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Abstract

Objective

To compare the immediate response of nursing home residents to dog visits with or without

an activity, and the impact of cognitive ability.

Methods

In a randomly controlled trial, 174 nursing home residents were allocated to 12 bi-weekly

10-minute visits: either ordinary dog visits (D, n = 57, 49 analysed), dog visits with an activity

(DA, n = 56, 48 analysed), or visits with activity but no dog (A, n = 61, 54 analysed). We

recorded frequency and duration of residents’ verbal and physical interactions with the dog

and persons. Data were analysed in three periods of four visits (period 1–3) as binomial vari-

ables (generalised linear models) or durations (non-parametric statistics).

Results

Both visit type and impairment level affected the likelihood of interacting with the dog (D and

DA). In some periods increased cognitive impairment lowered odds of touching the dog in

DA visits (period 1: F1,85 = 5.17, P < 0.05) and talking to it directly (period 1: F1,90 = 4.60, P <
0.05; period 3: F1,87 = 5.34, P < 0.05). Throughout, residents talked less to persons during

DA visits compared to D and A (P = 0.01–0.05), and level of cognitive impairment correlated

negatively with talk duration (P < 0.001). Generally, high cognitive impairment level lowered

odds of interacting with (period 1: F1,89 = 7.89, P < 0.01; period 2: F1,97 = 6.76, P = 0.01;

period 3: F1,92 = 13.57, P < 0.001) and talking about the activities (period 1: F1,89 = 13.78, P

<0.001; period 2: F1,88 = 3.27, P = 0.07; period 3: F1,86 = 3.88, P = 0.05).

Conclusion

Visits without specific activities stimulated residents to interact with the dog, whereas increas-

ing the complexity of dog visits by adding activities resulted in less interaction with the dog for

severely impaired residents. The optimal dog visit for the less cognitively impaired residents
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could include activities and thereby a possibility to interact with the dog in different ways,

whereas for severely impaired residents, just being with the dog seems more appropriate.

Introduction

Dog visits have become a popular activity in many nursing homes in Europe [1, 2], and organi-

sations in Denmark and several other countries recruit volunteers and their dogs in order to

facilitate contact to animals for nursing home residents [3, 4].

Studies of how visits from dogs affect nursing home residents have mainly focussed on

long-term benefits measured by psychometric scales evaluating symptoms of depression, lone-

liness, quality of life, impairment level and agitated behaviour in nursing home residents or

persons with dementia. Recently, review papers have outnumbered papers reporting experi-

mental studies, and authors generally agree that the evidence base for specific effects of dog vis-

its in nursing homes is weak and inconclusive [5–10]. Several reviews point out that the use of

very different study settings makes it difficult to reach definite conclusions about specific

effects of dog visits [6–8, 11–13]. These differences in study setup include the dogs’ role during

visits, duration and frequency of visits, a large variation in the studies’ perspective and focus,

difference in study design, not to mention suboptimal study designs, such as lack of appropri-

ate control groups. Several reviews conclude that implementing dog visits in nursing homes

has the potential to be a supplement treatment or activity and that future studies should inves-

tigate the actual mechanisms of how dogs affect nursing home residents while using appropri-

ate effect measures of this [12–14].

How the residents interact with dogs during visits could be the key to a better understand-

ing of potential long-term effects [15–17]. In a previous study, we found that individual visits

to nursing home residents accompanied by a dog, compared to a soft toy animal, stimulate the

residents to engage more in physical interaction, conversation and eye contact to the visiting

animals [18]. Visits, where an animal-like alternative–the robotic seal Paro–was brought

along, also stimulate residents to touch, to make conversation and establish eye contact, but

compared to the stimulation of the real dog it was less persistent over a series of 12 visits, pre-

sumably because a real dog provide more means of interaction and feedback. A few other stud-

ies of dog visits to groups of residents also found that the presence of a dog during visits

stimulates social interaction, but the group settings used in these studies make it difficult to

isolate the specific effect of dog contact [19–22].

Nursing home residents comprise elderly persons with a variety of physical and cognitive

disabilities and functional impairments. In general, being engaged in everyday activities seems

to increase well-being in nursing home residents [23, 24], but residents with severe dementia

generally participate less in activities [25, 26]. Thus, the heterogeneity of the population raises

the question as to how to make suitable activities, which both fulfil different needs and wishes,

and comply with the wide range in cognitive impairment level, and the ability to move, interact

and communicate? Dog visits and interacting with dogs could be such an activity, but we need

more knowledge regarding the applicability and benefit for nursing home residents with vary-

ing levels of cognitive disabilities and functional impairments.

In our previous study, we found that more severely impaired persons prefer to interact with

an animal–dog, robot seal or toy cat–instead of a human during visits, whereas the opposite

was found for the more well-functioning residents, probably due to the more non-demanding

nature of the non-human interaction [18]. Only two other studies have looked at whether cog-

nitive impairment affects nursing home residents’ immediate response to dog visits [20, 22].
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One study of dog visits in a group setting found that participants living in nursing homes,

where the majority were assessed to have severe dementia, look less at activities with the dog

and sleep more during the interventions, compared to participants who lived on their own and

suffered from moderate or mild dementia [20]. Friedman et al. (2019) [22] report no associa-

tion between impairment level and recorded behaviour during dog visits in groups.

Dog visits offer an opportunity to introduce a range of activities, including activities that do

not solely rely on human-human interaction and communication, and inviting residents to

take part in specific activities together with a dog could potentially increase the level of interac-

tion. However, introducing extra activities during dog visits will also make visits more

demanding for the residents because they may feel a pressure to participate in the activities

and to perform in a certain way. This increase in visit complexity could perhaps be especially

challenging for cognitively impaired persons.

Thus, adding an activity to a dog visit will most likely affect how the resident acts and

responds–for some it might be an improvement, but maybe not for all, depending on their

cognitive abilities, general condition and other handicaps.

We aimed to study whether enhancing the possibility for interaction with the dog during

dog visits is beneficial for all, as measured by their immediate behavioural response. This was

achieved through the following partial aims:

1. To study whether introducing an activity with a dog during bi-weekly dog-assisted visits

would affect the nursing home residents’ behaviour during visits, and especially their level

of interaction with the dog.

2. To study how the nursing home residents’ level of cognitive impairment affected how

much they interacted with the dog, the persons present during the visits, and their engage-

ment in an activity.

3. To study how resident characteristics, such as age, sex and physical ability affected their

behaviour during the visits.

We used a randomised and controlled study design, and to control for the effect of adding

an activity to the dog visits we compared the following three visit types: 1) Visits with a dog,

and no additional activity, 2) Visit with a dog, with an additional dog-related activity or 3) Vis-

its without dog, but with an additional activity.

Our hypotheses were that: a) adding an activity to a dog visit would increase interactions

with the dog, b) the extra complexity and stimulation provided by adding an activity to dog

visits would motivate less impaired residents to participate more actively in the visits c) the

extra stimulation of adding an activity to dog visits could overstimulate residents with severe

cognitive impairment and therefore not necessarily enhance their engagement in the visits, d)

the residents’ potential physical disabilities would limit their engagement in the visits in gen-

eral and the activities in particular.

The visits were conducted individually with one resident at the time in order to separate the

effect of the visit itself from the effect of being in a group of residents.

The study was part of a larger study on immediate and long-term effects of bi-weekly dog visits

with or without added activity, and the results on long-term effects will be presented elsewhere.

Materials and methods

Participants, consent and approval of study

A total of 186 nursing home residents from seven nursing homes in Denmark were enrolled in

the study. In Denmark, the average age when moving into a nursing home is 83.7 years, and
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approximately 42% of nursing home residents are diagnosed with dementia, but the precise

prevalence of dementia is unknown [27]. Written informed consent was obtained from all par-

ticipants or their relatives. The participants could withdraw from the study at any point. Inclu-

sion criteria were that the participants were able to sit up during visits. Exclusion criteria were

allergic reactions or fear of dogs. None of the residents had pets of their own, but in a few cases

the nursing homes had a resident cat. The study was approved by The Scientific Ethical Com-
mittee for Denmark. The clinical trial was not registered before conducting the study, as we

were not aware that this was the general practice for this type of study. However, the study is

now registered, with the registry name “Optimal Dog visits” and the ID number

“NCT04635124” (https://clinicaltrials.gov/ct2/show/NCT04635124). Data were collected from

August 2015 to October 2017. Fig 1 shows the CONSORT flowchart.

Design

The design of the study was a stratified and randomized complete block design. Each nursing

home was a block. After informed consent had been given, the participants were allocated ran-

domly to one of the three visit types, while ensuring that the participants’ level of cognitive

impairment was balanced between visit types. This was achieved by ranking the participants

according to MMSE score within sex and allocating them to the three visit types by using dif-

ferent numerical orders in each nursing home (1, 2, 3; 3, 1, 2; 2, 3, 1 etc.). The numerical orders

used were allocated randomly to the seven nursing homes by the principal investigator. This

procedure for randomisation deviates from the registered protocol. We originally planned to

divide the participants into two groups based on their level of cognitive impairment but modi-

fied this due to lack of information regarding the distribution. The behaviour variables are pri-

mary outcome measures in this study and the sample size was based on data from [18], where

physical contact to the dog, and talking about the/visit object were also recorded. The differ-

ence in mean durations (± standard deviation) in the experimental treatment and a control

treatment (118 vs 51, standard deviation = 110 and 36 vs 10, standard deviation = 34) were

used as effect sizes in the power analysis. The required sample sizes for obtaining a power of

80%, assuming a statistical significance of 0.05 (two-sided), were 44 and 28, for these variables.

