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N. Tran, N. Lapierre, J. Meunier, A. St-Arnaud, C. Sit, A. Bourbonnais, J. Rousseau. An intelligent vid-
eo-monitoring system to detect responsive behaviours associated with Alzheimer’s disease and re-
lated disorders. Gerontechnology 2020;19(1):28-41;  https://doi.org/10.4017/gt.2020.19.1.004.00  Background  
Responsive behaviours affect 90% of older adults with Alzheimer’s disease and related disorders. 
They have significant consequences including decreased functional independence and quality of 
life for older adults living in long-term care facilities. An intelligent video-monitoring system (IVS) 
is being developed to detect responsive behaviours, document their causes and alert health-care 
professionals to ensure immediate intervention.  Purpose  To test the IVS’s efficacy for responsive 
behaviour detection.  Methods  Two occupational therapy students completed a simulation study 
in an apartment-laboratory under the supervision of experts in gerontology (clinicians, research-
ers). Four responsive behaviours (aggressiveness, apathy, motor behaviours, vocal behaviours) were 
realistically replicated across six scenarios, and five were repeated under three different luminosity 
conditions (total: 16 scenarios). The IVS detects responsive behaviours based on unusual movements 
or screaming in a specific location. To assess its detection capacity, the scenarios were divided into 
actions to record true and false positives (TP, FP), and true and false negatives (TN, FN). Sensitivity 
and specificity were then calculated. The quality of sound, images, and alerts was also analysed.  
Findings  Seventeen TP, two FP, 42 TN, and three FN were recorded, generating an overall sensitiv-
ity of 85% and specificity of 95%. Sensitivity and specificity of 100% were obtained for apathy and 
aggressiveness scenarios. Motor behaviour scenarios achieved a sensitivity of 75% and specificity of 
84%, and verbal behaviour scenarios obtained a sensitivity of 50% and specificity of 100%. With 
this IVS, the quality of the images was satisfactory, but the sound recording was poor. Alerts were 
received on average 32.4 seconds after detection.  Discussion  The IVS is an innovative technology 
that can contribute to responsive behaviour management by immediately detecting such behaviours 
and helping identify their causes (by recording the previous 30 seconds). These results validate the 
IVS’s potential for responsive behaviour detection before its use is explored in real contexts.

Keywords: Technology, older adults, video-monitoring, responsive behaviour, long-term care, 
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Introduction
More than 8.5% of the world’s population is cur-
rently aged 65 and over (National Institute on 
Aging, 2016), and by 2050 older people will ac-
count for 30% of the world’s population (World 
Health Organization, 2015). Many health issues 
tend to manifest themselves with age, includ-
ing Alzheimer’s disease and related disorders 
(ADRD). ADRD is a degenerative brain disease 
that can lead to impairments of cognitive func-
tion such as memory, language, problem-solving 
and orientation (Alzheimer’s Association, 2017; 
Alzheimer’s Disease International, 2016). ADRD 
affects 47 million persons in the world (Alzhei-
mer’s Disease International, 2016). It can lead to 
impaired memory, reasoning, orientation, com-
prehension, learning ability, language and judg-
ment (World Health Organization, 2015).

One of the greatest challenges in taking care of 
a person with ADRD is the management of re-
sponsive behaviours, which occur in 90% of this 
population (Alzheimer Society of Canada, 2017; 
Cerejeira, Lagarto, & Mukaetova-Ladinska, 2012; 
Dupuis, Wiersma, & Loiselle, 2012; Macaulay, 
2018). The most common behaviours include 
apathy, aggressiveness and vocal and motor be-
haviours (Cerejeira et al., 2012; Zaudig, 2000). 
Apathy, present in 50% to 70% of older adults 
with ADRD, is a decrease in an initiative to en-
gage in an activity and a loss of interest in social 
interactions (Ferrero-Arias et al., 2011; Politis et 
al., 2004). Aggressiveness, which is prevalent 
in 76.5% of this population, includes behav-
iours such as voluntarily hitting others (Cohen-
Mansfield, 2008). Motor behaviours are a set 
of behaviours that deviate from social norms 
such as wandering and repetitive gestures, and 
vocal behaviours include shouting and repeat-
ing sentences (Cohen-Mansfield, 2008; Cohen-
Mansfield & Libin, 2005). According to Algase et 
al.’s (1996) theory, older adults demonstrate re-
sponsive behaviours as a response to physical or 
psychological needs that are unmet or compro-
mised, or to communicate these needs to others 
(Algase et al., 1996). The consequences of re-
sponsive behaviours are strongly associated with 
a significant decline in older adults’ functional 
independence and quality of life (Hersch, 2008; 
Zaudig, 2000). As a result, prolonged hospital 
stays and premature institutionalization of older 
adults with responsive behaviours are common 
(McCraken, Kagan, & Parmar, 2009).

