (i.e., 50%) were 

purposively selected from the PARO group and participated in the interviews. 

Data collection  

Individual semi-structured interviews were conducted by the first author with participants 

from the PARO group within 1 week following completion of the daily (5 days a week) 6-

week intervention to explore their perspectives of interacting with PARO, particularly on 

their mood and pain experience. The first author is a female registered nurse with experience 

in care of people with dementia. Individual interviews were conducted face-to-face in 
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residents’ living rooms. To help participants recall and remind them of their experiences with 

PARO, the researcher brought a PARO to the interview. Interview questions were developed 

and confirmed within the research group (Table 8.1). These questions were kept simple and 

easy to understand for people with cognitive impairment. All interviews were audio-recorded. 

Table 8.1 Interview questions 

1. What do you think about PARO? 

    (e.g., appearance, feelings, the experience of using PARO) 

2. What does PARO do for you? 

3. Does PARO help with your pain? 

4. Is there anything you don’t like about PARO? 

5. I gave you PARO for 30 minutes every day. Was this too long or too short? Was every day too 

frequent or not enough? 

6. Is there anything you would change about PARO for residents? 

7. Is there anything further you would like to tell me about PARO? 

 

Data analysis 

Recordings of the interviews were transcribed verbatim by the first author. The thematic 

analysis process was performed with the help of Microsoft Excel as described by Bree and 

Gallagher (2016) and followed the six-step inductive thematic analysis of Braun and Clarke 

(2006): (i) becoming familiar with the data, (ii) generating initial codes, (iii) searching for 

themes, (iv) reviewing themes, (v) defining and naming themes, and (vi) producing the report.  

The first author constantly read and reread the interview transcripts to get an overall sense of 

the content. Second, the transcriptions were analysed, and initial codes were converged and 

compared continuously across the data during the process. Codes were then reviewed and 

sorted into emerging themes and subthemes. A second author also reviewed and coded the 

transcription independently. Modifications of themes and subthemes were made to be more 
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inclusive through discussion with the third author. Finally, four main themes reflecting the 

content of the interviews were developed. The Consolidated Criteria for Reporting 

Qualitative Research (COREQ) (Tong et al., 2007) was used to report the findings of this 

study (See Supplementary File). 

Trustworthiness 

Several strategies were used to ensure trustworthiness. First, the first author spent sufficient 

time (more than 6 weeks) in the field and engaged in daily persistent observation to gain a 

full understanding of the people and phenomenon being investigated (Houghton et al., 2013). 

Second, two researchers independently analysed the data to improve the credibility of the 

findings (Nowell et al., 2017). In addition, an audit trail for coding and categorisation of 

qualitative data was maintained during the analytic process to ensure the rigour of the 

research (Cassell & Symon, 2011). 

Ethical considerations 

Ethical approval for the study was obtained from the Griffith University Human Research 

Ethics Committee (Reference number: 2017/774). Approval for study sites was then sought 

from the nursing home administration (Reference number: Pu 22418). This study was also 

registered with the Australia New Zealand Clinical Trials Registry (ANZCTR, Trial ID 

ACTRN12618000082202). Consent to participate in the study was sought in writing from 

people with dementia where they were capable or from their family carer. Assent from 

people with dementia was also sought at every intervention session.  

Results 

Characteristics of the participants 

Demographic information of interviewed participants is provided in Table 8.2. All of them 

had a diagnosis of dementia and experienced mild to severe pain. Most of the interviewees 
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were female (81.82%), and their mean MMSE score was 15.45 ranging from 9 to 24. The 

interview duration ranged from 5 to 20 minutes.  

Table 8.2 Characteristics of the interviewees 

Characteristics Overall (n = 11) 

Age, years 84.36 (65 - 94)
 †

 

Cognitive function, MMSE score 15.45 (9 - 24)
 †

 

Gender, female 9 (81.82%) 

Dementia type  

   Alzheimer’s disease 1 (9.10%) 

   Vascular dementia 2 (18.18%) 

   Unspecified dementia 8 (72.72%) 

Mobility  

     Ambulatory 2 (18.18%) 

     Walker 3 (27.27%) 

     Wheelchair 4 (36.36%) 

     Bedridden 2 (18.18%) 

Animal preference   

     Like 9 (81.82%) 

     Neutral 2 (18.18%) 

Nurse-rated pain intensity   

    Mild pain 6 (54.55%) 

    Moderate pain 3 (27.27%) 

   Severe pain 2 (18.18%) 

Note: 
†
 Data are presented as mean (range), others are presented as n (%). 

Abbreviations: MMSE, Mini-Mental State Examination. 

 

Findings 

Four themes (Table 8.3) emerged according to the analysis of participants’ data: (1) 

perceptions of PARO; (2) therapeutic effects of PARO; (3) limitations of PARO; and (4) 

program improvement. The overall findings revealed that older persons with dementia had a 

positive attitude towards using the social robot PARO in terms of their initial perceptions of 

its appearance and interactive behaviours. During their interaction with the robot, residents 

perceived the therapeutic effects of PARO, such as providing comfort and relaxation, a 
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distraction from their pain and the opportunity to bring back positive memories. Regardless 

of these benefits, residents also mentioned the limitations of PARO concerning its voice, 

weight and programming. Furthermore, they reported individual preferences of the social 

robot intervention should be considered when PARO is being used in the provision of care 

for people with dementia. The exemplary quotations followed by participant number (P#) and 

Mini-Mental State Examination (MMSE) score are outlined to support the analysis. 

Table 8.3 Main themes and sub-themes  

Themes and subthemes Codes 

1. Perceptions of PARO 

 Initial perceptions Living animal (puppy dog); toy (seal) 

 Attractive features and  

interactive behaviours 

Big black eyes, white whiskers, nice flippers, clean 

and curly fur  

Moving head and tails, eyebrows up and down, eyes 

closed and open 

 Positive attitudes  
Lovely, beautiful, wonderful, good 

Incredible, intelligent, unique, ideal, marvellous 

2. Therapeutic effects of PARO 

 Positive feelings and 

 mood improvement 

Feeling of love, safety, comfortable, calm and relaxed 

Improves mood, makes differences to life  

Brings amusement, joy, friend, grief, companion 

 Relaxation for pain relief 
Distracts attention from pain, sleepy 

Reminiscence  

3. Limitations of PARO Heavy, noise, needs more animation 

4. Program improvement Tailor to individual preference 

 

Theme 1 Perceptions of PARO 

This theme encapsulates the initial perception, including the perceptions of its features and 

behaviours, and positive attitudes towards PARO from the participants’ view. Although 

residents with mild cognitive impairment were aware that PARO was a toy, they still 

considered it as a real seal and mentioned the robot could provide them comfort.  

“It's like a real toy. I think of it as a real thing. The real thing to be comforted by this. 

Pretty much like a seal.” (P3-5, MMSE 24). 
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Residents with more advanced cognitive impairment seemed to perceive PARO as a 

real animal, such as a puppy. The puppy in this sense would be good and could potentially 

remind them of their previous positive memories of their own pets. 

“It’s a good puppy and the puppy did a very good job. I used to have a little puppy 

when it was a little dog like her. And I don’t know how it comes to my house. I have to 

find out with my family. It's probably from my Granddad. They are always good; they 

can be naughty. But they are always good. (smile)”. (P2-10, MMSE 9) 

Most participants commented that they had no dissatisfaction with PARO. The 

appearance and characteristic of PARO encouraged them to interact with PARO, such as its 

big black eyes, white whiskers, flippers as well as its clean and curly fur. The interactive 

behaviours of PARO were of interest to participants, in particular, PARO’s moving head and 

tail, as well as its eyebrows and eyes were all described as being beautiful and lovely, and 

PARO was described as intelligent. These features seemed to encourage participants to 

engage positively with PARO, for example, they felt they could hug or pat PARO.  

“Yes, eyes wide open and closed. Hello, he is listening. He is very intelligent; he knows 

someone is talking to him. Wonderful. (Head) turns-around from side to side. How 

wonderful, hello, eyes closed, eyes open, moving the head around.” (P2-6, MMSE 17) 

“I like it very much. Lovely and big they're lovely and big. Yeah. You got nice feet.” 

(P2-15, MMSE 9) 

 “It looks pleasant and warm. I can hug it and pat it.” (P1-1, MMSE 20) 

Theme 2 Therapeutic effects of PARO 

During interaction and engagement with PARO, participants perceived its therapeutic effects, 

including mood improvement and relaxation for pain relief. Participants perceived PARO as 

a friend whom they could talk to and this helped them to feel relaxed and comforted when 

holding PARO.  

“I feel calm, calm and relaxed when I am holding the puppy. Makes me happy and 

relaxed. Makes me relax a bit more, that was calm down. I just know that they're good 

for people.” (P3-9, MMSE 10) 



 

 

 

182 

 “Oh, he (PARO) makes me feel very relaxed and happy. Feeling of love. It helps if 

you've got a care and you have this little puppy on your lap it makes all the difference. 

Because when you're sitting here thinking oh what can I do, what can I do and then this 

little puppy comes along, and it makes you feel wonderful.” (P3-5, MMSE 24) 

Specifically, PARO could be a companion for residents who were isolated and 

socially inactive, as they described they felt lonely living in RACFs, especially when they 

were sitting in their room the whole day without doing anything. In this situation, PARO may 

bring them joy and happiness.  

“People that are lonely. Give them something to talk to and be comfortable about. And 

not be shy or anxious, you know, things like that. It's lovely.” (P3-9, MMSE 10) 

“Actually, sometimes, we are alone and stay here the whole day and then I got a friend 

to play with. It makes me feel safe and calm. And not to get angry.” (P1-1, MMSE 20) 

“That’s a good boy. I do remember that I've never had a dog that I can talk to all the 

time because my mother and father both do school teaching and they had various 

occupation to have to live with.” (P1-7, MMSE 12) 

Another resident, who could barely move and was always lying on the bed in her 

room, described that PARO was ideal for people who were unable to engage in activities. 

She thought PARO was unique and wonderful for people like her. 

“Of course, he's ideal and creates interest. It’s ideal for people who could barely move 

themselves. That may help people who could not move. Yeah, lovely.” (P2-6, MMSE 17) 

People with dementia appear to be at great risk of under-detected or under-treated 

pain due to reduced ability to verbalise their unmet needs, such as pain. One resident with 

severe lower back pain described how she coped with her pain, saying that she had no 

choice but to accept and live with her pain. Although she received regular pain 

medications to manage her pain, she was still in pain every day. 

“The feeling of pain is there, but then it becomes part of you. And it must be there, it 

won’t go away, so I accept it. Yeah. It won’t go away, so it’s better to accept it.” (P1-1, 

MMSE 20, severe pain) 
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It appeared that taking care of PARO could make people feel happy and they may 

enjoy having PARO as a kind of relaxation, which could modulate their mood as well as 

assisting in pain reduction. 

“Oh, normally every day I feel pain. But when I hold, hold the puppy, that makes me 

relaxed a bit more. I feel comfortable in the room. you know, relaxed with the puppy.” 

(P3-9, MMSE 10, moderate pain) 

“Well, I've never had pain while I had him (PARO). No pain. Yes, you're a beautiful 

thing (talk to PARO).” (P3-5, MMSE 24, moderate pain) 

Two residents with severe pain mentioned that PARO made them feel calm and 

had the potential to help with their sleep. 

“I feel calm and I want to go to sleep (laugh).” (P1-1, MMSE 20, severe pain) 

“Oh, nice. Nice and happy. Makes me very sleepy.” (P2-7, MMSE 23, severe pain) 

PARO had the potential to help recall positive memories of the time people spent with 

their pets, which may also encourage their interactions with PARO and provide the 

opportunity to distract their attention from their pain.   

“I spent some time with (PARO). I’ve sat here for a little while. This is once I can never 

remember pain.” (P1-7, MMSE 12, mild pain) 

“The colour around and the curly fur. Oh, I love dogs. It kicks my mind off (pain) for a 

little while. Come on. I think you did a good job.” (P2-7, MMSE 23, severe pain) 

Theme 3 Limitations of PARO 

Although most participants showed their positive attitudes and perceived the benefits of 

PARO, they also demonstrated some limitations of PARO, such as the weight and voice of 

PARO. Three residents (P1-1, P2-2, P2-7) mentioned that PARO was too heavy for them to lift. 

