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Apathy is the most common behavioral and psychological symptom of dementia (BPSD) and 

is primarily described as a loss of motivation (1, 2). 

 

Large Language Models (LLMs) are a form of artificial intelligence (AI) designed to 

comprehend and produce text in a human-like manner by leveraging the extensive data they 

are trained on. They achieve this by analyzing patterns in text and predicting the probability of 

word sequences. Consequently, LLMs can deduce meaning from context, produce coherent 

and contextually appropriate responses, translate languages, summarize texts, answer 

questions, and assist with creative writing or code generation tasks (3). 
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Mobile/Wearable technologies include smart watches, bands and rings, sensors in clothes, 

sensor patches, and smartphones/tablets which enable the noninvasive collection of 
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levels) or behavior (e.g., sleep patterns/phases/efficiency, activity level) (4, 5). 

 

Realist Review is a specific literature review approach “to reviewing research evidence on 

complex social interventions, which provides an explanatory analysis of how and why they 

work (or don’t work) in particular contexts or settings (6, p. iv).” 
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Zusammenfassung 
Hintergrund: Die Demenz, mit globalen Anstiegsraten, führt über die Zeit zu 

Pflegeabhängigkeit, die primär von Angehörigen durch Pflege und Betreuung kompensiert 

wird. Diese kann zu Belastung mit negativen Konsequenzen für Angehörige und Personen mit 

Demenz (PwD) führen. (Nicht-)technologische Interventionen, wie Emerging Technologies, 

haben das Potenzial Belastungen zu reduzieren. Forschungsergebnisse zu Erwartungen, 

Effektivität und Erfahrungen mit solchen Technologien sind jedoch unzureichend vorhanden. 

Übergeordnetes Ziel: Die Erforschung der Emerging Technology Coach Pepper 

(humanoider, sozialassistierender Roboter (SAR), kombiniert mit einem Tabletcomputer als 

computerbasierte kognitive Intervention (CCI)), als Unterstützung zur Belastungsreduktion 

pflegender Angehöriger von PwD (3). Berücksichtigt wurden dabei 

Unterstützungserwartungen von Betreuenden an humanoide SARs (1) und die Effektivität von 

CCIs für kognitiv Beeinträchtigte (2). 

Methode und Ergebnisse der 3 Studien: (1) Die qualitative Studie mittels Fokusgruppen 

zeigte, dass Pflegende und Demenztrainer*innen (n=52) überwiegend positive Erwartungen 

für die Unterstützung bei Grundbedürfnissen hatten, besonders bei der Gefahrenvermeidung. 

(2) Die systematische Übersichtsarbeit mit Metaanalysen (24 Artikel, 8 Datenbanken) zeigte 

einen positiven Trend in der Gedächtnisfunktion von PwD (4 RCTs). Ergebnisse der Studie 1 

und 2 flossen in die Studie (3) mit Mixed-Methods Design ein. Der quantitative Part (RCT) mit 

32 Angehörigen zeigte keine Signifikanz einer Belastungsreduktion. Der qualitative Part mittels 

Interviews (n=16) zeigte eine primär positive Einstellung zu Coach Pepper, jedoch neutrale 

Gefühle gegenüber der Belastungsreduktion. Positive Erfahrungen zur Unterstützung wurden 

für 6 von 14 Grundbedürfnissen geäußert, begleitet vom überwiegenden Wunsch nach 

Optimierungen, z.B. Sprachfunktion, Personalisierung. 

Schlussfolgerung: Coach Pepper wurde von Angehörigen gut angenommen, zeigte aber 

keine signifikante Belastungsreduktion. Optimierungen sind notwendig, besonders der 

Sprachfunktion, die durch Künstliche Intelligenz verbessert werden könnte. Coach Pepper 

könnte im häuslichen Bereich als Zusatzleistung von professionellen Service (z.B. 

Hauskrankenpflege) angeboten werden. 
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Abstract 
Background: Dementia, with its increasing global prevalence, leads to care dependency over 

time, with care being primarily taken over by informal caregivers. This can result in caregiver 

burden with negative consequences for both caregivers and people with dementia (PwD). 

(Non-)technological interventions, including emerging technologies, have the potential to 

mitigate this burden. However, research on expectations, effectiveness, and experiences with 

such technologies remain insufficient. 

Overall aim: To investigate an emerging technology, Coach Pepper (a humanoid socially 

assistive robot (SAR) combined with a tablet computer as a computer-based cognitive 

intervention (CCI)), as support for reducing caregiver burden of informal caregivers of PwD (3), 

with the incorporation of support expectations from caregivers and dementia trainers regarding 

humanoid SARs (1), as well as the effectiveness of CCIs for people with cognitive decline (2). 

Methods and Results of the 3 Studies: (1) The qualitative study using focus groups showed 

that caregivers, nurses, and dementia trainers (n=52) had predominantly positive expectations 

regarding support in human needs, especially in avoiding danger. (2) The systematic review 

with meta-analyses (24 articles, 8 databases) revealed a beneficial trend in memory function 

for PwD (4 RCTs). Findings from Study 1 and 2 were incorporated into Study (3), which 

followed a mixed-methods design. The quantitative part (RCT) with 32 caregivers showed no 

significant effects on caregiver burden. The qualitative part, using interviews (n=16), revealed 

a primarily positive attitude toward Coach Pepper but neutral feelings regarding caregiver 

burden. Positive experiences regarding support were expressed for 6 out of 14 human needs, 

accompanied by a predominant desire for optimizations (e.g., speech function, customization). 

Conclusion: Coach Pepper was well received by caregivers but had no significant effect on 

caregiver burden. Optimizations are necessary, particularly regarding the speech function, 

which could be enhanced through artificial intelligence. Coach Pepper could be offered as an 

additional service in the home setting through professional services (e.g., home nursing care). 
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Introduction 
Every three seconds, someone is diagnosed with dementia (7). Worldwide, over 55 million 

people live with this condition, with nearly 10 million new cases each year and between 139 

and 153 million cases predicted by 2050 (8, 9). This alarming trend makes dementia a serious 

global health concern, as it is not only the seventh leading cause of death but also a significant 

contributor to disability and care dependency1 among older adults (9-11). 

Dementia is an overarching term used to describe a range of neurological conditions that affect 

the brain, characterized by a progressive cognitive decline. The underlying cause varies 

depending on the type of dementia (e.g., Alzheimer’s disease, vascular dementia) (11). 

However, the spectrum of cognitive decline can begin earlier with conditions such as subjective 

cognitive decline (SCD) and mild cognitive impairment (MCI) (11). SCD refers to self-perceived 

cognitive worsening over time, even when clinical assessments reveal no objective 

abnormalities (11-13). In contrast, MCI already represents objective evidence of cognitive 

impairment (with the absence of dementia) and, unlike dementia, is characterized by 

essentially normal functional activities (14). Both conditions increase the risk of developing 

dementia over time (11, 15-18). 

Dementia progressively affects cognitive abilities, resulting in various health problems and 

increased care dependency1 regarding various physical and psychosocial human needs2 (e.g., 

hygiene, communication, learning ability) (9, 11, 19). People with dementia (PwD) begin to 

lose their ability to live independently at home, which may ultimately require institutionalization 

(e.g., nursing homes), particularly in the later stages of dementia (11, 20). In this regard, public 

healthcare systems worldwide face significant challenges, as the number of available 

healthcare professionals, such as geriatricians, and especially nursing staff, is declining while 

the demand for dementia care continues to rise (11, 21, 22). Concerning this, informal 

caregivers (e.g., relatives, friends; mostly women) play a key role in dementia care and in 

supporting healthcare systems by providing unpaid, regular care and/or supervision. They 

often assume the primary care responsibility for PwD, particularly in the early stages of the 

disease, facing significant challenges and, therefore, are often referred to as “the invisible 

second patients” (11, 20, 23, p. 217). On the one hand, caring for PwD is highly demanding, 

requiring significantly more care than caring for older people without dementia (11, 19, 21). 

This can lead to caregiver burden3, with dementia caregivers facing a higher risk compared to 

non-dementia caregivers, potentially resulting in health-related consequences, and influencing 

 
1 defined on page 22 
2 defined on page 21 
3 defined on pages 16, 18 
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the decision to institutionalize the person with dementia (11, 24). On the other hand, many 

PwD express a strong desire to age and live (independently) at home for as long as possible 

(20, 25). Living at home benefits the quality of life (QoL) of PwD (26), as it can provide comfort, 

freedom, and a sense of being ‘anchored’ due to long-term connections (27). Considering all 

these aspects, solutions are needed to address these challenges in dementia home care by 

supporting informal caregivers and PwD. 

In this context, beyond conventional support options for informal caregivers (e.g., hourly formal 

home care, education in caregiving skills) (11), the development and application of emerging 

technologies4 (e.g., humanoid socially assistive robots (SARs)5) are considered a promising 

solution to support future dementia home care (28-32). In particular, due to their human-like 

appearance and social interaction capabilities, humanoid SARs have great potential to support 

caregiving for PwD by addressing their physical and psychological human needs6, for instance, 

learning abilities7 (28-31, 33-35). Such support can include cognitive training for PwD aiming 

to preserve cognition, which can be delivered through computer-based cognitive interventions 

(CCIs)8 conducted on a tablet computer (hereafter called ‘tablet’) (36, 37) accompanied by a 

humanoid SAR (28, 31, 33). These technological support options create opportunities for 

emerging technologies to serve as caregiving support, potentially reducing the burden of 

informal caregivers of PwD (29-31). 

 

Definitions and theoretical framework 
Caregiver burden can be seen as a result of complex and dynamic interactions primarily 

related to care responsibilities arising from caring for a loved one, as well as the self-perceived 

negative impact of these responsibilities on the informal caregiver’s life over time (38, 39). To 

better represent this complexity and these dynamics in the context of dementia, this doctoral 

thesis introduces the Dementia Caregiver Burden and Technological Support Model, also 

illustrated in Figure 1 on page 17. 

 

Dementia Caregiver Burden and Technological Support (DCB-TS) Model 

The DCB-TS Model is primarily based on the Stress Process Model of Caregiving by Pearlin, 

Mullan (38), along with the version by Zarit (39) and encompasses both parties involved in 

 
4 defined on page 19 
5 defined on page 20 
6 defined on page 21 
7 defined on page 22 
8 defined on page 20 
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caregiving: informal caregivers and PwD. It outlines factors related to dementia caregiving that 

can contribute to caregiver burden, potentially leading to various consequences for both 

informal caregivers and PwD (38, 39). Furthermore, the model explains how interventions in 

the form of (non-)technological support can impact caregiver burden, either positively or 

negatively. The support component in the model was extended with constructs of the Almer 

Model by Heerink, Kröse (40) (i.e., attitude, perceived usefulness) and with the underlying 

concept of the Care Dependency Scale (CDS) by Dijkstra, Buist (41) (i.e., physical and 

psychosocial human needs) to enhance acceptance and, consequently, the use of the 

investigated emerging technology (i.e., humanoid SAR combined with a CCI) as a support 

device for informal caregivers in dementia home caregiving, aiming for a beneficial impact on 

caregiver burden. 

 
Figure 1: Dementia Caregiver Burden and Technological Support Model based on Pearlin, Mullan (38), Zarit (39), 
Heerink, Kröse (40) and Dijkstra, Buist (41). 
 

The DCB-TS Model presents the characteristics and caregiving context of informal 
caregivers (hereafter called ‘caregivers’) as a component that can influence the development 

of caregiver burden (38). In the literature, several risk factors have been identified, including 

age (42-44), gender (42-45), education (43, 46, 47), occupation status (43, 44), financial 

income (48), health status (42, 43, 48), marital status (43), relationship to the person with 

dementia (e.g., spouse or child) (42, 47, 49), cohabitation with the person with dementia (42-
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44), the availability of a family support network (46, 47), and the length of caregiving (42, 45, 

47). While these factors are associated with caregiver burden, evidence for some remains 

inconsistent (e.g., specific age or gender, employment or non-employment) (42-44, 50). 

PwD also have identified risk factors related to their characteristics, such as gender (46), age 

(43), education (43, 44), and retirement pension (43). However, the component in Figure 1 

specifically highlights disease-related symptoms typically associated with dementia, namely 

cognitive decline, care dependency, and behavioral and psychological symptoms of dementia 

(BPSD) (e.g., apathy, agitation, sleep impairment, hallucinations, anxiety, eating disorders 

(51)). These symptoms often initiate the process of caregiver burden development (38, 39). 

Caregiver burden, which is defined on page 16, can be distinguished into an objective and 

subjective type. 

Objective caregiver burden refers to the measurable caregiving responsibilities of 

caregivers (e.g., care hours, required supervision) which result from the severity of disease-

related symptoms in PwD including cognitive decline, care dependency, and BPSD (23, 38, 

39, 52, 53). Both the extent of caregiving responsibilities (e.g., care hours per day/week (53-

55), daily care (56)) and the severity of individual disease-related symptoms (i.e., cognitive 

decline (54, 56, 57), BPSD (44, 45, 49, 56), care dependency (42, 45, 48, 56)) are further 

associated with (higher) subjective caregiver burden. In this doctoral thesis, objective caregiver 

burden is considered only descriptively, as the main focus is on subjective caregiver burden. 

Subjective caregiver burden refers to the self-perceived negative impact that caring 

for a person with dementia has on the life of a caregiver over time (58, 59). The subjective 

evaluation of the objective burden by caregivers, shaped by their characteristics and the 

caregiving context, plays a critical role in determining how intensely the caregiving role is 

experienced as burdensome (38, 39, 53, 59). Although this type of burden is ‘subjective’, it can 

be evaluated quantitatively using instruments such as the well-known Zarit Burden Interview 

(ZBI) (58, 59). The ZBI examines subjective caregiver burden by assessing the perceived 

impact of caregiving on caregivers’ lives in terms of psychological, social, health, and financial 

aspects (e.g., whether their social life suffers due to caregiving, the feeling of not having 

enough money for care, and the challenges of fulfilling other obligations such as family and 

work) (58-60). Subjective caregiver burden is widely used as an outcome in studies, as it 

provides important information about how caregivers cope with their caregiving situation (52). 

In this regard, researchers (38, 39, 61) emphasize its relevance by arguing that, even among 

caregivers in the same nursing context, the level of subjective burden can vary despite the 

associations between objective and subjective caregiver burden. 
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Caregiver burden can subsequently lead to considerable negative consequences for both the 

caregivers and the PwD (11, 38, 39, 61-63). This, in turn, can either decrease or intensify the 

caregiver burden due to interaction effects, such as poorer health status of the caregiver (43, 

48) or the institutionalization of the person with dementia (64, 65). Recent reviews (62, 63) and 

a report (11) identified the following negative consequences for caregivers in this context: 

physical (e.g., pain, heart problems, hypertension, impaired immune function, increased 

mortality) (11, 38, 62, 63), psychological (e.g., depression, burnout, anxiety, sleep disturbance, 

cognitive decline) (11, 38, 62, 63), social (e.g., isolation, loneliness) (11, 63), and financial 

consequences (e.g., unemployment) (11, 63). Furthermore, caregiver burden can negatively 

impact PwD by affecting their received quality of care, worsening BPSD, increasing their risk 

of hospitalization, and potentially leading to the caregiver’s decision to move the person with 

dementia from their familiar environment to a nursing home (11, 65). To prevent these negative 

consequences of caregiver burden, caregiving support can be incorporated (38, 39).  

The support component can play a mediating role in the DCB-TS Model in relation to caregiver 

burden (38). Depending on the support’s usefulness in addressing objective caregiver burden 

factors and whether caregivers perceive it as beneficial or disruptive, support can impact 

caregiver burden positively, negatively, or not at all (23, 38, 66). The decision to seek support 

can result from the caregiver burden component, where a high subjective burden may even 

hinder the decision due to feeling overwhelmed (67). Otherwise, it can depend on the 

caregivers’ characteristics and caregiving context, such as gender (23), education (11), or their 

relationship with the person with dementia (e.g., adult-aged child to parent) (67). However, 

these associations are complex (23). The landscape of interventions supporting caregivers in 

dementia care is also complex and diverse, reflecting the mixed evidence on their 

effectiveness in providing relief (11, 23, 38, 39, 68-70). Most interventions focus directly on 

caregivers (e.g., psychoeducational programs to manage stress and cope with everyday 

situations, psychological therapy) (11, 38, 39, 68-70), while others provide caregiving support 

(e.g., helping with daily activities), offering respite for caregivers (e.g., hourly formal home care, 

adult care centers) (11, 23, 38, 39, 70), or utilize multidimensional approaches (11, 70). 

Furthermore, these support interventions can be distinguished as non-technological and 

technological approaches, with an increasing trend toward applying emerging technologies as 

caregiving support in dementia home care (11, 28-31, 68-70). 

The term ‘emerging technology’ is widely used in the literature but with varying 

meanings (71). Following Rotolo, Hicks (71) in this doctoral thesis, an emerging technology is 

defined by the following five attributes: It is 1) a radically novel/new and, 2) relatively fast-

growing technology, 3) characterized by a certain degree of coherence persisting over time, 
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4) potentially considerable in its impact on socio-economic domain(s) (e.g., recognized through 

the composition of actors, institutions, and the knowledge produced), and 5) mainly impacting 

the future, accompanied by uncertainty and ambiguity. These attributes can vary from ‘low’ to 

‘high’ levels throughout the process. However, the definition encompasses technological 

advancements that have seen relatively little prior development (e.g., virtual reality (VR), 

robotics (72)) and that apply to technologies used in new domains or ‘niches’, different from 

the original purpose (e.g., the use of VR and humanoid SARs in dementia care (72)) (71). In 

this context, emerging technologies can also involve combinations of technologies (e.g., 

humanoid SARs combined with tablets). However, to be considered radically novel (attribute 

1) within a ‘niche’, emerging technologies must differentiate themselves to some degree from 

the original domain (71). In dementia care, the application of emerging technologies is of great 

interest, particularly in supporting PwD and caregivers through humanoid SARs and CCIs (29, 

31, 33).  

In general, SARs are an intersection of assistive robots and socially interactive robots. 

They are intended to support and assist a human user by fostering close and effective social 

interaction (73). SARs often resemble a human or an animal, with varying degrees of realism 

(74, 75). While research on SARs has steadily grown over the past decade (30, 76), humanoid 

SARs have garnered particular interest for their role in dementia home care and their potential 

to address the predicted challenges (29, 31, 77). Humanoid SARs, characterized by a 

recognizable but non-realistic human-like appearance (74), are designed to facilitate human-

robot interaction comparable to human-human interaction (35). They aim to foster a stronger 

sense of social presence compared to purely functional robots (e.g., an industrial robotic arm) 

and to build companionship with the human user(s) (35, 78). Furthermore, their appearance 

plays a crucial role in shaping user expectations and influencing their assistive capabilities 

(34), as, unlike animal-like robots, humanoid SARs are intended to assist with various physical 

and psychosocial human needs (29-31, 78). In particular, for PwD in the early stages, 

humanoid SARs are intended to primarily provide direct verbal support for various human 

needs due to cognitive decline (e.g., through reminders), with physical support if necessary 

(e.g., picking up objects) (29, 31, 77). Given these potential support possibilities, humanoid 

SARs are increasingly seen as promising technologies for integration into intelligent homes 

and as personal assistive devices for supporting dementia home care, including cognitive 

intervention applications such as cognitive training for PwD (28-33, 40). 