We used the largest estimate to decide the sample size, taking into account that we could

expect dropouts (20% of the recruited participants in [18]), and therefore aimed at recruiting

56 participants for each visit treatment (n = 24 in each nursing home), adding up to a total

sample size of at least 168 recruited participants.

The intervention and the visit types

The residents were visited individually and, apart from the visitor, an observer was also pres-

ent, making direct recordings of the resident’s behaviour. Each resident was scheduled to

receive two visits per week, either Mondays and Wednesdays or Tuesdays and Thursdays for 6

weeks, i.e. a total of 12 visits. The visits were conducted between 9 am and 4 pm, and within

this timeframe the visits were planned to suit the circadian rhythm of the individual partici-

pant. In each nursing home, there were two visitors and two observers (project staff), and they

visited an equal number of residents in each visit type. The residents met the same visitor and

dog (if allocated to receive dog visits) in each visit, whereas the two observers alternated to

ensure standardisation of the visits between the two visitors. Each visitor worked with a spe-

cific dog; hence, two dogs participated in each nursing home.

The visits took place in the residents’ own small apartment in the nursing home, except for

few exceptions where the visit took place in another undisturbed area. Usually, the resident
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would sit in a normal chair or a wheel chair during the visit. The participants were free to

move around during the visit, but this rarely happened.

Fig 1. CONSORT flowchart.

https://doi.org/10.1371/journal.pone.0251571.g001
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The visits lasted 10 minutes, excluding the time spent entering and greeting as well as clos-

ing the visit and leaving the room.

The residents’ 12 visits were either 1) Visits with a dog, no activity (D), 2) Visits with a dog,

with activity (DA), or 3) Visits without dog, with an activity (A). The residents that received

dog visits (D, DA) met the same dog in all 12 visits. In all visit types, the visitor positioned her-

self close by the resident. The observer placed herself further away to be able to overlook the

situation, but joined the conversation when it felt natural.

Visits with a dog but no activity (D) followed the same schedule as the dog visits in Thod-

berg et al. (2016). To ensure that the resident could touch the dog during the visit, it was within

reach for at least 80% of the time, unless the resident clearly showed no interest at all or disap-

proved of contact with the animal. The dog was on leash. During the first visit, we introduced

the dog and encouraged the resident to take contact. To start the conversation, the subject

“dog” was chosen, unless the resident changed the subject. The first six minutes of the visit, we

incited the resident to focus on the dog, but the remaining four minutes, contact to the dog

was on the resident’s own initiative.

In visits with a dog and an activity (DA), the first two minutes were identical with D. After

two minutes, the visitor introduced an activity for the resident that involved interaction with

the dog, e.g. brushing the dog or hiding treats for it to find. A new activity was introduced to

the residents in each of the 12 visits (Table 1), and the order of activities was randomized

across residents. In the first four minutes after introducing the activity, the visitor incited the

resident to take part in the activity, unless he or she directly or indirectly expressed that it was

of no interest. In the remaining four minutes of the visit, the initiative to take part in the

Table 1. Description of the 12 different activities used in visit type DA.

Activity Description

1 Brushing dog Hold the brush and brush the dog

2 Hide treats in cup (cups) Choose one out of five cups and hide a treat in it. Place the cups

upside down on the floor for the dog to choose.

3 Treats in a bottle Hold the plastic bottle and put treats in it. Place the bottle on the

floor and watch the dog try to get the treats out.

4 Hiding treats in the room Hide three treats in the resident’s room for the dog to find. (The

residents choose where and maybe help to hide treats). Start the

stopwatch and time how fast the dog finds the treats.

5 Playing dice about training tasks Play dice to decide which commands to give to the dog (1: sit, 2:

give paw, 3: stand, 4: lie down, 5: bark, 6: high five).

6 Compare the dog’s coat with fur/pelt from

another animal

Touch and compare the dog’s coat and pelts from other animals.

7 Hiding treats in a ball Hold the rubber ball and put treats in it. Place the ball on the

floor and watch the dog try to get the treats out.

8 Pretending that the dog is reading The resident shows the dog signs with written commands. We

signal the commands to the dog (hand signals), so that it seems

that the dog is reading the signs. After some repetitions, we

reveal that we are helping the dog, and optionally the resident

can try the hand signals

9 Training the dog Deciding what the dog should do, and give the commands

10 Dog game 1 (commercial dog game) Hide treats and time how fast the dog finds all the treats.

11 Dog game 2 (commercial dog game) Hide treats and time how fast the dog finds all the treats.

12 Brush dog and compare the dog’s coat with

pictures of different dog breeds

Brush the dog and identify similarities and differences between

the visiting and the dogs in the pictures.

DA: visits with a dog and an activity.

https://doi.org/10.1371/journal.pone.0251571.t001
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activity and interact with the dog was left to the resident. The availability of contact to the dog

was as in visit type D, but during some activities the dog was unleashed if necessary for it to

take part in the activity.

In visits without a dog, but with an activity (A), the visitor also introduced the activity after

two minutes. As in DA visits, there was a new activity for each of the 12 visits (Table 2), pre-

sented in random order to the individual residents. As in DA visits, the visitor incited the resi-

dent to take part in the first four minutes after introducing the activity, and then left the

initiative to the resident in the remaining four minutes of the visit.

The dogs were all approved by TrygFonden, a Danish organization that certifies family

dogs and their owners to work as volunteers with dog-assisted interventions in nursing

homes [3] in accordance with the guidelines for human and animal welfare in Animal

Assisted Activities suggested by IAHAIO, which is a global network of HAI organisations

[28]. The six dogs were approximately the same size, and were either retrievers or retriever

mixes (four males (5–8 years) and two females (6–8 years)). All dog owners had liability

insurance for their dog. The visitors were not the owners of the dogs, but all spent time

with the dogs before the intervention periods started to get to know the dog, and vice

versa, and try out the different activities for the DA visits. It was our first priority that the

dogs were relaxed with the handler and the visits, and less important that they could do

the tasks related to the activities perfectly. The dogs were carefully looked after through-

out the study, and the handlers were especially observant with regard to participants’

behaviour towards the dogs. No situations occurred where the welfare of the dogs was

considered at risk.

Table 2. Description of the 12 different activities used in visit type A.

Activity Description

1 ”Memory” with proverbs Read from cards with the first line of a proverb and then

finish it.

2 ”Memory” with songs Read from cards with the first line of a song and then finish

it

3 Pictures of royal persons Look at and talk about pictures of previous kings and the

present royal family

4 Pictures of cars/clothing from different decades Look at and talk about pictures of new and old cars, or

clothing from different decades

5 Pictures of people from different cultures Look at and talk about pictures of people from different

cultures

6 Reading and looking at the newspaper of the day Read and look at the newspaper of the day. Have a

conversation about the headlines and topics

7 Listening to music Listen to different types of music, talk about it and maybe

sing along

8 Touching pelts Touch and talk about pelts from different animals.

Conversation about from which animals the pelts come

from.

9 Looking at and sniffing at things from the nature Look at and sniff at things from the nature. Conversation

about what it is. The things varied according to the season

10 Looking at objects from the Second World War

(pictures, ration coupons, resistance emblems)

Explore the things and have a conversation about them

11 Looking at school things from the old days Explore the things and have a conversation about them

12 Looking at working and kitchen tools from the

old days

Explore the things and have a conversation about them

A: visits with no dog and with an activity.

https://doi.org/10.1371/journal.pone.0251571.t002
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Description of the population

Basic demographic information (age, sex, time lived in the nursing home, civil/marital status),

information related to the residents’ state of health (current psychiatric disorders, e.g. demen-

tia, Down’s syndrome, schizophrenia, bipolar disorder), physical handicaps (impaired vision,

impaired hearing, impaired speech ability, paralysis) and time spent in bed (hours bed bound/

day), were provided by the nursing home staff as approved by The Scientific Ethical Committee
for Denmark.

In the week preceding the intervention period, the participants were interviewed by a proj-

ect nurse, and two psychiatric measurements were used: 1) Mini-Mental State Examination

(MMSE), which gives information about the participants’ cognitive status [29]; 2) The Gott-

fries-Bråne-Steen Scale (GBS), which is an evaluation of disabilities, language, psychiatric

symptoms, average daily living function and behaviour of the participants [30]. The values

measured prior to the intervention period are reported here, and the measures taken after the

experimental period will be published elsewhere.

If participants were unable to answer specific items from the psychiatric scales, due to

impairment of vision or hearing, or due to general reluctance, their answer was marked with a

specific score. This was done to be able to distinguish between answers reflecting the mental

state measured by the scale from reluctance to answer or for example not being able to hear

the questions asked. If residents were unable or reluctant to reply in more than 50% of the

items of the scale, they were excluded from the statistical analyses. For those with less than

50% missed items, the values of the missed items were substituted with the median of this item

across participants by imputation [31]. The measures of GBS and MMSE were highly corre-

lated and as the GBS score had a much lower level of imputation (2%), compared to the

MMSE score (25%), we used GBS as the explanatory variable for cognitive impairment level

instead of MMSE in the statistical analyses.

Behavioural observations

The behaviour of the residents was recorded by direct observation using continuous recording

[32]. In all visits, the frequency and duration of talk and physical contact to the persons present

were recorded. Talk was classified into talk about the dog and/or activity, depending on the

visit type. In visits with dogs (D, DA), the frequency and duration of physical contact and talk

directed to the dog were recorded, and in visits where we introduced an activity (DA, A), the

frequency and duration of the residents’ involvement in the activity were recorded (Fig 2). The

observer recorded behaviour during the visits using a tablet with a touch screen, as described

in Thodberg et al. (2016) [18].