Two residents (P2-10 and P2-7) pointed out that the voice of PARO created what they perceived 

was noise, and it sounded like it was crying. Another two residents (P2-12 and P3-1) also 

commented that PARO needs more programming and further animation as it was unable to 
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walk, which implied that they expected a more socially intelligent robot with more interactive 

capabilities. 

“That’s very good. But they can't walk.” (P2-12, MMSE 13) 

“If I had to do more, I think, the dog is not enough, it would need more animation. 

More things to interact with. If I could shake his hands or something like that, that 

would be lovely. I would possibly last longer if the dog was better put together and 

better animated. Both things are improving. He's not doggy enough. Not animated 

enough to hold. Maybe not everybody would be very satisfied.” (P3-1, MMSE 19) 

Theme 4 Program improvement 

The PARO intervention was scheduled for 30 minutes every day from Monday to Friday for 

6 weeks. However, different people may have different preferences. Three residents thought 

the frequency and duration were reasonable, but one resident commented that three times a 

week would be appropriate for her (P3-5, MMSE 24), and another resident thought shorter 

periods of intervention, for instance, 4 weeks, would be enough for him (P3-1, MMSE 19). In 

addition, people may have different responses to PARO and their needs may change 

depending on their interaction of PARO. 

“I think it’s quite reasonable. It was short when you won’t learn much, but it is too 

long, you learn nothing. Sometimes I didn’t feel happy. But gradually I began to like 

him. At first, I thought it makes no sense. But then I began to like him (PARO).” (P1-1, 

MMSE 20) 

Discussion 

Findings from this study revealed that the participants had positive attitudes towards the 

social robot PARO and acknowledged the therapeutic benefits of PARO on mood 

improvement and pain relief but also mentioned the limitations of its weight, voice and 

characteristics. We should also be aware that not everyone is satisfied with PARO, and 

residents’ responses could fluctuate during the intervention process. Individual preferences 

should be considered during the application of PARO.  
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Perceptions and attitudes of PARO  

In this study, PARO was well accepted by participants no matter whether people perceived it 

as a robotic animal or a pet. Findings are in line with results from a previous study that 

people with cognitive impairment enjoyed being with PARO although they were fully aware 

it was an artificial object (Robinson et al., 2016). In addition, another involving a relative 

reported that a robotic animal was not a problem as it improved residents’ quality of life, 

while professional caregivers may have different views if it was not a real animal  

(Gustafsson et al., 2015). Ethical questions about the deception of PARO has been raised in 

the context of its use with people with dementia (Coghlan et al., 2018), such as deception or 

replacement of humans (Vandemeulebroucke et al., 2019). However, equally, it could be 

argued that whether improvement in the mood of people with dementia could outweigh the 

risk of deception. Furthermore, there are practical issues with using living animals, such as 

the potential of bites and allergies. PARO was initially developed to offer the benefits of 

animal-assisted therapy in residential aged care facilities where real animals could not be 

accommodated.  

Participants in this study seem to accept the fact that PARO is a robotic animal and 

were willing to form a connection with it. We acknowledge further discussions about the 

ethics of using robots for people with dementia may help to better guide the use of robots in 

daily practice. Furthermore, the use of PARO should always be discussed in advance with 

both people with dementia and their relatives.  

Benefits in mood and pain reduction 

The benefits of PARO on mood improvement for people with dementia have been widely 

acknowledged in previous studies, such as to reduce depressive symptoms (Birks et al., 2016; 

Chen et al., 2018) and loneliness (Banks et al., 2008; Robinson et al., 2013). Similar 

experiences have been reported from nursing home residents that PARO could be a good 
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companion, especially when they feel lonely (Robinson et al., 2016). 

As pain is reported to be under-recognised and under-treated in people with dementia, 

we believe this is an important study in identifying the benefits of PARO to provide the 

potential for relaxation for pain relief from the perspectives of people with dementia. Earlier 

reports have also indicated the need for such a study. For example, care staff from a long-term 

care facility mentioned that a daily 30-minute PARO intervention could be helpful to reduce pain 

and anxiety of residents (Roger et al., 2012). An observation of residents in a long-term care 

facility reported that a PARO intervention could reduce negative observational affect and 

behavioural indicators, such as pain (Lane et al., 2016). Furthermore, Petersen et al. (2017) 

found that compared to standard care, 12 weeks of a PARO intervention could significantly 

reduce pain medication for people with dementia. However, another pilot study with 19 residents 

with dementia implied that compared to reading activities, 4 weeks of a PARO interaction did not 

result in statistically significant differences in observational pain behaviours (Guse et al., 2014). 

These conflicting results may relate to different methods of pain assessment as well as the 

varying duration and frequency of intervention. 

One possible reason for mood improvement and pain relief is that PARO appeared to 

stimulate memory recall or the time they spent with their pets, which may distract their 

attention from their pain. Several studies have indicated that robotic pets have the potential to 

evoke previous memories of pets (Coghlan et al., 2018; Moyle et al., 2016b), and both care 

staff and family also mentioned the benefits of PARO for reminiscence (Birks et al., 2016; 

Moyle et al., 2019), especially in one-on-one sessions (Moyle et al., 2016b). Demange et al. 

(2019) also found that PARO could be used as a distraction stimulus of pain during the care 

of people with dementia, such as bathing, skin care and dressing change. There are also 

correlations between the modulation of mood and pain perception; therefore, improved mood 

could also possibly modulate the relief of pain. Positive emotional arousal happens 

spontaneously when people interact with PARO through the release of neurotransmitters, 
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such as oxytocin, which offers anti-stress effects and increases the pain threshold (Beetz et al., 

2012) when people are engaged in non-noxious sensory stimulation, such as stroking or 

touching PARO (Jøranson et al., 2015). 

Residents with dementia living in RACFs often experience sleep problems. It has 

been suggested that untreated pain may contribute to sleep problems, and results from a 

recent systematic review suggested that pain may be a moderating factor (Flo et al., 2017). In 

the interviews from this study, two residents with severe pain mentioned the potential 

benefits of PARO in improving their sleep. Gustafsson et al. (2015) also mentioned that the 

comforting effects of JustoCat, a robotic cat, could be used as a replacement for sedative 

medication. However, in previous studies PARO was reported to have no significant effects 

on sleep patterns (Moyle et al., 2018) as well as sleep efficiency (Thodberg et al., 2016a) for 

older people living in nursing homes. The interaction between sleep and pain in people with 

dementia remains unclear, and whether social robots could be a potential non-

pharmacological intervention to improve the sleep of people living with pain and dementia 

needs further exploration.  

Limitations of PARO 

Although participants engaged positively with PARO, such as touching or talking to PARO, 

complaints about the limited reactions of PARO (e.g., voice, unable to walk, not animated 

enough) were also raised when compared to a live animal. Previous studies also criticised that 

the auditory response of PARO may distress or overstimulate residents (Jung et al., 2017; 

Moyle et al., 2016a). The developer of PARO reports that PARO is a therapeutic robot but is 

not for everyone (Shibata, 2012). This sentiment is also echoed in a study by Robinson et al. 

(2016), who reported that PARO was not found to be appealing to all the residents in an aged 

care facility. Interviews with nursing home care staff have also reported that PARO cannot 

comfort all residents (Moyle et al., 2016a), and human rights and autonomy should be 
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respected before the use of social robots as some individuals may prefer live animal 

interaction.  

Program improvement  

Residents may have different responses to PARO relating to their mental and physical health 

condition. For example, PARO could be a potential psychosocial intervention for residents 

who feel lonely as well as those who are immobilised. PARO could be a potential daily care 

activity by providing comfort and distraction during stressful situations, such as pain or 

agitation, but individualised interventions are needed. In addition, the duration and frequency 

of PARO intervention should be tailored to individual preferences. Moyle et al. (2017b) also 

report that there is no single suitable approach to the use of PARO, and there is considerable 

variation in participant responses to the use of PARO that need to be taken into consideration 

in clinical practice. In our study, participants engaged with PARO 5 days a week for 6 weeks, 

a higher dose, may produce a different response. Research is also needed to further 

understand the engagement pattern of users toward robot interventions over a longer period 

of time to further design personal centred services.  

Challenges in conducting interviews in people with dementia 

Although perspectives of people with dementia provide valuable evidence for research and 

practice, it is challenging to engage people with cognitive impairment in the interview 

process, leading to the short duration of the interview in this study, ranging from 5 minutes to 

20 minutes. These issues included communication and comprehension barriers, short-term 

memory and fatigue. Hence, strategies were used to support the process. First, interview 

questions were adjusted to be short and directive, and thus tailored to people with cognitive 

impairment. It is suggested that responses to more direct questions are likely to be able to 

verbalised more easily for those with limited expressive skills (Lloyd et al., 2006). Second, 

reminiscence can prompt participants’ memories during the interview and may encourage the 
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participant to share information (Beuscher & Grando, 2009). Therefore, the researcher 

brought a PARO to the interview to help participants recall and remind them of their 

experiences with PARO. Lastly, the researcher offered the participant a choice of continuing 

or stopping the interview when they felt tired or nonverbal signs of fatigue were observed. 

Further, it is recommended to allow flexibility and choices, such as adapting the duration of 

the interview for each participant and providing options for conducting multiple short 

interviews (Novek & Wilkinson, 2017).  

Limitations of this study 

Due to the severe cognitive impairment of participants involved in the larger pilot study, only 

a small number of people (n = 11) participated in the follow-up interviews. Therefore, 

findings are limited to a specific group of people, namely residents with mild to moderate 

dementia and pain living in RACFs in Australia. Nevertheless, the 11 participants provided 

relevant data in relation to the aim of the study. From the interview data, similar perceptions 

emerged, and no further relevant information was identified; however, it is unclear if data 

saturation was reached with this small number of participants. Regarding the trustworthiness 

of the findings, it is not feasible to undertake member checks with people with dementia, but 

we involved at least two researchers in the data analysis to enhance the analytic findings. 

Bringing PARO to the interviews could also be a limitation, as the presence of PARO may 

potentially influence or alter participants’ perceptions of their earlier experience with PARO. 

In addition, the short duration of interviews may limit the richness of the data. Triangulating 

data from a variety of sources, such as direct observations or video recordings, may increase 

the credibility of findings. Given the influence of medications on pain and the challenges of 

assessment of pain in people with dementia, further research using mixed-methods that 

measures pain medication or observational pain behaviours of participants using the PARO 

are needed.  
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Conclusion and relevance to clinical practice 

Participants’ feedback reported that PARO has the potential to improve their psychological 

well-being and provide relaxation for pain relief for older adults with dementia in residential 

care facilities. Findings from the qualitative interviews are promising in their ability to inform 

nursing staff and other health care providers of the benefits and limitations of incorporating 

robot-assisted therapy into their daily practice from the residents’ perspectives. Care staff 

who understand, appreciate and respect these perspectives are in a better position to 

collaborate with residents to deliver robot-assisted therapy that is individualised rather than 

driven by institutional routines. 
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Summary of results and discussions 

Chapters 4 - 8 reported the feasibility and effect of the pilot RCT, and findings from the 

follow-up semi-structured interviews. The quantitative research provided evidence of the 

feasibility and effect of a social robot intervention to reduce pain and PRN medications as 

well as improve sleep behaviours in residents with dementia living in RACFs; however, there 

was not enough evidence to confirm PARO’s effect on BPSD, motor activity and stress 

measured by salivary cortisol. The qualitative interviews explored the perceptions and 

experiences of participants during the intervention. The findings extended our understanding 

regarding the effectiveness of PARO, from the residents’ perspectives, to improve mood and 

reduce pain. The next chapter presents conclusions, strengths and limitations, as well as 

implications for future research, practice and education of this study. 
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Chapter 9 Conclusions and implications  

 

In this final chapter, the conclusions, strengths and limitations as well as implications 

of the PhD study are presented. First, the conclusions of the research project are presented, 

followed by the study strengths and limitations. Finally, implications for clinical practice, 

further research and health education are presented. 