In recent years, cognitive interventions have increasingly relied on technologies 

commonly referred to as CCIs, including emerging technologies (e.g., virtual, augmented, or 

mixed reality) or already established standard technologies (e.g., smartphones, tablets, 
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personal computers (PCs), game consoles), with cognitive training (characterized by 

structured tasks) being the most common approach (72, 79-81). CCIs aim to preserve or 

improve cognitive abilities (e.g., global or domain-specific cognition like executive functioning) 

with the assumption that these improvements also positively impact further disease-related 

outcomes (e.g., everyday activities, BPSD, QoL) (82-85). In this regard, the literature 

demonstrates a beneficial impact of CCIs on cognition in PwD (36, 37, 86) and those at risk 

(i.e., SCD (87), MCI (36, 79, 86, 88)) while having minimal side effects and relatively safe 

usage (36, 80). Some CCIs include physical exercises, as the combination is expected to be 

more beneficial than cognitive training alone (89, 90). Despite these advantages, training 

intensity is crucial for effectiveness but may add to caregiver burden, as caregivers might feel 

responsible for ensuring regular execution (recommended six days per week (91)) (92) while 

also managing apathy – the most common BPSD symptom (1). The lack of motivation in PwD 

could potentially be addressed with the support of a humanoid SAR, which could accompany 

and assist with the training by using its social capabilities (33). 

In this doctoral thesis, the support component and the caregivers’ subjective burden 

represent the core elements within the DCB-TS Model, as the three studies included in this 

doctoral thesis fall within the support component, with one (Study 3) demonstrating the effect 

of an emerging technology (i.e., a humanoid SAR combined with a CCI) on subjective caregiver 

burden. The objective caregiver burden and factors of the components for caregivers and PwD 

are described only descriptively. While the consequences of caregiver burden were also not 

examined in this thesis, they were included in the model to highlight the importance of caregiver 

burden. 

In this regard, the support component of the DCB-TS Model was expanded with constructs of 

the Almere Model by Heerink, Kröse (40) due to its specific focus on the acceptance of social 

robots by older adults. For the investigated emerging technology intervention, in particular, the 

constructs’ attitude and perceived usefulness were considered. ‘Attitude’ is defined as 

“positive or negative feelings about the application of the technology”, and ‘perceived 

usefulness’ is defined as “the degree to which a person believes that the system would be 

assistive” (40, p. 364). Both constructs influence the acceptance of a humanoid SAR and, 

subsequently, its actual use (40). With regard to enhancing the construct of perceived 

usefulness for the intervention, the CDS developed by Dijkstra, Buist (41), based on the 

nursing theory of Virginia Henderson, was integrated. The CDS incorporates 15 components 

of physical and psychosocial human needs: eating/drinking, continence, body posture, 

mobility, day/night pattern, getting (un)dressed, body temperature, hygiene, avoidance of 

danger, communication, contact with others, sense of rules/values, daily activities, recreational 
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activities, and learning ability. In this context, care dependency represents a process in which 

an individual’s care demands require (professional) support due to their decreased ability to 

provide self-care (41, 93). The CDS, originally developed within nursing science specifically 

for PwD, takes a more holistic and comprehensive approach than other similar instruments by 

incorporating 15 components of human needs, which encompass various basic activities of 

daily living (ADLs) (e.g., hygiene) and more complex instrumental ADLs (e.g., learning ability) 

(41, 93, 94). A special focus within the human needs of the CDS is on learning ability, which 

is defined as "the ability to acquire knowledge/skills and/or to retain knowledge/skills learned 

in the past” (19, p. 8, 41). Since the preservation of cognition, as previously described, is 

important for PwD and their caregivers, this doctoral thesis places particular emphasis on this 

human need. In this regard, enhancing learning ability was intended to additionally increase 

the perceived usefulness of the investigated emerging technology, which in turn may foster its 

acceptance and usage (40), potentially mitigating caregiver burden according to the DCB-TS 

Model. 

 

Problem statement and research gap 
Dementia rates are projected to rise considerably in the future, posing challenges for 

healthcare systems and especially society, as most PwD are cared for at home by informal 

caregivers (7-9, 11, 21, 22). They play a key role in dementia home care but often experience 

caregiver burden, which can adversely affect their health. Caregiver burden can also lead to 

negative consequences for PwD, as caregivers may decide that the person they care for needs 

to leave their preferred familiar environment and move to a nursing home (11, 25, 38, 39, 62). 

For these reasons, a priority in dementia research is to investigate support that can mitigate 

caregiver burden through (non-)technological interventions, such as support in caregiving, with 

a growing trend of emerging technologies in this context (e.g., humanoid SARs) (25, 29-32, 

69, 70). 

Humanoid SARs can potentially support PwD in various physical and psychosocial human 

needs, including learning abilities (29-31, 33). Combining such a robot with tablet-based 

cognitive training (i.e., CCI) could specifically support learning abilities and help mitigate 

disease-related symptoms, as the robot provides social interaction and may enhance 

motivation in PwD, encouraging more frequent training – an important factor, given that apathy 

is the most common BPSD symptom (1, 33, 82, 91). Overall, such an intervention may help 

reduce caregiver burden in dementia caregivers; however, evidence was lacking (95), 

underscoring the need for further research, as highlighted in the following gaps. 
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First, although humanoid SARs are predicted to offer potential support in dementia 

care, specific positive and negative expectations of its potential users (e.g., caregivers, nurses) 

in this context remain underexplored, as most qualitative studies have focused on robot 

animals or undefined assistive technologies. Consequently, comprehensive qualitative 

research on the specific support expected – or not expected – by caregivers, nurses, and 

dementia trainers from humanoid SARs in dementia care, particularly regarding physical and 

psychosocial human needs (outlined in the CDS), was lacking. These insights were considered 

crucial to inform future interventional studies (96).  

Second, compared to humanoid SARs, research on the beneficial effects of CCIs 

targeting cognition in PwD was more available. However, systematic reviews with meta-

analyses included only studies that focused on either standard or emerging technologies and 

did not differentiate between participants living at home or in institutional care and did not 

consider all three relevant stages across the spectrum of cognitive decline. A comprehensive 

overview of the effectiveness of CCIs on global and domain-specific cognition was lacking, 

particularly regarding both standard and emerging technologies for community-dwelling people 

with SCD, MCI, and dementia, focusing on single-person applications (81). 

Third, research on the use of humanoid SARs has primarily been conducted in 

laboratory settings, with limited research ‘in the wild’ (i.e., real-world care, such as home 

settings) focusing more on the technical aspects and operability (33, 97). The first available 

studies on the effectiveness of humanoid SARs, beyond technical outcomes, were conducted 

with PwD in long-term care facilities. However, for informal caregivers, no studies were 

available investigating humanoid SARs (with or without a combined CCI) as caregiving support 

in dementia home care, highlighting the need for further research, particularly on the critical 

issue of caregiver burden (95). 

In the context of the first and third research gap, the inclusion of PwD was considered equally 

alongside caregivers but not within this doctoral thesis; rather, it was part of the larger AMIGO 

project (98).  

 

Aims of this doctoral thesis 
The overall aim was to investigate an emerging technology, Coach Pepper (a humanoid SAR 

combined with a tablet as a CCI), as support in dementia home care for reducing caregiver 

burden by using a mixed-methods approach (Study 3), with the incorporation of support 

expectations from caregivers and dementia trainers regarding humanoid SARs (Study 1), as 

well as the effectiveness of CCIs for people with cognitive decline (Study 2). 
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The aims of the three studies in this doctoral thesis are described below, with Figure 2 

illustrating the outline. 

The first study aimed to explore the expectations of informal caregivers, nurses, and 

dementia trainers regarding the support of physical and psychosocial human needs through 

emerging humanoid SARs in dementia care. 

The second study aimed to provide an overview of the effectiveness of individually 

performed CCIs, including standard technologies (i.e., PCs, tablets/smartphones, game 

consoles) and emerging technologies (i.e., virtual, augmented, or mixed reality), on cognition 

in community-dwelling individuals with SCD, MCI, and dementia. 

The third study tested a combined emerging technology intervention involving a 

humanoid SAR combined with a tablet as a CCI (i.e., Coach Pepper). The primary aim was to 

examine the effect(iveness) of a humanoid SAR, one equipped with functions such as tablet-

based multimodal training (i.e., cognitive and physical exercises) for PwD, on caregivers' 

subjective burden compared to an intervention involving only tablet-based multimodal training 

for PwD. Secondary outcomes included QoL, depressive symptoms, affect, and acceptance. 

Additionally, interviews with caregivers were conducted to gain deeper insights into their 

attitudes and experiences with such a robot at home. 

 
Figure 2: Outline of this doctoral thesis (Socially assistive robot: ©Joanneum Research Forschungsgesellschaft 
mbH Graz, Institute DIGITAL; Tablet computer: ©Joanneum Research Forschungsgesellschaft mbH Graz, Institute 
DIGITAL/M. Schwarzl; Other devices: Creative Commons https://pixabay.com/de/)  
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Discussion 
This section provides an overview of the three studies in this doctoral thesis, including their 

methodologies, main findings, and interconnections. Table 1 presents the methodological 

aspects. Additionally, this section discusses the main findings, includes methodological 

reflections, and provides a conclusion. 

 
Table 1: Overview of the study’s methodological aspects 

 Study 1 Study 2 Study 3 

Aim Examine the expectations of 
informal caregivers, nurses, 
and dementia trainers 
regarding the support of 
physical and psychosocial 
human needs through 
humanoid socially assistive 
robots (SARs) in dementia 
care. 

Assess the effectiveness of 
individually performed 
computer-based cognitive 
interventions (i.e., personal or 
tablet computers, 
smartphones, game consoles, 
virtual, augmented, or mixed 
reality) on cognition in 
community-dwelling people 
with subjective cognitive 
decline (SCD), mild cognitive 
impairment (MCI), and 
dementia. 

Explore the psychosocial 
effects of the humanoid SAR 
Coach Pepper (combined with 
a tablet-based multimodal 
training for people with 
dementia) versus a tablet-
based multimodal training 
alone for people with dementia 
on informal caregivers and 
examine caregivers’ attitudes 
and experiences with Coach 
Pepper. 

Design Qualitative descriptive study. Systematic review with meta-
analyses of randomized 
controlled trials (RCTs). 

RCT with a nested qualitative 
descriptive study. 

Sample/ 
Setting 

Informal caregivers (n=16), 
nurses (n=20), and dementia 
trainers (n=16) providing 
dementia care in home 
settings, adult daycare 
centers, or nursing homes. 

Studies including adults with 
SCD (n=1), MCI (n=18), and 
dementia (n=6) living at home. 

Informal caregivers of people 
with dementia (n=32). The 
study was conducted in 
private households. 

Data 
collection 

11 homogeneous focus 
groups (3 with informal 
caregivers, 4 with nurses, and 
4 with dementia trainers) using 
a semi-structured interview 
guide. 

Systematic literature search in 
MEDLINE, CINAHL, Embase, 
Cochrane CENTRAL, IEEE 
Xplore, Web of Science, 
Scopus, and PsycINFO. Gray 
literature search and 
backward citation searching 
were performed. A checklist 
was used for study selection. 

Data was collected at baseline 
and after the three-week 
intervention using 
standardized questionnaires 
(primary outcome: subjective 
caregiver burden). Semi-
structured interviews were 
conducted post-intervention in 
the Coach Pepper group. 

Data 
analysis 

Qualitative content analysis 
using a concept- and data-
driven coding frame. 

Two researchers 
independently assessed the 
study quality. Meta-analyses 
were performed using 
standardized mean difference 
with a random-effects model. 
Results were synthesized 
narratively when pooling was 
not possible. 

Intention-to-treat analysis was 
performed. Descriptive 
statistics and statistical tests 
were used to explore 
differences between the two 
groups. Qualitative content 
analysis with concept- and 
data-driven coding frame. 
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Main findings and interconnections 
Study 1 illustrates the (positive and negative) expectations of caregivers, nurses, and 

dementia trainers regarding the ‘perceived usefulness’ of humanoid SARs in future dementia 

care, particularly in supporting PwD and themselves by addressing physical and psychosocial 

human needs. The participants reported positive expectations regarding support by such 

robots across all human needs based on the CDS, primarily in components such as avoiding 

danger (e.g., recognizing danger, organizing help), communication/contact with others (e.g., 

enabling telephone calls, providing company), daily activities (e.g., reminding of appointments, 

household obligations), recreational activities (e.g., provide music), eating/drinking (e.g., help 

cook), and mobility/body posture (e.g., give reminders/instructions for physical exercise). 

Some negative expectations were also expressed, mainly concerning communication/contact 

with others (e.g., loss of interpersonal interaction) and avoiding danger (e.g., skepticism about 

handling emergencies) (96). 

 While the component ‘learning ability’ was not among the participants’ top six positive 

support expectations – whose ranking was based on the coding frequency of (positive or 

negative) expectations discussed within each component of human needs – it was recognized 

across all of them. This was reflected, for example, through reminders, instructions, or 

cognitive training, which humanoid SARs could support (96). The findings indicated a strong 

demand for robotic assistance in the cognitive preservation of PwD, aligning with predictions 

in existing literature (29, 31, 33, 98). Since cognitive training in PwD may help alleviate 

disease-related symptoms (e.g., cognitive decline, BPSD, care dependency) (11, 36, 37, 82, 

84, 86), combining a humanoid SAR with a CCI was considered a way to enhance the 

perceived usefulness of such robots as dementia caregiving support and potentially mitigate 

caregiver burden, leading to Study 2. 

Study 2 outlined the effectiveness of CCIs on cognition in people with SCD, MCI, and 

dementia, with most of those interventions being conducted on PCs and tablets. One 

randomized controlled trial (RCT) involving people with SCD showed significant improvements 

in memory functions after cognitive training on a PC. Meta-analyses of 12 RCTs demonstrated 

significant effects of CCIs for people with MCI in memory, working memory, 

attention/concentration/processing speed, and executive functioning but no significant 

improvements in global cognition and language. A meta-analysis of four RCTs, combining two 

studies with PCs, one with a tablet, and one with (non-immersive) VR for PwD, showed a 

positive trend toward memory improvement but no significant change (SMD 0.33, CI 95% 

[-0.10, 0.77]) (81). 
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 Based on the positive (non-significant) trend in memory function and the fact that most 

technologies used in this meta-analysis were non-emerging – called standard technologies, 

such as PCs and tablets (81) – we decided to combine a humanoid SAR with a tablet as a CCI 

for the subsequent Study 3. The following three considerations were also incorporated: First, 

the tablet is already widely used in home settings, assuming some familiarity among PwD and 

their caregivers. In addition, the knowledge and experiences regarding its usability, gained 

from previous projects investigating tablet-based multimodal training in PwD, were considered 

for use in Study 3 (e.g., tablet cover for stability; Figure 2 on page 24) (33, 99). Second, the 

tablet was also chosen for its compatibility with the robot, which should support the training 

through its social-interactive abilities and motivate participants to engage frequently (33), as a 

high training frequency is intended for a beneficial outcome on cognition (91). Third, a tablet 

connected via web interfaces allows users to maintain a personal distance from a (standing or 

moving) robot (98, 100), preventing potential damage and ensuring safety during the tablet-

based multimodal training. Although the robot in Study 3 had a fixed location within participants’ 

homes (e.g., living room), it could move within its designated radius (33, 98). 

 Together with the findings of Study 1, where some of the positive participants’ 

expectations were incorporated or adapted into the humanoid SAR functions (e.g., reminder 

function, emergency call; see Figure 2; and Figure 1 in Study 3) to enhance supportiveness 

for the utilization in Study 3, and the insights from Study 2 as well as the stated justifications, 

a tablet with multimodal training (i.e., cognitive and physical exercises) was chosen to be 

combined with a humanoid SAR called Coach Pepper. 

Study 3 explored the effects of the humanoid SAR Coach Pepper on caregivers’ subjective 

burden and additional secondary psychosocial outcomes in comparison to exclusively tablet-

based multimodal training for PwD. No significant differences in mean changes between 

groups were identified in the outcomes of caregiver burden, QoL, depressive symptoms, and 

affect. Regarding the outcome of acceptance, which was measured only post-interventional, 

the two domains, usefulness and accessibility, were rated significantly higher by the control 

group, which received only the tablet-based multimodal training for PwD at home. Qualitative 

findings about attitudes towards Coach Pepper in dementia care were mostly positive but 

predominantly neutral regarding caregiver burden. Most caregivers stated that Coach Pepper 

was neither a burden nor a relief in dementia care during the three-week intervention period, 

explaining that, on the one hand, PwD required regular support in using the robot for further 

self-occupation, which, on the other hand, provided them (only) a little free time from 

caregiving. The perceived usefulness of Coach Pepper in dementia caregiving was already 

experienced by caregivers in six out of fourteen components of human needs: ‘learning ability’ 
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(i.e., reminder function, cognitive exercises in multimodal training), ‘recreational activities’ (e.g., 

jokes, music function), ‘contact with others’ (e.g., Coach Pepper as a contact person for PwD), 

‘mobility/body posture’ (i.e., physical exercises in multimodal training), ‘communication’ (i.e. 

using predefined phrases/dialogs), and ‘avoiding danger’ (i.e., emergency call function). 

However, they expressed ‘future needs’ as further improvements for such robots in all 

components of human needs (e.g., advanced emergency and communication functions) (95). 

 

Discussion of the main results 

Coach Pepper as an emerging technology for dementia caregiving support 

To the best of our knowledge, Study 3 was the first to investigate the effectiveness of a 

humanoid SAR as a supportive device for dementia home caregiving (95). While caregivers in 

both the intervention and control group already exhibited caregiver burden at baseline (101), 

no significant changes in caregiver burden or other psychosocial outcomes were observed 

(95). This could be due to the short duration of the three-week intervention period, as well as 

the relatively broad range of caregiving duration among caregivers, which varied from one 

month to more than seven years (95), given that caregiver burden tends to increase with the 

duration of care (42). The quantitative results align with the qualitative findings in that Coach 

Pepper was neither a burden nor a relief. However, it should be highlighted that some 

caregivers have already expressed relief from caregiving due to the robot (95). 