Statistics

All data were analysed using SAS 9.3.

Behaviour variables. From the variables describing the residents’ physical contact with

the dog (Fig 2) we calculated one composite variable, physical contact to dog. Physical contact
to activity comprised actually using the remedies related to the activity as well as just touching

them. Conversation was analysed as talk in total, talk directed at the dog and as talk directed at
a person. Talk about the dog and talk about the activity, which were subsets of talk directed at a
person, were also analysed separately (Fig 2).

For the statistical analysis, the 12 visits were divided into three periods, with each period

covering four visits (period 1: visits 1–4, period 2: visits 5–8, period 3: visits 9–12). The vari-

ables used in the analyses were the mean of a given variable during the visits within periods. If

the residents had received fewer than six visits in total, e.g. due to illness or dropout, they were
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not included in the statistical analyses. The behaviour variables were all analysed for the total

visit duration (10 minutes), and additionally, some variables were analysed for the first two

minutes of the visits.

Parametric models. Behavioural variables were analysed using a generalised linear mixed

model and entered as binomially distributed, with a logit link function (Logistic regression;

PROC Glimmix). For some variables, the cut-off for the binary variable was ‘occurrence vs

non-occurrence’, that is whether the behaviour occurred for more than 0 seconds or not at all,

whereas for other variables the cut-off was ‘occurrence for more than 60 seconds or less’ (Fig

2). The cut-off was based on the distribution of the variables. The categorised explanatory vari-

ables (possible levels) were visit type (D, DA, A), sex (male, female), identity of visitor (6),

identity of observer (4), identity of dog (6), nursing home (7), ability to hear (normal,

impaired), speech ability (normal, impaired), vision (normal, reduced), and mobility (normal,

or at least partly paralysed). Continuous explanatory variables (range) were age (61–100), ini-

tial GBS score of the residents (5–120) and the total number of experimental visits received

during the intervention period (6–12). The only interaction included in the model was

between visit type and the initial GBS-score. We reduced the full model by backwards reduc-

tion, and factors were removed when P-values exceeded 0.05, except for visit type, which was

retained. The appropriateness of the final models was evaluated by using the dispersion param-

eter (Pearson chi-square/DF), which optimally should be close to a value of one, and ranged

from 0.91 to 1.07 in the final models. Results are presented as odds ratios (LSMEANS with

95% confidence intervals) and in some cases as predicted probabilities. In cases where the final

Fig 2. Ethogram, composite variables and use of statistical models. The column “Variable/Composite variable”, shows the components of the composite variables. The

use of statistical models is indicated with bold text for the generalised linear mixed model (Likelihood of occurrence, in bold), italics for non-parametric analysis (duration,

in italics). The cut-off for the binary variables in the generalised linear mixed models could be either 0 or 60 seconds, indicated by � and ��, respectively. ���Not analysed

separately, ����Not analysed.

https://doi.org/10.1371/journal.pone.0251571.g002
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models include a significant interaction between the visit treatment and the GBS score (contin-

uous), we present the odds as well as the predicted probabilities estimated by the model for the

GBS values 18, 48, and 98, representing the actual range of scores in the study population.

Non-parametric models. Variables that were not normally distributed or could not be

analysed with logistic regression were analysed non-parametrically. Differences in baseline

measures between treatment groups (visits types) and nursing homes were analysed by the

Kruskal-Wallis Test, and for pair-wise comparisons Wilcoxon Rank Sum Test was applied

(Both using Proc Npar1way).

The same two tests were used to analyse the effect of visit type on physical contact to persons,
talk in total and talk directed at a person within each period. The development over periods

was analysed with Wilcoxon Signed Ranks Test (Proc Npar1way) for pairwise comparisons of

repeated measures.

To analyse time development in the behaviour variables analysed by logistic regression, we

used the estimated probabilities of the behavioural response variables [33] from the final logis-

tic regression models for each period as dependent variables in the Wilcoxon Signed Ranks

Test for pairwise comparisons of repeated measures. Using this method, the dependent behav-

iour variable was already corrected for the significant effects found in the logistic regression

models, and provides a more clear picture of potential effects of period, compared to if we had

used the raw variables as a dependent variable.

Fishers Exact test (Proc Freq) was used to analyse whether residents that dropped out or

had less than six visits were equally distributed over visit types.

Results of the non-parametric analyses are presented as medians (± IQ-range).

To describe the association between cognitive impairment and the variables talk directed at
persons and talk in total we used Spearman rank-order correlation coefficients which were pre-

sented as rs with a P-value and N (number of observations; Proc Corr).

Results

Description of participants

Of the 186 participants enrolled in the study, two died, and 10 revoked their consent to partici-

pate before the experimental visits began, resulting in 174 participants at the beginning of the

intervention period. Of these, six died during the intervention, and of the remaining 168 par-

ticipants 15 withdrew during the intervention period, either due to illness or because they did

not want to receive more visits, and six participants had less than six visits due to different rea-

sons. We analysed data from 151 participants as one of the participants that dropped out, and

three of the persons that died during the intervention period, had more than six visits and

were therefore included (Fig 1). The 23 participants that either left the study or had less than

six visits were equally distributed on visit types (D: 8, DA: 8, A: 7; P = 0.84). The participants’

mean age was 86 years, and they had lived, on average, 42.3 months in the nursing home when

they entered the study. The majority were women (64.2%) and the mean time spent in bed per

24 hours was 12.3 hours (Table 3). The majority were widowed (63.6%), 21.9% were married,

and the remaining were either unmarried (5.3%) or divorced (6.6%; NA: 2.7%). Based on the

staff’s information, approximately one third of the participants had impaired hearing (32%;

NA: 4%) and reduced eyesight (34%; NA: 6%), 12% were partly paralysed, ranging from one

limb being impaired to being paralysed in most of the body (NA: 1%), and 18% were speech

impaired (NA: 2%).

The median scores of the psychiatric scales measured before the intervention period are

shown in Table 4, and none of them differed significantly between treatment groups or nurs-

ing homes. Just above 40% of the participants (40.5%) were diagnosed with dementia, and
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16.6% had another psychiatric disorder, whereas 35.8% had no psychiatric diagnoses (NA:

7.3%).

Behaviour recorded in all visit types: Talk in total, Talk directed at persons
and Physical contact to persons

Entire visit. In all three periods, the residents directed less talk to persons (visitor or

observer) if they received dog visits with an activity (DA) compared to the other visit types

(P = 0.01–0.05 in all periods; Fig 3). Throughout, the more cognitively impaired residents

talked less with the person present, compared to less impaired residents, as shown by the nega-

tive correlations between the GBS score and duration of talking to persons (period 1: rs =

Table 3. Description of the study population.

Nursing

home

Age (years) Time lived in the nursing

home (months)

Percentage of

women (%)

Time in bed (h per

24 h)

Number of visits

received

Number of participants in each visit

type (D, DA, A)

1 (n = 20) 84.3 50.8 65.0 12.9 10.0 (7, 8, 5)

84 (73–100) 33 (3–229) 11.8 (9–21.5) 11 (6–12)

2 (n = 25) 85.0 33.9 64.0 11.9 10.6 (9, 7, 9)

85 (69–97) 28 (3–76) 12 (8–19.5) 11 (6–12)

3 (n = 14) 85.6 27.5 57.1 13.2 11.1 (4, 5, 5)

87 (61–100) 18.5 (0.5–88) 12 (9–22) 11 (10–12)

4 (n = 24) 82.6 56.8 54.2 12.2 10.5 (7, 7, 10)

83.5 (64–95) 27 (1–187) 11 (4–22) 11 (7–12)

5 (n = 21) 84.3 51.9 61,9 12.2 10.4 (7, 6, 8)

87 (70–97) 49 (5–185) 11.5 (8–20) 10 (6–12)

6 (n = 24) 85.3 45.9 66.7 10.4 11.0 (10, 6, 8)

87.5 (67–96) 24 (6–191) 10 (0–18) 11 (7–12)

7 (n = 23) 86.0 26.9 78.3 13.2 10.2 (5, 9, 9)

87 (73–97) 15 (1–125) 11 (7–24) 11 (6–12)

Total

(N = 151)

84.7 42.3 64.2 12.2 10.5 (49, 48, 54)

86 (61–100) 28 (0.5–229) 11 (0–24) 11 (6–12)

The age of participants, time lived in the nursing home, time in bed per 24 h and number of visits are given as means and medians with interquartile range.

https://doi.org/10.1371/journal.pone.0251571.t003

Table 4. Psychiatric measures before the six-week intervention period.

Nursing Home MMSE (n) GBS (n) MMSE GBS

1 13 19 14 [6; 19] 51 [32; 68]

2 19 25 18 [10; 22] 40 [28; 63]

3 10 13 17.5 [13; 22] 43 [24; 54]

4 18 24 13 [6; 19] 58 [18.5; 84]

5 17 21 20 [10; 23] 35 [22; 46]

6 22 24 15 [8; 21] 56.5 [34; 67.5]

7 15 22 14 [10; 18] 59.5 [31; 85]

Total N = 114 114 148 15.5 [9; 21] 46 [26.5; 64]

None of the scores differed between nursing homes or treatment groups.