Under-recognised and untreated pain in people with dementia can lead to behavioural 

and psychological symptoms of dementia (BPSD), poor sleep and physical activity, and 

increased levels of stress. Social robots, such as PARO, have been reported as a promising 

psychosocial intervention to improve not only mood and manage behaviours (Jøranson et al., 

2015; Liang et al., 2017; Moyle et al., 2017c; Petersen et al., 2017) but could also potentially 

alleviate pain for people with dementia (Demange et al., 2019; Lane et al., 2016). Therefore, 

a pilot randomised controlled trial (RCT) study was conducted to test the feasibility and 

effect of a PARO intervention on pain, BPSD (i.e., agitation, depression and anxiety) and 

physiological responses (i.e., sleep and motor activity, salivary cortisol) for residents with 

dementia living in residential aged care facilities (RACFs). Individual semi-structured 

interviews were also conducted to explore participants’ experiences and perceptions of daily 

interaction with PARO.  

Key research findings  

Despite encountering challenges with participant recruitment, the intervention protocol of a 

daily (Monday to Friday) 30-minute individual, non-facilitated PARO intervention was 

feasible with good session completion and low drop-out rates. This intervention was found to 

be safe for people with dementia as no adverse event was identified during the intervention.  

In terms of the intervention outcomes, this pilot RCT study provides valuable research 

contributions into the use of a PARO intervention to manage pain in people with dementia. 
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The PARO intervention has the potential to reduce researcher-observed pain behaviours and 

pro re nata (PRN) medications in people with dementia and chronic pain living in RACFs. It 

could also be a potentially beneficial therapy to improve sleep patterns for this population. 

The effect of PARO on staff-rated pain, BPSD and motor activity (i.e., step count, physical 

activity, energy expenditure) needs further investigation. In view of the challenges 

encountered in obtaining valid saliva samples in participants with dementia and chronic pain, 

salivary cortisol may not be a suitable biomarker of physiological stress for this population. 

Finally, participants reported potential therapeutic benefits of PARO in improving mood and 

providing relaxation for pain relief, while limitations of PARO regarding its weight, voice 

and programming were indicated.  

Strengths and limitations of the doctoral research project 

To our knowledge, this is the first pilot RCT with follow-up interviews to explore the effect 

of PARO on pain and BPSD for residents with dementia and chronic pain living in RACFs. 

Results from this study provided evidence of the potential benefits of the PARO intervention 

for pain management in people with dementia and chronic pain living in RACFs. Therefore, 

this PhD research is innovative and significant. It has provided an innovative psychosocial 

intervention to manage pain in people with dementia and identified several key areas of 

research and practice to implement randomised trials with residents with dementia in the 

context of RACFs. 

There are several research strengths in this current study. First, the RCT study design 

is one of the strengths, as it employed a comparable control group to minimise factors that 

might contribute to the study outcomes. Participants were randomly allocated to treatment 

groups, ensuring that systematic bias was not introduced. Second, the intention-to-treat 

analyses with the last observation carried forward method were used to manage missing data. 

Third, although the imbalance in the percentage of people with advanced cognitive 
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impairment and gender between two groups may have an impact on outcomes, such 

imbalances were adjusted by the generalised estimating equation (GEE) model, which 

accounts for potential confounding factors. Lastly, there were no adverse effects noted 

throughout the study.  

This study has several limitations. First, given that data collection from people with 

dementia is challenging, especially from people with advanced dementia, the outcomes of the 

current study may be affected by the small sample size. Second, due to their inability to self-

report, researcher-observed pain was selected as the primary outcome. Further to this, 

residents who were assumed to be experiencing chronic pain, were recruited if they were 

prescribed with regular pain medications or with an indication of pain from the staff as 

surrogate measures of pain. Third, participants were only recruited from three RACFs in 

Australia, and results may not be generalisable to the same population in other settings. 

Fourth, the lack of blinding of the researcher and care staff might create an outcome bias. 

Although the intervention was non-facilitated, the presence of the researcher during the 

intervention may have an impact on the participants’ behaviours and mood. Further to this, 

difficulties in the collection of actigraphy data on sleep and motor activity as well as saliva 

cortisol were encountered leading to a large amount of missing outcome data, and results 

should be interpreted with caution. This missing outcome data also precluded the conclusion 

on the effect of the PARO intervention to reduce stress levels. The small number of interview 

participants (n = 11) and the short duration of the interviews (5 to 20 minutes) is another 

limitation as data saturation may not have been reached and limited the richness of the data.  

Implications  

Managing pain in people with dementia is a challenge for aged care staff and providers. 

Based on the findings of this study, several implications and recommendations for future 

research, nursing practice and healthcare education are outlined below. 
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Implications for research 

Recruitment of people with dementia living in RACFs 

Involving people with dementia living in RACFs in research can be challenging due to their 

cognitive impairment and limited care staff resources. First, the ethical issues, and seeking 

ethical approval to involve people with dementia in research, often takes a lengthy amount of 

time. This can delay the recruitment process and this needs to be considered in the research 

plan. Second, researchers are advised to work with the care staff prior to study 

commencement to better understand the research setting and the conditions of potential 

participants (Bartlett et al., 2018). The inclusion of staff in the process of recruitment and 

informed consent may further facilitate the recruitment process. However, their involvement 

should be minimised and balanced with their work burden. Furthermore, the participant 

inclusion criteria should be flexible as restrictive inclusion criteria may limit the potential 

participant pool (Beattie et al., 2018). For example, broadening recruitment criteria, such as 

cognitive test scores and chronic pain conditions, helped improve recruitment rates in this 

study. However, any broadening of recruitment criteria must always be balanced with the 

study research questions.  

Further research using PARO for people with dementia 

This study should be replicated with a larger sample size with participants of similar 

conditions and baseline characteristics, such as chronic pain conditions and the level of 

cognitive impairment. Although it could be difficult to blind the participants in psychosocial 

interventions, the blinding of outcome assessors could be achieved in future studies to 

minimise the detection bias to outcomes. Participants in our study only interacted with PARO 

for six weeks, and this duration may not be long enough to produce any significant effects on 

staff-rated behaviour or mood change. This suggests further research to identify the most 

beneficial PARO intervention dose to achieve therapeutic effects. In addition, a follow up 
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may add evidence on the long-term effect of the PARO intervention on people with dementia 

and chronic pain.  

The voice of people with dementia in social robot research 

There is an absence of knowledge on how people experience the use of PARO in their care 

and what their attitudes are toward the social robot. This study has drawn attention to the 

importance of consumer engagement in social robot research and considers the needs of the 

consumers-people with dementia. In this study, benefits and barriers towards the use of 

PARO from perceptions of people with dementia have been identified. Future research 

should pay more attention to the clinical needs of individuals and develop social robots 

tailored to individual preferences and needs to maximise the benefits of the use of PARO in 

dementia care.  

Further development of pain assessment tools in people with dementia 

Although the Pain Assessment in Advanced Dementia Scale (PAINAD) had strong 

psychometric evidence (Ellis-Smith et al., 2016) to assess pain in people with dementia, some 

limitations of this scale were identified, such as the floor effect to assess pain when people 

are at rest and the high false-positive rate as it may detect distress rather than pain. Therefore, 

more research is warranted to develop appropriate pain assessment tools for people with 

dementia with higher reliability, validity and clinical utility, and the establishment of tool 

sensitivity to detect changes in response to interventions. Due to the lack of the “gold 

standard” of subjective self-reporting in people with dementia, researchers are exploring a 

variety of mechanisms that could be useful for objective pain diagnosis, such as brain activity 

(Pinheiro et al., 2016), immune biomarkers (Tracey et al., 2019), pain-detecting systems 

based on mechanisms of facial expressions and movements (Lautenbacher & Kunz, 

2017). Furthermore, the use of innovative technologies to detect pain in older adults with 
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dementia is also ongoing, such as the Facial Action Coding System (FACS) (Lints-

Martindale et al., 2007) and the electronic Pain Assessment Tool (ePAT) (Atee et al., 2017).  

Collecting objective data from people with dementia 

Given people with dementia have problems with memory recall and their ability to 

communicate is compromised, there is a need to collect objective data while avoiding over- 

or under-estimated proxy reports. In this study, it is challenging to maintain compliance of 

wearing the armband for people with dementia for 24 hours. More research is needed to 

improve compliance with actigraphy protocols by avoiding removal of the device and to 

increase the sensitivity to detect the sleep and activities of cognitively impaired people with 

chronic pain.  

There are challenges to obtaining valid saliva samples from people with dementia. 

Further research is needed to find a feasible and valid method for cortisol measurement in 

people with dementia. Alternative technologies, such as portable or point-of-care diagnostic 

tools (Malon et al., 2014; Yamaguchi et al., 2014) could allow non-invasive, quantitative, and 

automated analysis of cortisol levels via a low volume of human saliva with a timely 

diagnosis. Other wearable technologies (Kikhia et al., 2016; Kinnamon et al., 2017) and 

point-of-care diagnostic tools (Malon et al., 2014; Yamaguchi et al., 2014) could be feasible 

to measure stress level in people with dementia. Researchers may opt to test the feasibility of 

these methods in future studies. 

Implications for clinical practice 

The use of PARO for pain management in dementia residents 

The PARO intervention could be incorporated into daily practice as an alternative 

intervention to manage pain in people with dementia. This may also bring subsequent 

benefits of reducing PRN medication use and improving sleep for the target group of people. 

However, the use of PARO may not comfort all residents and individual preferences should 



 

 

 

198 

be considered. No statement can be concluded on issues of how long, how often or what 

intensity can be most beneficial. What is paramount is the response to individual needs. 

Therefore, the adoption of PARO should be tailored to individual preferences as there is no 

single suitable approach to the use of PARO, and there are considerable variations in 

participant responses to the use of PARO.  

Pain assessment and management for dementia residents 

As pain management in people with dementia is complex, it is essential to use valid pain 

assessment tools to competently assess pain in people with dementia. For instance, systematic 

education and training for care staff on how to assess pain in people with dementia are 

fundamental. Front-line care staff, especially certified nursing assistants, should be trained to 

identify behaviours suggestive of pain, such as facial expressions, body movement, 

verbalisation and vocalisations, changes in interpersonal interactions, changes in activity 

patterns, and mental status changes as recommended by the American Geriatric Society 

(AGS) (AGS Panel on Persistent Pain in Older Persons, 2002). Also, it is essential to monitor 

pain at regular intervals or based on individual conditions. For instance, when changes in 

behaviours occur or following a pain intervention to evaluate the treatment effectiveness. All 

these records should also be documented as part of the care plan, and this is necessary for 

communication of pain information among multidisciplinary teams (Sirsch et al., 2019).  

Implications for healthcare education 

Promoting understanding and awareness of using technologies  

Driven by a shortage of qualified care staff and increasing workload related to supporting 

people with dementia, there is a significant growth in the use of technologies in health care 

(Moyle, 2019). Although social robots, such as PARO, have shown promising effects for 

people with dementia (Abbott et al., 2019; Góngora Alonso et al., 2018; Pu et al., 2019a), 

healthcare professionals and families can be reluctant to use social robots to support older people 
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(Chen et al., 2019; Papadopoulos et al., 2018). The high costs of social robots limit their 

availability (Niemelä et al., 2016); in addition, a lack of understanding of using robotics, or them 

being seen as deceptive, demeaning or without value, compared to other social interactions 

(Baisch et al., 2017; Coghlan et al., 2018), could constitute substantial barriers to the use of social 

robots. It is therefore important to improve the understanding of the benefits of social robots 

and promote public awareness and acceptance of using social robots to support older people.  

Education and support on the use of technologies  

Although a wide variety of social robots have been developed to assist older people in 

meeting various care needs, care staff reported a lack of skills and confidence using social 

robots in daily practice (Moyle et al., 2016a). Nurses and care staff need more training and 

support to better use social robots in their daily practice, including how to use them, when to 

use them and who to use them with, infection control for multiple users and maintenance 

plans for the robot. Given the increasing use of technologies in nursing practice, additional 

knowledge, technical skills and education should be incorporated into nursing courses and 

training options to achieve efficient implementation and adoption of supportive technologies 

for patient care (Jelec et al., 2016). Healthcare professionals need to be supported and 

empowered to retrain, adapt and develop skills in line with the requirements and benefits of 

technologies. Recently, experts from Australia advocated for preparations for a healthcare 

transformation – a focus on prevention and wellness enabled by technology (Australian 

Academy of Technology and Engineering, 2020). To achieve this, educational resources and 

training programs on health benefits offered by technologies, while also applying appropriate 

standards in accordance with the code of ethics, are advocated as extremely important aspects 

for educating a future healthcare workforce (Forsyth et al., 2018). 