Despite the availability of assessment tools to 
identify the predisposing, precipitating and per-
petuating factors of responsive behaviours (e.g., 
Cohen-Mansfield Agitation Inventory; Cohen-
Mansfield, 1997), only a few can be used to doc-
ument responsive behaviours (Kales, Gitlin, & 
Lyketsos, 2015). Non-pharmacological interven-

tions (e.g., cognitive stimulation, environmental 
and psychosocial interventions) are recommend-
ed to manage responsive behaviours rather than 
pharmacological tools, which are not very effec-
tive and have major side effects (Hersch, 2008). 
However, there is a lack of evidence support-
ing the effectiveness of non-pharmacological 
interventions and studies show that the effects 
obtained do not persist over time (Dyer, Harri-
son, Laver, Whitehead, & Crotty, 2018; Lorusso 
& Bosch, 2018; Möhler, Renom, Renom, & Mey-
er, 2018; Scales, Zimmerman, & Miller, 2018). 
Medication may be used in combination with 
non-pharmacological interventions but is not 
ideal because of the high risk of side effects and 
medical complications (Hersch, 2008). Physical 
restraints (e.g., bed rails, belt restraint) are used 
in 28.2% of cases of motor behaviours (Bartels 
et al., 2003; Feteanu, Lopez-Tourres, & Trivalle, 
2005). However, they are strongly associated 
with negative consequences such as fall risks, in-
juries and pressure ulcers (Alzheimer’s Disease 
International, 2016; Feteanu et al., 2005).

Recognizing the need to improve the quality of 
care for older adults with responsive behaviours, 
several practice guidelines have been published. 
The Describe, Investigate, Create, Evaluate 
(DICE) approach™, a systematic approach de-
veloped by US experts, aims to standardize the 
management of responsive behaviours (Kales 
et al., 2015). This approach has four steps: (1) 
describe the responsive behaviour and analyse 
the occupation during which it occurred; (2) 
investigate the factors underlying the manifesta-
tion of the responsive behaviour; (3) create an 
interdisciplinary intervention plan; and (4) evalu-
ate the benefits and consequences of the inter-
disciplinary intervention plan. An intervention 
approach based on the meaning of behaviour 
types was also developed and tested for vocal 
behaviours in long-term care facilities (Bourbon-
nais, Ducharme, et al., 2018; Bourbonnais, La-
londe, & Lavallée, 2018). The current systematic 
approach comprises family and formal caregiver 
partnerships, which include regular meetings 
(at least monthly) to identify the meaning of the 
behaviour (e.g., pain, anxiety) and apply person-
alized interventions (e.g., gardening, humour) 
based on this meaning. A pilot study demon-
strated the feasibility and acceptability of the 
approach (Bourbonnais, Ducharme, et al., 2018), 
which decreased the frequency of behaviours, 
and increased the well-being of older adults 
with ADRD. The formal and family caregivers 
perceived the behaviours as less disruptive and 
felt more empowered to deal with them.

Monitoring technologies may be useful to fa-
cilitate the implementation of approaches or 
interventions that are often difficult to apply in 
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long-term care facilities because of limited re-
sources and the substantial customization they 
involve. Few technologies have focused on re-
sponsive behaviours (Qassem, Tadros, Moore, 
& Xhafa, 2014). When such technologies are 
developed, they mostly focus on wandering be-
haviours (Neubauer et al., 2018) or are used as 
an intervention to reduce responsive behaviours, 
for example using an iPad to reduce agitation 
(Vahia et al., 2017). For health-care professionals, 
one mobile application presents guidelines for 
responsive behaviours (Burns, Jayasinha, & Bro-
daty, 2017), but without monitoring or interactive 
functionalities. No other technologies related to 
aggressive, apathy, motor or vocal behaviours 
were found. An intelligent video-monitoring 
system (IVS) could address these limitations. 
The aim of this IVS is to detect responsive be-
haviours continuously (24/7), while still respect-
ing the person’s privacy. Consisting of a camera 
connected to a computer, the IVS automatically 
sends an alert to the health-care professional’s 
computer or smartphone if a responsive behav-
iour occurs (e.g., apathy, motor behaviour). An 
audio signal can be emitted in the room to in-
form the person that an alert (email) has been 
sent. The IVS functions in a closed circuit; in the 
absence of responsive behaviour, no one can ac-
cess the images. In case of responsive behaviour, 
images can be accessed in real-time with a pass-
word to assess the older adult’s situation, and 
the IVS offers the option of recording the images 
30 seconds before the detected event (Rougier, 
St-Arnaud, Rousseau, & Meunier, 2011). These 
images can be automatically processed (blurred) 
to respect privacy (Lapierre, Meunier, St-Arnaud, 
& Rousseau, 2018). Moreover, the IVS uses low-
cost equipment and open-access software.