For Coach Pepper to be a dementia caregiving support, findings on positive expectations 

regarding potential support from Study 1 were incorporated into the functions of Coach Pepper 

within the given constraints (e.g., time and technical resources) of the overall project AMIGO. 

Additionally, caregivers (and PwD) in Study 3 were involved in customizing Coach Pepper (i.e., 

reminder functions, dialogs, a photo album) before the start of the intervention so that it could 

provide support tailored to the needs of PwD and their caregivers (95). Furthermore, a 

multimodal tablet-based training, based on Study 2, was intended to enhance cognition in 

PwD, thereby contributing to the perceived usefulness of this emerging technology in terms of 

learning ability. However, for PwD who participated alongside their caregivers in Study 3 and 

were also considered within the larger AMIGO project (98), no significant change in the 

outcome ‘cognition’ was observed after the three-week Coach Pepper intervention (102). In 

addition, ‘motivation’ also remained non-significant in PwD (102), which did not align with the 

original intention of combining a SAR with a CCI to motivate PwD to engage more frequently 

in cognitive training for potential positive effects (33, 82, 91), reducing caregiver burden. 

Interestingly, the QoL for PwD in the Coach Pepper group significantly increased, which was 
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also reflected in their qualitative findings, such as describing the robot as having become like 

a friend (102). This raises the question of whether the intervention for caregivers in Study 3 

was too indirect, as it only provided caregiving support without direct support for themselves 

(e.g., relaxation exercises) (95). Coach Pepper primarily aimed to support and ‘be there’ for 

PwD (95), which is not unusual, as currently, most emerging technologies focus on directly 

supporting the health and lifestyle of PwD (28, 103). Indeed, some caregivers in Study 3 also 

reported growing close to Coach Pepper, highlighting their positive attitudes toward the robot 

(95). However, integrating direct caregiver support functions into humanoid SARs might make 

a difference in terms of caregiver outcomes, such as caregiver burden. In this regard, the 

authors of the original Stress Process Model of Caregiving (38), on which the DCB-TS Model 

of this doctoral thesis is based, among others (39-41), also incorporated ‘coping’ alongside 

‘support’ as a mediator for caregiver burden. The authors described three relevant coping 

strategies for caregivers: managing the stressful situation, managing its meaning to lessen the 

threat, and managing the resulting stress symptoms (38). Regarding these points, 

psychotherapeutic (e.g., cognitive behavioral therapy), and psychoeducational approaches 

(e.g., communication skills, problem-solving, managing BPSD, relaxation exercises, self-care 

strategies) to help caregivers respond more effectively to the needs of PwD while maintaining 

their emotional balance could be considered (11, 38, 39, 68, 69). In this context, humanoid 

SARs could support caregivers by analyzing threatening situations on-site (e.g., those caused 

by BPSD), helping them manage stress from disease-related symptoms, and providing 

education on these symptoms to better handle caregiving challenges. Additionally, they could 

monitor stress-related symptoms (e.g., through mobile/wearable technologies), set prompts 

when unhealthy limits are reached, suggest breaks, appointments (e.g., psychotherapy), or 

relaxation exercises, and offer guidance (32, 95). 

 

Caregivers’ expectations, perceived usefulness, and future needs regarding 
humanoid SARs like Coach Pepper 

Overall, the results of Study 1 and 3 demonstrated that caregivers see great potential for 

support through humanoid SARs in dementia care (95, 96). In addition to the previously 

discussed issue regarding further support functions for caregivers, the fact that caregiver 

burden remained unchanged in Study 3 may also be due to caregivers having higher prior 

expectations of Coach Pepper’s usefulness, compared to the perceived usefulness they 

experienced during the study. The qualitative findings support this, indicating a greater demand 

for improvements across all components of human needs, compared to the actual perceived 

usefulness reported in only six components (95). This may also explain why the tablet-based 
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multimodal training in the control group was rated significantly higher in terms of usefulness 

and accessibility (95, 104). Interestingly, the future needs expressed in Study 3, as well as 

positive expectations stated by participants in Study 1, led to the conclusion that such robots 

need considerable advancements to be supportive in dementia care, especially regarding 

communication (e.g., intelligent speech function, also responding to emotions), mobilization 

(e.g., specific movements, accompany for a walk), customization (e.g., verbal reminders, 

music, biography for talking), and the ability to recognize objects, situations, and contexts with 

appropriate reactions (e.g., emergency situations) (95, 96). In this regard, artificial intelligence 

(AI) will likely be a game changer (105). Currently, AI in social robotics relies on weak AI, which 

uses domain-specific algorithms to perform tasks considered intelligent when executed by 

humans. Examples of such algorithms in SARs include speech recognition, autonomous 

navigation, gesture and facial recognition, and object and emotion detection (106, 107). 

Advancements in these areas do not seem far-fetched, particularly when it comes to 

developing an intelligent speech function, as indicated by participants in Studies 1 and 3, 

especially given the emergence of Large Language Models (LLMs) (e.g., GPT-4o), which are 

utilized in applications like ChatGPT (by OpenAI) or Perplexity AI Pro (108, 109). Unlike Coach 

Pepper, the humanoid SAR ‘Navel’ from ©navel robotics GmbH has already integrated such 

LLM for verbal conversations with nursing home residents (110). However, the desired 

advancements for humanoid SARs, as revealed from the findings of Studies 1 and 3, highlight 

the need for integrating different algorithms (e.g., walking assistance with conversation and 

danger avoidance), which aligns with the concept of strong AI – future technologies that are 

virtually indistinguishable from humans (95, 96, 106). Although some LLMs are highly 

advanced in their field and can closely resemble human behavior, strong AI, as defined earlier, 

does not exist yet (106). However, the desire for strong AI in humanoid SARs, enabling them 

to provide comprehensive support and relief for caregivers, contradicts some ethical findings 

in both studies – particularly the fear of human replacement and the associated loss of human 

contact (95, 96), a concern also reflected in further literature (111-113). In this regard, Boada, 

Maestre (113) highlight the crucial question of whether humanoid SARs will be used as 

replacements or as collaborative agents in care, which is key to the further development of 

such robots in dementia care. Considering the ongoing technological advancements, 

especially in AI (106), continuously involving caregivers and PwD in the research and 

development of humanoid SARs for use in dementia home care is essential for their perception 

of the technology, the assessment of its implementation, and shaping its future direction, as 

was done to some extent from the caregiving perspective in this doctoral thesis. 

 



31 
 

Learning abilities in the context of CCIs and humanoid SARs like Coach Pepper 

The results of Study 2 showed a positive but non-significant trend for memory function in PwD 

performing CCIs, while significant effects were found for people with MCI and SCD. This 

suggests that when considering CCIs, the maxim ‘the earlier, the better’ may apply (81). Most 

CCIs relied on standard technologies like PCs or tablets, possibly because emerging 

technologies such as virtual, augmented, and mixed reality are still in early development for 

dementia, with limited research, especially in terms of high-level evidence like RCTs (71, 81, 

114, 115). Nevertheless, emerging technologies hold great potential as CCIs for dementia, 

such as leisure-based cognitive training in virtual environments (e.g., beach, city) (116) or 

(instrumental) ADL training (e.g., grocery shopping, making coffee) (117, 118). However, 

Study 3 combined a humanoid SAR with a tablet for multimodal training but showed no 

significant cognitive results for PwD (95, 102). Participants trained once per week with a 

dementia trainer and could practice independently (95, 98), while the literature recommends 

six weekly sessions for beneficial effects (91), which may not have been met. Furthermore, the 

three-week intervention duration was likely too short to detect significant changes (95, 102). In 

addition, as mentioned earlier, PwD in the AMIGA project showed that Coach Pepper also had 

no significant effect on their motivation (102). One further possible reason for these two non-

significant outcomes could be that Coach Pepper’s motivational strategies, its usability during 

training, and the combined tablet-based multimodal training need enhancements (95). In 

another project (i.e., MultimodAAL), the similar tablet-based multimodal training (without a 

robot) was qualitatively evaluated by participants who suggested introducing (technical) 

guidance/instructions, motivation/feedback/tips, along with additional written and verbal 

support (e.g., voice assistant), to improve adherence to the training (92). While the pre-

programmed, random praise and motivational statements from Coach Pepper were well-

received by PwD according to their caregivers in Study 3, some of these needs were not 

addressed, as reflected in findings for improvements, such as operating the training via voice 

command and adding tutorial videos (95). This highlights the need for future enhancement of 

such robots in guiding cognitive training, particularly for the communication function, AI 

applications, and customization for tailored feedback and training experiences for PwD (95), 

which, according to the DCB-TS Model, could potentially improve motivation for regular 

training, benefit cognition, and reduce caregiver burden.  

The perceived usefulness of ‘learning ability’ was also considered in terms of a reminder 

function in Coach Pepper for PwD in Study 3 (95), which was expressed before, through 

findings in Study 1, as a positive expectation embedded in all physical and psychosocial 

human needs (96). The reminder function was intended to support dementia caregiving at 
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home, as also outlined in the literature (29, 31, 77). In addition, this function also holds the 

potential to promote cognition through a cognitive rehabilitation (CR) approach. This approach 

involves individualized, goal-oriented strategies developed with caregivers and healthcare 

professionals to support daily tasks and aims to improve or maintain cognitive performance by 

building on strengths and compensating for impairments (37, 82, 119, 120). To some extent, 

this was already considered in Study 3, where caregivers and PwD were asked what should 

be integrated into the reminder function based on human needs (95). However, future needs 

for advancing this function were far greater than the perceived usefulness, to the point where 

one could already speak of CR through Coach Pepper – something that certainly holds 

potential, considering the technical advances desired by participants in Study 1 and 3 (95, 96). 

 

Methodological reflection – main strengths and limitations 
Studies 1 and 3 employed a descriptive qualitative approach with qualitative content analysis 

by Schreier (121), using a concept- and data-driven coding frame to analyze transcripts from 

homogeneous focus groups (Study 1) and individual interviews (Study 3). This approach 

allowed for an open exploration of expectations (Study 1), attitudes, and perceived usefulness 

(Study 3) of humanoid SARs, which predefined quantitative items that might not have been 

captured. Nevertheless, both studies employed a semi-structured interview guide to ensure 

comparability, identifying similarities and differences within findings and target groups. This 

structure within the interview guides also served as a basis for concept-driven categories, 

which were again reflected in the structure of the findings in both studies. Data-driven 

categories are revealed from the transcripts to provide an in-depth description of the material. 

One difference between the two studies was the data collection method: Study 1 used focus 

group discussions (96), while Study 3 relied on individual interviews (95). Compared to 

individual interviews, focus groups can benefit from group dynamics, encouraging participants 

to reflect on and discuss the experiences and opinions of others, which can generate a broad 

spectrum of ideas (122). This was particularly useful in Study 1 for exploring various support 

expectations oriented on the CDS items regarding humanoid SARs in dementia care. While 

focus groups foster dynamic discussions, they also risk, for example, dominance by certain 

participants or fabricated responses, which were considered and mitigated using specific 

strategies according to Krueger and Casey (122). In contrast, individual interviews in Study 3 

provided a more intimate atmosphere but lacked the advantages of group interactions. 

However, they were considered appropriate as they were conducted at home on the day Coach 

Pepper was picked up, allowing for fresh insights into participants’ attitudes and experiences. 
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For Study 2, a systematic review with meta-analyses was deemed appropriate to assess the 

effectiveness of CCIs on cognition in people with SCD, MCI, and dementia, following the 

Cochrane Handbook for Systematic Reviews of Interventions (123). However, relevant 

secondary disease-related outcomes for PwD (e.g., BPSD, care dependency) were not 

considered. This was due to the already broad eligibility criteria, which included global and 

domain-specific cognition as outcomes, three target groups, and a wide range of CCIs (81). 

Additionally, exploring factors that could enhance adherence to CCIs in PwD would have been 

valuable for further consideration in Study 3. This was actually planned as a combination of: 

first, a systematic review to assess the effectiveness of CCIs; and second, a realist review to 

identify beneficial and hindering key characteristics of these technologies that enhance the 

adherence, acceptance, compliance, and usability of these technologies for people with SCD, 

MCI, and dementia (124). Due to the unexpectedly significant effort required, the research 

team prioritized only the effectiveness of CCIs. However, the tablet used in Study 3 was not 

newly developed, as mentioned earlier; rather, it had been applied in an earlier project with 

PwD, in collaboration with a non-profit project partner from a dementia service center, whose 

experiences were integrated into the tablet application in Study 3 (99). Along with the observed 

beneficial trend in a meta-analysis of memory function in PwD, mostly using standard 

technologies as CCI (Study 2) (81), the involvement of qualitative findings regarding such 

trainings (e.g., motivational statements from a robot) (Study 1, and findings of PwD in the 

AMIGO project) (96), efforts by the research team (e.g., intervention training on delivery day, 

a hotline), and the detailed RCT study protocol (e.g., weekly supervised training for PwD) (95, 

98), all aimed to achieve those outcomes planned in the realist review (124). 

In Study 3, an RCT was conducted to investigate the effectiveness of Coach Pepper on 

subjective caregiver burden (primary outcome) (95). As RCTs generate the highest level of 

evidence among original studies in evidence-based practice, this was an appropriate design 

to determine whether the intervention was effective (114, 115). The CONSORT Statement and 

Checklist (125), with its explanation and elaborations (126), was used to guide and report the 

study. Additionally, their recommendations for a prior trial registration (ClinicalTrials.gov, 

NCT03818217) as well as to publish a study protocol (98) were followed to reduce the 

likelihood of undeclared post hoc changes to the trial methods and selective outcome reporting 

(125, 126). All caregiver outcomes were reported per protocol and registration. In this context, 

the registered and defined outcomes of care dependency and BPSD for PwD might also have 

been of interest within this thesis, as they can play a major role in caregiver burden 

development, according to the DCB-TS Model. However, they also showed no significant 

changes for PwD (102). Lastly, the mixed-method approach of Study 3 should be highlighted, 
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as it made it possible to evaluate the Coach Pepper intervention and also gain qualitative 

feedback and a better understanding (127). 

 

Conclusion 
Caregiver burden arises from complex and dynamic multifactorial interactions in dementia 

caregiving, affecting both caregivers and PwD. (Non-)technological interventions as support, 

including emerging technologies, may help mitigate this burden. In this doctoral thesis, Coach 

Pepper – a humanoid SAR with a tablet as a CCI – was investigated for dementia home care 

but showed no significant effects on caregivers’ subjective burden or other psychosocial 

outcomes; however, suggestions for future improvements were identified. Before testing 

Coach Pepper, a qualitative study explored the support expectations of caregivers, nurses, 

and dementia trainers regarding humanoid SARs, while a systematic review with meta-

analyses assessed the effectiveness of CCIs for SCD, MCI, and dementia, with the findings of 

both studies considered for Coach Pepper.  

Considering the willingness of PwD and caregivers, Coach Pepper, in its current form, 

can (theoretically) be used at home as a complement to conventional care, albeit with its 

currently limited functions and with limited continuous (technical) support available. Humanoid 

SARs like Coach Pepper require advancements for dementia home care, particularly in 

communication/speech, mobility, customization, and pattern recognition with appropriate 

reactions (e.g., emergencies) in line with developments in AI. For caregivers, caregiving 

support in stressful situations (e.g., due to BPSD) or direct support (e.g., through 

mobile/wearable technologies or integrated sensors for stress detection and prompts for 

breaks) should be integrated, allowing the robot to also serve the caregiver as the ‘client’. 

Nevertheless, future use of such (advanced) robots requires considerations about accessibility 

(e.g., through home care services), financial aspects (e.g., rental options, monthly costs, 

insurance subsidies), and support (e.g., remote, on-site). 

CCIs should be regularly offered to people with cognitive decline, as they have minimal 

side effects, provide a low-threshold option in a stigmatized field, and can complement existing 

(non-)pharmacological treatments. 

Future research should involve potential users in the development process of emerging 

technologies (e.g., humanoid SARs), utilizing mixed-methods designs for continuous 

feedback, to address their needs and preferences regarding acceptance, usability, support, 

and ethical considerations. In this regard, potential users should be open-minded and seize 

opportunities to contribute to the development of these technologies.  
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Abstract 

Objective: To examine the expectations of informal caregivers, nurses, and dementia trainers 

regarding the support of (physical and psychosocial) human needs by humanoid social 

assistive robots (SARs) in dementia care. 

Methods: A qualitative study was conducted with 11 homogeneous focus groups of informal 

caregivers, nurses and dementia trainers providing dementia care at home, in adult daycare 

centers, or in nursing homes. A qualitative content analysis was performed using a concept- 

and data-driven coding frame. 

Results: Focus group discussions with 52 individuals were held. Participants reported mostly 

positive expectations and stated that SARs could offer potential support in all components of 

human needs, especially in avoiding danger (e.g., recognise danger, organise help), 

communication/contact with others (e.g., enable telephone calls, provide company), daily 

activities (e.g., remind of appointments, household obligations), recreational activities (e.g., 

provide music), eating/drinking (e.g., help cook), and mobility/body posture (e.g., give 

reminders/instructions for physical exercise). Participants also mentioned some negative 

expectations in all human needs, predominantly in communication/contact with others (e.g., 

loss of interpersonal interaction) and avoiding danger (e.g., scepticism regarding 

emergencies). 

Conclusion: Participants stated that SARs had great potential to provide assistance in 

dementia care, especially by reminding, motivating/encouraging and instructing PwD. Informal 

caregivers and nurses also considered them as useful supportive devices for themselves. 

However, participants also mentioned negative expectations, especially in 

communication/contact with others and avoiding danger. These findings demonstrate the 

support caregivers and dementia trainers expect from humanoid SARs and may contribute to 

their optimisation for dementia care. 

Keywords: dementia, robotics, informal caregivers, nurses, activities of daily living 
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Introduction 
Dementia is a worldwide public health concern, significantly impacting healthcare systems and 

society (Alzheimer's Association, 2018; Patterson, 2018). PwD demonstrate higher levels of 

care dependency regarding physical and psychosocial human needs (e.g., hygiene, social 

contact) than those without dementia and therefore must receive intensified care to maintain 

their independence for as long as possible (Alzheimer's Association, 2018; Schüssler et al., 

2016). 

Dementia care is largely provided by informal caregivers and nurses (Alzheimer's 

Association, 2018; WHO, 2012) as well as other healthcare professionals like dementia 

trainers (hereafter called ‘trainers’) (Schulz et al., 2012; WHO, 2012). Due to disease-specific 

symptoms, dementia care presents significant challenges, increasing the caregivers’ (i.e., 

informal caregivers and nurses) stress levels and burden (Alzheimer's Association, 2018; 

Evripidou et al., 2019). With regard to future care, it is also necessary to consider the declining 

worldwide availability of healthcare professionals like nurses or informal caregivers (European 

Commission, 2020; OECD, 2011; WHO, 2019). 