Summary of this chapter 

This chapter presented the conclusions of this study. It included an overview of the study, 
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methods, major findings and conclusions. Further included are the study’s strengths and 

limitations, implications and recommendations for future research, clinical practice and 

education, and further directions for the study. This study is the first known pilot RCT to 

explore the feasibility and effect of PARO to manage pain in people with dementia. Results 

suggest that the PARO intervention may be combined into clinical practice as an innovative 

approach for pain management in people with dementia.  
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Appendices 

 

Appendix A: Search strategies for eight databases up to March 2020 

1. Scopus 

(TITLE-ABS-KEY (dementia OR Alzheimer* OR "cognitive impairment" OR elder  

OR elderly OR "elderly people" OR older OR "older adults" OR "older people"  

OR aged OR geriatric OR senior)) AND ((TITLE-ABS-KEY (paro OR "seal 

robot" OR "Socially interactive robot*" OR "Socially Assistive Robot*" OR "Socially 

commitment robot*" OR "Socially interactive robot*" OR "Assistive Robot*"   

OR  "Companion robot*"  OR  "Personal Assistive Robot*"  OR  "Personal 

robot*")  OR  TITLE-ABS-KEY ( "Therapeutic Robot*"  OR  "Therapeutic Seal 

Robot*"  OR  "robot* therapy"  OR  "robot interaction") ) )  AND ((TITLE-ABS-

KEY (pain OR "pain management" OR "pain relief"  OR "pain medication" OR 

analgesics) OR TITLE-ABS-KEY (BPSD OR "behavioural and psychotic 

symptom" OR "antisocial behaviour"  OR  "antisocial behavior")  OR  TITLE-ABS-

KEY ( "disruptive behaviour" OR "disruptive behavior"  

OR "acting out" OR agitat* OR aggressi* OR problematic OR wandering) OR TITLE-ABS-

KEY (mood OR engagement OR "quality of life" OR "social interaction" OR "stress" OR 

 "robot interaction" OR "behavioral disturbance") OR TITLE-ABS-KEY ("aggressive 

behavio*" OR "destructive behavio*" OR "resistive behavio*"  

OR depression OR sleep OR "sleep duration" OR "sleep quality")))  

2. ProQuest 

mesh(aged OR dementia) OR ab(dementia OR Alzheimer* OR "cognitive impairment" OR 

elder OR elderly OR "elderly people" OR older OR "older adults" OR "older people" OR 

aged OR geriatric OR senior)) AND ab(pain OR "pain management" OR "pain relief" OR 

"pain medication" OR analgesics OR BPSD OR "behaviour and psychotic symptom" OR 

"antisocial behaviour" OR "antisocial behavior" OR "disruptive behaviour" OR "disruptive 

behavior" OR "acting out" OR agitat* OR Aggressi* OR problematic OR wandering OR 

mood OR engagement OR "quality of life" OR "social interaction" OR "stress" OR "robot 

interaction" OR "behavioral disturbance" OR "aggressive behavio*" OR "destructive 

behavio*" OR "resistive behavio*" OR depression OR sleep OR "sleep duration" OR "sleep 

quality") AND ab(robot* OR faro OR "seal robot" OR "Socially interactive robot*" OR 
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"Socially Assistive Robot*" OR "Socially commitment robot*" OR "Socially interactive 

robot*" OR "Assistive Robot*" OR "Companion robot*" OR "Personal Assistive Robot*" 

OR "Personal robot*" OR "Therapeutic Robot*" OR "Therapeutic Seal Robot*" OR "robot* 

therapy" OR "robot interaction") 

3. PubMed 

((pain[MeSH Terms]) OR (pain[Title/Abstract] OR “pain management”[Title/Abstract] OR 

“pain relief”[Title/Abstract] OR “pain medication”[Title/Abstract] OR 

analgesics[Title/Abstract]))) OR ((Behavioral Symptoms[MeSH Terms]) OR 

(BPSD[Title/Abstract] OR "behaviour[Title/Abstract] AND psychotic symptom" 

[Title/Abstract] OR "antisocial behaviour"[Title/Abstract] OR "antisocial behavior" 

[Title/Abstract] OR "disruptive behaviour"[Title/Abstract] OR "disruptive behavior" 

[Title/Abstract] OR "acting out"[Title/Abstract] OR agitat*[Title/Abstract] OR Aggressi* 

[Title/Abstract] OR problematic[Title/Abstract] OR wandering[Title/Abstract] OR mood 

[Title/Abstract] OR engagement[Title/Abstract] OR "quality of life"[Title/Abstract] OR 

"social interaction"[Title/Abstract] OR "stress"[Title/Abstract] OR "robot interaction" 

[Title/Abstract] OR "behavioral disturbance"[Title/Abstract] OR "aggressive 

behavio*"[Title/Abstract] OR "destructive behavio*"[Title/Abstract] OR "resistive 

behavio*"[Title/Abstract] OR depression [Title/Abstract] OR sleep[Title/Abstract] OR “sleep 

duration”[Title/Abstract] OR “sleep quality”[Title/Abstract])))) AND ((robotics[MeSH 

Terms]) OR (robot*[Title/Abstract] OR Paro[Title/Abstract] OR “seal robot”[Title/Abstract] 

OR “Socially interactive robot*”[Title/Abstract] OR “Socially Assistive 

Robot*”[Title/Abstract] OR “Socially commitment robot*”[Title/Abstract] OR “Socially 

interactive robot*”[Title/Abstract] OR “Assistive Robot*”[Title/Abstract] OR “Companion 

robot*”[Title/Abstract] OR “Personal Assistive Robot*”[Title/Abstract] OR “Personal 

robot*”[Title/Abstract] OR “Therapeutic Robot*”[Title/Abstract] OR “Therapeutic Seal 

Robot*”[Title/Abstract] OR “robot* therapy”[Title/Abstract] OR “robot interaction” 

[Title/Abstract]))) AND (((dementia or aged[MeSH Terms])) OR (dementia[Title/Abstract] 

OR Alzheimer*[Title/Abstract] OR “cognitive impairment”[Title/Abstract] OR elder 

[Title/Abstract] OR elderly[Title/Abstract] OR "elderly people"[Title/Abstract] OR 

older[Title/Abstract] OR "older adults"[Title/Abstract] OR "older people"[Title/Abstract] OR 

aged[Title/Abstract] OR geriatric[Title/Abstract] OR senior)) 
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4. EBSCO 

# Query 

S18 S3 AND S6 AND S17 

S17 S9 OR S10 OR S13 OR S16 

S16 S14 OR S15 

S15 (MH "Sleep+") 

S14 AB "sleep duration" OR AB "sleep quality" OR AB sleep 

S13 S11 OR S12 

S12 AB BPSD OR AB ("behaviour and psychotic symptom") OR AB 

"antisocial behaviour" OR AB "antisocial behavior" OR AB "disruptive 

behaviour" OR AB "disruptive behavior" OR AB "acting out" OR AB 

agitat* OR AB (Aggressi* OR problematic) OR AB (mood OR 

engagement OR "quality of life" OR "social interaction" OR "stress" 

OR "robot interaction" OR "behavioral disturbance" OR "aggressive 

behavio*" OR "destructive behavio*" OR "resistive behavio*") 

S11 (MH "Behavioral Symptoms+") 

S10 (MH "Depression, Reactive") OR (MH "Dysthymic Disorder") OR 

(MH "Seasonal Affective Disorder") OR (MH "Depression") OR (MH 

"Anxiety+") 

S9 S7 OR S8 

S8 (MH "Analgesics+") 

S7 (MH "Pain+") 

S6 S4 OR S5 

S5 AB (aged or dementia) OR AB (dementia or Alzheimer* or “cognitive 

impairment” or elder or elderly or "elderly people" or older or "older 

adults" or "older people" or aged or geriatric or senior)  

S4 (MH "Dementia") OR (MH "Dementia, Presenile+") OR (MH 

"Dementia, Senile+") OR (MH "Dementia, Vascular+") 
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S3 S1 OR S2 

S2 AB "seal robot" OR AB Paro OR (AB "Socially interactive robot*" OR 

AB "Socially Assistive Robot*" OR AB "Socially commitment robot*" 

OR AB "Socially interactive robot*" OR AB "Assistive Robot*" OR 

AB "Companion robot*" OR AB "Personal Assistive Robot*" OR AB 

"Personal robot*" OR AB "Therapeutic Robot*" OR "Therapeutic Seal 

Robot*") 

S1 (MH "Robotics") 

 

5. PsycINFO 

5.1. robotics.mh. or (Socially interactive robot* or Socially Assistive Robot* or 

Socially commitment robot* or Socially interactive robot* or Assistive Robot* or 

Companion robot* or Personal Assistive Robot* or Personal robot* or Therapeutic 

Robot* or Therapeutic Seal Robot*).ab. 

5.2. (dementia or aged).mh. or (dementia or Alzheimer or cognitive impairment or 

elder or elderly or elderly people or older or older adults or older people or aged or 

geriatric or senior).mp. [mp=title, abstract, heading word, table of contents, key 

concepts, original title, tests & measures] 

5.3. (pain or analgesics).mh. or (pain or analgesics).ab. 

5.4. Behavioral Symptoms.mh. or (BPSD or "behaviour and psychotic symptom" or 

"antisocial behaviour" or "antisocial behavior" or "disruptive behaviour" or 

"disruptive behavior" or "acting out" or agitat* or Aggressi* or problematic or 

mood or engagement or "quality of life" or "social interaction" or "stress" or "robot 

interaction" or "behavioral disturbance" or "aggressive behavio*" or "destructive 

behavio*" or "resistive behavio*").ab. 

5.5. depression.mh. or depression.ab. 

5.6. sleep.mh. or ("sleep duration" or "sleep quality").ab. 

5.7. 3 or 4 or 5 or 6 

5.8. 1 and 2 and 7 

6. Science Direct 

((TITLE-ABS-KEY("antisocial behaviour") OR TITLE-ABS-KEY("antisocial behavior") 

OR TITLE-ABS-KEY("disruptive behaviour") OR TITLE-ABS-KEY("disruptive behavior") 

OR TITLE-ABS-KEY("acting out") OR TITLE-ABS-KEY(agitat*) OR TITLE-ABS-KEY 
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("Behavioural and Psychological Symptoms") OR TITLE-ABS-KEY(Aggressi*) OR TITLE-

ABS-KEY(problematic) OR TITLE-ABS-KEY(mood) OR TITLE-ABS-KEY (depression or 

pain or “pain management” or “pain relief” or “pain medication” or analgesics) OR TITLE-

ABS-KEY (sleep) OR TITLE-ABS-KEY ("sleep duration") OR TITLE-ABS-KEY ("sleep 

quality") OR TITLE-ABS-KEY(engagement) OR TITLE-ABS-KEY("quality of life") OR 

TITLE-ABS-KEY("social interaction"))) AND ((TITLE-ABS-KEY(dementia or "cognitive 

impairment" or elder or elderly or "elderly people" or older or "older adults" or "older 

people" or aged or geriatric or senior) OR TITLE-ABS-KEY(Alzheimer))) AND (TITLE-

ABS-KEY(robot* or (Paro or “seal robot” or “Socially interactive robot*” or “Socially 

Assistive Robot*” or “Socially commitment robot*” or “Socially interactive robot*” or 

“Assistive Robot*” or “Companion robot*” or “Personal Assistive Robot*” or “Personal 

robot*” or “Therapeutic Robot*” or “Therapeutic Seal Robot*” or “robot* therapy” or “robot 

interaction”))) 

7. Web of Science 

TS=(Socially interactive robot* or Socially Assistive Robot* or Socially commitment robot* 

or Socially interactive robot* or Assistive Robot* or Companion robot* or Personal Assistive 