Several factors may affect the effectiveness of 
camera-based detection systems, including false 
alarms and system failures (Comité national 
d’éthique sur le vieillissement, 2015; Niemeijer 
et al., 2010). Ethical issues surrounding the use 
of cameras, such as the viewing, transmission 
and archiving of recordings, could compromise 
older adults’ fundamental rights (Comité national 
d’éthique sur le vieillissement, 2015; Niemeijer et 
al., 2010). However, unlike other camera detection 
systems, the IVS studied here works in a closed cir-
cuit: if there is no alert, nobody can access the im-
ages, which are analysed in real-time by the com-
puter. Also, no human intervention is required to 
trigger an alert when an event is detected (Lapierre, 
Meunier, St-Arnaud, & Rousseau, 2018). Records 
are not stored in the cloud; only an assigned per-
son with an identification code and a password 
may access them. These characteristics specific to 
the IVS presented here allow user privacy to be 
respected, unlike detection systems that record 
continuously (Londei et al., 2009). The IVS’s cam-

eras are equipped with an infrared illuminator to 
allow detection even in a poorly lit environment 
(Rousseau, Meunier, & Saint-Arnaud, 2011). A 
study explored health-care professionals’ percep-
tions and needs regarding the potential use of the 
IVS to detect responsive behaviours in long-term 
care facilities, and the technology was considered 
a potentially valuable tool to increase the quality 
of care and security (Bourbonnais et al., Accepted; 
Bourbonnais et al., 2017). Furthermore, the study 
by Lapierre et al. (2016) shows that health-care 
professionals are also interested in using such tech-
nology to detect falls. The overall goal of setting 
up an IVS in an older adult’s living environment 
is to ensure closer monitoring of the person and 
provide care immediately upon detection of a re-
sponsive behaviour to avoid its exacerbation. The 
IVS allows the health-care professionals to receive 
an alert on their smartphone wherever they are 
so that they can immediately react to the respon-
sive behaviour. Considering the characteristics of 
responsive behaviours, which must be detected 
and reported while preserving users’ privacy, in 
addition to health-care professionals’ receptivity, 
the IVS is a promising technology to meet certain 
existing needs in the health-care system.

The development of the IVS is based on the Model 
of Competence (Rousseau, 2017; Rousseau, Potvin, 
Dutil, & Falta, 2002), which explains the relation-
ship between the person and the environment. Six 
concepts illustrate the person-environment inter-
action: (1) person, here the older adult interacting 
with (2) the environment: human, operationalized 
as the health-care professional, and nonhuman, 
operationalized as the long-term care facility and 
the IVS. These two concepts interact together 
through (3) an activity, and (4) a role, here care re-
cipient. These interactions can lead to either (5) a 
competency situation, operationalized here as the 
activity executed without any responsive behav-
iour, or (6) a handicap situation, operationalized 
here as the responsive behaviour. Based on the 
conceptual framework, the aim of this study was 
to evaluate the relevance and the potential of the 
IVS to detect responsive behaviours in older adults 
living in long-term care facilities.

Methods
To answer the research question ‘Is the intelligent 
video-monitoring system (IVS) relevant and does 
it allow users to detect responsive behaviours re-
lated to ADRD in older adults living in long-term 
care facilities?’, a simulation study (qualitative and 
quantitative data) was conducted (Contandriopou-
los, Champagne, Potvin, Denis, & Boyle, 2005).

Participants and procedure
Scenarios were simulated by three co-authors: 
two master’s students in occupational therapy 
and one doctoral student in aging sciences, un-
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der the supervision of experts in gerontology and 
image processing (clinicians, researchers). One 
or two students (occupational therapy and aging 
sciences) simulated older adults’ activities and 
falls; the third (occupational therapy) simulated 
the professional receiving the alert by email on 
a computer or smartphone. Simulations were 
performed in an apartment-laboratory designed 
to reproduce the bedroom and living room of an 
older adult living in a long-term care facility. One 
complete IVS was installed per room (camera 
and computer). A calibration phase was needed 
to configure the IVS depending on environmental 
factors (e.g., the room’s size and lighting) and the 
participant simulating the responsive behaviour 
(e.g., height, weight). The calibration involved tri-
al and error to determine the optimum thresholds 
for each parameter (presented in Table 1).

After the calibration phase, four responsive behav-
iours (aggressiveness, apathy, motor behaviours, 
and vocal behaviours) were simulated across six 
scenarios (Table 2). Each scenario, with the excep-
tion of vocal behaviours, was reproduced at three 
different luminosity conditions: (1) artificial light-
ing: Lights on, curtains and doors closed; (2) night 
vision: lights off, curtains and doors closed; (3) 
daylight: lights off, curtains and doors open. Thus, 

a total of 16 simulations were executed.