The scores are shown as medians and interquartile ranges, as well as the number of applicable observations in each

nursing home.

https://doi.org/10.1371/journal.pone.0251571.t004
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-0.36, P< 0.001, N = 148; period 2, rs = -0.37, P< 0.001, N = 148; period 3: rs = -0.39,

P< 0.001, N = 144). Residents receiving A visits had a higher duration of talk directed at per-
sons in the last third of the intervention compared to in period 2 (S = 221.5, n = 52, P < 0.05),

but no other differences between periods were found.

Fig 3. Duration of talking to person and talking in total for the entire visit and in the first two minutes in period 1,

2 and 3. Results from the entire visit and in the first two minutes in periods 1, 2 and 3 are shown as the median in

seconds and interquartile range (IQ). Differences between visits within period are indicated with the letters a and b

when P< 0.05, with A and B for P< 0.01, and A and B for P< 0.001. Differences across periods are indicated with the

letters x and y for P< 0.05.

https://doi.org/10.1371/journal.pone.0251571.g003
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Talk in total (talk directed both at humans and a dog in D and DA visits) was shorter in DA

compared to D visits throughout the intervention (P = 0.01–0.05 in all periods) and shorter in

DA visits compared to A visits in period 3 (P = 0.01; Fig 3). For visit type A, talk in total is

identical to talk directed at a person, as there was no dog present in these visits. As for talk
directed at a person, the more cognitively impaired residents talked less in total compared to

less impaired residents (period 1: rs = -0.39, P < 0.001, N = 148; period 2, rs = -0.39, P< 0.001,

N = 148; period 3: rs = -0.45, P< 0.001, N = 144). For visit types D and DA, talk in total did

not differ between periods.

The residents only touched either of the persons a few seconds on average (period 1:

5.4 ± 24.4; period 2: 5.6 ± 22.0; period 3: 6.6 ± 30.4), and this did not differ between visit types

in any of the periods.

Initial 2 minutes of the visit. In the first two minutes of the visits, we found no differ-

ences in the duration talk directed at a person in period 1, but in periods 2 and 3 residents

receiving A visits talked more to persons than those receiving DA visits (period 2: P < 0.05,

period 3: P < 0.05; Fig 3). In visit type DA, the residents talked more to persons in the initial

two minutes of the visits in period 1 compared to period 2 (S = -163.5, n = 45, P< 0.05).

Visit type did not affect talk in total in the first 2 minutes of the visits (Fig 3), but, in period

2, residents receiving DA visits talked less compared to periods 1 and 3 (period 1 vs 2: S = -

175, n = 45, P< 0.05; period 2 vs 3: S = 171, n = 45, P < 0.05).

Behaviour recorded in visit types D and DA: Physical contact to the dog,

Talk directed at the dog and Talk about the dog
Entire visit. In the first third of the intervention, the odds of having physical contact to the

dog during DA and A visits were affected by visit type and GBS score in interaction (F1,85 =

5.17, P< 0.05; Table 5). Increased impairment level increased the odds of touching the dog in

D visits, whereas we found the opposite for DA visits (Table 5 and Fig 4). Physical contact to
the dog was also affected by which person visited the resident (F5,85 = 2.48, P < 0.05). In the

intermediate part, the GBS score correlated negatively to the likelihood of touching the dog

(F1,91 = 4.62, P< 0.05), regardless of visit type, meaning that a higher level of cognitive

impairment lowered the odds of having physical contact to the dog (Table 5). Throughout the

intervention, having many visits in total was related to being more likely to touch the dog

(period 1: F1,85 = 7.34, P< 0.01; period 2: F1,91 = 4.24, P < 0.05; period 3: F1,84 = 7.92,

P< 0.01; Table 5).

In the first and last third of the intervention period, the likelihood of talk directed at the dog
was affected by an interaction between visit type and GBS score (period 1: F1,90 = 4.60,

P< 0.05; period 3: F1,87 = 5.34, P < 0.05), showing that severely impaired residents talked less

to the dog in DA compared to D visits (Table 5 and Fig 5). In the second and third period of

the intervention, the odds of talking to the dog were higher for residents with no speech

impairment compared to residents with impaired speech (period 2: F1,90 = 11.03, P = 0.001;

period 3: F1,87 = 3.93, P = 0.05; Table 5). During the intermediate four visits, residents without

a physical handicap were 7.7 times more likely to talk to the dog compared to disabled partici-

pants (F1,90 = 7.68, P < 0.01; Table 5). Both in the first and third period of the intervention, a

higher number of total visits were related to talking more with the dog (period 1: F1,90 = 6.12,

P< 0.05; period 3: F1,87 = 10.25, P < 0.01; Table 5).

Halfway through the intervention, residents receiving DA visits had higher odds of talk-
ing about the dog compared to those having D visits (F1,81 = 3.81, P = 0.05; Table 5). How-

ever, in the last period, an interaction between visit type and GBS score affected the

likelihood of talking about the dog (F1,84 = 7.02, P < 0.01, Table 5 and Fig 6), showing that
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the cognitively well-functioning residents talked more about the dog in DA compared to D,

and oppositely for the severely impaired participants. Throughout the intervention,

Table 5. Results from the analysis of behaviour related to the dog in D and DA visits.

Physical contact to the dog

Period 1 OR 95% CI P-value
Interaction

GBS � visit type D 1.2a 0.7–2.0 <0.05

DA 0.5a 0.3–0.9

Main effects No. of visits 1.7b 1.1–2.4 <0.01

Visitorc <0.05

Period 2
Main effects GBS 0.7a 0.5–1.0 <0.05

No. of visit 1.4b 1.0–1.8 <0.05

Period 3
Main effects No. of visits 1.7b 1.2–2.4 <0.01

Talk directed at the dog

Period 1 OR 95% CI P-value
Interaction

GBS � visit type D 0.8a 0.4–1.6 <0.05

DA 0.2a 0.1–0.6

Main effects No. of visits 1.6b 1.1–2.3 <0.05

Period 2
Main effects Speech (normal vs impaired) 9.3 2.5–35.4 0.001

Handicap (normal vs impaired) 7.7 1.8–33.4 <0.01

Period 3
Interaction

GBS � visit type D 1.0a 0.5–1.8 <0.05

DA 0.2a 0.1–0.7

Main effects No. of visits 2.1b 1.3–3.2 <0.01

Speech (normal vs impaired) 5.1 1.0–26.2 0.05

Talking about the dog

Period 1 OR 95% CI P-value
Main effects Vision (normal vs impaired) 0.3 0.1–0.9 <0.05

Visitorc <0.05

Period 2
Main effects Visit type (D vs DA) 0.4b 0.1–1.0 0.05

Vision (normal vs impaired) 0.3 0.1–0.9 <0.05

Period 3
Interaction

GBS � visit type D 1.5a 0.9–2.4 <0.01

DA 0.5a 0.3–1.0

Main effects Vision (normal vs impaired) 0.3 0.1–0.9 <0.05

For each of the three periods, the estimated odds ratios (OR), the 95 confidence intervals (95% CI) and the P-values

are shown for significant effects. Visits with a dog, no activity (D), Visits with a dog, with activity (DA), The

Gottfries-Bråne-Steen Scale (GBS).
a For an increase of 20 on the GBS scale,
b For an increase of one visit,
c Difference between individual visitors not shown.

https://doi.org/10.1371/journal.pone.0251571.t005
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residents with impaired vision were more likely to talk about the dog (period 1: F1,81 = 4.81,

P < 0.05; period 2: F1,81 = 5.15, P < 0.05; period 3: F1,84 = 5.28, P < 0.05; Table 5). The iden-

tity of the visiting person only affected the talking about the dog in the first third of the

intervention (F5,81 = 2.43, P < 0.05).

We found no effects of the residents’ age and sex on their behaviour related to the dog in

any of the periods. Over the three periods (12 visits), the residents’ likelihood to touch the

dog increased (Table 6), whereas the probability of talking to and about the dog decreased

(Table 6).

Initial 2 minutes of the visit. In the first two minutes of the visits, the likelihood of

touching the dog was lower in highly impaired residents in the first and last third of the

intervention (period 1: F1,92 = 9.69, P < 0.01; period 3: F1,89 = 6.78, P = 0.01; Table 7), and,

in the last two thirds, a higher number of total visits increased the odds (period 2: F1,89 =

6.14, P < 0.05; period 3: F1,89 = 4.11, P < 0.05; Table 7). Furthermore, higher age increased

the odds of touching the dog during the first two minutes of a visit in period 2 (F1,89 = 5.31,

P < 0.05; Table 7).

The likelihood of talk directed at the dog in the first two minutes decreased with increas-

ing impairment level in period 1 and 2 of the intervention (period 1, F1,90 = 9.51, P < 0.01;

period 2, F1,92 = 6.39, P = 0.01; Table 7). In the first period, residents with no physical hand-

icap were more likely to talk to the dog compared to residents having a physical handicap

(F1,90 = 7.29, P < 0.01; Table 7). In the last third of the intervention, talking directly to the

dog was affected by visit treatment and GBS score in interaction (F1,89 = 4.13, P < 0.05), and

residents with severe cognitive impairment talked less to the dog in DA compared to D vis-

its (Table 7).