Robot* or Personal robot* or Therapeutic Robot* or Therapeutic Seal Robot*) AND 

TS=(dementia or Alzheimer* or "cognitive impairment" or elder or elderly or "elderly 

people" or older or "older adults" or "older people" or aged or geriatric or senior) AND 

TS=(pain or "pain management" or analgesics OR BPSD OR "behaviour and psychotic 

symptom" OR "antisocial behaviour" OR "antisocial behavior" OR "disruptive behaviour" 

OR "disruptive behavior" OR "acting out" OR agitat* OR Aggressi* OR problematic OR 

mood OR engagement OR "quality of life" OR "social interaction" OR "stress" OR "robot 

interaction" OR "behavioral disturbance" OR "aggressive behavio*" OR "destructive 

behavio*" OR "resistive behavio*" OR depression or sleep OR "sleep duration" OR "sleep 

quality" ) 

8. Cochrane Library 

There are 21 results from 1077831 records for your search on 'pain or "pain management" or 

analgesics or BPSD or "behaviour and psychotic symptom" or "antisocial behaviour" or 

"antisocial behavior" or "disruptive behaviour" or "disruptive behavior" or "acting out" or 

agitat* or aggressi* or problematic or mood or engagement or "quality of life" or "social 

interaction" or "stress" or "robot interaction" or "behavioral disturbance" or "aggressive 

behavio*" or "destructive behavio*" or "resistive behavio*" or depression or sleep or "sleep 

duration" or "sleep quality" in Title, Abstract, Keywords and dementia or Alzheimer’s or 
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cognitive impairment or elder or elderly or "elderly people" or older or "older adults" or 

"older people" or aged or geriatric or senior in Title, Abstract, Keywords and "seal robot" or 

Paro or ("Socially interactive robot*" or "Socially Assistive Robot*" or "Socially 

commitment robot*" or "Socially interactive robot*" or "Assistive Robot*" or "Companion 

robot*" or "Personal Assistive Robot*" or "Personal robot*" or "Therapeutic Robot*" or 

"Therapeutic Seal Robot*") in Title, Abstract, Keywords in Trials' 
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Appendix B: Risk of bias across studies 

 

Risk of bias graph: Judgements about each risk of bias item presented as percentages across 

all included studies. 
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S2  ( (MH "Pain") OR "pain" OR (MH "Pain Measurement") OR (MH 

"Cancer Pain") OR (MH "Neck Pain") OR (MH "Facial Pain") OR 

(MH "Back Pain") OR (MH "Flank Pain") OR (MH "Nociceptive 

Pain") OR (MH "Chronic Pain") OR (MH "Abdominal Pain") OR (MH 

"Pain, Referred") OR (MH "Pain Threshold") OR (MH "Pain 

Perception") OR (MH "Pain Clinics") OR (MH "Pain, Intractable") ) 

OR ( (MH "Analgesics") OR "analgesics" OR (MH "Analgesics, 

Opioid") OR (MH "Analgesics, Non-Narcotic") OR (MH "Analgesics, 

Short-Acting") OR (MH "Anti-Inflammatory Agents, Non-Steroidal") 

OR (MH "Narcotics") ) OR ( AB pain or discomfort or distress or 

suffering or “pain management” or “pain relief” or “pain medication” 

or analgesics)  

1,289,338 

S1  ( (MH "Dementia") OR "dementia" OR (MH "Frontotemporal 

Dementia") OR (MH "Dementia, Vascular") OR (MH "Dementia, 

Multi-Infarct") OR (MH "AIDS Dementia Complex") OR (MH 

"Alzheimer Disease") ) OR AB ( dementia or Alzheimer’s or 

“cognitive impairment” or “memory loss” or “cognitive decline” or 

“mild cognitive impairment” or “cognitive function” or “cognitive 

dysfunction” )  

287,952 
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Appendix D: Characteristics of included studies 

Studies 

country 

Study design Setting  Sample size  

drop-out (%) 

Age (year) Cognitive impairment  History of 

pain 

Hobbelen et al. 

(2012)  

Netherlands 

Parallel RCT Nursing 

home  

(n = 12) 

  102 

  1 (1.0%) 

84 

[67, 98]
 b
 

Severe stage of dementia 

GDS 6: 35 (34.7%) 
c
 

GDS 7: 66 (65.3%)
 c
 

moderate to 

severe 

paratonia 

Hodgson et al. 

(2008)  

USA 

Cross-over 

RCT  

Nursing 

home  

(n = 1) 

  23 

  2 (8.7%) 

[80, 96]
 b
 Mild/moderate stage of dementia  

MMSE  

Group 1: 12.9 (9.5) a 

Group 2: 13.7 (8.9) a 

not specified 

Hodgson et al. 

(2012) 

USA 

Cross-over 

RCT 

Nursing 

home  

(n = 3) 

  18  

  0 (0) 

90 

[85, 98]
 b
 

Significant CI  

MMSE [0, 18]
 b
  

average score 10.17 

 

cancer pain 

Kapoor et al. 

(2017) 

Australia 

Parallel RCT Aged care 

facility  

(n = 1) 

  12  

  2(9.1%) 

82 a 

(7.05) 

Medical diagnosis of dementia 
advanced dementia 

chronic pain 

Pongan et al.  

(2017) 

France 

Parallel RCT Memory 

clinics 

(n = 3) 

  59  

  9 (15.3%) 

 I:78.8(7.43) a  

C:80.2(5.71) a 

Mild AD 

MMSE  

Singing group: 25.07 (2.26) a  

Painting group: 24.18 (2.72) a 

chronic pain 

Rodriguez et al. 

(2015) 

Spain 

Multi-arm 

RCT 

Residential 

home 

(n = 1) 

  120 

   10 (8.3%) 

[67, 91]
 b
 Moderate/severe stage of dementia  

MMSE  

Moderate dementia: 56 (50.9%)
 c
 

severe dementia: 54 (49.1%)
 c
 

Doloplus 

scale 

(score over 5) 
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Studies 

country 

Study 

design 

Setting  Sample size  

drop-out (%) 

Age (year) Cognitive impairment  History of pain 

Sloane et al. 

(2004) 

USA 

Multi-arm 

and cluster 

RCT 

 

Nursing home 

(n = 8) 

  73  

  4 (5.5%) 

Control group:            

86.9 (6.1) a 

Intervention group: 

86.0 (8.6) a 

Moderate, mild or subtle 

CI 

MMSE 

I: 2.2 (4.0) a 

C: 2.1 (4.1) a 

not specified 

Tsai et al. 

(2013/2015) 

USA 

Cluster  

RCT 

Community 

(n = 8) 

  55   

  10 (18.2%) 

78.91 (7.55) a Moderate, mild or subtle 

CI 

MMSE  

I: 26.04 (1.92) a 

C: 24.85 (2.64) a 

OA pain 

 

Abbreviations: RCT, randomised controlled trial; GDS, Global Deterioration Scale; MMSE, Mini-mental Status Examination; AD, Alzheimer’s disease; CI, 

Cognitive impairment; OA, Osteoarthritis. 

 I, intervention group; C, control group. 
a 
Mean (SD); 

b 
Range of age; 

c
 Percentage 
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Appendix E: Characteristics of interventions 

Studies Intervention 

format 

conductor 

 

Control  Length 

frequency  

(per week) 

duration 

Pain  

measurement 

[range] 

 

Findings  

(+) significant, (-) non-significant 

Hobbelen et al. 

(2012)  

 

 PMT 

 Individual 

 Therapist 

Control 

group 
 20 min. 

 Three times  

 4 weeks 

PACSLAC 

[0, 24] 

 

Between groups (-) 

Patients receiving PMT (mean change -0.4±2.4) 

performed no better in pain than control (-0.8±2.5)  

Hodgson et al. 

(2008)  

 

 Reflexology 

 Individual 

 Practitioner 

Friendly 

visits 
 30 min.  

 Once  

 4 weeks 

CNPI 

[0, 6] 

Between groups (+) 

Outcome measures between the two conditions 

demonstrated a statistically significant decline in 

pain (p = .031) 

Hodgson et al. 

(2012) 

 

 Swedish 

massage 

 Individual  

 Therapy 

provider 

Reflexology  20 min.  

 Once  

 4 weeks 

 CNPI 

[0, 6] 

Between groups (-) 

No significantly greater improvement in outcomes 

resulted between two treatment conditions  

Within groups (+) 

Both conditions were associated with a 

statistically significant changes pain (p < .05) 

Kapoor et al. 

(2017) 

 

 Therapeutic 

massage 

 Individual 

 Physiotherapist 

Control 

group 
 10 min.  

 4 times  

 4 weeks 

PAINAD 

[0, 10] 

Between groups (-) 

No significant differences in mean score change; 

however, intervention group had a greater 

magnitude of change (1.200±1.78) when 

compared to the control group (0.800±2.16) 
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Studies Intervention 

format 

manipulator 

Control  Length 

frequency  

(per week) 

duration 

Pain  

measurement 

[range] 

 

Findings  

(+) significant, (-) non-significant 

Pongan et al.  

(2017) 

 

 Singing 

 Group  

 Choir conductor 

 

Painting 

 
 120 min.  

 Once  

 12 weeks 

BPI [0, 10] 

NRS [0, 10] 

SVS [0, 4] 

 

Between groups (-) 

No difference in pain between sing group and 

painting group 

Within groups (+) 

Both singing and painting interventions led to 

significant pain reduction (Time effect: p = .01) 

Rodriguez et al. 

(2015) 

 

 Ear acupressure and 

massage therapy  

 Individual 

 Qualified 

acupuncturist and 

physiotherapist 

Routine 

activities 
 20 min.  

 Mon. to Fri.   

 3 months 

Doloplus-2 scale 

[0, 30] 

Between groups (+) 

Ear acupressure and massage therapy showed 

better results than the control group in pain. The 

ear acupressure intervention group showed 

better improvements than the massage therapy 

intervention group in pain during the treatment 

period and at one month of follow-up. 

Sloane et al. 

(2004) 

 

 Personal centred 

showering and 

towel bath 

showering  

 Individual 

 Nursing assistants 

Usual care  Unclear 

 Unclear 

 6 weeks 

DS-DAT 

[0, 18] 

Between groups (+) 

The discomfort score decline was greater in the 

both intervention group but not in the control 

group (p ˂ .001). 

Within groups (+) 

Discomfort scores declined significantly in both 

intervention groups (p ˂ .001) but not in the 

control group. 
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Studies Intervention 

format 

conductor 

 

Control  Length 

frequency  

(per week) 

duration 

Pain  

measurement 

[range] 

 

Findings  

(+) significant, (-) non-significant 

Tsai et al. 

(2013/2015) 

 

 Tai chi (TC) 

 Group  

 Senior certified TC 

instructor 

Attention 

control group 
 20 ~ 40 min. 

 3 times  

 20 weeks 

WOMAC Pain 

[0, 20] 

 VDS [0, 6] 

Observational 

pain behaviour 

[0, 5] 

 

Between groups (+) 

The change of WOMAC pain scores (p = .006) 

differed significantly between the two groups; 

The TC group’s VDS score was 0.73 points 

(95% CI: −1.46; −0.01; P= 0.048) lower than 

that of the control group at post-test; 

The TC group’s pain behaviour score was 2.91 

points lower than that of the control group at 

post-test (95% CI: −5.05; −0.78; p = .008); 

Within groups (+) 

WOMAC pain scores (p = .001) improved 

significantly more over time in the TC group 

than in controls. TC group: Significant 

differences on VDS started at T4 (weeks 13, p 

= .048) and continued at T5 (weeks 17, p 

= .036)) and T6 (weeks 21, p = .048).  