Material and equipment
The IVS consisted of a camera with infrared il-
luminator (1 per room) and a wide-angle lens, a 
laptop and telescopic rods to support the camer-
as. Because the camera did not have a built-in mi-
crophone, the laptop’s microphone was used for 
sound detection. Each computer was equipped 
with iSpyConnect© (open-source camera secu-
rity software) and Mathematica© (software to 
complement iSpy©). For alert transmission, a 
Wi-Fi connection was used. Following the de-
tection of a responsive behaviour, different types 
of alerts, including an audio signal and email 
were triggered. The email sent included a real-
time image of the participant (except for the vo-
cal behaviour detection). To protect privacy and 
security, real-time images can only be accessed 
with a password. The date and time of the detec-
tion of responsive behaviour and the words ‘con-
fidential image’ were indicated in the alert. The 
image attached to the email had a resolution of 
320 x 240 pixels. For the vocal behaviours sce-
nario, an email was sent with the subject ‘scream 
detected’. The IVS was programmed to record 
30 seconds of sounds (only for vocal behaviours) 
or images before the responsive behaviour to 
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document its triggering context.

Two IVS setups were installed: one in the bed-
room and the other in the living room. The dis-
tance separating the IVS from the older adult was 
3.0 m and 0.8 m, respectively. Each IVS was lo-
cated 2.5 m above the ground in the upper cor-
ner of the room to maximize the viewing angle 
and above the window, so that exterior luminos-
ity changes would not interfere with the system. 
Its installation on a ceiling corner at an optimum 
distance from the older adult was essential to 
reduce the effect of perspective projection (i.e., 

motion far from the camera appears smaller 
than motion close by). Conversely, if the IVS was 
installed lower down, any movement near the 
IVS would have created a greater change in the 
number of pixels than the same movement at a 
greater distance. This could have induced more 
false positives. Installation of the IVS on the wall 
above windows was also important to minimize 
the presence of shadows that could be inter-
preted as movement. A total of 12 iSpy© param-
eters were used. The definition of each one, with 
some explanations, is shown in Table 3. These 
parameters vary depending on several factors, 
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including the participants’ characteristics (e.g., 
height, weight, the pattern of normal activities) 
and the characteristics of the non-human envi-
ronment (e.g., light intensity, presence of shad-
ows, location of furniture). The ‘process interval’ 
parameter was used to increase the sensitivity 
of the movement detection by a factor of 2 as 
the percentage of change in pixels between two 
consecutive images associated with the simu-
lated behaviours (e.g., one older adult hitting an-
other one) was sometimes not sufficient to trig-
ger an alert. Thus, when the IVS was configured 
with the ‘process interval’ parameter at 2, the 
movement was measured as being about twice 
as large as if the ‘process interval’ had been at 
1. To evaluate the IVS’s capacity to detect apa-
thy, the ‘no movement for 600 seconds’ mode 
was configured, meaning that an absence of mo-
tion within the ‘detection zone’ for 600 seconds 
would trigger an alert.

Data collection
For each scenario simulated, one or two partici-
pants (depending on the scenario) simulated the 
older adult(s) and another received the alert on 
the laptop or smartphone and completed an Ex-
cel spreadsheet to collect qualitative and quanti-

tative data about its installation, calibration, and 
functioning. The spreadsheet was based on the 
content of the Home Assessment of Person-En-
vironment Interaction (HoPE) (Rousseau, 2016; 
Rousseau, Potvin, Dutil, & Falta, 2013), which 
is based on the Model of Competence (Rous-
seau, 2017; Rousseau et al., 2002). Data related 
to the scenario were collected (e.g., character-
istics of the physical environment, IVS location). 
The intensity of brightness and the presence of 
shadowy areas within the apartment-laboratory 
were noted. For the installation of the IVS, data 
were collected regarding the number of persons, 
time and equipment required to install the en-
tire IVS. For the ease of configuration of the IVS, 
data were collected regarding the number of pa-
rameters to be configured and the need to ad-
just them according to the simulation scenarios. 
Alerts triggered by the IVS and their causes were 
documented in the grid. Time elapsed between 
detection by the IVS and the receipt of the alert 
(by email) was manually noted for each simula-
tion scenario. Images were viewed and sound 
recordings listened to, to determine if their qual-
ity was satisfactory and allowed the recipient to 
respond upon receiving the alert.
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Data analysis
Qualitative and quantitative data on the installa-
tion, calibration, and ease of use of the system in 
the apartment-laboratory were descriptively an-
alysed (e.g. installation for each room was timed 
and described). The mean time for installation 
and calibration was calculated. The quality of the 
sound recording was considered satisfactory if it 
was a realistic representation of the older adult’s 

voice and did not have any abnormal volume 
variation. The image quality was considered sat-
isfactory if there was no significant distortion of 
the image caused by the wide-angle of the cam-
era and it was clear enough to assess the older 
adult’s situation after the detection. Regarding 
the IVS’s effectiveness at detecting responsive 
behaviours, in order to calculate true positives 
(TP), false negatives (FN), false positives (FP) and 