In the first third of the intervention, residents without physical handicaps and being able to

talk were five times more likely to talk about the dog compared to residents with these impair-

ments (F1,89 = 5.65, P< 0.05 and F1,89 = 5.57, P < 0.05; Table 7). In period 2, those who ended

up having more visits were more likely to talk about the dog in the first two minutes (F1,91 =

Fig 4. Predicted probability for physical contact with the dog in period 1 estimated for the range of GBS scores and separately for D and DA visits. D:

visits with a dog, no activity, DA: visits with a dog, with activity. GBS scores of 18, 48 and 98 are marked with a dot. The odds ratios (OR) for each of these

GBS-values are shown. The Gottfries-Bråne-Steen Scale (GBS).

https://doi.org/10.1371/journal.pone.0251571.g004
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5.84, P< 0.05; Table 7), and, in the last period, being 10 years older doubled the odds of talking

about the dog (F1,89 = 5.96, P < 0.05; Table 7).

Behaviour recorded in visit types DA and A: Physical contact to activity and

Talking about the activity
Entire visit. Physical contact to the objects related to the activity (physical contact to activ-

ity) was affected by visit type in the last period of the intervention and tended to be so in the

first (period 1: F1,89 = 3.26, P = 0.07; period 3: F1,92 = 14.44, P< 0.001; Table 8). The odds of

taking part in the activity, in the last third of the intervention were 12.5 times higher for resi-

dents having visits without dogs (A) compared to those having DA visits. Throughout, the

Fig 5. Predicted probability for talking directly to the dog in periods 1 and 3 estimated for the range of GBS scores and separately for D and DA visits.

D: visits with a dog, no activity, DA: visits with a dog, with activity. GBS scores of 18, 48 and 98 are marked with a dot. The odds ratios (OR) for each of these

GBS values are shown. The Gottfries-Bråne-Steen Scale (GBS).

https://doi.org/10.1371/journal.pone.0251571.g005
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higher the GBS score, the lower the odds of taking part in the activity (period 1: F1,89 = 7.89,

P< 0.01; period 2: F1,97 = 6.76, P = 0.01; period 3: F1,92 = 13.57, P< 0.001; Table 8), showing

that more impaired residents participated less in the activities. In the first third of the interven-

tion period, residents with impaired vision touched the objects more compared to the rest of

the population (F1,89 = 6.07; P< 0.05; Table 8). Finally, ending up having many visits in total

resulted in an increased probability of taking part in the activity in the last period of the inter-

vention (F1,92 = 12.05; P = 0.001; Table 8).

The probability of talking about the activity, including talking about the dog in relation to

the activity in DA, was higher in A visits throughout the intervention (period 1: F1,89 = 9.11,

P = 0.01; period 2: F1,88 = 12.81, P < 0.001; period 3: F1,86 = 12.96, P< 0.001; Table 8).

Fig 6. Predicted probability for talking about the dog in period 3 estimated for the range of GBS scores and separately for D and DA visits. D:

visits with a dog, no activity, DA: visits with a dog, with activity. GBS scores of 18, 48 and 98 are marked with a dot. The odds ratios (OR) for each of

these GBS values are shown. The Gottfries-Bråne-Steen Scale (GBS).

https://doi.org/10.1371/journal.pone.0251571.g006

Table 6. The estimated probabilities of behaviour related to either the dog (D and DA visits) or the activity (DA and A visits).

Behaviour variable Period Statistics

1 2 3

Physical contact to dog (D, DA) 0.37c [0.23; 0.59] 0.49b [0.33; 0.58] 0.52a [0.35; 0.74] 1 vs 2: n = 95, S = 555 P < 0.05

1 vs 3: n = 94 S = 1008 P < 0.001

2 vs 3: n = 94, S = 670 P < 0.01

Talk directed at the dog (D, DA) 0.92a [0.84; 0.95] 0.90ab [0.73; 0.95] 0.92b [0.68; 0.96] 1 vs 3: n = 94, S = -546 P < 0.05

Talk about the dog (D, DA) 0.25b [0.13; 0.50] 0.31a [0.17; 0.55] 0.34ab [0.19; 0.48] 1 vs‥ 2: n = 90, S = 857 P < 0.001

Physical contact to activity (DA, A) 0.60b [0.38; 0.75] 0.61a [0.49; 0.72] 0.70a [0.36; 0.90] 1 vs 2: n = 93, S = 775 P < 0.01

1 vs 3: n = 91, S = 543 P < 0.05

Talking about activity (DA, A) 0.57b [0.25; 0.81] 0.84a [0.45; 0.94] 0.72a [0.43; 0.92] 1 vs 2: n = 93 S = 1801 P < 0.0001

1 vs 3: n = 88, S = 793 P < 0.001

The estimated probabilities are shown as median and interquartile range (IQR) for each period. The estimates derive from the final generalised linear mixed models, and

are corrected for significant factors in the respective models. Letters within variable (a, b) indicate differences across period. Visits with a dog, no activity (D); Visits with

a dog, with activity (DA); Visits without dog, with an activity (A).

https://doi.org/10.1371/journal.pone.0251571.t006
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Generally, the odds of talking about the activity were higher, the lower the GBS score (period

1: F1,89 = 13.78, P<0.001; period 2: F1,88 = 3.27, P = 0.07; period 3: F1,86 = 3.88, P = 0.05;

Table 8), meaning that the more impaired residents talked less about the activity during the

visits. In the first third of the intervention, talking about the activity was related to having

many visits in total, the odds increasing with 1.6 for each extra visit (F1,92 = 5.06, P < 0.05;

Table 8). Being hearing-impaired, as opposed to having good hearing, increased the odds of

talking about the activity throughout (period 1: F1,89 = 12.11, P< 0.001; period 2: F1,88 = 7.24,

P< 0.01; period 3: F1,86 = 6.77, P = 0.01; Table 8). Residents with impaired speech were less

likely to talk about the activity in the last two thirds of the intervention (period 2: F1,88 = 6.84,

P = 0.01 period 3: F1,86 = 6.77, P = 0.01; Table 8).

We found no effects of the residents’ age and sex on their behaviour related to the activity

in any of the periods, and the probability of having physical contact to and talking about the

activity increased over time (Table 6).

Table 7. Results from the analysis of behaviour related to the dog in the first two minutes of D and DA visits.

Physical contact to the dog

Period 1 OR 95% CI P-value
Main effects GBS 0.5a 0.3–0.8 <0.01

Period 2
Main effects No. of visit 1.5b 1.1–2.0 <0.05

Age 2.1c 1.1–4.2 <0.05

Period 3
Main effects GBS 0.6a 0.4–0.9 = 0.01

No. of visits 1.4b 1.2–4.2 <0.05

Talk directed at the dog

Period 1 OR 95% CI P-value
Main effects GBS 0.5a 0.4–0.8 <0.01

Handicap (normal vs impaired) 6.1 1.6–23.0 <0.01

Period 2
Main effects GBS 0.6a 0.5–0.9 = 0.01

Period 3
Interaction D 0.9a 0.6–1.4 <0.05

GBS � visit type DA 0.4a 0.2–0.8

Talking about the dog

Period 1 OR 95% CI P-value
Main effects Handicap (normal vs impaired) 5.4 1.3–21.7 <0.05

Speech (normal vs impaired) 5.2 1.3–20.5 <0.05

Period 2
Main effects No. of visit 1.4b 1.1–1.8 <0.05

Period 3
Main effects Age 2.0c 1.1–3.4 <0.05

For each of the three periods, the estimated odds ratios (OR), the 95 confidence intervals (95% CI), and the P-values

are shown for significant effects. Visits with a dog, no activity (D), Visits with a dog, with activity (DA), The

Gottfries-Bråne-Steen Scale (GBS).
a For an increase of 20 on the GBS scale,
b For an increase of 1 visit,
c For an increase of 10 years.

https://doi.org/10.1371/journal.pone.0251571.t007
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Discussion

Visit type, but also the residents’ level of cognitive impairment, affected their behaviour during

the visits. In general, adding an activity to a visit resulted in less interaction with the dog for

the residents with a high impairment level compared to dog visits without an activity. On the

contrary, for less impaired residents, interacting with the dog was either unaffected or more

likely by adding an activity to dog visits. In visits including an activity, the residents’ engage-

ment, measured as touching the objects related to the activity and talking about it, was less

likely when a dog was present compared to visits without a dog. The duration of talking to the

persons present during visits was shorter the higher the impairment level.

We expected that introducing the option of engaging in an activity with the dog during dog

visits would stimulate the residents to interact more with the dog and that especially the least

impaired residents would be motivated/stimulated by this increased complexity and take more

actively part. Our findings are partly in support of this. The residents’ impairment level indeed

Table 8. Results from the analysis of behaviour related to an activity in DA and A visits.