Abbreviations: PMT, Passive Movement Therapy; PACSLAC, Pain Assessment Checklist for Seniors with Limited Ability to Communicate; CNPI, Checklist of 

Nonverbal Pain Indicators; PAINAD, Pain Assessment in Advanced Dementia; NRS, Numeric Rating Scale; SVS, Simple Visual Scale; BPI, Brief Pain Inventory; 

PC, Personal Centred; TB, Towel Bath; DS-DAT, Discomfort Scale for Dementia of the Alzheimer Type; TC, Tai Chi; WOMAC, Western Ontario and McMaster 

Universities Osteoarthritis Index; VDS, Verbal Descriptive Scale. 
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Appendix G: Recruitment flyer 
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Appendix H: Information sheet and consent form 

Information Sheet 

Research Study:  

The effectiveness of participation in a social robot intervention 

program on pain and behavioural and psychological symptoms 

in people with dementia  

(GU Ref No: 2017/774) 

 

Investigators 

PhD candidate 

Ms Lihui Pu 

Menzies Health Institute 

Queensland, School of 

Nursing and Midwifery, 

Griffith University 

Tel: +61 0478709042 

lihui.pu@griffithuni.edu.au 

Principal supervisor 

Prof Wendy Moyle 

Menzies Health Institute 

Queensland, School of 

Nursing and Midwifery, 

Griffith University 

Tel: +61 7 3735 5526 

w.moyle@griffith.edu.au 

Principal supervisor 

Dr Cindy Jones 

Menzies Health Institute 

Queensland, School of 

Nursing and Midwifery, 

Griffith University 

Tel: +61 (0)7 3735 8440 

c.jones@griffith.edu.au 

Associate supervisor 

Dr Michael Todorovic 

Menzies Health Institute 

Queensland, School of 

Nursing and Midwifery, 

Griffith University 

Tel: +61 (0)73735 5254 

m.todorovic@griffith.edu.au 

Background 

In Australia, there are currently 413,000 people living with dementia, of which around 40% 

experience pain. Pain has a negative effect on mood and behaviour as well as quality of life. 

Although pain is a common and challenging issue for people with dementia, it is often frequently 

unrecognised and, consequently, undertreated. Some initial studies indicate that interacting with 

PARO, a robotic seal, could reduce the level of pain for children, people with cancer as well as 

older adults. We aim to explore the impact of PARO on pain and behaviour of older people with 

dementia. The findings may offer an evidence-based intervention to improve pain management thus 

improving the quality of life for people with dementia and decreasing the care burden for caregivers. 

This study is being undertaken by Lihui Pu to partially fulfil the requirements for a PhD. 

What participation in this study involves 

You will be randomised to a PARO group or usual care group (no PARO). Participants in the 

PARO intervention will last 30 minutes each day from Monday to Friday for 6 weeks. Participants 
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allocated to the usual care group will be offered the opportunity to try a PARO following the end of 

the study.  

Observations: The student researcher will observe and record your interactions with PARO (e.g. 

whether you experience pleasure, anxiety and sadness) during each session. You will be asked to 

sign an informed consent form and be interviewed about your agitation, depression and anxiety 

before and after the 6 weeks of intervention. The researcher will collect data about your pain before 

and after each session, which may take approximately 1 minute. Ms Lihui Pu will assist you with 

any questions you might have related to this study.  

Medical Records and Activity: We will also refer to your medical records for your medical history 

and medication use and collect your physiological responses (e.g., motor activity and sleep) using 

an activity arm band placed on your upper arm. You will be asked to wear this equipment for 56 

hours from Sunday to Tuesday of week 1 and another 56 hours from Friday to Sunday of week 6.  

Saliva Samples: Your salivary samples will be collected by members of the research team in the 

morning using an oral swab that is placed briefly into your mouth. Saliva samples will be collected 

at the beginning of the study (pre-intervention) and at the completion of the study (post-

intervention). All collected samples will be de-identified and processed concurrently within a lab 

setting. The collection of saliva will help us to understand the impact of PARO on your emotions 

and stress response.  

Interviews: A face-to-face interview of around 20 minutes will be conducted to explore your 

experiences about interacting with PARO. The interview will be digitally recorded. 

 

Inclusion criteria 

(1) Age 65 years and older and can speak and understand English or Mandarin. 

(2) Participants must have been diagnosed with some form of dementia or probable diagnosis of 

dementia by staff. 

(3) Participants must have chronic pain, e.g., being prescribed with regular pain medications or with 

an indication of pain (intensity * frequency ≥ 2). For those who cannot self-report pain, proxy 

reports of pain in the previous week will be obtained. 

(4) Demonstration of at least one sense, such as vision, hearing or touch. 

(5) Living in the care facility for more than 3 months. 

Exclusion criteria 

(1) Diseases such as acute exacerbation of chronic obstructive pulmonary disease or renal failure 

that require patients to be admitted to hospital frequently. 

(2) Terminal illnesses such as advanced cancer where the patient is in the final palliative stage. 

(3) A diagnosis of a major mental illness, such as schizophrenia, to avoid confounding behaviours. 
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(4) Infectious diseases such as AIDS or tuberculosis or an open wound that is unable to be covered. 

 

Risk 

Participation in this intervention and assessment process does not pose any foreseeable risks to you. 

 

Voluntary Participation 

Participation in this study is entirely voluntary by you or via your legal representatives and there is 

no obligation to participate. If you agree to take part in this study, you are free to withdraw consent 

without comment or penalty. Under no circumstances will you be prejudiced as a result of your 

actions, participation or withdrawal of consent in terms of present or future involvement with 

Griffith University. You may refuse to participate in any part of the study such as the use of the 

PARO, wear the SenseWear arm band or allow the collection of data. 

 

Confidentiality 

All information collected in this project will be kept confidential. Only the investigators named 

above will have access to the data collected. No participants will be named and identified in the 

reporting of the results of this study. All data will be securely stored at all times during data 

collection, analysis and upon completion of the study. Data will be returned to Griffith University, 

School of Nursing and Midwifery, and stored for the required time period of 5 years before being 

destroyed. A report of the general findings from the study will be made available to participants, 

family and nursing home. 

 

Contacting the investigators 

If you have any questions about this study, please do not hesitate to contact Lihui Pu at +61 

0478709042. Or any concerns or complaints about the ethical conduct of the research project, 

please contact the Manager, Research Ethics on 373-54375 or research-ethics@griffith.edu.au. 

Privacy Statement 

The conduct of this research will involve data collection, access to your medical record and use of 

your identified personal information. The information is confidential and will not be exposed to a 

third party without your consent, except to meet government, legal or other regulatory authority 

requirements. A de-identified copy of this data may be used for research purposes, but your 

anonymity will be safeguarded at all times. For further information consult the Griffith University’s 

Privacy Plan at https://www.griffith.edu.au/about-griffith/governance/plans-publications/griffith-

university-privacy-plan  or telephone +61 (0)7 3735 4375. 
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If you agree to participate in this study, please read, sign and return the attached consent 

form. Please keep a copy of this information sheet. 

 

Griffith University thanks you for consideration of participation in this research. Your 

participation will be greatly appreciated. 
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Consent Form 

 
Research Study: 

The effectiveness of participation in a social robot intervention program on pain and 

behavioural and psychological symptoms in people with dementia (GU Ref No: 2017/774) 

 

Senior Investigator: 

Wendy Moyle, Menzies Health Institute Queensland, School of Nursing and Midwifery, Griffith 

University   Tel: +61 7 3735 5526; Email: w.moyle@griffith.edu.au 

Student Investigator:  

Lihui Pu, PhD candidate, School of Nursing and Midwifery, Griffith University 

Mobile, +61 0478709042; Email: lihui.pu@griffithuni.edu.au 

 

I have read the information sheet and understood the information package and in particular 

 This research is to investigate the effect of PARO on pain, agitation, depression and anxiety of 

participants living in a nursing home. 

 I will be randomised either to the daily 30 minutes PARO intervention group from Monday to 

Friday for 6 weeks or be in the usual care group without a PARO intervention. 

 I will be interviewed by the researchers before and after each session about my pain, and three 

questionnaires about agitation, depression and anxiety before and after 6 weeks of the 

intervention. 

 I am being asked to wear an activity arm band for 56 hours before and after 6 weeks of the 

intervention. 

 My salivary sample will be collected by research members following standard procedures 

before and after 6 weeks of the intervention. 

 My personal information and health records held by the residential care facility will be 

available to the researcher. 

 I agree to participate in a face-to-face interview about my experiences of the social robot 

PARO. This interview will be audio recorded and the recordings retained as part of the research 

data collection. 

 There will be no harm anticipated with my participation in this study. 

 I understand that my participation is voluntary and I can discontinue this participation at any 

time without penalty or providing an explanation. 

 Any reports or publications resulting from this study will be reported in general terms and will 
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not involve any identifying features. 

 The data will be kept confidential at all time and in a locked filing cabinet in the School of 

Nursing and Midwifery for a period of 5 years before being destroyed. 

 A summary report of the research findings will be made available to me on completion of the 

study if requested. 

 I understand that I can contact the investigators on the contact details given on the information 

package, or I may contact the Manager, Research Ethics at Griffith University Human Research 

Ethics Committee on 373-54375 or researchethics@ griffith.edu.au if I have any concerns 

about the ethical conduct of the project. 

I have read the Information Sheet and the Consent Form. I agree to participate in this research 

and give my consent freely. I understand that the study will be carried out as described in the 

Information Sheet, a copy of which I have retained. I also realise that I can withdraw from the study 

at any time and that I do not have to give any reason for withdrawing. I have had all questions 

answered to my satisfaction. 

 

Pick indicate your consent to each or some of the following: 

  I agree to participate in the project. 

 I consent to the inclusion of my de-identified personal information and health records in 

publications or presentations resulting from this research. 

  I consent to the inclusion of my recorded voice from the interviews and the recordings 

retained as part of the research data collection in publications or presentations resulting from 

this research. 

 

________________________                                                          ________________ 

Signature of participant                                                                  Date 

 

________________________                                                          ________________ 

Signature of guardian                                                                     Date 

 

________________________                                                          ________________ 

Signature of researcher                                                                   Date 
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Appendix I: PARO infection control and intervention protocol 

 

PARO Infection Control Measures 

Equipment: 

 Dettol spray (or comparable product)  

 Wire brush 

 Hand towels 

 Germicidal Disposable Wipes (or comparable product) 

 Purell alcohol-based hand sanitiser gel (or comparable product) 

Daily cleaning routine is as follows: 

1. Spray PARO's fur with Dapple cleanser 

2. Gently wipe clean PARO's fur with towel, avoid area around eyes and nose 

3. Wipe down PARO’s fur with Germicidal Disposable Wipes. 

4. Let PARO's fur dry as much as possible 

5. Brush the entirety of PARO’s fur (brush in the direction of the fur) 

6. Clean the brush 

Important additional information: 

 Residents with contact precautions/open wounds should NOT use PARO! 

 Hand hygiene with disposable alcohol wipes must be done before using PARO 

 Storage container to be wiped once a week with disinfectant wipe(s) 

 Participants are not to drink or eat food or fluid while handling PARO 

  



 

 

 

224 

6-WEEK PARO INTERVENTION PROTOCOL 
 

SETTING 

 

The intervention will be provided to a participant in their 

bedrooms. With the help of nursing staff, move the participant to 

her/his bedroom without getting her/him agitated. If they are in a 

bathroom, either wait until they are ready or return following the 

next participant on the list.  

 

If the participant is asleep, leave and returns later in the day. If 

this is not possible, go in and gently wake the participant. 

 

If the participant is with visitors, introduce yourself and your 

activity and ask when it would be ok for you to return to conduct 

the activity.  

 

BACKGROUND TO 

PARO 

INTERVENTION  

 

Intervention is individual, i.e., PARO is given to one individual 

and left with that individual for 30 minutes. The intervention is 

un-facilitated apart from an RA/student researcher giving and 

removing the PARO. 

 

Each PARO is named.  Introduce PARO by his/her name. 

A fully charged PARO will last between 4 and 5 hours.  

PREPARE PAIN 

ASSESSMENT 

TOOLS 

 

Prepare copies of Revised Iowa Pain Thermometer (IPT-R) and 

Pain Assessment in Advanced Dementia Scale (PAINAD). 

PAIN ASSESSMENT 

BEFORE 

INTERVENTION 

Introduce myself to participant: “Hello I am X and I am here 

today to evaluate your pain. How do you feel today?” 