Figure 1. Examples of parameters. (a) scenario 1, (b) scenario 2, (c) scenario 3, and (d) scenario 4 (left to 
right and top to bottom: a, b, c, d).
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true negatives (TN), scenarios were broken down 
into operations (actions) as defined by the HoPE 
tool, and some other actions were added since 
they were likely to trigger an alert. They were 
calculated as follows: TP = number of responsive 
behaviours correctly detected and for which an 
email was received; FN = number of responsive 
behaviours not detected or for which an email 
was not received; FP = number of ‘normal’ op-
erations identified as responsive behaviours; TN 
= number of ‘normal’ operations not identified as 
responsive behaviours. For each simulated sce-
nario, the numbers of TP, TN, FP, and FN were 
counted to determine the IVS’s specificity (Sp) 
and sensitivity (Se). Se of the IVS was calculated 
as follows: Se = TP/(TP + FN). The sp of the IVS 
was calculated as Sp = TN/(TN + FP).

Results
The results are presented under three headings: 
(1) Installation and configuration of the IVS, (2) 
Sensitivity and specificity of the IVS, and (3) 
Alerts, image and sound quality.

Installation and configuration of the IVS
On average, installation took 5 minutes and 
was considered easy due to the small number 
of components to install (camera, computer, and 
telescopic rod). The configuration of the IVS dur-
ing the calibration phase was laborious because 
of the numerous parameters to adjust. During 
the initial calibration phase, the size and num-
ber of ‘detection zones’ and the ‘trigger range’ 
parameter were particularly difficult to set and 
required several trials. The feasibility of the IVS 
to detect responsive behaviours in older adults 
living in long-term care facilities was assessed, 
among other ways, by determining if it was pos-
sible to obtain common technical parameters for 
all scenarios. For this purpose, parameters were 
compared. The parameters obtained for each 
scenario are reported in Table 3.

Parameters for the motor behaviour scenarios 
(scenarios 1 and 2) were identical, and the same 
number of detection zones (5 zones per scenar-
io) was needed even though the cameras were 
not located in the same place in the two sce-
narios (Figures 1a and 1b).

For the apathy scenarios (scenarios 3 and 4), all 
the parameters were identical, including the ‘de-
tection zones’ even though the two scenarios 
did not occur in the same room (Figure 1c). Both 
‘detection zones’ corresponded to a rectangle 
completely covering the older adult. Comparing 
the motor behaviour scenarios with the apathy 
scenarios, only the ‘mode’ and ‘detection zones’ 
parameters differed: for scenarios 1 and 2, the 
mode was set to ‘movement’ with five ‘detec-
tion zones’, while scenarios 3 and 4 used the 

‘no movement for 600 seconds’ mode and one 
detection zone. Only one detection zone was 
necessary for the apathy scenario as the goal 
was to detect the absence of movement (e.g., 
apathy) where the participant was sitting. For all 
scenarios simulated in the bedroom (scenarios 1, 
2, and 3), all parameters were identical except for 
the ‘detection zones’ and ‘mode’. For scenarios 
simulated in the living room (scenarios 4 and 5), 
only the ‘mode’ and ‘process interval’ parame-
ters were different. Scenario 5 was the only one 
to have the ‘process interval’ parameter set at 2 
frames (Figure 1d). The parameters for the vo-
cal behaviour scenario (scenario 6) are reported 
in Table 3; they focused on detecting specific 
sounds, whereas the IVS was set to analyse im-
ages for the other scenarios.

Sensitivity and specificity of the IVS
Table 4 shows the number of TP, FP, TN, and FN 
obtained per scenario. A total of 17 TP, 2 FP, 42 
TN, and 3 FN were recorded, leading to an over-
all Se of 85% and Sp of 95%. Four out of six 
scenarios achieved Se and Sp of 100% (apathy 
and aggressiveness scenarios). Vocal behaviour 
scenarios obtained Se of 50% and Sp of 100%; 
responsive behaviours were detected in both 
scenarios 4 and 5 (apathy and aggressiveness), 
and the audio signal was emitted but no email 
was sent. The motor behaviour scenarios had 
Se of 75% and Sp of 84%; no email was sent 
despite the detection of responsive behaviours 
when the lighting was artificial. Moreover, two 
alerts occurred in the absence of responsive be-
haviour when the lighting was natural. 