Physical contact to activity

Period 1 OR 95% CI P-value
Main effects Visit type (A vs DA) 2.4 0.9–6.0 0.07

GBS 0.6a 0.4–0.8 <0.01

Vision (normal vs impaired) 0.3 0.1–0.8 <0.05

Period 2
Main effects GBS 0.6a 0.5–0.9 0.01

Period 3
Main effects Visit type (A vs DA) 12.5 3.3–45.5 <0.001

GBS 0.4a 0.2–0.7 <0.001

No. of visits 2.1b 1.4–3.1 <0.001

Talking about activity

Period 1 OR 95% CI P-value
Main effects Visit type (A vs DA) 6.0 1.8–19.2 <0.01

GBS 0.4a 0.2–0.6 <0.001

No. of visits 1.6b 1.1–2.5 <0.05

Hearing (normal vs impaired) 0.1 0.0–0.4 <0.001

Period 2
Main effects Visit type (A vs DA) 11.1 2.9–41.7 <0.001

GBS 0.6a 0.3–1.1 0.07

Hearing (normal vs impaired) 0.1 0.0–0.6 <0.01

Speech (normal vs impaired) 9.1 1.7–49.1 0.01

Period 3
Main effects Visit type (A vs DA) 10.6 2.9–38.5 <0.001

GBS 0.6a 0.3–1.0 0.05

Hearing (normal vs impaired) 0.2 0.1–0.9 0.01

Speech (normal vs impaired) 9.9 1.7–57.5 0.01

For each of the three periods, the estimated odds ratios (OR), the 95 confidence intervals (95% CI), and the P-values

are shown for significant effects. Visits with a dog, with activity (DA), Visits without dog, with an activity (A). The

Gottfries-Bråne-Steen Scale (GBS).
a For an increase of 20 on the GBS scale,
b For an increase of 1 visit.

https://doi.org/10.1371/journal.pone.0251571.t008
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affected how much they interacted during the two types of dog visits. However, not all resi-

dents reacted to the inclusion of an activity with increased dog interaction. In the first period

of the intervention, the residents touched the visiting dog less with increasing impairment

level, if the visit included an activity with the dog. Throughout the intervention, the most

impaired residents talked less to and about the dog when they received dog visits with activities

compared to without activities. The pattern was different for the more cognitively intact resi-

dents. They were either unaffected by visit type or more active in DA visits, and for example in

the last third of the intervention period, they talked more about the dog in DA visits compared

to the D visits. Overall, physical contact to the dog and the activity, as well as talking about

both, increased over time, whereas talking directly to the dog decreased in the last third of the

intervention period.

Based on these results, the overall impression is that the extra stimulation, by repeatedly

introducing a new activity during dog visits, stimulated the more cognitively well-functioning

participants to interact more, whereas the severely impaired residents did not seem to benefit

from this increased complexity. Physical contact with the dog did not differ according to visit

type and impairment level in the last third of the intervention period, which could mean that

the engagement in the visits also depended on the familiarity with the concept of the visits,

including the dog and persons.

Some previous studies of dog visits in nursing homes have also included observations of

nursing home residents’ immediate behavioural responses; however, mostly during group

interventions, employing less detailed behaviour sampling methods and addressing different

research questions [19–22, 34–37]. Some of these found that dog visits, as opposed to visits

without dogs, stimulate the residents to interact more with other persons during group ses-

sions [19, 21, 37], whereas Kramer et al. (2009) [34] did not find this effect.

Our previous findings, i.e. that dog visits were more stimulating and had a longer-lasting

effect, compared to visits with a toy cat, and the fact that severely impaired compared to less

impaired residents interacted more with the dog and less with persons present during visits

[18], are partly supported by the present study. At present, we found a negative correlation

between increased impairment level and talking to persons, regardless of topic. However, in D

visits that were comparable to the dog visits in Thodberg et al. (2016), we only found a negative

correlation between impairment level and the probability of touching the dog in the first third

of the intervention period, but not later on. Apart from our present and previous study (Thod-

berg et al., 2016), we are only aware of two other studies that relate nursing home residents’

cognitive ability to their behaviour during human-dog interactions–both carried out in group

settings. Olsen et al. (2019) found that increased cognitive impairment had a negative effect on

how much the residents talked during group visits with dogs, whereas Friedmann et al. (2019)

did not find any variation in behaviour related to cognitive impairment. The existing studies,

including this one, show that dog visits stimulate to conversation but that increasing

impairment level results in less verbal communication with persons and in some cases more

interaction with a dog–the latter depending on the complexity and how intellectually challeng-

ing the visits are. In Thodberg et al. (2016), we suggested that it may be more comfortable for

residents with a lowered cognitive ability (which can result in speech impairment [38]) to

interact with a non-evaluative animal as opposed to a person, as interaction with an animal

does not necessarily require verbal communication [39]. The present study showed that being

presented with an activity during dog visits resulted in reduced interaction with the dog the

higher the residents’ impairment level. This implies that visits with increased complexity

might lower the motivation to interact with the dog. Perhaps the increased complexity, which

seems to be a positive supplement for the less impaired residents, makes the visits too stimulat-

ing or overwhelming for the severely impaired residents.
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In order to be able to distinguish between the effects of access to dog contact and the option

to take part in an activity, we included visit type A without a dog but with the same repeated

introduction to a new activity at each visit as in DA visits. When no dog was present, the resi-

dents talked more about the activity, and, in the last part of the intervention, they were also

more engaged in the activity compared to in visits with both a dog and an activity. Further-

more, the residents touched the items related to the activity less and talked less about the on-

going activity with increasing cognitive function in DA visits. This demonstrates that the par-

ticipants were generally less focussed on the activity when a dog was also part of the visits–-

especially residents with severe dementia–which might be due to them dividing their attention

between the activity and the dog or them being distracted. However, it cannot be ruled out

that difference in the type of activities in DA and A visits could have influenced the residents’

motivation to join. Many of the activities chosen for A visits revolved around items and remi-

niscences from the past, whereas the activities in DA visits aimed at activating the residents to

interact with the dog, often involving handling toys and treats for the dog. Talking about old

times and things from the past could be considered more interesting by some residents, and

an additional treatment group with the same items and presence of a dog would be necessary

to investigate this further.

Furthermore, we observed a generally lowered engagement level in residents with severe

dementia during visits including an activity, regardless of there being a dog present or not.

Our results are in line with findings of less attendance of residents with increasing

impairment level in the activities normally available for nursing home residents [24–26, 40].

Furthermore, nursing home residents engage less in the actual activity with increasing

impairment level–both in individual activities [41] and group activities [42, 43]. Activities pre-

sumed to be meaningful for the individual increase engagement, regardless of cognitive func-

tion, whereas work-related activities are more engaging for residents with moderate compared

to severe dementia [41]. This shows that the type and content of the activity is indeed impor-

tant and should be appropriate with regard to the cognitive as well as physical abilities of the

individual [44, 45]. With the results from the present study, and general knowledge about par-

ticipation in nursing home activities, the next step is to tailor dog visits, taking into account

the different needs and abilities of residents with varying cognitive impairment levels.

The residents’ response to visits depended on whether or not they had a physical handicap,

and, as expected, participants without a speech impairment talked more about activities and

the dog. Impaired vision resulted in a higher prevalence of talking about the dog throughout

the intervention and increased odds of touching the objects during visits with an activity,

whereas reduced ability to hear increased the likelihood of talking about the activity. It appears

logical that visual impairment stimulates the residents to touch objects more and talk more

about the dog in order to orient themselves and get acquainted with the situation and that

reduced hearing could result in more verbal communication–maybe due to more questions

and repetitions. The occurrence of physical contact to the dog was not affected by any of the

handicaps, which might indicate that none of the handicaps hindered touching the dog. We

are not aware of other studies considering effects of physical handicaps on immediate

responses to dog visits. Cohen-Mansfield et al. (2009) [46] found no influence of impairment

level in either hearing or eyesight on the engagement in different nursing home activities, but

they noticed that residents with poor hearing are more likely to refuse participation in activi-

ties. Future studies should take into account that sensory deficits and other physical handicaps

might influence the response to visits and, as it is the case for the level of cognitive impairment,

should be controlled for in the analyses of outcome measures.

This type of research, where the experimental setup involves interactions with humans as

well as animals, entails certain challenges regarding standardisation and hindering that the
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response of the study participants depends on actions of the person present. We are very

aware of these pitfalls, and therefore standardised the experimental visits by dividing them

into three phases as described in the methods. Thus, we waited two minutes into the visit

before introducing the activity in DA and A visits and only incited the residents to take part in

the following four minutes, leaving the initiative to the residents in the remainder of the time.

Apart from adding a clear structure to the visits, this approach enabled us to compare how res-

idents, having visits with or without an activity, interacted with the dog in these identical two

minutes of the visits, and whether their behaviour in these initial minutes changed over the

intervention period; because some expected an activity (DA) whereas others did not (D). In

the last third of the intervention period, we saw that the more severely impaired talked less to

the dog if they received DA compared to D visits, not only in the visits as a whole but also in

these first identical two minutes of the visits. The fact that they had the same response, even

before being presented with the activity, suggests that their previous experience of being

repeatedly presented with new activities reduced their motivation to interact with the dog late

in the intervention period. This is especially interesting, keeping in mind that D and DA visits

were identical in the initial two minutes, and that talking to the dog in visits without activities

(D) in all 10 minutes was unaffected by cognitive impairment level in period 3.

Limitations to the study were that neither the participants nor the observers and visitors

were blind regarding visit type, which is another challenge to this research field. However, to

accommodate this, observer-visitor teams were not fixed. The two observers in each nursing

home joined the two visitors an equal number of times to prevent the development of team-

specific variation and drifting in conductance and observation of visits. Furthermore, both the

identity of the observer and the visitor was included in the statistical model as fixed effects to

be able to control for any variation related to them. We found no observer effect in any of the

statistical analyses, but the identity of the visitor affected the probability of touching and talk-

ing about the dog in the first period of the intervention, which could be due to variation in vis-

itors’ personality and management/handling of the dog. Finally, we acknowledge that

unaccounted-for variation in the participants’ attitude to dogs/animals and the dynamics

between two sentient beings (human and animal) could have influenced our results.

Summing up, the residents’ immediate behavioural response indicates that standard dog

visits with no additional activity, stimulate nursing home residents to interact physically and

verbally with the dog, especially residents with severe dementia. Introducing an activity stimu-

lated the more cognitively well-functioning residents to interact more but had the opposite

effects on severely impaired residents–especially in the first part of a 6-week intervention

period. The presence of a dog during visits with activities resulted in less engagement in the

activity, and engagement in activities was generally lowered with increasing impairment level.