Tell the resident: “This is a thermometer for measuring pain. The 

bottom of the thermometer shows that there is no pain (0), the top 

shows that the pain is as bad as it could be (10). The middle of the 

thermometer shows moderate pain (4-6).” Tell the resident that if 

he or she has pain they will be able to point to how bad the pain is 

on the thermometer. Ask the resident if he or she has pain now 

(e.g. “Are you hurting anywhere now?”) Wait at least 30 seconds 

for a response. If the resident responds that he or she has pain 

now, ask him or her to point to the place on the thermometer that 

matches their pain level. Repeat the instruction and rankings 

while pointing to the scale. Write down the answer of the 

participant with his/her name and assessment time. Record if the 

participant cannot self-report. Then, observe and record the 

behavioural pain indicators using PAINAD. 

 

PREPARE PARO 

 

Collect PARO from the area where Paro is being charged.  

Remove from the charger and cover with a towel or something 

similar.  Take to a position where you will sit to observe 

participant.  Keep PARO covered.  
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PREPARE 

PARTICIPANT  

 

Introduce self to participant: “Hello I am X and I am here today to 

give you one of our companion robots. I am going to leave it here 

for a short of time for you to use.”  (If you have previously met 

the participant, you might say “Hello I am X. I came to see you 

on STATE DAY” and then continue with rest of sentence).  

 

INTRODUCE PARO 

TO PARTICIPANT 

 

INTERVENTION 

30 MINS (FROM 0 to 

30 MINS) 

 

Uncover PARO. “This is X.  She/he is a robotic animal. She/he 

can move. She/he will respond when you touch and stroke 

her/him. She/He will also respond to your voice when you speak 

to her/him.  Look at her/his beautiful eyes.   

“To help us to keep PARO clean, would you please wipe your 

hands with this alcohol wipe?” Hand one alcohol wipe to the 

participant and thank them for wiping hands. Assist participants 

where necessary to wipe hands. 

I will leave you with X for a short time for you to get to know 

her/him.   

 

Hand PARO to the participant, carefully placing PARO in 

participant’s arms or on their lap. Leave participant with PARO 

for 30 minutes.  

 

Tell the participant that you are going to sit in the corner of the 

room and read your book. Move away from the participant and 

return to an area where you can sit comfortably but not in the 

direct vision of participant.  

 

Write notes on the observation sheet provided of what the 

participant is doing, who they are with, where they are sitting and 

anything else that is going on around the environment such as 

music, activities etc.  Ensure these notes are dated.  

 

If another participant, or participants or family or staff come 

during the intervention do nothing.  Allow the participant to 

continue with the PARO. 

 

If the participant gets up with PARO and begins moving, then 

follow participant at a distance-taking note of what the participant 

is doing and where they are going.   

 

If the participant leaves PARO or ignores PARO continue to 

document any notes about what the participant is doing. 

 

Only intervene if participant looks like they will harm PARO or 

another person with PARO, i.e., hitting PARO or throwing 

PARO. If this occurs, tell the participant that PARO needs to have 

a rest. Take PARO, cover PARO and return to the area where 

PARO is kept.  

 

If another resident attempts to take the PARO, go over to the 

resident and inform them that the PARO is being used at this time 
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and ask them to give you PARO. If they refuse to let go of the 

PARO ask for help from staff.  

 

 POST- 

INTERVENTION  
 

At the end of the 30 min intervention return to the side of 

participant and state: 

“X looks like she/he enjoyed being with you.  Did you enjoy 

being with her/him?”   

 

Then state “X has to have her/his battery recharged. I will take X 

to be recharged and return at our next appointment.  We look 

forward to seeing you again on X”.  

Take PARO, cover with a towel. 

 

PAIN ASSESSMENT  Could you please tell me or point out your pain level according to 

this thermometer again?  Show the pain thermometer and indicate 

as above the rankings. Wait for response and record the answer.  

If the participant cannot self-report, observe and record pain level 

using PAINAD. 

 

 

END OF SESSION 

Either move on to next participant or return PARO to charging 

position.  Brush and wipe PARO BEFORE charging.  
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Appendix J: Survey questionnaires 

RACF______________       Participant ______                   Room number _________ 

Date _______________       Time____________                   Researcher signature __________ 

Part I  Demographic information 

Please fill in the information or tick the appropriate answer. 

1. Age:  ___________years      (Date of birth: _____/______/_______(D/M/Y)                                                                

2. Gender:  Male                     Female    

3. Height: ______ centimetres    Weight:_________ kilograms           

4. Handedness :  Right hand                     Left hand    

5. Ethnic group:  Caucasian/European     Aboriginal         Torres Strait Islander 

                        Asian                             Middle East      Other (specify) _______       

6. Religion: :       Catholic    Christian   Buddhism        Muslim    other (specify)  

                        No religious beliefs         

7. Marital status:   Married     Divorced     Single     Widowed     Separated 

8. Education Level: 

 None 

 Elementary school          Middle school 

 High school                    College or University 

9. Sensory deficit (Multiple choices)  

 No     Yes, please indicate     Vision    Hearing     Touch/Pain/Tingling      

                                                       Olfaction                   other_______   

10. Medical diagnosis:  (1) _______    (2) _______    (3) _______    (4) _______ (5)_______  

11. How many years have you/participant been diagnosed with dementia:   ____   year  

12. Type of dementia diagnosed:  

 Alzheimer's disease                          Vascular dementia 

 Dementia with Lewy bodies              Fronto-temporal lobar degeneration 

 Alcohol-related dementia                  Unspecified 

13. Admission date: _____/______/_______(D/M/Y)  

14. Facility room-type environment:    Single room        Shared room 

15. Living unit:   Secure dementia   unit      Facility unit 

16. Animal preference      Like         Neutral        Dislike              

17. Previous animal/pet ownership     

 Currently keep pets       Have kept pets before     Have never kept pets before    

18. Activity level:   Ambulatory  Ambulatory use assistive devices  Wheelchair Bedridden  
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Part II  Comprehensive Pain Assessment Form 

 

        Name of the Resident _______________                               Room number _________ 

 

1. Pain screening (Please use nurses’ proxy pain assessment if the resident cannot report.) 

1.1 The frequency with which resident complains or shows evidence of pain  

            0. No pain                                             

      1. Pain less than daily                            

      2. Pain daily                                           

1.2 The onset of pain 

 New (within the last 7 days)        Recent (within the last 3 months)  

 More distant (> 3 months)           Unknown  

1.3 The intensity of pain (Please select a number from 0~10, 0=no pain, 1~3=mild pain, 

4~6=moderate pain, 7~9= severe pain, and 10=the most intense pain imaginable) 

       0. No pain (0)                      (numeric rating______)                                            

       1. Mild pain (1~3)                (numeric rating______)                                       

       2. Moderate pain (4~6)        (numeric rating _______)                                       

             3. Severe pain (7~9)             (numeric rating _______)                                       

        4. Times when pain is horrible or excruciating (10) (numeric rating _______)                                       

1.4 Location: Mark the areas of known pain. Please circle the description and location. 

 

1.5 Change in Pattern of Pain: Has the pain changed in description or intensity the last 7 days?  

Yes    No     Unknown     If yes, please describe the change: 

_________________________________________________________________ 

1.6 What Relieves the Pain:  Opioids     Non-Opioid meds     Cold     Heat    Exercise  

 Eating    Massage      Relaxation     Rest         Repositioning          Distraction   

 Unknown     Other, describe: ____________________________________________  

O  Aching        Burning 

 Cramping   = 

Crushing 

 Dull           *Numbness 

+ Pins/needles Sharp 

 Stabbing  

  

 

 
 
 



 

 

 

229 

2. Current Pain-related Diagnosis 

2.1 Nociceptive pain 

      Coronary artery disease                                                 Low back pain 

      Joint arthritis                                                                  Osteoarthritis             

      Osteoporosis                                                                  Paget’s disease                                                                 

      Polymyalgia rheumatic                                                  Previous bone fractures                                                   

      Rheumatoid arthritis                                                      Central post stroke 

2.2 Neuropathic pain 

      Nutritional neuropathies                                                Peripheral neuropathies  

      Post herpetic neuralgia                                                  Trigeminal neuralgia  

2.3 Mixed pain 

      Fibromyalgia                                                                 Myofascial pain 

2.4 Unknown Pain, please describe: _______________ 

3. Medications Prescribed 

Type Medication Group Name 

Routine/Dosage 

Comments 

AM PM 

Analgesics Paracetamol     

 NSAIDs     

 Weak opioids     

 Strong opioids     

Adjuvants  

 Antipsychotics     

 Anxiolytics/ hypnotics     

 Antidepressants     

 Anticonvulsants     

 Anticholinesterase inhibitors     

 Cognitive enhancers     
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4. Pain Assessment by researcher  

4.1 Verbal self-reported Pain (Revised-IPT) Score _______________ 
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4.2 Behaviour Pain Assessment-PAINAD  

 0 1 2 Score 

Breathing 

independently 

of vocalisations 

 
 

Normal 

 
 

Occasional  laboured 

breathing. 

Short period of 

hyperventilation 

 

Noisy laboured 

breathing. A long period 

of hyperventilation. 

Cheyne-stokes 

respirations. 

 

Negative 

vocalisations 

 
 

None 

Occasional moan or groan. 

Low-level speech with a 

negative or disapproving 

quality. 

Repeated troubled 

calling out. Loud 

moaning or groaning. 

Crying. 

 

Facial 

expressions 

Smiling or 

inexpressive 
Sad. Frightened. Frown. 

Facial grimacing 

  
 

 

Body language Relaxed 
Tense. Distressed pacing. 

Fidgeting 

Rigid. Fists clenched. 

Knees pulled up. Pulling 

or pushing away. 

Striking out.  

 

Consolability 
No need to 

console 

Distracted or reassured by 

voice or touch. 

Unable to console, 

distract or reassure. 
 

Total Points  

 

 

 

 

Nursing staff report about Pain/Pain History: 

________________________________________________________________________________

________________________________________________________________________________ 

 

Comments: ___________________________________________________________________ 

 

 

Signature: __________________             Date: __________                    Time: _____________ 
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Part III Mini-Mental State Examination (MMSE) 

 

Instructions: Ask the questions in the order listed. Score one point for each correct response to each 

question or activity. 

 

Maximum 

Score 

Patient’s 

Score 
Questions 

5  1. “What is the year? Season? Date? Day of the week? Month?” 

5  
2. “Where are we now: Country/State? County? Town/city? 

Hospital/Nursing home? Floor?” 

3  

3. The examiner names three unrelated objects clearly and slowly, then 

asks the patient to name all three of them. The patient’s response is used 

for scoring. The examiner repeats them until patient learns all of them, if 

possible. (Apple/Table/Penny)  

(Please try to remember them and I will ask you to repeat later) 

Number of trials: ___________ 

5  

4. “I would like you to count backward from 100 by 7.” (93, 86, 79,72, 

65, …) Stop after five answers. 

Alternative: “Try to spell WORLD backwards.” (D-L-R-O-W) 

3  
5. “Earlier I told you the names of three things. Can you tell me what 

those were?” 

2  
6. Show the patient two simple objects, such as a wristwatch and a pencil, 

and ask the patient to name them. 

1  7. “Repeat the phrase: ‘No ifs, ands, or buts.’” 

1  
8. “Please read this and do what it says.” (Written instruction is “Close 

your eyes.”) 

1  

9. “Please copy this picture.” (The examiner gives the patient a blank 

piece of paper and asks him/her to draw the symbol below. All 10 angles 

must be present and two must intersect.) 

 

 

 

1  
10. “Make up and write a sentence about anything.” (This sentence must 

contain a noun and a verb.) 

3  
11. “Take the paper in your right hand, fold it in half, and put it on the 

floor.” (The examiner gives the patient a piece of blank paper.) 

30  Total 

 

Resident_______       Date _______    Time______    Researcher signature __________ 
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Part IV Behaviour 

THE COHEN-MANSFIELD AGITATION INVENTORY - short form 

Please read each of the agitated behaviours, and check how often (from 1-5) they were manifested 

by the participant over the last 2 weeks; if more than one occurred within a group, add the 

occurrences, e.g., if hitting occurred on 3 days a week, and kicking occurred on 4 days a week, 3 + 

4 = 7 days; circle 4, once or several times a day. 
 