New technologies, such as socially assistive robots (SARs), could address these future 

challenges by delivering additional support (Korchut et al., 2017; Koutentakis et al., 2020; Pino 

et al., 2015; Wang et al., 2017). SARs can be defined as an intersection between assistive 

robots (aiding a human user) and socially interactive robots (communicating with a human user 

through social and non-physical interaction) (Feil-Seifer & Mataric, 2005). Present-day SAR 

designs include mechanoids with a machine-like appearance; humanoids with an unrealistic 

human-like appearance; androids with a realistic human-like appearance; and robot animals, 

SARs that look like animals (Pino et al., 2015; Walters et al., 2009).  

Generally, SARs are not yet commonly commercially available. A review by Bedaf et 

al. (2015) identified 6 out of 107 commercially available robots focusing on older people. Buhtz 

et al. (2018) identified 3 (an animal robot, a box-like robot with an display and a telepresence 

robot) of 13 commercially available SARs for older people living at home. Currently, the best-

known commercially available SAR is the animal robot 'Paro', resembling a baby harp seal 

(Bioethics Commission, 2018; PARO Robots U.S., 2014). While humanoid SARs are still 

mostly in the (early) development phase, and have a predominantly machine-like appearance, 

there already exists an industrially produced humanoid robot called 'Pepper' (Buhtz et al., 

2018; Pandey & Gelin, 2018; Zamalloa et al., 2017). 

There is already a body of work suggesting that SARs can effectively improve the lives 

of PwD (e.g., depression, agitation), although much of the research has been conducted using 
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animal robots (Leng et al., 2019; Pu et al., 2019). Since interaction with animal and humanoid 

SARs happens on different levels (emotional vs. verbal communication level) (Campa, 2016), 

the SAR´s appearance not only influences its assistive capabilities, but also the expectations 

for its support potential (e.g., giving verbal reminders), which further affects research results 

(Powers & Kiesler, 2006). These robot designs must therefore be considered in a differentiated 

way when conducting research on expectations of support by SARs among potential users 

(Buhtz et al., 2018; Campa, 2016). 

According to the ‘Almere Model’ of Heerink et al. (2010), expectations towards SARs 

form a construct that could considerably influence the future use of SARs in practice. Based 

on Heerink et al. (2010) and further literature (Dijkstra, 2017; Dijkstra et al., 1996; Lohrmann 

et al., 2003), this study defines ‘expectations’ as individuals’ expectations of potential assistive 

applications of humanoid SARs regarding various components of (physical and psychosocial) 

human needs. 

Previous scoping reviews (Hirt et al., 2019; Papadopoulos et al., 2018) and one 

narrative review (Koutentakis et al., 2020), referring to literature about expectations to any SAR 

designs, reported that informal caregivers and healthcare professionals considered SARs as 

potentially supportive in dementia care with respect to some components of human needs. 

However, only two qualitative (Darragh et al., 2017; Wang et al., 2017) and two mixed-methods 

studies (Broadbent et al., 2016; Pino et al., 2015) cited in these reviews (Hirt et al., 2019; 

Koutentakis et al., 2020; Papadopoulos et al., 2018) referred to humanoid SARs, whereas 

most qualitative studies referred to robot animals or non-defined assistive technologies. 

According to the classification of Hirt et al. (2019) on support possibilities of SARs with a 

humanoid design in subthemes of activities of daily living, the caregivers’ expectations in the 

two qualitative studies as well as in the qualitative parts of the two mixed-method studies were 

as follows: ‘reminding’ (Darragh et al., 2017; Wang et al., 2017), ‘interaction’ (Wang et al., 

2017), ‘personal care/nutrition/mobility’ (Broadbent et al., 2016; Pino et al., 2015; Wang et al., 

2017), ‘social participation/engagement’, ‘reminiscence’ (Pino et al., 2015), ‘housekeeping’ 

(Wang et al., 2017) and ‘leisure activities’ (Broadbent et al., 2016). However, it must be 

emphasised that the interviews of these four studies were either more open (Broadbent et al., 

2016; Pino et al., 2015; Wang et al., 2017) or very specific regarding support options (Darragh 

et al., 2017) and that, in one qualitative study (Darragh et al., 2017), the description of the 

results did not distinguish between groups of participants (e.g., caregivers of PwD or mild 

cognitive impairment, experts). In the mixed-method study by Broadbent et al. (2016) the 

qualitative part accounts for only a minor contribution of results. 
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It is evident that a comprehensive qualitative research of caregivers’ expectations of 

humanoid SARs regarding human needs is required, which is why this qualitative study aims 

to examine the expectations of informal caregivers, nurses, and trainers regarding the support 

of (physical and psychosocial) human needs by humanoid SARs in dementia care. 

 

Methods 

Study design 

This qualitative descriptive study with caregivers and trainers constituted the first step of a 

larger project, while a further qualitative study about expectations of PwD and a randomised 

controlled trial will be reported elsewhere. 

This study uses a focus group approach described by Krueger and Casey (2015). This 

interactive technique enables people to ponder, reflect on, and listen to statements made by 

others, which reveal their attitudes and expectations and collect extensive information (Krueger 

& Casey, 2015). Information on the potential for humanoid SARs to provide support in 

dementia care was collected from informal caregivers, nurses, and trainers. 

The COREQ-Checklist (Tong et al., 2007) was used to guide the reporting process 

during this qualitative research. 

 

Sample and participants 

The study was performed in Styria, one of Austria’s nine federal states. Participants were 

included by purposive sampling of maximum variation in terms of three different target groups. 

This specific method was considered suitable to obtain a comprehensive understanding of all 

participants' expectations and to identify similarities/differences between these target groups 

(Ames et al., 2019). Informal caregivers, nurses and trainers were recruited in person or by 

telephone by a non-profit social organisation offering dementia services. No compensation for 

German. Further inclusion criteria were as follows: 

 Informal caregivers had to be relatives or significant others (e.g., friends) of a person with 

dementia at home and/or in an adult daycare center or nursing home, regardless of 

dementia type and severity. Informal caregivers could live with the person with dementia 

in a joint household or not and perform care themselves and/or receive professional 

assistance or not. 
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 Nurses had to work as registered nurses in home care, in an adult daycare center, or in a 

nursing home and demonstrate experience in dementia care. 

 Trainers had to have performed cognitive and physical trainings with PwD in their home, 

in adult daycare centers, or in nursing homes. Trainer education varies internationally and 

completed compulsory schooling (Alzheimerakademie, 2021; Schulz et al., 2012). Future 

trainers have to complete a nine-month training programme consisting of theoretical 

courses (eight modules including e.g., communication with PwD, stage-appropriate 

cognitive training, physical exercises), practical trainings (work shadowing and training in 

a practice setting) and a final examination (Alzheimerakademie, 2021).  

 

Ethical considerations 

Ethical approval was obtained from the Medical University of Graz Ethics Committee (30-

142ex17/18). Participants received verbal and written information about the study and gave 

their oral and written informed consent to participate. 

 

Data collection 

Data collection took place from January to May 2018. In total, 56 individuals agreed to 

participate; 11 focus groups with a total of 52 participants were performed separately for 

informal caregivers, nurses and trainers and lasted 93.9 minutes on average (Table 1). Four 

individuals did not attend focus groups, as they missed the appointment (n = 2), became 

ill (n = 1), or cancelled without justification (n = 1). 

Focus groups were performed by JZ and trained healthcare professionals from the non-

profit organisation. JZ, a nursing scientist and doctoral student, had experience conducting 

interviews and trained the healthcare professionals, ensuring consistent data collection. Focus 

groups were led by a moderator (JZ or one trained healthcare professional) and held in quiet 

meeting rooms at the non-profit organisation or the institutions (e.g., nursing homes). A two-

minute video of the humanoid SAR called ‘Pepper’ was then shown to give participants an 

impression of a humanoid SAR and demonstrate its features (e.g., dance function, speech). 

‘Pepper’ is 1.20 m tall, weighs 28 kg, can move its head, upper extremities and chest, and is 

able to engage with people through conversation and its tablet (Softbanks Robotics, 2020). 

‘Pepper’ was chosen as an example because it is the first robot of its kind to be mass-produced 

and, therefore, can be purchased (Pandey & Gelin, 2018). However, the moderator 
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emphasised in the focus groups that ‘Pepper’ served as an example only and that the 

questions referred to humanoid SARs in general. 

A co-moderator (one trained healthcare professional) assisted at each focus group, 

noting the participants’ main statements, summarising the discussion at the end, asking 

participants for clarification, and gathering further comments. At least three focus groups with 

each type of participants were conducted, following the recommendations of Krueger and 

Casey (2015) to achieve data saturation for each target group. 

Based on literature* and the research team’s expert knowledge on dementia, a semi-

structured interview guide was developed and used in the focus groups [see Supplementary 

Material 1*]. To comprehensively examine participants’ expectations, the authors had chosen 

the items of the ‘Care Dependency Scale (CDS)’ to govern the development of the interview 

guide. This scale was originally developed to assess the care dependency of PwD and 

intellectual disabilities and includes 15 (physical and psychosocial) human needs based on the 

nursing theory of Virginia Henderson (Dijkstra et al., 1996; Lohrmann et al., 2003). Care 

dependency, in this context, is seen as a process in which an individual's care demands require 

(professional) support because of their decreased ability to provide self-care in physical and 

psychosocial human needs (e.g., hygiene, communication) (Dijkstra, 2017; Schüssler & 

Lohrmann, 2015). The authors considered the components of human needs included in the 

CDS as appropriate to conduct a comprehensive qualitative examination of expectations 

regarding support by SARs in dementia care. Additionally, the CDS human needs items were 

deemed appropriate for this study for including both physical and psychosocial components 

(e.g., social contact, communication) (Dijkstra et al., 1996; Lohrmann et al., 2003), which also 

play an important role in dementia care (Schüssler & Lohrmann, 2015). 

Furthermore, two pilot-test interviews were conducted (JZ, SS) with target group 

representatives to adapt the questions (adjusting the order of the questions) and improve 

comprehensibility. 

 

Data analysis 

Audio-recorded focus groups were transcribed (JZ, SS), and a qualitative content analysis 

described by Schreier (2012) was performed using a concept- and data-driven coding frame. 

Based on the research question, the components of human needs (Dijkstra et al., 1996; 

Lohrmann et al., 2003), further literature from the interview-guide*, and expert knowledge, JZ 

and SS developed a concept-driven coding frame consisting of a main category and 

subcategories [see Supplementary Material 2*]. Additional data-driven subcategories were 
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created based on the transcripts. Subsumption was used to generate data-driven 

subcategories, which is an appropriate strategy if concept-driven main categories and ideas 

for subcategories already exist. For data segments of the transcript not fitting in an existing 

subcategory, a new subcategory was generated. This process was repeated until saturation 

point, meaning that no new subcategory could be generated and none remained empty 

(Schreier, 2012). 

JZ and SS independently categorised each transcript, then met, compared all used 

categories, discussed, and resolved any disagreements. Finally, the categories were 

summarised and interpreted by JZ, and the results were then discussed with SS. 

Results are presented qualitatively (exemplary personal quotes) and quantitatively (coding 

frequency) (Schreier, 2012). 

MAXQDA (2018) was used to manage the data. 

 

Results 

Participants’ characteristics 

In total, 52 individuals, mostly women (92.3%), agreed to participate in focus group discussions 

(Table 1). The average participant age was 47.1 years; more than half (55.8%) had a medium 

education level according to the International Standard Classification of Education (UNESCO, 

2012). 

 

Table 1. Characteristics of focus group participants 

 Informal 
caregivers 

Nurses Trainers All 

Total, n 16 20 16 52 
Focus groups sessions, n 3 4 4 11 
Range of participants in focus group 
sessions, n 

4-8 4-7 2-6 2-8 

Duration of focus group discussions in 
minutes, mean 

87.5 102.3 93.2 93.9 

Age, mean 54.3 41.1 45.9 47.1 
Female, n (%) 15 (93.8) 17 (85.0) 16 (100.0) 48 (92.3) 
Highest educational level*, n (%) 

Low education 
Medium education 
High education 

 
1 (6.3) 

10 (62.5) 
5 (31.3) 

 
0.0 

13 (65.0) 
7 (35.0) 

 
4 (25.0) 
6 (37.5) 
6 (37.5) 

 
5 (9.6) 

29 (55.8) 
18 (34.6) 

(previous) occupation, n (%) 
Employed 
Housekeeper 

 
12 (75.0) 
4 (25.0) 

- - - 
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Expectations 

The following results alternately describe the participants’ positive and negative expectations 

on assistive applications of humanoid SARs in dementia care in the components of (physical 

and psychosocial) human needs. The categories ‘avoiding danger’ and 

Place of employment, n (%) 
Home care 
Nursing home 
Home care and nursing home 
Adult daycare center 

-  
7 (35.0) 
9 (45.0) 

- 
4 (20.0) 

 
0.0 

2 (12.5) 
14 (87.5) 

0.0 

- 

Professional experience in nursing, n (%) 
0-1 year 
2-5 years 
6-10 years 
11-15 years 
16-20 years 
> 20 years 

- 
 
 

 
0.0 

4 (20.0) 
1 (5.0) 
2 (10.0) 
6 (30.0) 
7 (35.0) 

- - 

Professional experience as trainer, n (%) 
0-1 year 
2-5 years 
6-10 years 
> 10 years 

- -  
10 (62.5) 
5 (31.3) 

0.0 
1 (6.3) 

- 

Type of relationship between informal 
caregivers and persons with dementia, 
n (%) 

Spouse 
Daughter 
Daughter-in-law 
Son 
Acquaintances (e.g., neighbour, 
friend) 
Granddaughter 

 
 
 

2 (12.5) 
7 (43.8) 
4 (25.0) 
1 (6.3) 
1 (6.3) 

 
1 (6.3) 

- - - 

Setting PwD, n (%) 
Living at home 
Living in nursing homes 

 
12 (75.0) 
4 (25.0) 

- - - 

Care provided by informal caregivers, 
n (%) 

12 (75.0) 
 

   

Extent of care provided by informal 
caregivers† (n = 12), n (%) 

Substantial 
High 
Moderate 
Low 

 
 

1 (8.3) 
6 (50.0) 
3 (25.0) 
2 (16.7) 

- 
 

- 
 

- 

Support of professional care at home 
(n = 12), n (%) 

8 (66.7) - - - 

* according to the International Standard Classification of Education (ISCED) (UNESCO, 2012). 
† Extent of care provided, self-assessed by informal caregivers 
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‘communication/contact with others’ were most frequently discussed (coding frequency by 

absolute numbers) by all participants (both positively and negatively) (Figure 1 and 2). 

 
Figure 1. Positive expectations of humanoid SARs per target group 

 
Figure 2. Negative expectations of humanoid SARs per target group 
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Avoiding of danger 

Participants of all three sample groups recognised the highest potential for SARs in this 

category, stating that SARs needed to be able to identify dangerous situations and raise 

awareness. 

‘He [SAR] must always be one step ahead of the client [person with dementia]’ 

(DT-FG3:86). 

Nurses and informal caregivers believed SARs could prevent falls and injuries (e.g., give 

hints inside and outside; offer walking aids, provide company, identify fallen/injured persons). 

Nurses specifically noted that SARs needed to be able to notify informal caregivers, 

emergency responders, and healthcare workers if a dangerous situation arose at home or in 

institutions (i.e., nursing homes, daycare centers). 

‘Of course, he [SAR] should be able to make an emergency call when he notes 

that he [person with dementia] is lying on the ground’ (N-FG3:220). 

However, this theme was controversially discussed, particularly by trainers and nurses who 

believed that SARs could not help PwD if they fell and could even pose a risk of falling. Some 

participants stated seeing no possible application for emergencies. 

‘What if an emergency occurs? I can´t imagine that the robot acts accordingly’ (N-

FG2:51).  

In particular in the domestic setting, trainers and nurses frequently mentioned that SARs 

could help to avoid dangers by detecting temperature changes. They said that SARs should 

be able to measure and control the stoves’/appliances’ temperature, alerting the PwD or 

switching off appliances if needed. 

‘The person [with dementia] often leaves something on the stove and it switched 

on. He [SAR] might turn off the stove or alert the person’ (DT-FG4:55). 

Participants, especially nurses and trainers, commented that SARs should also be able 

to measure body temperature and other vital functions (e.g., pulse, blood pressure, blood 

sugar). 

 

Communication/Contact with others 

In particular, trainers suggested that SARs could offer support with making phone calls (i.e., 

help handle (mobile) phones or make (video) calls by voice command). Informal caregivers 
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and trainers added that SARs should remind the person with dementia to maintain social 

contacts and initiate conversations with others, especially in the home setting. Informal 

caregivers suggested that SARs might keep the PwD company (e.g., at home/social events) 

and communicate with them. To do so and to be able to answer specific questions, SARs 

would need personal information about the person with dementia and knowledge of current 

affairs. Informal caregivers also saw this as a potential for relief, as SARs respond to frequently 

reiterated questions without feeling irritation. 

‘If they [PwD] are already in the phase where they ask the same question 100 

times. Because the robot has no everyday stress, it doesn’t matter’ (IC-FG3:376). 

Informal caregivers and nurses emphasised that interpersonal interaction is crucial when 

talking to PwD. They stated that SARs could not replace a human in this respect, as they could 

neither adequately respond to feelings nor even express them. Some also noted concerns 

regarding spontaneous or slurred speech. 

‘My husband cannot speak so well. He often cannot express himself. And that's 

where the robot doesn't help’ (IC-FG2:168). 

 

Daily activities 

In particular, nurses expressed that SARs should be independently active in the household by 

keeping order, vacuuming, doing the laundry and support nurses in health institutions by 

cleaning up and disinfecting residents’ rooms. 

Participants, and especially trainers, often mentioned how helpful it would be if SARs 

could provide reminders and step-by-step instructions about appointments (e.g., birthdays), 

household obligations (e.g., vacuuming), and medication intake. 

‘(…) when taking medication - that he [SAR] says at the time “now you must take 

it”’ (DT-FG2:152). 

Regarding medication, especially informal caregivers expressed distrust toward SARs. 

‘But I think that's where I prefer to do the medicine administration instead of the 

robot’ (IC-FG2:222). 
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Recreational activity 

Several participants, especially informal caregivers and trainers, stated that SARs should 

provide music, sing, dance, and even encourage people to join in. Participants also said the 

SARs should turn the television on/off, switch between channels, and remind the PwD when 

their favorite programme started. 

Informal caregivers mentioned that SARs should be able to play games with the person 

(e.g., card games) or offer games on their tablet. Nurses and informal caregivers suggested 

the SARs should read aloud (e.g., newspapers) and take the PwD on walks.  