Alerts, image, and sound quality
The time elapsed between the detection of the 
responsive behaviour and the receipt of the alert 
varied between 20.3 seconds and 56.4 seconds 
among the 16 simulations. On three occasions, 
no alert was received despite the detection of 
responsive behaviour (scenarios 2 and 6). By ex-
cluding these three simulations, the mean time 
between the detection of a responsive behaviour 
and the receipt of the alert was 32.4 seconds for 
the 13 simulations. On average, the scenario for 
which the alert was received the fastest was sce-
nario 5 (mean of 24.1 seconds for three simula-
tions with different luminosity for each), whereas 
the scenario for which the alert was received 
the slowest was scenario 1 (mean of 51.9 sec-
onds for three simulations). The image covered 
the entire room in which the IVS was installed 
and did not show significant distortion. The im-
age was clear enough to recognize the furniture 
and the room. The facial features of participants 
(e.g., eyes, mouth and nose) were difficult to dis-
tinguish, but it was possible to recognize them 
by their silhouette and clothing. The images cap-
tured in artificial light had an orange hue (Figure 
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2a) whereas those made in natural light had a 
purple hue (Figure 2b and 2c) due to the infrared 
illuminator active at this luminosity. Regarding 
the recording of vocal behaviours, it was of poor 
quality: the conversation was jerky. Moreover, 
the words were not audible, which made the re-
cording difficult to understand. However, it was 
possible to distinguish who was talking.

Discussion
The aim of this study was to evaluate the rel-
evance and the potential of the IVS to detect 
responsive behaviours in older adults living in 
long-term care facilities. The effectiveness dem-
onstrated by the IVS to detect responsive behav-
iours in an apartment-laboratory and its ease of 
use support its potential for use with older adults 
in long-term care. Five aspects of the results are 
discussed: (1) Installation and configuration of 
the IVS, (2) Effectiveness of the IVS, (3) Alerts, 
image and sound analysis, (4) Ethical considera-
tions, and (5) Strengths and limitations.

Installation and configuration of the IVS
The IVS was fast and easy to install, as it has only 
three components to assemble. The configura-

tion of the IVS was complex and required the 
collaboration of a professional with computer 
know-how. However, the use of the IVS, once 
the calibration is completed, was simple and 
intuitive. According to Holden et al. (2012), the 
complexity of technology does not influence 
health-care professionals’ intent to use it as long 
as they perceive the benefits it could provide for 
their practice (Holden & Karsh, 2010). Moreover, 
studies exploring health-care professionals’ per-
ception of the use of the IVS indicate that they fa-
vour its implementation; its benefits outweigh the 
potential difficulties it may present (Bourbonnais 
et al., 2017; Lapierre et al., 2016). The telescopic 
rod and the computer were accessible and could 
represent a safety risk for people entering the 
room (e.g., risks of falling due to the presence of 
the computer power cord). The telescopic rod 
and the computer could also be removed by 
older adults with ADRD, who tend not to col-
laborate. Miniaturization of the IVS could opti-
mize its application in long-term care facilities, as 
the camera could be attached to the ceiling and 
a wireless camera could be used. However, the 
IVS already appears to be relevant for health-care 
professionals because no intervention is required 
from the older adult to send an alert.

Effectiveness of the IVS
Two alerts were triggered when the older adult 
turned over in bed in daylight. These two FPs 
can be explained by the high intensity of natural 
light, which created shadows on the bed when 
there were only slight movements of the blanket. 
The changes in pixel brightness associated with 
the appearance of the shadows were sufficient to 
trigger an alert. This problem did not appear with 
artificial lighting or at night since no (or negligible) 

Figure 2. Examples of images sent with the alert. (a) Screenshot of the bedroom with artificial light. (b) 
Screenshot of the bedroom with daytime light. (c) Screenshot of the bedroom with night-time light (infrared 
illumination)(left to right: a, b, c).
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shadow was created. Reducing the size of ‘detec-
tion zones’ and raising the first threshold of the 

‘trigger range’ parameter are solutions that could 
be combined to lessen the IVS’s sensitivity to 
shadows. Specifically, for situations involving mo-
tor behaviours in bed, using a coloured blanket 
(e.g., blue or dark grey) could reduce shadows. A 
drawback of the alert mode selected in the project 
is that receiving emails requires a permanent con-
nection to a Wi-Fi network. Thus, a slowdown or 
interruption of the Wi-Fi connection could cause 
the non-receipt of emails despite the detection of 
responsive behaviour. In scenarios 2 and 6 (mo-
tor behaviours and vocal behaviours), the audio 
signal was emitted but the email was not sent, 
which explains the Se of 75% and 50% obtained. 
To overcome this problem, it would be possible 
to select an alternative alert mode via iSpy©, for 
example, an audible alert mentioning ‘responsive 
behaviour detected’ in the nursing station or a 
text message in addition to the audio signal. A 
limitation of some camera detection systems is 
that they are designed for an environment where 
only one person lives, which is inappropriate in 
an environment such as long-term care facilities. 
The IVS solved this with the ‘detection zones’ pa-
rameter, which can monitor important areas of 
activity and ignore any movement outside these 
areas. A long-term care facility is known to be 
an environment where many interactions among 
older adults, caregivers, and family members oc-
cur. This situation was tested in scenarios 4 and 
5 in order to represent the reality of a long-term 
care facility as participants entered the detection 
zone but did not trigger a false alert.