Never 

 

Less 

than 

once a 

week 

 

Once or 

several 

times a 

week 

 

Once or 

several 

times a 

day 

 

A few times an 

hour or 

continuous for 

half an hour or 

more 

 

1. Cursing or verbal aggression 1 2 3 4 5 

2. Hitting (including self), 

    Kicking, Pushing, Biting, Scratching,      

Aggressive spitting (include at meals) 
1 2 3 4 5 

3. Grabbing onto people, 

    Throwing things, Tearing things or  

destroying property 
1 2 3 4 5 

4. Other aggressive behaviours or 

   self-abuse including Intentional 

   falling, Making verbal or physical  

   sexual advances, Eating/drinking/ 

   chewing inappropriate substances,  

   Hurt self or other 

1 2 3 4 5 

5. Pace, aimless wandering, 

    Trying to get to a different place  

    (e.g.,   out of the room, building) 
1 2 3 4 5 

6. General restlessness, 

    Performing repetitious  mannerisms,  

tapping, strange movements 
1 2 3 4 5 

7. Inappropriate dress or  disrobing 1 2 3 4 5 

8. Handling things inappropriately 1 2 3 4 5 

9. Constant request for attention or help 1 2 3 4 5 

10. Repetitive sentences, calls questions     

or words 1 2 3 4 5 

11. Complaining, Negativism,  

      Refusal to  follow directions 1 2 3 4 5 

12. Strange noises, (weird laughter or   

crying) 1 2 3 4 5 

13. Hiding things, Hoarding things 1 2 3 4 5 

14. Screaming  1 2 3 4 5 

  Total Score 
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Part V Rating Anxiety in Dementia (RAID) 

Scoring system:  

u=unable to evaluate, 0=absent, 1=mild or intermittent, 2=moderate, 3=severe 

Rating should be based on symptoms and signs occurring during 2 weeks prior to the interview. The 

items are rated after interviewing the patient, care/ward staff and checking clinical notes. No score 

should be given if symptoms result from physical disability or illness. The total score is the sum of 

the items 1 to 18. A score of 11 or more suggests significant clinical anxiety. 

RAID Category  Anxiety condition Score 

Worry 1. Worry about physical health.  

2. Worry about cognitive performance (falling memory, 

getting lost when goes out, not able to follow 

conservation.) 

 

3. Worry about finances, family problems, and physical 

health of relatives. 

 

4. Worry associated with false belief and/or perception.  

5. Worry over trifles (repeatedly calling for attention over 

trivial matters) 

 

Apprehension and 

Vigilance 

6. Frightened and Anxious (keyed up and on the edge)  

7. Sensitivity to noise (exaggerated startle response)  

8. Sleep disturbance (trouble falling or staying asleep)  

9. Irritability (more easily annoyed than usual, short 

tempered and angry outburst) 

 

Motor Tension 10. Trembling  

11. Motor Tensions (complaint of a headache, other body 

aches and pains.) 

 

12. Restlessness (Fidgeting, cannot sit still, pacing, wringing 

hands, picking clothes) 

 

13. Fatigue ability, tiredness  

Autonomic 

Hypersensitivity 

14. Palpitations (complaining of heart racing or thumping)  

15. Dry mouth (not due to medications), Sinking feeling in the 

stomach. 

 

16. Hyperventilating, shortness of breath (even when not 

exerting) 

 

17. Dizziness or light-headedness (complains as if going to 

faint) 

 

18. Sweating, flushes or chills, tingling or numbness of 

fingers and toes. 

 

Phobias: (fears with are excessive, that do not make sense and tend to avoid-like afraid of 

crowds, going out alone, being in a small room, or being frightened of some kind of 

animals or heights, etc.) Describe 

 

Panic attacks: (feelings of anxiety or dread that are so strong that think they are going to 

have a heart attack and they simply have to do something to stop them, like immediately 

leaving the place, phoning relatives, etc.) Describe 
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Part VI Depression-Cornell Scale for Depression in Dementia (CSDD) 

 

Ratings should be based on symptoms and signs occurring during the week before interview. No 

score should be given if symptoms result from physical disability or illness. 

SCORING SYSTEM: a = Unable to evaluate; 0 = Absent; 1 = Mild to intermittent; 2 = Severe 

 a = Unable 

to evaluate 

0 = 

Absent 

1 = Mild to 

intermittent 

2 = 

Severe 

Mood-related signs     

1. Anxiety: anxious expression, rumination, 

worrying 
a 0 1 2 

2. Sadness: sad expression, sad voice, tearfulness a 0 1 2 

3. Lack of reaction to present events a 0 1 2 

4. Irritability: easily annoyed, short tempered a 0 1 2 

Behavioural disturbance     

5. Agitation: restlessness, hand wringing, hair 

pulling 
a 0 1 2 

6. Retardation: slow movements, slow speech, slow 

reactions 
a 0 1 2 

7. Multiple physical complaints (score 0 if 

gastrointestinal symptoms only) 
a 0 1 2 

8. Loss of interest: less involved in usual activities 

(score only if change occurred acutely, i.e., in less 

than one month) 
a 0 1 2 

Physical signs     

9. Appetite loss: eating less than usual a 0 1 2 

10. Weight loss: (score 2 if greater than 5 pounds in 

one month) 
a 0 1 2 

11. Lack of energy: fatigues easily, unable to 

sustain activities a 0 1 2 

Cyclic functions     

12. Diurnal variation of mood: symptoms worse in 

the morning 
a 0 1 2 

13. Difficulty falling asleep: later than usual for 

this individual 
a 0 1 2 

14. Multiple awakening during sleep a 0 1 2 

15. Early morning awakening: earlier than usual for 

this individual a 0 1 2 

Ideational disturbance     

16. Suicidal: feels life is not worth living a 0 1 2 

17. Poor self-esteem: self-blame, self-depreciation, 

feelings of failure 
a 0 1 2 

18. Pessimism: anticipation of the worst a 0 1 2 

19. Mood congruent delusions: delusions of 

poverty, illness or loss a 0 1 2 

Score  

 

Staff ______ Resident______ Date ______    Time______
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Appendix K: SenseWear armband protocol 

 

Equipment   

 SenseWear (already configured and labelled with resident’s name) 

 Spare arm band 

 Alcohol wipes 

Administering  

Find resident. Check that arm band size looks appropriate – switch to smaller or larger as needed. 

SenseWear should always be placed on the upper LEFT ARM. 

Introduce yourself to resident and explain what you are going to do.  

Hi ______, my name is _________. I have a bracelet here that will measure your heart rate 

and sleep. I’d like to put it on your arm for continuously 56 hours. But it can be taken off 

when you take a shower and then put it back to your upper left arm. 

If resident is wearing a cardigan or long sleeves, explain that you will need to remove/roll these up 

first and do this gently: 

So that we can put it on your arm, I’m just going roll up your sleeve. 

When the arm is visible, check for wounds, lesions, or swelling. If any are 

present, place the SenseWear on the other arm. If both arms have wounds, 

lesions, or swelling, the resident will not be asked to wear the SenseWear 

armband. If the resident has contracted or tightened muscles or joints that 

make it difficult for them to move their arms, ask a staff member to assist 

you. 

Carefully slide the band over the resident’s hand and move it to their upper arm. The SenseWear 

should be facing right way up (so that you can read the text) and should be positioned on the back 

of their upper arm, approximately halfway between their elbow and their shoulder. Adjust the strap, 

ensuring that the SenseWear is touching their skin. The strap does not need to be tight; you should 

be able to fit two fingers comfortably beneath the strap. 
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Replace sleeves/cardigan. Explain that you are going to leave the SenseWear on for a while and that 

you will be back to collect it tomorrow.  

So that we can measure your sleep and heart rate, this needs to stay on for a while. I will 

come back tomorrow and check it for you, and then taken it off the day after tomorrow. 

Find something to distract the resident (a picture, make conversation etc.) for a few moments, so 

they don’t remove the SenseWear immediately. 

*If the resident doesn’t want to put the arm band on, move on to another participant and 

come back later. If the resident continues to be reluctant, ask a staff member for help. Do not 

persist for more than three tries.  

*If the resident is in bed or needs to be moved before the SenseWear can be put on, ask a staff 

member for help. DO NOT attempt to roll or move a resident on your own. 

*If the resident experiences or reports discomfort, the SenseWear armband will first be 

checked and adjusted for fit and comfort. If this experience continues, or at the insistence of 

the resident, the SenseWear armband will be removed and the details for the removal will be 

documented. 

 

Daily Check 

When SenseWear Armband is removed during daily hygiene care (e.g. showering), staff member 

will be asked to check the skin to ensure that the SenseWear has not caused a tear, lesions, or rash 

and swelling due to allergy. If this occurs, the SenseWear armband will be removed and the details 

for the removal will be documented.  

 

Removing 

Find resident. 

Introduce yourself and explain what you are going to do: 
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Hi __________, my name is _________. You’ve got a bracelet on your arm that’s been 

measuring your heart rate and sleep and I’m going to take it off now. 

If resident is wearing a cardigan or long sleeves, explain that I will need to remove/roll these up 

first and do this gently: 

 So that we can take it off, I’m just going to roll up your sleeve. 

Loosen the strap and carefully slide the SenseWear down the resident’s arm and over their hand. 

Check the skin to ensure that the SenseWear has not caused a tear, lesions, or rash and 

swelling due to allergy. If it has occurred, notify a staff member immediately.  

Replace sleeve/cardigans as appropriate. 

Thank the resident for their time and say goodbye. 

Use an alcohol wipe to clean the back of the SenseWear (the part that was touching the skin) and 

return for retrieving data. 

 

*If the resident is no longer wearing the SenseWear, ask to staff to help locate it. 
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Appendix L: Salivary sample collection procedures 

 

 

Purpose: It has recently been known that salivary cortisol is one of the markers reflecting stress in 

humans. Saliva samples can be collected in a convenient, minimally-invasive, and repeated manner. 

This study aims to test the feasibility of obtaining and measuring salivary cortisol to reflect the 

stress of participants. It will also help us to understand the impact of PARO on the stress response 

of participants compared to usual care. 

 

Salivary collection process: The salivary samples of participants will be collected by members of 

the research team. It will be collected at the beginning of the study (pre-intervention at week 0) and 

at the completion of the study (post-intervention at week 6). To control for these confounding 

factors, such as cortisol awakening response, eating, time of collection, and exercise, all saliva 

samples will be ideally collected within 1 hour of waking and before oral care, breakfast, and all 

forms of activities.  

 

Step 1 Approaching Participants 

The student researcher Ms Lihui Pu will meet with participants and introduce the procedure before 

salivary collection.  

Step 2 Preparation 

2.1 Prepare the labels, clearly marking subject (using identifier), specimen (saliva) and date. Affix 

the labels to the storage tubes.  

2.2 The researcher will need to make sure that the participant has not had anything to drink or eat 

and has not brushed their teeth within 45 mins. 

Step 3 Sample Collection 

3.1 Wash hands and apply nonsterile gloves (nitrile).  

3.2 Peel back protective package and remove the SalivaBio Oral Swab (SOS). 

3.3 Remove SOS from outer packaging and place it under the tongue.  

3.4 Keep SOS in the mouth for approximately 2 minutes to ensure adequate volume absorbed (make 

sure this is timed). 

3.5 Remove SOS from mouth and immediately insert the swab into the appropriately labelled tube 

insert (“swab basket”) of the swab storage tube (SST).  

3.7 Thank resident, remove gloves, and wash hands 

Step 4 Sample storage and analysis 
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Collected saliva samples will be kept in Salimetrics storage tubes and immediately stored in dry ice 

(within an esky) until it is transported to the laboratory and frozen at -20°C until measurement 

readings are performed. During transportation, the samples will be kept below -4°C. All collected 

samples will be de-identified and processed concurrently within a lab setting. Invalid samples with 

extremely high salivary cortisol level and exceeded the calibrated range will be discarded because 

of possible contamination.  

 

All the data collection, storage, and analysis procedures followed the manufacturer’s guidelines. If 

any participant does not want to open their mouth of the collection of the salivary sample, we will 

not continue or pressure the participant. They will be recorded as not being able to obtain a salivary 

sample.  
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Appendix M: Ethics approval letter from Griffith University 
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