‘That he [SAR] reminds him [person with dementia] about taking a walk. Of course, 

it would be nice if he [SAR] could accompany the person’ (N-FG2:542). 

But a few informal caregivers, for reasons of dignity and interpersonal interaction, did not 

welcome the idea of SARs going on walks. 

‘To send someone [with a SAR] for a walk. No, there’s no way I could do that’ (IC-

FG3:276). 

 

Eating/Drinking 

Participants, especially trainers, mentioned that SARs could assist with cooking (e.g., give 

instructions, use the stove, suggest menus/recipes, prepare food, cook) as well as with 

shopping and ordering. 

Nurses and informal caregivers noted that SARs should encourage the PwD to 

drink/eat and provide services (e.g., bring a glass of water, set the table). Nurses stated that 

SARs could document fluid and food intake. 

‘Maybe it would be possible for him [SAR] to record how much someone drank 

during the day’ (N-FG3:67). 

Informal caregivers and nurses were firmly opposed to the administration of food/beverages 

by SARs, for reasons ranging from possible loss of the ability to eat/drink independently, 

insufficient consideration of swallowing difficulties, but also the possible impression of 

dependency from a robot. 

‘I really see the administration of food and beverages as massively problematic’ 

(N-FG4:82). 
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Mobility/Body posture 

Gymnastic/movement exercises, especially accompanied by music, were mentioned most 

frequently by informal caregivers. Several participants across all sample groups commented 

that SARs should provide reminders, instructions, and motivation, but also show exercises and 

participate. 

Furthermore, especially informal caregivers and nurses commented that SARs could 

accompany the PwD while walking and climbing stairs. Participants stated that such robots 

should be able to recognise a person’s posture (e.g., sitting) and help improve it with 

encouragement or instructions. 

‘While getting up. That he [SAR] says “Place your legs a little backwards and lean 

forward, it is easier then”’ (N-FG2:174). 

Informal caregivers and nurses also mentioned that SARs should actively mobilise 

patients. 

Due to the unstable appearance of the humanoid SAR ‘Pepper’, a few informal 

caregivers and trainers said they could not imagine that such robots could actively assist with 

mobility. 

‘Climbing the stairs (laughing), I can´t imagine how that would work with a robot’ 

(DT-FG2:119). 

 

(Body)temperature 

In addition to mentioning that SARs should be able to determine temperature, informal 

caregivers and trainers also stated that SARs should exude heat. 

‘Pepper shouldn´t only feel cold and heat but also radiate it’ (IC-FG1:260). 

As sensations of warmth and cold are subjective, some participants in all three sample 

groups did not wish for support in terms of weather-related clothing. 

‘He [SAR] certainly can´t help judge how cold or hot someone is because each 

person has to feel this him- or herself’ (DT-FG3:76). 

 

 

 



60 
 

Learning ability 

Trainers most often commented that SARs could conduct memory trainings in the form of 

cognitive exercises, motivate PwD to do these trainings at certain times, but should not 

emphasise incorrect answers. Nurses and informal caregivers commented that a SAR could 

perform cognitive trainings more effectively than only a tablet, because the robot, unlike the 

tablet, could regularly remind and motivate people to do a joint training session. 

‘Pepper may be better because she encourages you more than a tablet’ (N-

FG1:34). 

Some nurses and trainers stated that SARs should help the PwD maintain their autonomy by 

first giving reminders before taking over tasks.  

In this regard, some informal caregivers and trainers saw less potential for SARs to 

improve the PwD’s learning ability, because they might ignore, forget, or not understand the 

SAR’s reminders. 

‘I believe that PwD cannot follow what Pepper says’ (IC-FG1:207). 

 

Getting (un)dressed 

Nurses and trainers mentioned that SARs should be able to identify weather-related clothing 

and safe shoes, match colors, remember the order of (un)dressing, and indicate when the PwD 

should change clothes. A few participants, particularly nurses, believed that SARs could 

actively assist with dressing. 

‘I could possibly imagine that he [SAR] might be able to help put on stockings, socks, 

or shoes’ (N-FG4:194). 

Informal caregivers and nurses most frequently argued against active assistance during 

dressing, as an intimate act, and some could not imagine it technically possible. 

‘No, I couldn´t even imagine that a robot would help my mum to remove and put 

on clothes’ (IC-FG3:381). 

 

Hygiene 

Participants in all three sample groups commented that SARs should provide step-by-step 

instructions on body/personal care (e.g., teeth brushing) as well as provide general reminders 

and motivation. 
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Active support from SARs was mainly interpreted as assistance in showering/bathing, 

such as hand-toweling. Some could imagine a SAR washing a person's back and legs, 

shaving, or combing their hair. Few nurses considered SARs to be unisex, which could be 

beneficial in assisting people with body care. 

‘In particular, female PwD just don´t want a man to care for them. And that [SAR] 

would be gender-neutral’ (N-FG4:274).  

At this point in the topical discussion, the nurses presented strong opposition to the idea that 

SARs could completely assume hygiene tasks, due to the sensitivity required for personal 

hygiene tasks, which they only attributed to human-beings. 

‘But I couldn´t imagine handing over private hygiene care to Pepper’ (N-FG4:280). 

 

Continence 

Nurses expressed a wish that SARs would remind and instruct the PwD about personal 

hygiene (e.g., flushing the toilet, wiping). Nurses and trainers said it would be helpful if SARs 

performed toilet trainings and, including informal caregivers, stated SARs should also provide 

active support (e.g., accompaniment to the toilet, preparation of certain products). Nurses 

frequently wished for SARs to be able to recognise feces, point out the need to change 

incontinence products or clothing, and draw attention to obstipation. 

‘Remind him [person with dementia] or even recognise if something needs to be 

changed or not’ (N-FG4:404). 

To preserve privacy, some participants in all three sample groups stated that SARs should not 

take over intimate care and commented that they did not even believe it was technically 

possible. 

‘If he [person with dementia] wets or soils his pants (...) how should a robot help?’ 

(DT-FG3:108). 

 

Day-/Night pattern 

Participants of all three sample groups mentioned that SARs should act as alarm clocks (e.g., 

play music, open curtains), remind the PwD of the time, instruct them to go back to sleep if 

needed, and even act as sleeping aid. 
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‘That he [SAR] sings songs, to [help the person with dementia] fall asleep’ (N-

FG4:381). 

Some nurses considered the idea of the SAR issuing bedtime instructions as paternalistic; 

especially informal caregivers questioned whether PwD would follow instructions given by a 

SAR. 

‘But, if he [SAR] would tell them what to do (...) I don´t know if she [person with 

dementia] would become aggressive’ (IC-FG2:528). 

 

Sense of rules/Values 

Participants in all three sample groups emphasised the need for SARs to give reminders, 

indicate that the person was in the wrong room, set house rules, or lower blinds, especially in 

nursing homes. Participants commented that the SAR should not invade people’s privacy. 

‘If I want to rest now; Pepper simply shouldn’t bother me’ (DT-FG2:309). 

A few participants, especially informal caregivers and nurses, stated that PwD find rules difficult 

to follow; they did not expect assistance from SARs in this area. 

‘Rules are very hard for PwD, because they live in their own world’ (IC-FG2:479). 

 

Discussion 

In this qualitative study, the authors investigated expectations regarding (physical and 

psychosocial) human needs expressed by informal caregivers, nurses, and trainers concerning 

the potential for humanoid SARs to provide support in dementia care. Using the human needs 

covered by the CDS (Dijkstra et al., 1996; Lohrmann et al., 2003) as a basis for the interview 

guide and data analysis enabled to gain a comprehensive picture of positive as well as 

negative expectations, including human needs which had not been addressed before, like 

‘(body)temperature’ and ‘sense of rules/values’, or had only been shown to a limited extent, 

like ‘eating/drinking’ (Broadbent et al., 2016; Wang et al., 2017), ‘learning ability’, ‘mobility/body 

posture’ (Darragh et al., 2017), ‘getting (un)dressed’, ‘hygiene’, ‘day-/night pattern’ (Wang et 

al., 2017), ‘continence’ and ‘recreational activities’ (Broadbent et al., 2016) . 

Most participants recognised that humanoid SARs could offer support regarding all 

components of human needs, and especially with respect to ‘avoiding danger’, 

‘communication/contact with others’, ‘daily activities’, ‘recreational activities’, ‘eating/drinking’, 
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and ‘mobility/body posture’. The first two categories ‘communication/contact with others’ and 

‘avoiding of danger’ were discussed the most regarding both positive and negative 

expectations, followed by ‘getting (un)dressed’, ‘mobility/body posture’, ‘hygiene’, and ‘sense 

of rules/values’. 

Although most participants were open-minded about SARs, it seemed important for the 

provided support to be supplementary and not replace human care. This finding reflects results 

reported in Wang et al. (2017), in which one informal caregiver stated ‘Robots are a necessity, 

but you never replace people’. Mataric (2017), a well-known researcher in the field of robotics, 

stated that replacing human caregivers with SARs is not the aim; the aim is to fill the gaps 

where humans are not available, amplify human work, and offer relief for caregivers.  

 

According to the participants, SARs should always ‘keep an eye’ on PwD and provide care. 

Assistance in ‘avoiding of danger’ by SARs in dementia care is not only of great importance in 

this study; it is also reflected in the results of qualitative (Darragh et al., 2017; Wang et al., 

2017) and mixed method (Pino et al., 2015) studies. However, none of these authors pointed 

out that participants recognised negative aspects in this area. The results of this study show 

that some trainers and nurses had concerns about the use of SARs to avoid danger and in 

emergencies, possibly due to a lack of confidence in the ability of robots to correctly interpret 

complex care events. Nurses have learned to recognise patients’ nonverbal body language, 

draw conclusions, and plan/react appropriately, which robots cannot perform yet (Rösler et al., 

2018). However, nurses usually expected SARs to identify danger and notify responsible 

persons. 

The second main topical discussion was on ‘communication/contact with others’. The 

informal caregivers, like those described in Wang et al. (2017), noticed a great potential for 

SARs to support PwD and to relieve themselves from the PwD’s repeated questions. Some 

informal caregivers in our study, however, strongly denied that SARs could provide support in 

this area, expressing concerns regarding human replacement, concerns also mentioned by 

Pino et al. (2015). The interpersonal relationship that is established during a conversation 

should not be lost, but the increasing memory loss of PwD requires informal caregivers to 

provide support in the form of reminders/instructions to address almost all components of 

human needs. This adds to caregiver burden (Alzheimer's Association, 2018) and may explain 

why they see SARs as a source of relief. 

Participants were not greatly concerned with ‘learning ability’, the feature to preserve a 

patient’s cognitive function, but this aspect is indirectly present in all components of human 
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needs in the form of reminders and instructions. To support the independence of PwD, nurses 

and trainers emphasised cognitive preservation, suggesting that SARs should provide activity 

reminders first before completely taking over an activity. Participants in studies by Pino et al. 

(2015) and Wang et al. (2017) also suggested compensating for cognitive impairment by SARs 

as an essential issue. In addition, study participants mentioned the SARs’ ability to encourage 

and motivate PwD to perform activities, regarding almost all components of human needs, 

presumably due to dementia-specific symptoms like apathy (Robert et al., 2010).  

 

Generally, informal caregivers saw SARs as good companions for PwD and stress relief for 

themselves. This might be interpreted as their wish to counteract the serious issue of social 

isolation due to dementia (Hartigan et al., 2019) and the disease-specific higher care burden 

(Alzheimer's Association, 2018).  

Nurses tend to view humanoid SARs more as a practical device for indirect support in 

their daily work (e.g., reminders, vital function measurement), keeping their core 

responsibilities for themselves (i.e., direct patient contact). The idea that SARs would take over 

general nursing activities was also mainly rejected by healthcare professionals in the scoping 

review of Papadopoulos et al. (2018). Healthcare professionals in this review also expressed 

the wish to have additional time for patient-centered care, i.e., more time for patients’ individual 

needs (Papadopoulos et al., 2018). This is perhaps why nurses, in this study, expected 

humanoid SARs to act more as a supportive device for themselves, so that they would have 

more time to care for the PwD. 

Trainers commented most frequently in terms of ‘avoiding danger’ (e.g., recognition of 

the temperature of stoves/appliances) and ‘communication/contact with others’. However, like 

nurses, they expressed mistrust regarding a correct response to emergencies. Like informal 

caregivers, they expected a promotion of communication and social contacts by the SAR, but 

predominantly by helping maintain social contacts than the sole interaction with the robot itself. 

Furthermore, with respect to their profession, they saw support potential regarding 

learning ability, i.e., to perform cognitive trainings. According to the NICE Guideline (2018), 

cognitive trainings for people with mild to moderate Alzheimer’s disease are not recommended 

due to current low-moderate-quality of evidence. Bahar-Fuchs et al. (2019) also discussed the 

low quality of available studies regarding this issue in their systematic review. They stated that 

further research of high-quality evidence is needed but recommended that the decision for 

conducting cognitive trainings should not only be based on the current evidence and that 
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further considerations (e.g., PwD’s individual preferences, resources) should be included 

(Bahar-Fuchs et al., 2019). 

 

The results indicate that all participants expect certain functions from humanoid SARs, 

especially with regard to ‘communication/social contact’, which play an important role in 

dementia care (Schüssler & Lohrmann, 2015). Speech systems already exist, but not to the 

extent that participants expect (Koutentakis et al., 2020). In order to be able to conduct 

dialogues on a natural conversational basis, this function needs to be developed in a more 

user-based way, as for example repetitive dialogues can be misleading for PwD (Koutentakis 

et al., 2020). Other technologies like communication bots (e.g., Alexa) may cover the speech 

function also, but especially the human-like appearance of a robot can replicate communicative 

partners better, as the human brain does not react emotionally to artificial objects (e.g. 

computers, communication bots) (Campa, 2016). In addition, a physical body seems to be 

crucial for developing trust and attachment to a robot (Koutentakis et al., 2020).  

Some scepticism was voiced by the participants, especially informal caregivers and 

nurses, who did not expect humanoid SARs to recognise feelings and respond/react 

appropriately. According to Koutentakis et al. (2020), this should become possible in the near 

future through advances in deep learning and neural networks. The question is, of course, 

whether this will work satisfactorily for potential users and not increase possible fears of human 

replacement. 

Furthermore, the ‘customisability’ of humanoid SARs seemed to be important to all 

participants in this study. Individual adaptations of such robots for persons with dementia (e.g., 

verbal reminders, biography) are already technically feasible (Schüssler et al., 2020).  

The extent of ‘mobility-support’ that humanoid SARs should offer in the future according 

to participant’s expectations (e.g. accompany on a walk) is currently not yet possible, as 

Papadopoulos et al. (2020) found in a review about participants who had tested humanoid 

SARs in health and social care settings identifying limited performance in terms of mobility, 

describing it as a crucial barrier against the use of such robots. 

Furthermore, nearly all participants expected humanoid SARs to be able to recognise 

objects/situations/connections and react appropriately. Current developments strive to enable 

artificial intelligence to recognise objects (Koutentakis et al., 2020), but the additional 

recognition of situations/connections including a suitable reaction is not expected until 2050 at 

the earliest (KPMG Advisory N.V., 2016). 
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Strengths and limitations 

For confirmability and dependability (Shenton, 2004), all data were blind-coded and 

subsequently discussed by two researchers (JZ, SS) to ensure the reliability of the coding 

frame, surpassing the recommendation of Schreier (2012). 

To establish credibility, the recommendations of Kidd and Parshall (2000) were 

followed by summarising the main arguments at the end of each discussion and asking 

participants for clarification. 

One limitation of this study might be that one focus group was performed with only two 

participants due to a dropout on short notice of three people, while Krueger and Casey (2015) 

recommended that a focus group should contain at least four participants. The authors decided 

to hold this focus group, but afterwards recruited an additional focus group for balance. 

The fact that only one robot was shown as an example of a humanoid SAR could 

represent a bias by limiting expectations to this specific robot. However, participants were 

asked questions during the focus groups, drawing their attention away from ‘Pepper’. Since 

the majority of humanoid SARs are still in the development phase and have a predominantly 

machine-like appearance (Buhtz et al., 2018; Zamalloa et al., 2017), ‘Pepper’ was chosen as 

an example because its development considered previous research of the desired appearance 

of such robots and a too human-like design had been avoided to prevent an ‘uncanny’ 

impression. Furthermore, ‘Pepper’ is the only humanoid SAR that is currently commercially 

available and is already being used in different settings (e.g., tourism) (Pandey & Gelin, 2018). 

The open approach for the examination of participants' expectations by showing only a 

humanoid SAR to convey an impression of this technology has led to some results where 

participants could imagine support by such robot but could not express the realisation further. 

Showing already existing functions of an SAR and asking more specific questions might have 

possibly yielded more specific answers. However, pointing out the current technical functions 

could also have led to limited expectations of support by a SAR, while the expectation of 

support itself being mentioned by participants, without further explanation, constitutes a vital 

finding. 

 

Conclusion 

The results show that most informal caregivers, nurses, and trainers imagined that SARs could 

provide support regarding all components of (physical and psychosocial) human needs, and 
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especially with regard to ‘avoiding danger’, ‘communication/contact with others’, ‘daily 

activities’, ‘recreational activities’, ‘eating/drinking’, and ‘mobility/body posture’. According to 

the motto ‘helping people to help themselves’, it was especially important to the participants 

that humanoid SARs would primarily remind, motivate/encourage and instruct PwD instead of 

taking over tasks completely. 

Nurses and informal caregivers also considered SARs as useful supportive devices for 

themselves. In this respect, most informal caregivers recognised a particular potential for short-

term relief by robots supporting persons with dementia. Most nurses could imagine assistance 

in everyday practice by humanoid SARs, without relinquishing their core responsibilities. 

However, participants also mentioned some negative expectations in all components 

of human needs, predominantly in ‘avoiding danger’ and ‘communication/contact with others’. 

These findings provide valuable information, as they demonstrate the kind of support 

caregivers and trainers expect from humanoid SARs regarding dementia care. Participants 

showed parallels as well as differences in their expectations, which is why expectations for 

support should be considered with regard to the respective target group to increase the 

acceptance and the future use of humanoid SARs. Furthermore, the different settings in which 

potential users live/work should be considered in more depth and compared with each other. 

This research contributes to the development/modification of humanoid SARs for 

dementia care, guiding the development of these devices for optimal support. The results show 

that future humanoid SARs should be ‘customisable’ (e.g., biographic information for 

conversations) and have certain features related to ‘communication/contact with others (e.g., 

verbal speech), and ‘mobility’ (e.g., walking companion), which are crucial for the future use of 

SARs in dementia care. Furthermore, SARs should also be able to recognise 

objects/situations/connections and react appropriately, indicating that further artificial 

intelligence research is needed.  
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Supplementary Material 1. Interview guide for informal caregivers as an example. 