Alerts, image and sound analysis
Despite their low resolution, the quality of the im-
ages was considered satisfactory. In all luminosity 
levels tested, the older adult and the room were 
easily recognizable. In addition, low-resolution 
images require little storage space, which mini-
mizes the delay between the detection of respon-
sive behaviour and the receipt of the email. How-
ever, when asked about the integration of IVS in 
practice in home care, participants reported the 
need to view clear images and be able to enlarge 
them (Lapierre et al., 2016). iSpy© offers the pos-
sibility of increasing the resolution of the image, 
allowing a better assessment of the older adult’s 
status. Moreover, the health-care professional 
could enlarge the image obtained by email on a 
smartphone or computer. In addition to fitting into 
a non-pharmacological approach, the 30-second 
recording before the alert is a feature of the IVS 
that could help to implement a client-centred in-
tervention adapted to the needs of older adults liv-
ing in long-term care facilities, such as the DICE 
approach™ (Cerejeira et al., 2012; Fraker, Kales, 
Blazek, Kavanagh, & Gitlin, 2014; McCraken et al., 
2009). This could result in a better assessment of 

the person-environment interaction and is coher-
ent with the ‘Describe’ and ‘Investigate’ steps of 
the DICE approach and the approach developed 
by Bourbonnais and others (Bourbonnais, Ducha-
rme, et al., 2018; Kales et al., 2015; Rousseau et al., 
2002). An exhaustive description of the responsive 
behaviour and its context could provide informa-
tion needed for interventions adapted to the in-
dividual’s needs and would contribute to the ap-
plication of non-pharmacological approaches as 
first-line treatment (Lorusso & Bosch, 2018; Möller, 
Kristensson, Midlöv, Ekdahl, & Jakobsson, 2014; 
Scales et al., 2018). The 30-second recording be-
fore the event could, therefore, be particularly use-
ful to understand the behaviours of older people 
living in long-term care facilities. In this regard, it 
is possible to say that the IVS is a component of 
the non-human environment favouring a person’s 
competency situation (Rousseau, 2017; Rousseau 
et al., 2002). On the other hand, this function may 
be less relevant for apathy since the alert triggered 
by a lack of movement is sufficient to infer that 
an older adult is showing apathy. The IVS’s abil-
ity to activate sound recording 30 seconds before 
a vocal behaviour is an advantage. Any sound of 
lower intensity and shorter duration than a vocal 
behaviour (e.g., door closing, conversation) is au-
tomatically ignored. However, the computer mi-
crophone’s sound recording was of poor quality 
and was considered unsatisfactory given the jerki-
ness of the conversation. This could be explained 
by a non-optimal location of the microphone, 
which was placed 3.0 m from the older adult dur-
ing the simulation of vocal behaviours. In future 
studies, it would be relevant to explore the use of 
an external high-quality microphone to avoid such 
problems. It could be centred on the ceiling of the 
room in order to detect sound regardless of the 
older adult’s position relative to the microphone.

The brief delay of 32.4 seconds between the 
detection of a responsive behaviour and the re-
ceipt of the email was a strength of the IVS, as 
it would allow health-care professionals to inter-
vene quickly to prevent the exacerbation of the 
behaviour. Early intervention is paramount given 
the consequences responsive behaviours entail. 
Vocal and motor behaviours and aggressiveness, 
in addition to being indications of ill-being and 
having potential consequences for others, are 
related to a greater use of restraint and medica-
tion, a decline in functional independence, and 
an increased risk of falls and social isolation 
(Bourbonnais, Lalonde, et al., 2018; Scales et 
al., 2018). Moreover, the study by Treusch et al., 
(2015) indicates that apathy is often overlooked 
by health-care professionals compared with 
other responsive behaviours because it causes 
less professional burden. Yet the consequences 
of a long period of inactivity are severe: a period 
of immobility longer than two hours exposes an 
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older adult to a significant risk of pressure ulcers 
(Bourque et al., 2012). Thus, detecting apathy is 
particularly important in a long-term care facility 
to prevent pressure ulcers.