Based on the present knowledge, the optimal dog visit for the less cognitively impaired

nursing home residents could include activities and thereby a possibility to interact in different

ways with the dog, whereas for residents with severe impairment just being with the dog seems

more appropriate.

Supporting information

S1 File. CONSORT checklist.

(DOC)

S2 File. Study protocol.

(PDF)

PLOS ONE Immediate response of nursing home residents to dog visits with or without an additional activity

PLOS ONE | https://doi.org/10.1371/journal.pone.0251571 May 26, 2021 22 / 25

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0251571.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0251571.s002
https://doi.org/10.1371/journal.pone.0251571


Acknowledgments

The authors wish to thank the participating residents and the staff in the participating nursing

homes. We also thank the dog owners for lending us their dogs, and TrygFonden for testing

the dogs and mediating the contact to the dog owners. We acknowledge the help from the

nurses Ingrid Keseler, Leni Karkov Meeder and Birgitte Rasmussen (Aarhus University Hospi-

tal, Denmark) and Pia Haun Poulsen and Birthe Houbak (technical staff at Aarhus University,

Denmark) and the students Johanne Foverskov Stonor Krum-Møller and Line Kollerup Ofte-

dal and Kristina Høyby Simonsen for the role as visitors and observers. Finally, we acknowl-

edge Leslie Foldager for giving advice regarding the statistical analyses.

Author Contributions

Conceptualization: Karen Thodberg, Poul B. Videbech, Tia G. B. Hansen, Janne W.

Christensen.

Data curation: Karen Thodberg, Anne Bak Pedersen.

Formal analysis: Karen Thodberg.

Funding acquisition: Karen Thodberg, Poul B. Videbech, Tia G. B. Hansen, Janne W.

Christensen.

Investigation: Karen Thodberg, Anne Bak Pedersen, Janne W. Christensen.

Methodology: Karen Thodberg, Poul B. Videbech, Tia G. B. Hansen, Anne Bak Pedersen,

Janne W. Christensen.

Project administration: Karen Thodberg.

Resources: Karen Thodberg.

Supervision: Karen Thodberg.

Visualization: Karen Thodberg.

Writing – original draft: Karen Thodberg.

Writing – review & editing: Karen Thodberg, Poul B. Videbech, Tia G. B. Hansen, Anne Bak

Pedersen, Janne W. Christensen.

References
1. Schuurmans L, Enders-Slegers MJ, Verheggen T, Schols J. Animal-Assisted Interventions in Dutch

Nursing Homes: A Survey. Journal of the American Medical Directors Association. 2016; 17(7):647–53.

https://doi.org/10.1016/j.jamda.2016.03.015 PMID: 27184522

2. De Santis M, Contalbrigo L, Simonato M, Ruzza M, Toson M, Farina L. Animal assisted interventions in

practice: mapping Italian providers. Vet Ital. 2018; 54(4):323–32. https://doi.org/10.12834/VetIt.1226.

6831.1 PMID: 30681131

3. TrygFonden visitor dogs. [Available from: www.besoegshunde.dk.

4. Pet Partners. [Available from: https://petpartners.org/.

5. Lai NM, Chang SMW, Ng SS, Tan SL, Chaiyakunapruk N, Stanaway F. Animal-assisted therapy for

dementia. Cochrane Database Syst Rev. 2019(11):74. https://doi.org/10.1002/14651858.CD013243.

pub2 PMID: 31763689

6. Yakimicki ML, Edwards NE, Richards E, Beck AM. Animal-Assisted Intervention and Dementia: A Sys-

tematic Review. Clin Nurs Res. 2019; 28(1):9–29. https://doi.org/10.1177/1054773818756987 PMID:

29441797

7. Lundqvist M, Carlsson P, Sjodahl R, Theodorsson E, Levin LA. Patient benefit of dog-assisted interven-

tions in health care: a systematic review. BMC Complement Altern Med. 2017; 17:12. https://doi.org/10.

1186/s12906-016-1526-x PMID: 28056922

PLOS ONE Immediate response of nursing home residents to dog visits with or without an additional activity

PLOS ONE | https://doi.org/10.1371/journal.pone.0251571 May 26, 2021 23 / 25

https://doi.org/10.1016/j.jamda.2016.03.015
http://www.ncbi.nlm.nih.gov/pubmed/27184522
https://doi.org/10.12834/VetIt.1226.6831.1
https://doi.org/10.12834/VetIt.1226.6831.1
http://www.ncbi.nlm.nih.gov/pubmed/30681131
http://www.besoegshunde.dk
https://petpartners.org/
https://doi.org/10.1002/14651858.CD013243.pub2
https://doi.org/10.1002/14651858.CD013243.pub2
http://www.ncbi.nlm.nih.gov/pubmed/31763689
https://doi.org/10.1177/1054773818756987
http://www.ncbi.nlm.nih.gov/pubmed/29441797
https://doi.org/10.1186/s12906-016-1526-x
https://doi.org/10.1186/s12906-016-1526-x
http://www.ncbi.nlm.nih.gov/pubmed/28056922
https://doi.org/10.1371/journal.pone.0251571


8. Zafra-Tanaka JH, Pacheco-Barrios K, Tellez WA, Taype-Rondan A. Effects of dog-assisted therapy in

adults with dementia: a systematic review and meta-analysis. BMC Psychiatry. 2019; 19:10. https://doi.

org/10.1186/s12888-018-2003-5 PMID: 30621644

9. Hughes MJ, Verreynne ML, Harpur P, Pachana NA. Companion Animals and Health in Older Popula-

tions: A Systematic Review. Clinical Gerontologist. https://doi.org/10.1080/07317115.2019.1650863

PMID: 31423915

10. Jain B, Syed S, Hafford-Letchfield T, O’Farrell-Pearce S. Dog-assisted interventions and outcomes for

older adults in residential long-term care facilities: A systematic review and meta-analysis. Int J Older

People Nurs.19. https://doi.org/10.1111/opn.12320 PMID: 32394594

11. Peluso S, De Rosa A, De Lucia N, Antenora A, Illario M, Esposito M, et al. Animal-Assisted Therapy in

Elderly Patients: Evidence and Controversies in Dementia and Psychiatric Disorders and Future Per-

spectives in Other Neurological Diseases. J Geriatr Psychiatry Neurol. 2018; 31(3):149–57. https://doi.

org/10.1177/0891988718774634 PMID: 29764282

12. Wells DL. The State of Research on Human-Animal Relations: Implications for Human Health. Anthro-

zoos. 2019; 32(2):169–81.

13. Aarskog NK, Hunskar I, Bruvik F. Animal-Assisted Interventions With Dogs and Robotic Animals for

Residents With Dementia in Nursing Homes: A Systematic Review. Phys Occup Ther Geriatr. 2019; 37

(2):77–93.

14. Gee NR, Mueller MK. A Systematic Review of Research on Pet Ownership and Animal Interactions

among Older Adults. Anthrozoos. 2019; 32(2):183–207.

15. Handlin L, Nilsson A, Lidfors L, Petersson M, Uvnas-Moberg K. The Effects of a Therapy Dog on the

Blood Pressure and Heart Rate of Older Residents in a Nursing Home. Anthrozoos. 2018; 31

(5):567–76.

16. Thodberg K, Berget B, Lidfors L. Research in the use of animals as a treatment for humans. Animal

Frontiers. 2014; 4(3):43–8.

17. Petersson M, Uvnas-Moberg K, Nilsson A, Gustafson LL, Hydbring-Sandberg E, Handlin L. Oxytocin

and Cortisol Levels in Dog Owners and Their Dogs Are Associated with Behavioral Patterns: An Explor-

atory Study. Front Psychol. 2017;8. https://doi.org/10.3389/fpsyg.2017.00008 PMID: 28194118

18. Thodberg K, Sorensen LU, Videbech PB, Poulsen PH, Houbak B, Damgaard V, et al. Behavioral

Responses of Nursing Home Residents to Visits From a Person with a Dog, a Robot Seal or a Toy Cat.

Anthrozoos. 2016; 29(1):107–21.

19. Fick KM. THE INFLUENCE OF AN ANIMAL ON SOCIAL INTERACTIONS OF NURSING-HOME RES-

IDENTS IN A GROUP SETTING. American Journal of Occupational Therapy. 1993; 47(6):529–34.

20. Olsen C, Pedersen I, Bergland A, Enders-Slegers MJ, Ihlebaek C. Engagement in elderly persons with

dementia attending animal-assisted group activity. Dementia-International Journal of Social Research

and Practice. 2019; 18(1):245–61. https://doi.org/10.1177/1471301216667320 PMID: 27590332

21. Wesenberg S, Mueller C, Nestmann F, Holthoff-Detto V. Effects of an animal-assisted intervention on

social behaviour, emotions, and behavioural and psychological symptoms in nursing home residents

with dementia. Psychogeriatrics. 2019; 19(3):219–27. https://doi.org/10.1111/psyg.12385 PMID:

30393989

22. Friedmann E, Galik E, Thomas SA, Hall S, Cheon J, Han N, et al. Relationship of Behavioral Interac-

tions during an Animal-assisted Intervention in Assisted Living to Health-related Outcomes. Anthrozoos.

2019; 32(2):221–38.

23. Bjork S, Lindkvist M, Wimo A, Juthberg C, Bergland A, Edvardsson D. Residents’ engagement in every-

day activities and its association with thriving in nursing homes. Journal of Advanced Nursing. 2017; 73

(8):1884–95. https://doi.org/10.1111/jan.13275 PMID: 28229474

24. Chung JCC. Activity participation and well-being of people with dementia in long-term-care settings.

Otjr-Occupation Participation and Health. 2004; 24(1):22–31.