QUESTIONS 

How could a robot, like Pepper, help you or your family member with dementia* in the following 
activities? 
Questions about expectations were asked for every single component of human needs. As example: How 
could a robot, like Pepper, help you or your family member with dementia while eating/drinking? 
1) Eating/Drinking 
2) Learning ability 
3) Mobility/Body posture 
4) Daily activities 
5) Getting (un)dressed 
6) (Body)temperature 
7) Hygiene 
8) Avoiding danger 
9) Communication/Contact with others 
10) Sense of rules/Values 
11) Day-/Night pattern 
12) Continence 
13) Recreational activities 

A short overview about 2-3 minutes by the co-moderator. 
Did I properly summarise the discussion? Did I forget something? 

Would anyone like to add something that has not been discussed in our discussion yet? 

* Nurses and dementia trainers were asked the same questions with slightly adaptions regarding the relation to the 
person with dementia. 
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Effectiveness of computer-based 
interventions for community-dwelling people 
with cognitive decline: a systematic review 
with meta-analyses
Julia Zuschnegg1  , Daniela Schoberer2  , Alfred Häussl3  , Sereina A. Herzog4  , Silvia Russegger5  , 

Karin Ploder6, Maria Fellner7  , Maria M. Hofmarcher-Holzhacker8  , Regina Roller-Wirnsberger9  , 

Lucas Paletta5  , Marisa Koini10   and Sandra Schüssler1*   

Abstract 

Background Cognitive deficits arise with age and can increase the risk for subjective cognitive decline (SCD) and 

mild cognitive impairment (MCI), which may result in dementia, leading to health problems, care dependency and 

institutionalization. Computer-based cognitive interventions (CCIs) have the potential to act as important counterac-

tion functions in preserving or improving cognition concomitant to available pharmacological treatment. The aim 

was to assess the effectiveness of CCIs performed individually with a personal or tablet computer, game console, 

virtual, augmented, or mixed reality application on cognition in community-dwelling people with SCD, MCI and 

dementia.

Methods A systematic review with meta-analyses of randomized controlled trials (RCTs) was performed. The system-

atic literature search was conducted in MEDLINE, CINAHL, Embase, Cochrane CENTRAL, IEEE Xplore Digital Library, 

Web of Science, Scopus and PsycINFO. In addition, a search for gray literature and backward citation searching were 

carried out. To judge on the evidence, two reviewers independently used the Cochrane Risk of Bias Tool. The standard-

ized mean difference (SDM) for pooling comparable studies using the random-effects model was applied.

Results Twenty-four RCTs were identified, of which 1 RCT examined CCIs in individuals with SCD, 18 RCTs with MCI, 

and 6 RCTs with dementia. Most interventions were conducted with personal computers. Meta-analyses with 12 RCTs 

showed significant effects of computer-based cognitive interventions for people with MCI in the domains memory, 

working memory, attention/concentration/processing speed and executive functioning, but no significant improve-

ments in global cognition and language. Regarding dementia a meta-analysis pooled with 4 RCTs demonstrated a 

tendency towards, but no significant increase of memory functions (SMD 0.33, CI 95% [-0.10, 0.77]). One RCT regard-

ing SCD reported significant improvements in memory functions for participants conducting a cognitive training on a 

personal computer.

Conclusions The results demonstrated that CCIs have beneficial effects on domain-specific cognition in people with 

MCI but no significant effects on people with dementia. In terms of SCD, one study showed significant improvements 
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in memory functions. It seems that the beneficial effect for cognitive preservation or improvement due to CCIs occurs 

at the earliest intervention state. However, more research on SCD is needed.

Trial registration PROSPERO International Prospective Register of Systematic Reviews CDR42020184069.

Keywords Subjective cognitive decline, Mild cognitive impairment, Dementia, Prevention, Non-pharmacological 

treatment, Cognition, Computerized cognitive training, Computer-based cognitive training, Virtual reality, meta-

analysis

Introduction

Aging is associated with cognitive decline [1]. However, 

when cognitive capacities deteriorate beyond an ageing-

associated normal level, cognitive decline can range from 

subjective cognitive decline (SCD) to mild cognitive 

impairment (MCI) and finally to dementia [2]. Cognition 

is responsible for all activities and processes concerned 

with the acquisition, storage, retrieval and processing 

of information [3, 4]. It includes different cognitive pro-

cesses or domains (e.g. memory, attention) [4]. The pro-

gressive loss of cognitive capacity leads to various health 

problems, care dependency and institutionalization over 

time, particularly in dementia [2].

Dementia is a progressive disease and one of the 

world’s leading causes of disability, associated with high 

financial, emotional and societal burdens [2, 5]. About 50 

million people worldwide live with dementia and this fig-

ure is likely to rise to about 152 million people by 2050 

[6]. Moreover, the parallel increasing number of people 

living with SCD and MCI face a higher risk of develop-

ing dementia, adding further to the challenges to be 

faced in the  future, as treatment, care dependency and 

financial costs all rise [2, 7–9]. It is estimated that with 

a prevalence of between 23.8% and 25.6%, one in four 

people (above 60  years and older) are affected by SCD, 

self-experiencing a cognitive decline without an objective 

cognitive impairment [10]. A meta-analysis indicated a 

future decline of SCD into MCI of 27% and a 14% decline 

into dementia [8, 9]. People with MCI already showing 

impaired cognitive abilities and the prevalence of those 

aged 60  years and older is estimated between 15% and 

20% with an annual rate of between 8% and 15% at which 

MCI progresses to dementia [7].

Faced with these conditions of cognitive decline, phar-

macological treatments currently have a limited effect on 

the progression of the underlying disease, and this is the 

reason why non-pharmacological interventions such as 

cognitive interventions, have moved into the foreground 

[2, 11, 12]. Cognitive interventions have the aim of pre-

serving or improving cognitive processes or address the 

impact of impairment in cognitive processes on associ-

ated functional abilities in activities of daily living (ADL) 

(e.g. dressing, personal hygiene) and instrumental ADL 

(IADL) (e.g. meal preparation, managing medication) 

[2, 13]. Such interventions usually follow a specific cog-

nitive approach, for which literature definitions often 

overlap due to their underlying theoretical assumptions 

and core elements, as well as the context or population 

for which they were developed [13]. Nevertheless, key 

defining features exist for the most common approaches, 

which are cognitive training (CT), cognitive rehabilita-

tion (CR) and cognitive stimulation (CS) [14]. Besides the 

common goals to preserve or improve (specific) cognitive 

abilities and processes, there are some differences [14]. 

CT involves repeated guided practices with standardized, 

structured tasks, which are usually based on theoreti-

cally motivated strategies with a range of (adaptive) dif-

ficulties [13, 15–17]. CR typically focusing on a person’s 

need with individualized goals for which patients work 

together with healthcare professionals and family, follow-

ing a more compensatory approach to perform individu-

ally relevant everyday tasks [13, 15–17]. CS includes a 

wide range of activities to stimulate thinking and multi-

ple cognitive domains with the involvement of, for exam-

ple, reality orientation (e.g. relating to time and place) or 

reminiscence therapy (e.g. telling others about one’s past 

experiences) [13, 15–17].

Cognitive interventions can be delivered as individual 

or group sessions, with family members or experts as 

support persons (e.g. nursing scientists, therapists) [14]. 

They are available in paper form, but also as computer-

based cognitive interventions (CCIs) [14]. CCIs have 

increasingly replaced original paper-and-pencil for-

mats, as they have several advantages over those tradi-

tional techniques [18]. For instance, training tasks can 

be directed to specific cognitive domains (e.g. memory); 

they can be personalized and adjusted to the perfor-

mances of an individual; they can be designed in a highly 

immersive and enjoyable form; and they can incorpo-

rate immediate quantitative feedback [18]. Standard 

devices, such as personal computers (PCs), tablet com-

puters (hereafter called ‘tablets’) and gaming consoles are 

already used as technologies for CCIs [17]. More recently, 

emerging technologies such as virtual reality (VR), which 

are characterized by novelty, growth and potential socio-

economic impact, are on the rise [19, 20].

Systematic reviews with meta-analyses [17, 19, 21, 22] 

already demonstrated that such CCIs have the potential 
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to improve global cognition and selected cognitive 

domains in older persons with cognitive decline. How-

ever, there were at least three points, which were not 

sufficient considered in those reviews. First, they only 

included studies either with standard devices [17, 21, 

22] or emerging technologies [19]. For that reason, we 

decided to include a comprehensive range of technolo-

gies used for cognitive purposes in our systematic review, 

covering both already existing technologies (i.e. PCs, tab-

lets/smartphones, gaming consoles), as well as emerging 

technologies (i.e. virtual, augmented, and mixed reality). 

Second, the aforementioned systematic reviews on CCIs 

[17, 19, 21, 22] did not differentiate between participants 

living at home or in institutional care settings. Since it is 

not only the priority of healthcare systems to strengthen 

home care, but also to maintain independence for living 

at home as long as possible and to delay institutional care 

of individuals most affected, it is important to consider 

closed evidence related to this setting [2, 23]. We thus 

restricted the setting to people living at home and, in this 

regard, defined the training format of CCIs to single ses-

sions. Third, the condition of SCD was not considered 

in those systematic reviews [17, 19, 21, 22], nor could a 

review focusing on this target group be identified. Conse-

quently, we decided to include this relevant early stage of 

cognitive decline in our systematic review.

To the best of our knowledge, there has been no sys-

tematic review until now, which exclusively consid-

ers community-dwelling people with SCD, MCI and 

dementia in all three cognitive approaches (CT, CR, 

CS), performed on an individual basis using PCs, tablet/

smartphones, gaming consoles, virtual, augmented or 

mixed reality. Therefore, this systematic review addressed 

the following research question: How effective are indi-

vidually performed CCIs for community-dwelling people 

with SCD, MCI and dementia on cognition?

Methods

Design

This systematic review and meta-analyses, as part of a 

comprehensive realist review, was reported according to 

the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) Statement [24]. The protocol 

was registered at the International Prospective Register 

of Systematic Reviews (PROSPERO, CDR42020184069).

Eligibility criteria

The PICO-framework [25] (i.e. Participants, Interven-

tions, Comparison, Outcome) was used to determine 

inclusion and exclusion criteria for this systematic review. 

Randomized controlled trials (RCTs) (including confer-

ence articles) with the following criteria were included:

Population
We included community-dwelling adults (i.e. people liv-

ing at home and not in healthcare institutions) over the 

age of 18  years with SCD, MCI (any type), or demen-

tia (any type or stage). The conditions were defined as 

follows:

• SCD is a self-perceived decline in any cognitive 
domain over time, which is unrelated to an acute 
event or disease, with a normal age-, gender-, and 
education-adjusted performance on standardized 
cognitive tests [26].

• MCI manifest through cognitive decline or impair-
ment, with an objective evidence of impairment in 
cognitive domains, with the absence of dementia and 
essentially normal functional activities [27].

• Dementia is typically caused by age-related patho-
physiological processes related to cognitive func-
tions, which affects a person’s ability to perform (I)
ADL [2]. Different causes of dementia (e.g. Alzhei-
mer’s disease, cerebrovascular disease) are diagnosed 
by physicians [2].

The studies at least had to describe that the relevant 

condition was diagnosed and/or had to describe the 

diagnostic procedure in association with the diagnostic 

criteria and/or give reference to established clinical or 

research diagnostic criteria. Data from studies including 

different groups presenting with cognitive decline, had 

to be presented in a way to enable data extraction for the 

group(s) of interest.

Intervention
All interventions that met our defined cognitive 

approaches of CT, CR, or CS [13, 15–17] exclusively or 

in combination with physical activity, which were con-

ducted with standard (i.e. PCs, tablets/smartphones, 

game consoles) and emerging technologies (i.e. virtual, 

augmented or mixed reality) were included. Robots also 

constitutes a promising emerging technology [20] and 

are already tested as CCI [28]. However, the goal of assis-

tance by robots is to create a close and effective interac-

tion with a human user through conversations, emotions, 

and gestures, which the other chosen emerging technolo-

gies do not cover [29]. For reasons of heterogeneity [30], 

robots were therefore not considered in our review.

Due to our focus on people living at home, only indi-

vidual sessions of computer-based cognitive interven-

tions were eligible. In this regard, we also consider 

interventions which were conducted in a lab setting (e.g. 

adult daycare center, outpatient clinic). No restrictions 

were made regarding intervention dose, including the 
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overall duration of the intervention or number of inter-

vention sessions. In terms of studies combining com-

puter-based interventions with other kind of cognitive 

interventions (e.g. paper and pencil forms), the results 

had to be reported in a way that enabled extracting the 

data for the intervention(s) of interest. No restriction was 

set on standard pharmacological treatment.

Control
We included studies with no specific intervention or 

another kind of (computer-based) cognitive training as 

control intervention.

Outcome
For this systematic review continuous data of objective 

outcome measurements on global and domain-specific 

cognition (i.e. memory, working memory, attention, 

concentration, processing speed, executive functioning, 

language, visuospatial, and constructional abilities) was 

considered.

Information sources and search strategy

In the following databases a systematic literature search 

was performed by the first author (JZ) to April 2020: 

MEDLINE via PubMed, CINAHL via Ovid, Embase via 

Ovid, Cochrane CENTRAL via Ovid, IEEE Xplore Digi-

tal Library, Web of Science, Scopus and PsycINFO. Gray 

literature and additional publications were screened in 

google scholar and on the social media platform Research 

Gate (Additional file 1). Finally, the search was completed 

by checking citations of included studies and identified 

reviews.

A search strategy, with a combination of keywords and 

controlled vocabulary terms like MeSH headings using 

Boolean operators was developed. Following the recom-

mendations of Lefebvre [31], no timeframe, language or 

document format restriction was set during the data-

bases search to ensure that the search captured as many 

studies as possible that meet the eligibility criteria. How-

ever, only studies written in English or German were 

finally included.

Study selection

The search hits of each database were inserted into the 

bibliographic management program EndNote X8 and 

duplicates were removed. Title-abstract, as well as a full 

text screening process was based on the inclusion criteria 

and was conducted independently by JZ, SD, AH at each 

stage, with JZ assessing all the articles, and the other two 

authors assessing one half of the articles each. In unclear 

cases, inclusion was discussed and agreed upon within 

the research team.

Data extraction

A standardized data extraction form was used to extract 

general study information (e.g. authors, publication date) 

and relevant data of the participants’ characteristics, 

interventions and outcomes (see Additional file  2). The 

process of data extraction was performed by JZ and was 

checked independently by AH for accuracy. Any disa-

greements between the authors during this process were 

solved by discussion and consensus. In case of uncer-

tainty, the authors DS and SS were consulted.

Study risk of bias assessment

The methodological quality of all included studies was 

assessed independently by JZ and AH using the Cochrane 

Risk of Bias tool for RCTs [32]. Bias for each study were 

rated with a high, low, or unclear risk for the following 

domains: random sequence generation, allocation con-

cealment, blinding of participants and personnel, blind-

ing of the outcome assessment, incomplete outcome and 

other source of bias. JZ and AH compared and discussed 

their critical appraisal assessments and disagreements 

were resolved by consensus or by consulting DS or SS.

Data synthesis

Data synthesis was carried out following the Cochrane 

Handbook [33] and Borenstein et  al. [34] and was dis-

cussed within the research team.

Meta-analyses were performed with the statistical soft-

ware R (version 4.2.2) [35] and meta package (version 

6.1–0) [36], using an inverse variance random-effects 

model with Hartung-Knapp adjustment [37, 38]. The ran-

dom-effects model was chosen as it is more in line with 

the actual sample distribution and allows the conclusions 

to be generalized to a wider array of situations since this 

gives a better reflection of the ‘real world’ [39].

Standardized mean differences (SMD) with 95% con-

fidence interval (CI) were applied to pool post-inter-

vention values [30] from studies with similar outcome 

measures, populations, and technologies. The defini-

tion of SMD used in the analysis is Hedges’ (adjusted) 

g, which is similar to Cohens’ d, but includes an adjust-

ment for small sample bias [40]. Values of 0.15, 0.40, and 

0.75 for Hedges’ g are considered of small, medium, and 

large effect sizes [41], constituting important indicators 

for clinical significance of statistically significant results, 

as it reflects the magnitude of the difference in outcomes 

between groups [42, 43].

Data from the studies included were classified by MK 

and JZ respectively into global cognition or into the fol-

lowing cognitive domains: memory, working memory, 

attention/concentration/processing speed, executive 

functioning, language, and visuospatial/constructional 
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abilities (Additional file  3). If a study reported multiple 

measures of the same outcome, a simple composite score 

(i.e. mean of standardized scores) for the measures was 

created [44] and used for the meta-analysis.

Comparisons between CCIs and control to outcomes 

immediate post interventions as well as to follow-up (3 to 

12 months) were made.

Tests for heterogeneity were performed and assessed 

by  Chi2-statistics and the associated  I2 statistics, for 

which an  I2 from 0% to 40% might not be important, 30% 

to 60% might represent moderate heterogeneity, 50% to 

90% might represent substantial heterogeneity and 75% 

to 100% represented a considerable heterogeneity [30].

If statistical heterogeneity was present, subgroup analy-

ses or sensitivity analyses were performed [30].

When the reported data from the included stud-

ies did not allow pooling, their results were synthesized 

narratively.

Results

Study selection

The literature search retrieved 18,281 records. After 

removing duplicates, 12,632 records were screened by 

title and abstract for their relevance. In total, 350 studies 

were then subjected to a full-text screening, from which 

24 studies were finally included in this systematic review. 

Figure 1 shows the study selection process with the rea-

sons for exclusion of studies at the full-text screening 

stage.

Study characteristics

All the studies were published in English during the 

period from 1994 to 2020 (Table 1, Additional files 2 and 

3). Studies were predominantly conducted in Europe 

(n = 10) and Asia (n = 9), followed by North America 

(n = 4) and Oceania (n = 1). Most studies investigated 

interventions according to the concept of CT, while 4 

Fig. 1 PRISMA flow chart of study selection of this systematic review [24]. a One study [45] examined people with subjective cognitive decline 

(SCD), as well as people with dementia (DEM). b MCI: Mild cognitive impairment
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studies [46–49] could be assigned to CR. No study was 

identified on the concept of CS.

In the context of participant cognitive conditions in the 

included studies, one study investigated SCD, 18 studies 

MCI and 6 studies dementia.

The SCD investigation study [45] had a sample size of 

60 participants, with a mean age of 67.4 years. The web-

based intervention contained not only CT on a PC but 

also physical exercises (Table 1, Additional files 2 and 3).