Ethical considerations
The Comité national d’éthique sur le vieillisse-
ment (2015) has raised concerns about the pri-
vacy, confidentiality, and dignity of older adults 
in the context of the use of camera-based tech-
nologies, especially those requiring continuous 
recording. However, the IVS studied here has 
several functions that can address these issues. 
First, it operates in a closed circuit; detection 
of the responsive behaviour does not involve a 
person watching the older adult or continuous 
recording. The recording starts only when a re-
sponsive behaviour is detected and ends after 
the number of seconds determined in advance 
by the health-care professional. Any image or 
sound that does not trigger an alert is automati-
cally deleted. Furthermore, recorded data are 
stored locally and secured by a password; they 
are not transmitted to the cloud. Future IVS stud-
ies should consider the possibility of deleting im-
ages and sounds stored on the local server after 
a specified period of time. The Comité national 
d’éthique sur le vieillissement (2015) also raised 
concerns that older adults’ privacy and dignity 
could be compromised by the delivery of health 
care in the presence of a camera. Although this 
feature was not studied in our study, it is possible 
to set a time schedule to automatically disable 
the IVS (e.g., during the morning hygiene routine), 
and automatically reactivate it (e.g., after dinner, 
if the older adult only demonstrates responsive 
behaviours during the night). In future studies, 
blurring subjects’ faces may be considered to 
ensure their privacy and confidentiality; we used 
this strategy in another study (Lapierre, Meunier, 
St-Arnaud, Filiatrault, et al., 2018). Finally, it is es-
sential to set local normative and legal measures 
to ensure respect for the fundamental rights of 
older adults. This is also consistent with the opin-
ion of the health-care professionals who partici-
pated in the study by Lapierre et al. (2016): they 
stated that a protocol regarding the use of IVS is 
required to avoid ethical problems.

Strengths and limitations
The IVS has five key strengths and three limita-
tions. The drawbacks are the unsatisfactory sound 
quality, the interpretation of some shadow mo-
tions as movement, generating false alarms, and 
the receipt of the alert depending on Wi-Fi con-
nectivity. This latter aspect is a drawback for most 
gerontechnologies and needs to be addressed to 
ensure their accessibility for older adults. Never-
theless, solutions have been identified to over-
come these shortcomings. Among the IVS’s ad-
vantages, the most important are its closed-circuit 

function, which contributes to the respect of older 
adults’ privacy and confidentiality, its ability to de-
tect and adjust to the luminosity of the room, the 
speed of the alert receipt (less than 1 minute) and 
the 30-second recording helping to document the 
context of the responsive behaviour. The results 
also show that the IVS is particularly suitable to 
detect signs of apathy. To facilitate the implemen-
tation of the IVS, a cost-effective option is essen-
tial. The IVS has a fixed cost (camera, computer, 
and telescopic rod to support the camera) of 
about $500 in addition to an annual fee of $1,350 
for the Mathematica© license. The latter is not 
essential since the Mathematica© codes could 
easily be converted into another (free) language. 
If that were done, the cost of the ISV would typi-
cally be reduced to $500, making this technology 
more affordable. The cost would also decrease 
with a permanent setup, as it would not require 
the use of a telescoping rod.

No previous study had focused on the effects of 
monitoring technology regarding responsive be-
haviours, except in the case of wandering. Our 
study focused on the monitoring of aggressive, 
apathetic, motor or vocal behaviours. Biases, 
which may occur while simulating responsive 
behaviours, could represent another limitation 
(e.g., simulations were done by co-authors, who 
may have behaved in such a way as to improve 
the results). However, the scenarios were in-
spired by the content of the HoPE tool (Rous-
seau et al., 2013), which is based on the Model 
of Competence (Rousseau, 2017; Rousseau et 
al., 2002) and performed by students in occupa-
tional therapy (who are trained to intervene with 
older adults manifesting responsive behaviours). 
An occupational therapist and a neuropsycholo-
gist with expertise in gerontology supervised this 
simulation study, which contributed to simulat-
ing realistic scenarios. In addition, the use of an 
observation spreadsheet based on the HoPE and 
related to the Model of Competence contributed 
to the rigour of the study (Rousseau et al., 2013). 
The analysis of the IVS’s specificity and sensitiv-
ity was based on breaking down the scenarios 
into operations (actions). However, the results 
presented in Table 4 must be interpreted with 
caution due the small sample size and the fre-
quent occurrence of zeroes; consequently, they 
do not allow for sophisticated statistical analysis. 
At this stage of the IVS’s development, the focus 
was on its relevance, so only a small number of 
scenarios were tested in this preliminary simula-
tion study. Finally, the apartment-laboratory was 
designed to reproduce the non-human environ-
ment in long-term care facilities, which made 
this study more realistic. A limitation of the study 
is that the camera was physically disconnected 
from the laptop during the simulation of vocal 
behaviours. Although the detection of vocal be-
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