25. Smit D, de Lange J, Willemse B, Pot AM. Predictors of activity involvement in dementia care homes: a

cross-sectional study. BMC Geriatr. 2017;17. https://doi.org/10.1186/s12877-017-0414-7 PMID:

28086759

26. Sengupta M, Zimmerman S, Harris-Kojetin L. Activity Engagement in Residential Care Settings: Find-

ings from the National Survey of Residential Care Facilities. Journal of Housing for the Elderly. 2019; 33

(2):120–39.

27. Ministry of Health. National Undersøgelse af forholdene på plejecentra 2016 [Available from: https://

sum.dk/Aktuelt/Publikationer/National-undersoegelse-af-forholdende-paa-plejecentre-mar-2016.aspx.

28. IAHAIO. IAHAIO White Paper. Definitions for Animal Assisted Intervention and guidelines for wellness

of animals involved in AAI 2018 [updated August 23rd, 2020. Available from: https://iahaio.org/wp/wp-

content/uploads/2020/07/iahaio_wp_updated-2020-aai-adjust-1.pdf.

PLOS ONE Immediate response of nursing home residents to dog visits with or without an additional activity

PLOS ONE | https://doi.org/10.1371/journal.pone.0251571 May 26, 2021 24 / 25

https://doi.org/10.1186/s12888-018-2003-5
https://doi.org/10.1186/s12888-018-2003-5
http://www.ncbi.nlm.nih.gov/pubmed/30621644
https://doi.org/10.1080/07317115.2019.1650863
http://www.ncbi.nlm.nih.gov/pubmed/31423915
https://doi.org/10.1111/opn.12320
http://www.ncbi.nlm.nih.gov/pubmed/32394594
https://doi.org/10.1177/0891988718774634
https://doi.org/10.1177/0891988718774634
http://www.ncbi.nlm.nih.gov/pubmed/29764282
https://doi.org/10.3389/fpsyg.2017.00008
http://www.ncbi.nlm.nih.gov/pubmed/28194118
https://doi.org/10.1177/1471301216667320
http://www.ncbi.nlm.nih.gov/pubmed/27590332
https://doi.org/10.1111/psyg.12385
http://www.ncbi.nlm.nih.gov/pubmed/30393989
https://doi.org/10.1111/jan.13275
http://www.ncbi.nlm.nih.gov/pubmed/28229474
https://doi.org/10.1186/s12877-017-0414-7
http://www.ncbi.nlm.nih.gov/pubmed/28086759
https://sum.dk/Aktuelt/Publikationer/National-undersoegelse-af-forholdende-paa-plejecentre-mar-2016.aspx
https://sum.dk/Aktuelt/Publikationer/National-undersoegelse-af-forholdende-paa-plejecentre-mar-2016.aspx
https://iahaio.org/wp/wp-content/uploads/2020/07/iahaio_wp_updated-2020-aai-adjust-1.pdf
https://iahaio.org/wp/wp-content/uploads/2020/07/iahaio_wp_updated-2020-aai-adjust-1.pdf
https://doi.org/10.1371/journal.pone.0251571


29. Folstein MF, Folstein SE, McHugh PR. MINI-MENTAL STATE—PRACTICAL METHOD FOR GRAD-

ING COGNITIVE STATE OF PATIENTS FOR CLINICIAN. J Psychiatr Res. 1975; 12(3):189–98.

https://doi.org/10.1016/0022-3956(75)90026-6 PMID: 1202204

30. Brane G, Gottfries CG, Winblad B. The Gottfries-Brane-Steen Scale: Validity, reliability and application

in anti-dementia drug trials. Dement Geriatr Cogn Disord. 2001; 12(1):1–14. https://doi.org/10.1159/

000051230 PMID: 11125236

31. Jadhav A, Pramod D, Ramanathan K. Comparison of Performance of Data Imputation Methods for

Numeric Dataset. Applied Artificial Intelligence. 2019; 33(10):913–33.

32. Martin P, Bateson P. Measuring Behaviour An Introductionary Guide. 3rd ed. Cambridge, England:

Cambridge University Press; 2007.

33. Kaps M, Lamberson W. Biostatistics for animal science. 3. ed. ed. Kaps M, Lamberson WR, editors.

Wallingford, Oxfordshire: CABI; 2017.

34. Kramer SC, Friedmann E, Bernstein PL. Comparison of the Effect of Human Interaction, Animal-Assis-

ted Therapy, and AIBO-Assisted Therapy on Long-Term Care Residents with Dementia. Anthrozoos.

2009; 22(1):43–57.

35. Ambrosi C, Zaiontz C, Peragine G, Sarchi S, Bona F. Randomized controlled study on the effectiveness

of animal-assisted therapy on depression, anxiety, and illness perception in institutionalized elderly.

Psychogeriatrics. 2019; 19(1):55–64. https://doi.org/10.1111/psyg.12367 PMID: 30221438

36. Hendy HM. EFFECTS OF PET AND OR PEOPLE VISITS ON NURSING-HOME RESIDENTS. Int J

Aging Human Dev. 1987; 25(4):279–91. https://doi.org/10.2190/D3DD-VB2N-UQJ8-8AGN PMID:

3429048

37. Bernstein PL, Friedmann E, Malaspina A. Animal-assisted therapy enhances resident social interaction

and initiation in long-term care facilities. Anthrozoos. 2000; 13(4):213–24.

38. Klimova B, Kuca K. Speech and language impairments in dementia. Journal of Applied Biomedicine.

2016; 14(2):97–103.

39. Hediger K, Thommen S, Wagner C, Gaab J, Hund-Georgiadis M. Effects of animal-assisted therapy on

social behaviour in patients with acquired brain injury: a randomised controlled trial. Scientific Reports.

2019;9. https://doi.org/10.1038/s41598-018-36956-2 PMID: 30626887

40. Dobbs D, Munn J, Zimmerman S, Boustani M, Williams CS, Sloane PD, et al. Characteristics associ-

ated with lower activity involvement in long-term care residents with dementia. Gerontologist. 2005;

45:81–6. https://doi.org/10.1093/geront/45.suppl_1.81 PMID: 16230754

41. Cohen-Mansfield J, Thein K, Dakheel-Ali M, Marx MS. The underlying meaning of stimuli: Impact on

engagement of persons with dementia. Psychiatry Research. 2010; 177(1–2):216–22. https://doi.org/

10.1016/j.psychres.2009.02.010 PMID: 20392502

42. Cohen-Mansfield J. The impact of group activities and their content on persons with dementia attending

them. Alzheimers Research & Therapy. 2018;10.

43. Cohen-Mansfield J. Activity groups for persons with dementia: Personal predictors of participation,

engagement and mood. Psychiatry Research. 2017; 257:375–80. https://doi.org/10.1016/j.psychres.

2017.07.045 PMID: 28806713

44. Tierney L, Beattie E. Enjoyable, engaging and individualised: A concept analysis of meaningful activity

for older adults with dementia. Int J Older People Nurs. 2020; 15(2):e12306. https://doi.org/10.1111/

opn.12306 PMID: 32022414

45. Tak SH, Kedia S, Tongumpun TM, Hong SH. Activity Engagement: Perspectives from Nursing Home

Residents with Dementia. Educational Gerontology. 2015; 41(3):182–92. https://doi.org/10.1080/

03601277.2014.937217 PMID: 25489122

46. Cohen-Mansfield J, Marx MS, Regier NG, Dakheel-Ali M. The impact of personal characteristics on

engagement in nursing home residents with dementia. Int J Geriatr Psychiatr. 2009; 24(7):755–63.

https://doi.org/10.1002/gps.2192 PMID: 19156701

PLOS ONE Immediate response of nursing home residents to dog visits with or without an additional activity

PLOS ONE | https://doi.org/10.1371/journal.pone.0251571 May 26, 2021 25 / 25

https://doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.1159/000051230
https://doi.org/10.1159/000051230
http://www.ncbi.nlm.nih.gov/pubmed/11125236
https://doi.org/10.1111/psyg.12367
http://www.ncbi.nlm.nih.gov/pubmed/30221438
https://doi.org/10.2190/D3DD-VB2N-UQJ8-8AGN
http://www.ncbi.nlm.nih.gov/pubmed/3429048
https://doi.org/10.1038/s41598-018-36956-2
http://www.ncbi.nlm.nih.gov/pubmed/30626887
https://doi.org/10.1093/geront/45.suppl_1.81
http://www.ncbi.nlm.nih.gov/pubmed/16230754
https://doi.org/10.1016/j.psychres.2009.02.010
https://doi.org/10.1016/j.psychres.2009.02.010
http://www.ncbi.nlm.nih.gov/pubmed/20392502
https://doi.org/10.1016/j.psychres.2017.07.045
https://doi.org/10.1016/j.psychres.2017.07.045
http://www.ncbi.nlm.nih.gov/pubmed/28806713
https://doi.org/10.1111/opn.12306
https://doi.org/10.1111/opn.12306
http://www.ncbi.nlm.nih.gov/pubmed/32022414
https://doi.org/10.1080/03601277.2014.937217
https://doi.org/10.1080/03601277.2014.937217
http://www.ncbi.nlm.nih.gov/pubmed/25489122
https://doi.org/10.1002/gps.2192
http://www.ncbi.nlm.nih.gov/pubmed/19156701
https://doi.org/10.1371/journal.pone.0251571