The sample size in the 18 MCI-studies ranged from 

12–158 participants, with a total number of 924 partici-

pants. The mean age ranged from 66.0–76.6  years. One 

study  [50] did not report any participant characteristics 

and one [52] recruited only women. CCIs were conducted 

predominantly with PCs (n = 11) [46, 48, 51, 52, 54, 55, 57–

60, 62], followed by tablets (n = 2) [56, 63], VR (n = 3) [50, 

61, 64], augmented reality (AR) (n = 1) [53] and one study 

[49] with mixed reality (MR) (n = 1), which was a com-

bined intervention of VR and AR with a tablet as device. 

Two studies [61, 64] used immersive VR-technology, 

while the third study [50] was non-immersive and based 

on a gaming console. Most studies had no specific control 

intervention, a usual or non-cognitive alternative treat-

ment, whereas 3 studies [46, 57, 60] had non-computer-

based CT and 3 studies (slightly) different CCIs [49, 55, 58] 

as control comparator. The longest intervention duration 

was 24 weeks [59] and the shortest 4 [56, 63] weeks.

The 6 studies focusing on people with dementia 

encompassed a total of 273 participants with a sample 

size ranged from 11–115 subjects. The mean age of par-

ticipants ranged from 66.3–83.0  years and, in 5 studies, 

global cognition at baseline ranged from 16.6–23.0 points 

of the Mini Mental State Examination (MMSE) and was 

20.0 points in one study [45], utilizing the Montreal Cog-

nitive Assessment (MoCA). Most studies were conducted 

with a PC [45, 65, 66] or tablet [47, 69], while one study 

[67, 68] had a non-immersive VR-technology as interven-

tion, consisting of a home trainer which related to a video 

screen showing a virtual bike tour including cognitive 

tasks. Only one study [45] reported no alternative treat-

ment for participants in the control group. Duration of 

intervention ranged from 4–24 weeks.

Risk of bias

Figure 2 provides an overview of the risk of bias for the 

included studies. Risk of selection bias occurred most 

frequently in the studies because the method of random 

sequence generation was not described and was there-

fore unclear [45, 48–50, 52, 57–60, 62, 63]. Furthermore, 

the majority of studies [45, 47–50, 52, 57–60, 63, 65, 66, 

69] did not mention the procedure of allocation conceal-

ment, which was rated with a high risk for selection bias. 

Overall, only two studies [51, 55], involving people with 

MCI, were assessed as being at low risk for performance 

bias. Most of the studies [47–49, 51, 53–57, 59, 60, 62, 

65, 67, 69] had a low risk for detection bias by means of 

blinding the people who measured the outcome data. 

In contrast the majority of included studies [45, 50–52, 

54–56, 58–61, 65, 66] showed a high risk of attrition 

bias due to insufficient description of the handling of 

dropouts, as well as missing descriptions of the reasons, 

inappropriate statistical measures (e.g. last observation 

carried forward) to compensate missing data, unequal 

or unclear number of participants between groups, and 

high drop-out rates. Two-thirds of all studies showed 

low risk in reporting bias [46–48, 50–52, 54–57, 60, 61, 

64–67] and other bias [46, 47, 49, 51–53, 55–58, 61–64, 

66, 67, 69], respectively. A high risk of other bias mainly 

concerned significant differences in one [48] or more [59] 

relevant baseline characteristics in cognition between the 

groups, or also due to a significant lack of reporting [50]. 

Some studies reported cognition baseline data, but were 

assessed with an unclear risk of bias, due to one [65] or 

more [54, 60] questionable differences that were not sta-

tistically analyzed. One study [45] did not report either 

statistical information or baseline data regarding a cogni-

tive measurement battery.

Effects of CCIs on cognition of people with SCD

Global Cognition (immediately after Intervention)
Cinar et  al. [45] investigated global cognition with the 

MoCA in people with SCD, which demonstrated a ten-

dency for improvement in the intervention compared 

to the control group, but with non-significant group 

differences.

Domain-specific cognition (immediately after Intervention)
For people in the intervention group, memory function-

ing measured with the Cambridge Cognition CANTAB 

assessment, revealed significant improvements compared 

to the control group (delayed matching sample (DMS), 

percent correct, p = 0.012; DMS, percent correct, all 

delays, p = 0.019; paired associated learning (PAL), total 

errors (adjusted), p = 0.005; PAL, total errors, 6 shapes 

adjusted, p = 0.02). The pattern recognition memory 

(PRM), spatial-working memory (SWM) and reaction 

time (RT) of the CANTAB assessment showed no signifi-

cant change between the groups [45].

Effects of CCIs on cognition of people with MCI

Global cognition (immediately after Intervention)
The result of the meta-analysis on 6 RCTs (Fig. 3) com-

paring CCIs vs. a control group post intervention showed 

a tendency for improvement but had no significant effect 

on people with MCI regarding global cognition (SMD 

0.82, CI 95% [-0.31, 1.94],  I2 = 92%). Excluding the one 
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study with the AR-intervention [53] with a large SMD, let 

the heterogeneity drop to  I2 = 49%, but with an non-sig-

nificant effect (SMD 0.45, CI 95% [-0.13, 1.03]) (Figure 1 

in Additional file 4).

The VR subgroup, including 3 studies, showed a het-

erogeneity of  I2 = 69%, which resulted in a trivial het-

erogeneity  (I2 = 34%) after excluding the non-immersive 

Fig. 2 Risk of bias for included studies per target group
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VR-technology study [50], but with a maintained non-

significant effect (Figure 2 in Additional file 4).

Three studies [51, 56, 59] provided data on the out-

come global cognition in such a way, that pooling was 

not possible. Two of these studies [51, 56] confirmed the 

non-significant effect. Li et  al. [59] investigated global 

cognition with two instruments, while one was non-sig-

nificant and the second showed a significant improve-

ment for the intervention group (MMSE, p = 0.002).

Domain-specific cognition (immediately after Intervention)
A meta-analysis (Fig. 4) with a total of 7 studies involving 

306 participants was conducted on the outcome memory 

function, showing a significant effect of CCIs vs. control 

immediately post intervention (SMD 1.13, large effect 

size, CI 95% [0.01, 2.25],  I2 = 93%) (for composite scores 

computation see Figures 3–6 in Additional file 4). When 

excluding the AR-study [53] with a large SMD, the het-

erogeneity drops to  I2 = 59% (SMD 0.64, medium effect 

size, CI 95% [0.11, 1.18]) (Figure 7 in Additional file 4).

Most studies have been pooled for the subgroup PC 

(n = 5) showing a non-significant effect on memory func-

tion with a heterogeneity of  I2 = 64%. Excluding the two 

studies [46, 57], with a non-computer-based CT as a con-

trol group, let the heterogeneity drop to  I2 = 0%, result-

ing in a significant effect on memory function (SMD 0.89, 

large effect size, CI 95% [0.56, 1.21]) (Figure  8 in Addi-

tional file  4). A meta-analysis with those two excluded 

studies [46, 57] demonstrated a non-significant effect 

for the intervention group (SMD 0.36, CI 95% [-7.35, 

8.08],  I2 = 81%), but indicated an improvement for both, 

the CCIs and the non-computer-based CT (Figure  9 in 

Additional file  4). In one of those two studies [46], the 

Fig. 3 Meta-analysis of CCIs for people with MCI vs. control immediately post intervention on global cognition



Page 11 of 20Zuschnegg et al. BMC Geriatrics          (2023) 23:229  

intervention and control group had CT activities focus-

ing on the memory domain, leading to increased mem-

ory function in both groups with a non-significant group 

difference. In Herrera et al. [57] the CCI was exclusively 

targeting on recognition, in contrast to the control inter-

vention, resulting in beneficial significantly group differ-

ences for participants’ memory in the intervention group.

Excluding the AR-study [53] and both above-men-

tioned studies [46, 57] with the nearly same intervention 

in both, the intervention and control group, from the 

main meta-analysis, the significant effect remains (SMD 

0.87, large effect size, CI 95% [0.70, 1.03]), but with an 

heterogeneity of  I2 = 0% (Figure 10 in Additional file 4).

Meta-analyses on the other domain-specific cogni-

tive outcomes such as working memory, attention/

concentration/processing speed and executive function-

ing showed significant effects for people with MCI and 

applied CCIs vs. control immediately post intervention. 

The meta-analysis on the outcome language showed no 

beneficial effects for participants performing CCIs with a 

PC compared to control groups (Fig. 5, Figures 11–23 in 

Additional file 4).

No pooling of studies was possible for the outcome 

visuospatial/constructional abilities.

Three studies could not be included in any meta-anal-

ysis, because of either non-reported, or inappropriate 

data [51, 56, 59]. In one of these studies [51] work-

ing memory increased by participants in the PC-based 

intervention group (Wechsler Memory Scale  3rd edition, 

spatial span, p = 0.003), but measurement for memory, 

Fig. 4 Meta-analysis of CCIs for people with MCI vs. control immediately post intervention on memory
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executive functions, attention/concentration/processing 

speed, language and visuospatial/constructional abilities 

revealed no significant differences between the inter-

vention and control group. In Li et  al. [59], 2 out of 6 

measurements on memory showed significant effects for 

participants using a PC-based CT (Addenbrooke’s Cog-

nitive Examination Revised (ACER), memory p < 0.05; 

Auditory Verbal Learning Test, 5-min recall, p < 0.01). 

Furthermore one out of 3 measurements in executive 

functions (ACER, fluency, p < 0.01), one out of 5 on atten-

tion/concentration/processing speed (ACER, attention, 

p < 0.05) and one out of 2 for visuospatial/constructional 

abilities (Rey-Osterreith Complex Figure, copy, p < 0.05) 

were significant, while one measurement on language 

showed no significant effects. In the third study [56], one 

of three measurements for memory function showed sig-

nificant improvements for participants with a CT on tab-

lets as intervention (Word List Recall Test, p = 0.031).

Two studies [55, 58] that had the same CCIs in the 

intervention and control groups, with the only difference 

being the adjustability of difficulty levels in the interven-

tion group, were pooled for meta-analyses on memory, 

working memory and executive functioning immediately 

after the intervention, but showed no significant benefits 

(Figures 24–29 in Additional file 4).

Domain-specific cognition (Months after Intervention)
A follow-up was conducted in two studies, in one 

of which Li et  al. [59] found no significant group dif-

ferences 12  months after the intervention, in contrast 

to the post-intervention evaluation, while the second 

study [57] found continuing significant differences 

for the intervention group after 6  months in memory 

(Doors recognition subtest, Set A, p < 0.05; BEM144, 

12-word-list-recall test, total score, p < 0.05) and work-

ing memory (Digit Span, forward, p < 0.05).

Pooling the follow-up data of Hyer et  al. [58] 

(3  months after the intervention) and Flak et  al. [55] 

(4 months after the intervention), which had the same 

CCIs in the intervention and control group, only dif-

fering in the adjustability of difficulty levels for the 

intervention group, showed no significant effects (Fig-

ures 30–35 in Additional file 4).

Effects of CCIs on cognition of people with dementia

Global Cognition (immediately after Intervention)
Four studies were pooled for a meta-analysis (Fig.  6) 

of CCIs vs. control immediately post intervention on 

global function in people with dementia, which dem-

onstrated a non-significant effect (SMD 0.53, CI 95% 

[-1.08, 2.14]), with a heterogeneity of  I2 = 86%. Exclud-

ing Cinar et al. [45], with a large SMD, let the hetero-

geneity drop to  I2 = 0%, remaining in a non-significant 

effect (SMD 0.03, CI 95% [-0.91, 0.97]) (Figure  36 in 

Additional file 4).

One Study [69] could not be included in the meta-

analysis, because of inappropriate data for pooling, but 

confirmed the non-significant effect, measured by the 

MMSE and the MoCA.

Fig. 5 Meta-analyses with subgroups of CCIs on people with MCI vs. control immediately post intervention. a ES: effect size; definition of SMD is 

Hedges’ g, which is categorized in 0.15, 0.40 and 0.75 for small, medium, and large effect sizes [40, 41]. b PC: personal computer. c VR: virtual reality. 

d AR: augmented reality. e L: large effect size. f M: medium effect size. g T: tablet
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Global cognition (Months after Intervention)
Two studies using a PC [65] and tablet [47] for their 

intervention examined global cognition after a 3-month 

follow-up and were pooled for a meta-analysis, with a 

non-significant result (SMD -0.06, CI 95% [-4.40, 4.28], 

 I2 = 0%) (Figures 37–38 in Additional file 4).

Domain-specific cognition (immediately after Intervention)
A meta-analysis with 4 studies (Fig.  7) demonstrated a 

non-significant effect, but a tendency of CCIs to increase 

memory functions in people with dementia (SMD 0.33, 

CI 95% [-0.10, 0.77],  I2 = 0%) (for composite scores com-

putation see Figures 39–41 in Additional file 4). Further 

meta-analyses (Fig. 8) on the outcomes working memory, 

attention/concentration/processing speed and executive 

functioning showed that participants, performing CCIs 

whether using a PC nor VR-technology had no benefi-

cial effects compared to control groups (Figures 42–49 in 

Additional file 4).

Two studies could not be included in meta-analyses 

because of inappropriate reported [45, 69] data. Yu [69], 

confirmed the pooled results with non-significant group 

differences in working memory and executive func-

tioning. In contrast, the other study of Cinar et  al. [45] 

revealed significant improvements with the Cambridge 

Cognition CANTAB assessment for the intervention 

group in memory (DMS, percent correct, p = 0.001; 

DMS, percent correct, all delays, p = 0.01; PAL, total 

errors (adjusted), p = 0.001; PAL, total errors, 6 shapes 

adjusted, p = 0.02). The authors [45] also reported sig-

nificant results on PRM and sub outcomes on DMS and 

SWM, but without clear descriptions of the specific out-

come measures (e.g. latency). The RT of the CANTAB 

assessment showed a non-significant change between the 

groups.

Domain-specific cognition (Months after Intervention)
Meta-analyses with studies which conducted a follow-up 

after 3 months, showed no beneficial effects for memory, 

working memory, attention/concentration/processing 

speed, executive function and memory (Figures 50–59 in 

Additional file 4).

Discussion

This systematic review and meta-analyses investigated 

whether individually performed CCIs have an impact 

on global and domain-specific cognition in community-

dwelling people with SCD, MCI and dementia. CCIs 

were especially beneficial for people with MCI, reveal-

ing significant effects in memory, working memory, 

attention/concentration/processing speed and executive 

functioning, but no significant improvements in global 

cognition and language. Most of the overall outcomes 

Fig. 6 Meta-analysis of CCIs for people with dementia vs. control immediately post intervention on global cognition
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showed a large effect size, but also a substantial or con-

siderable heterogeneity, which is why the confidence in 

these results is limited. Pooled results of studies on peo-

ple with dementia demonstrated no significant effects on 

cognition, but a tendency towards an increased memory 

function (SMD 0.33, CI 95% [-0.10, 0.77],  I2 = 0%) was 

observed. While statistically not significant, with a cur-

rent small effect size, this finding may be clinically sig-

nificant, but more studies with larger samples are needed 

to investigate a possible statistical significance. Only 

Fig. 7 Meta-analysis of CCIs for people with dementia vs. control immediately post intervention on memory

Fig. 8 Meta-analyses with subgroups of CCIs on people with dementia vs. control immediately post intervention. a PC: personal computer. b VR: 

virtual reality
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one RCT [45] was identified investigating a web-based 

CT on a PC in people with SCD, which reported sig-

nificant results on memory function for participants in 

the intervention group. Follow-up evaluations examin-

ing the long-term effect of such interventions were only 

conducted by a few studies [47, 55, 57–59, 65, 67], where 

pooled estimates showed no significant effects for peo-

ple with MCI or dementia. Of the studies that could not 

have been pooled, only one [57] showed continuing sig-

nificant improvements for MCI-patients in the interven-

tion group at 6 months after intervention in memory and 

working memory functions.

No meta-analyses on the condition of SCD could be 

conducted in our systematic review, as only one study 

[45] met our eligible criteria. Two systematic reviews 

and meta-analysis [70, 71] on SCD demonstrated a grow-

ing research interest  and  indicated beneficial impacts 

of cognitive exercises on cognition of people with SCD. 

One [70] of those reviews included the RCT of Pereira-

Morales et al. [72] investigating a web-based CT on cog-

nition. Primary findings of this study [72] showed at least 

a significant improvement for the CCI on an memory 

outcome, as it was also measured in Cinar et al. [45], the 

study included in our review. However, diagnostic crite-

ria of SCD for participants in Pereira-Morales et al. [72] 

were not clearly described and hence it was not con-

sidered for the inclusion in our review.  Therefore, it is 

demonstrated that more high-quality research on CCIs’ 

effectiveness, applying standard and emerging technolo-

gies with standardized SCD criteria, is needed. This is 

important for demonstrating whether CCIs at this early 

stage present a promising option for dementia preven-

tion. Furthermore, the necessity for rising awareness 

about SCD in general must be also considered earlier, 

as the Behavioral Risk Factor Surveillance System sur-

vey, which asked people for self-perceived memory loss, 

found that in 11% of affected persons only 46% of these 

consulted health care professionals [2, 8, 73].

According to our findings, people with MCI bene-

fit from CCIs the most. Zhang et  al. [21] and Hill et  al. 

[22] evaluated computer-based CT on people with MCI 

in their systematic reviews and corroborate our results, 

as most of their pooled study results showed significant 

improvements in different cognitive domains (e.g. mem-

ory, working memory) for participants in the interven-

tion group. In contrast to our findings, meta-analyses 

on the global cognition revealed significant effects in 

both reviews [21, 22]. The reason for the differing find-

ings could be that Zhang et al. [21] and Hill et al. [22] had 

defined other eligible criteria, as they had not consid-

ered the training format (individual or group trainings) 

or the setting (e.g. nursing homes) nor included emerg-

ing technologies like VR [21] and AR [21, 22]. Although 

we included emerging technologies  in our review, PCs 

were the most common technology used in MCI-studies. 

Pooled VR-studies for people with MCI (n = 3), however, 

already showed a significant effect on attention/con-

centration/processing speed. In this regard a significant 

effect on executive functioning was identified in the sys-

tematic review of Wu et al. [19], who evaluated VR-based 

cognitive interventions in people with MCI. In contrast 

to our review, Wu et al. [19] identified another auspicious 

finding, namely the effectiveness of such interventions in 

global functions demonstrated by a meta-analysis with 13 

RCTs. Wu et al. [19] included studies utilizing VR along 

with traditional rehabilitative treatment, limiting the 

interpretation of pooled effects, which was not the case 

in our review.

The aforementioned systematic review of Hill et al. [22] 

did not conduct meta-analyses on people with MCI only, 

but also separately on people with dementia. In contrast 

to the non-effective findings in our review the authors 

[22] reported beneficial evidence with pooled studies on 

overall cognitive outcomes and visuospatial skills in peo-

ple with dementia performing computer-based CT. A 

further meta-analysis from Garcia-Carsal et al. [17] dem-

onstrated a significant effect of CCIs on global cognition 

of people with dementia and additionally revealed that 

CCIs seemed to be more beneficial compared to non-

computer-based CT. However, Garcia-Carsal et  al. [17] 

included not only RCTs but also heterogeneous study 

designs such as case control studies in their meta-anal-

yses, which have a lower level of evidence compared to 

RCTs [74].

Only one study investigated a CCI with an emerging 

technology, namely non-immersive VR by people with 

dementia [67], although such technologies seem to be 

very promising in terms of their cognitive approaches to 

CR and CS. In the context of CR, technologies like AR, 

VR and MR could be used for carrying out individual (I)

ADL-trainings (e.g. making tea) or even be integrated in 

everyday live to independently stay at home as long as 

possible [75]. However, an increased cognition did not 

lead concurrently to an improvement in (I)ADL, which 

the results of Hill et al. [22] and Garcia et al. [17] justi-

fied with significant effects regarding cognition but not 

for the outcome of (I)ADL. In this regard, especially 

increased executive functions are associated with an 

improvement in (I)ADL performance [76, 77], which 

raises the need for more research on CR and emerging 

technologies that focus on this cognitive domain.

Furthermore, CS, which is not represented in the pre-

sent review, could be well applied, for example by prac-

ticing reminiscence therapy by integrating scenarios 

from individuals’ biography [75]. Reminiscence therapy 

on persons with dementia using a tablet was already 
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investigated by a recent RCT [78] (out of our search time 

frame), showing no significant results on cognition. With 

emerging technologies, new possibilities open up for 

people with dementia to immerse themselves in the past, 

stimulating their cognition with the help of a virtual envi-

ronment [75]. However, in terms of such technologies 

and different cognitive approaches, RCTs are needed to 

verify their effectiveness. It was also observed that more 

studies investigating emerging technologies for MCI 

than on dementia were included in our review. This may 

be due to the greater resources required for conducting 

studies on persons with dementia (e.g. supervision, time 

for assessments), because of disease-related symptoms 

[79].

We identified two additional recent RCTs that were 

published after our literature search and therefore were 

not included in our analysis. Duff et al. [80] investigated 

CCIs in people with MCI. The authors [80] compared 

an intervention group utilizing selected exercises from 

a known computerized cognitive training program on a 

PC, which already showed beneficial effects on cognition 

in previous literature, with a control group using com-

puterized games from the same program, without clear 

beneficial findings. The primary outcome, a composite 

score named auditory memory/attention significantly 

increased for participants in the active control group. 

Despite the similarity of the compared interventions, the 

composite score does not match our domain classifica-

tion. Furthermore, global cognition did not increase sig-

nificantly in the intervention group [80], corresponding 

with our findings. The second identified RCT [81] eval-

uated a CCI also on a PC compared to a control group 

which received only educational material during the 

pretest on people with dementia. Results on objective 

cognition revealed no significant impact corresponding 

with the meta-analysis in our review, whereas subjective 

cognition evaluated by participants’ relatives showed 

significant effects for participants in the intervention 

group [81]. However, proxy-measurements on subjective 

cognition were not considered in our systematic review.

Overall, most interventions were conducted in a lab 

setting under optimal conditions (e.g. constant techni-

cal support), as it is important to investigate the effec-

tiveness more realistically at the participants’ home, 

giving them the opportunity to practice any time [23]. 

There is a particular need for research for persons 

with dementia, as only one [45] of six studies was con-

ducted at the home of a participant. Since people with 

dementia are usually limited in (I)ADLs, the need for 

a transport to visit the training lab can be challenging 

and could cause additional burden on their caregivers 

[2].

For the application of CCIs at home, the acceptance 

and usability of the interventions are particularly neces-

sary to enable an easy use and regular training perfor-

mances [82, 83], as the training intensity appears to be 

important for effectiveness [13]. Usability research for 

CCIs, specifically on the older population, is still lacking 

[82, 83].

Furthermore, the implementation of emerging tech-

nologies in the home setting may be hindered by the cur-

rent high cost of the needed products (e.g. head-mounted 

display for immersive virtual reality). However, research 

on the use of smartphones is already underway that may 

open the option of creating a virtual environment for 

computer-based cognitive interventions at home [19].

Strengths and limitations

A strength of this systematic review was the comprehen-

sive literature search and the well-structured selection 

process to identify relevant studies and to minimize a 

publication bias. Despite the effort to avoid a publication 

bias, it cannot be excluded, as a screening of study reg-

istries had not taken place [31]. It might be possible that 

technology companies did not publish studies because of 

non-significant results.

The authors had defined clear eligible criteria for this 

systematic review to show effects for specific subgroups, 

however, it was recognized that some studies did not 

describe their eligibility criteria, such as the setting or 

diagnostic criteria of participants in a manner that was 

sufficient to fit our definitions and for further inclusion in 

this review. While the authors were contacted for further 

information, insufficient reporting may have resulted in 

missed inclusion of potential studies.

Furthermore, our review focused on a broad outcome 

containing global and domain-specific cognition, for 

three different target groups measured immediately 

after post-intervention and at follow-up, which resulted 

in more than 120 different outcome (sub)measure-

ments. In some cases, measurements were reported 

with minor differences in naming or with insufficient 

detail of which instrument was used. Measurements 

of this kind were excluded in cases of serious doubts. 

Most studies used multiple measures for different kind 

of cognitive domains, which constituted a challenge in 

classifying those in one of our pre-defined cognitive 

domains and furthermore made a calculation of com-

posite scores [44] necessary for most pooled studies. 

For that reason, different (un)established instruments 

were summarized for calculating such a compos-

ite score, which could not always result in an optimal 

assessment for a given cognitive domain.

Finally, for the conduction of our meta-analyses 

we applied the random-effects model, because of the 
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variability in the participants, interventions and out-

comes, as it cannot be assumed that the true effect sizes 

are all the same or rather fix [30, 39, 84]. Although, in 

practice, the random-effects model predominates [84], it 

is not entirely controversial, especially for smaller stud-

ies, as this model may have a poor precision with a small 

number of studies in a meta-analysis [39]. However, the 

Hartung-Knapp adjustment addresses the issue of small 

number of studies [30].

Conclusions

The findings of this systematic-review and meta-analy-

ses demonstrated that individually performed CCIs had 

beneficial effects on domain-specific cognition in com-

munity-dwelling people with MCI, but no significant 

effects on people with dementia. However, for people 

with dementia, a tendency towards an increased memory 

function could be observed. In particular, for people with 

MCI, most meta-analyses revealed a substantial or con-

siderable heterogeneity, which is why the confidence in 

these results is limited. In terms of SCD, only one study 

was identified that demonstrated significant results on 

memory functions for participants in the intervention 

group using a web-based CT on a PC. In general, most 

CCIs were conducted with PCs, followed by tablets, VR, 

AR, and MR.

When considering CCIs, the maxim “the earlier, the 

better” summarizes our results best, as the findings sug-

gested that CCIs are already a valuable intervention for 

people with MCI to preserve/improve cognition, but 

more research on SCD is needed. CCIs therefore have 

the potential to complement standard (non-) pharmaco-

logical treatment as they open a low threshold offering in 

a stigmatized area. Apart from the underlying condition, 

the decision to provide such trainings should additionally 

be made with consideration for the personal values, pref-

erences, and available resources of the people concerned. 

In this context, it would be particularly important to inves-

tigate CCIs not only in well-prepared laboratory settings, 

as was the case in most of the included studies, but more 

realistically in people’s homes to provide easy access and 

the opportunity to conduct the training at any time, since 

a higher training intensity appears to increase the chance 

for effectiveness. However, a prerequisite for regular prac-

tice is the user-friendliness of CCIs, which must be eval-

uated and considered in the context of the needs people 

have, in respect to technologies and the home setting. Fur-

thermore, future studies should focus more on emerging 

technologies (e.g. VR) where people could interact with 

its environment, as these technologies are predicted as 

important game changers in the field of dementia preven-

tion and treatment.

Finally, the development of a set of essential cogni-

tive outcomes and instruments for consistent use in 

RCTs is recommended, as well as to report such find-

ings comprehensively and transparently, making the 

pooling of evidence easier and more precise for future 

decisions.
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Additional file 1 
Table 1: Search strategies of all databases 

Queries Hits 
Medline via Pubmed 
((dementia [MH] OR alzheimer disease [MH] OR dementia, vascular [MH] OR 
cognitive impairment OR MCI OR cognition disorders [MH] OR neurocognitive 
disorders [MH] OR cognitive dysfunction [MH])) AND (computerized cognitive 
training OR computer-based cognitive training OR computer-based memory training 
OR touchscreen technology OR tablet* OR serious game* OR brain training game* 
OR virtual reality [MH] OR augmented reality [MH] OR game console* OR Wii OR 
video gam* OR computer gam* OR web-based training OR internet-based training 
OR computer training OR telerehabilitation [MH]) Sort by: Best Match Filters: 
English; German 

2.587 

CINAHL via Ovid 
( (MH “dementia+”) OR (MH "Alzheimer's Disease") OR (MH "Dementia, 
Vascular") OR cognitive impairment OR MCI OR (MH "Cognition Disorders") OR 
neurocognitive disorders OR cognitive dysfunction ) AND ( computerized cognitive 
training OR computer-based cognitive training OR computer-based memory training 
OR web-based training OR internet-based training OR computer training OR 
touchscreen technology OR tablet* OR serious game* OR brain training game* OR 
(MH "Virtual Reality") OR (MH "Augmented Reality") OR game console* OR Wii 
OR video gam* OR computer gam* OR (MH "Telerehabilitation") ) Limiters - 
Language: English, German  

1.047 

Embase via Ovid 
((dementia or alzheimer disease or dementia, vascular or cognitive impairment or 
MCI or cognition disorders or neurocognitive disorders or cognitive dysfunction) and 
(computerized cognitive training or computer-based cognitive training or computer-
based memory training or web-based training or internet-based training or computer 
training or touchscreen technology or tablet* or serious game* or brain training 
game* or virtual reality or augmented reality or game console* or Wii or video gam* 
or computer gam* or telerehabilitation)).af 
limit 2 to (english or german) 

1.766 

Cochrane RCT via Ovid 
((dementia or alzheimer disease or dementia, vascular or cognitive impairment or 
MCI or cognition disorders or neurocognitive disorders or cognitive dysfunction) and 
(computerized cognitive training or computer-based cognitive training or computer-
based memory training or web-based training or internet-based training or computer 
training or touchscreen technology or tablet* or serious game* or brain training 
game* or virtual reality or augmented reality or game console* or Wii or video gam* 
or computer gam* or telerehabilitation)).af. 

1.071 

IEEE 
(("All Metadata":dementia OR alzheimer disease OR vascular dementia OR cognitive 
impairment OR MCI OR cognition disorder OR neurocognitive disorders) AND "All 
Metadata":"cognitive training" OR "computerized cognitive training" OR "computer-
based cognitive training" OR "memory training" OR "serious game*" OR "brain 
training") 

2.731 

 
 



II 
 

Web of Science 
TS=(dementia  OR alzheimer disease  OR dementia, vascular  OR cognitive 
impairment  OR MCI  OR cognition disorders  OR neurocognitive 
disorders  OR cognitive dysfunction)  AND TS=(computerized cognitive 
training  OR computer-based cognitive training  OR computer-based memory 
training  OR web-based training  OR internet-based training  OR computer 
training  OR touchscreen technology  OR tablet*  OR serious game*  OR brain 
training game*  OR virtual reality  OR augmented reality  OR game 
console*  OR Wii  OR video gam*  OR computer gam*  OR telerehabilitation)  
Refined by: LANGUAGES: ( ENGLISH OR GERMAN )  
Timespan: All years. Databases:  WOS, KJD, MEDLINE, RSCI, SCIELO.  
Search language=Auto  

6.177 

Scopus 
( TITLE-ABS-KEY ( "dementia" )  OR  TITLE-ABS-KEY ( "alzheimer 
disease" )  OR  TITLE-ABS-KEY ( "dementia, vascular" )  OR  TITLE-ABS-
KEY ( "cognitive impairment" )  OR  TITLE-ABS-KEY ( "MCI" )  OR  TITLE-
ABS-KEY ( "cognition disorders" )  OR  TITLE-ABS-KEY ( "neurocognitive 
disorders" )  OR  TITLE-ABS-KEY ( "cognitive dysfunction" ) )  AND  ( TITLE-
ABS-KEY ( "computerized cognitive training" )  OR  TITLE-ABS-
KEY ( "computer-based cognitive training" )  OR  TITLE-ABS-KEY ( "computer-
based memory training" )  OR  TITLE-ABS-KEY ( "web-based 
training" )  OR  TITLE-ABS-KEY ( "internet-based training" )  OR  TITLE-ABS-
KEY ( "computer training" )  OR  TITLE-ABS-KEY ( "touchscreen 
technology" )  OR  TITLE-ABS-KEY ( "tablet*" )  OR  TITLE-ABS-KEY ( "serious 
game*" )  OR  TITLE-ABS-KEY ( "brain training game*" )  OR  TITLE-ABS-
KEY ( "virtual reality" )  OR  TITLE-ABS-KEY ( "augmented 
reality" )  OR  TITLE-ABS-KEY ( "game console*" )  OR  TITLE-ABS-
KEY ( "Wii" )  OR  TITLE-ABS-KEY ( "video gam*" )  OR  TITLE-ABS-
KEY ( "computer gam*" )  OR  TITLE-ABS-
KEY ( "telerehabilitation" ) )  AND  ( LIMIT-
TO ( LANGUAGE ,  "English" )  OR  LIMIT-TO ( LANGUAGE ,  "German" ) )   

2.189 

PsycInfo via Ovid 
((dementia or alzheimer's disease or vascular dementia or cognitive impairment or 
MCI or cognition disorders or neurocognitive disorders or cognitive dysfunction) and 
(computerized cognitive training or computer-based cognitive training or computer-
based memory training or web-based training or internet-based training or computer 
training or touchscreen technology or tablet* or serious game* or brain training 
game* or virtual reality or augmented reality or game console* or Wii or video gam* 
or computer gam* or telerehabilitation)).mp. [mp=title, abstract, heading word, table 
of contents, key concepts, original title, tests & measures, mesh] 

700 

Google Scholar (the first 100 hits) 
(dementia OR alzheimer's disease OR vascular dementia OR cognitive impairment 
OR MCI OR cognition disorder OR neurocognitive disorder) AND (computerized 
cognitive training OR computer-based cognitive training OR serious game OR 
memory training) 

 

Research Gate (the first 100 hits) 
dementia and computerized cognitive training or computer-based cognitive training  
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Meta-analyses and composite scores 
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Supplementary Material. Table 1. Interview guide for informal caregivers 

QUESTIONS 

Please tell me how you experienced the presence of Coach Pepper in your home? 

What feelings did Coach Pepper evoke in you? 

I will now show you pictures of different human needs one after another. I would like you to 
tell me in which cases Coach Pepper was able to support you or your family member with 
dementia in the last 3 weeks and where you would like additional support from Coach 
Pepper in the future. 

 Recreational activities 

 How was Coach Pepper able to support you or your family member with 
dementia in pursuing hobbies and recreational activities? 

 What support (or reminder) would you like to receive from Coach Pepper in terms 
of hobbies and leisure for yourself or your family member with dementia in the 
future? 

 Communication 

 How was Coach Pepper able to support you or your family member in terms of 
communication (or conversations)? 

 How did you like the conversations with Coach Pepper? 

 What kind of support would you or your family member with dementia like to 
receive in terms of communication (or conversations) from Coach Pepper in the 
future? 

 Contact with others 

 How was Coach Pepper able to support you or your family member with 
dementia regarding friendships and relationships? 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding friendships and relationship for yourself or your family member with 
dementia in the future? 

 Learning ability 

 How was Coach Pepper able to support you or your family member with 
dementia in terms of learning and memory? 

 What has been your or your loved one’s experience with the multimodal training? 
(memory exercises) 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding the learning and memory for yourself or your family member with 
dementia in the future? 

 Mobility/Body posture 

 How was Coach Pepper able to support you or your family member with 
dementia in terms of mobility and body posture? 



II 

 What has been your or your loved one’s experience with the multimodal training? 
(physical exercises) 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding mobility and body posture for yourself or your family member with 
dementia in the future?  

 Daily activities 

 How was Coach Pepper able to support you or your family member with 
dementia in terms of daily activities? 

 How did you or your loved ones like the reminder function of Coach Pepper? 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding daily activities for yourself or your family member with dementia in the 
future? 

 Avoiding danger 

 How was Coach Pepper able to support you or your family member with 
dementia in terms of avoiding danger and providing security? 

 What experience have you or your family member had with the emergency 
function (or SOS function) of Coach Pepper? 

 What support (or reminder) would you like to receive from Coach Pepper in terms 
of avoiding danger and providing security for yourself or your family member with 
dementia in the future? 

 Sense of rules/Values 

 How was Coach Pepper able to support you or your family member with 
dementia in terms of observing rules and values (e.g., privacy, rules, 
instructions)? 

 What support (or reminder) would you like to receive from Coach Pepper in terms 
of observing rules and values (e.g., privacy, rules, instructions) for yourself or 
your family member with dementia in the future? 

 Eating/Drinking 

 How was Coach Pepper able to support you or your family member with 
dementia regarding eating and drinking? 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding eating and drinking for yourself or your family member with dementia in 
the future? 

 Day/Night pattern 

 How was Coach Pepper able to support you or your family member with 
dementia regarding day and night patterns? 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding day and night patterns for yourself or your family member with 
dementia in the future? 

  



III 

Getting (un)dressed 

 How was Coach Pepper able to support you or your family member with 
dementia regarding dressing and undressing? 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding dressing and undressing for yourself or your family member with 
dementia in the future? 

 Hygiene 

 How was Coach Pepper able to support you or your family member with 
dementia regarding hygiene? 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding hygiene for yourself or your family member with dementia in the future? 

 (Body) temperature 

 How was Coach Pepper able to support you or your family member with 
dementia regarding body temperature and thermal sensation? 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding body temperature and thermal sensation for yourself or your family 
member with dementia in the future? 

 Continence 

 How was Coach Pepper able to support you or your family member with 
dementia regarding continence? 

 What support (or reminder) would you like to receive from Coach Pepper 
regarding continence for yourself or your family member with dementia in the 
future? 

Did you find Coach Pepper’s presence to be a relief or a burden in caring for your loved 
one? 
Please give reasons for your answer. 

A short overview about 2–3 minutes by the interviewer. 
Did I summarise the conversation properly? Did I forget anything? 

Would anyone like to add something that has not been discussed in our conversation yet? 

(Kidd & Parshall, 2000; Wu et al., 2016; Wu et al., 2014) 

(Dijkstra, 2017; Heerink et al., 2010; Kothgassner et al., 2012; Lohrmann et al., 2003) 
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