
2019 Vol. 18, No 259

Summative evaluation of a sensor-based cognitive 
assistive technology: Impact on quality of life and 

perceived utility

Annica Kristoffersson PhDa,c,*

Ella Kolkowska PhDb

Amy Loutfi PhDc

aSchool of Innovation, Design and Engineering, Mälardalen University, Västerås, Sweden; 
bSchool of Business, Örebro University, Örebro, Sweden; cSchool of Science and Technology, 
Örebro University, Örebro, Sweden; *Corresponding author: annica.kristoffersson@mdh.se

A. Kristoffersson, E. Kolkowska, A. Loutfi. Summative evaluation of a sensor-based cogni-
tive assistive technology: Impact on quality of life and perceived utility. Gerontechonol-
ogy 2019;18(2):59-69;  https://doi.org/10.4017/gt.2019.18.2.001.00  Background  Current research 
shows that perceived improvement of quality of life (QoL) is among the most important 
factors influencing acceptance of technology by older adults.  Research Aim/question(s)  
The purpose of this study was to assess the utility of a sensor-based cognitive assistive 
technology (CAT) deployed in real homes and its impact on older adults’ and their infor-
mal caregivers’ perceived QoL.  Methods  During a period of five months, we conducted 
a summative evaluation by deploying a CAT in the home of couples in which one of the 
partners had a self-perceived memory decline. We applied a mixed method approach. 
Quantitative and qualitative data was collected via subjective forms, observations and 
28 interviews conducted prior to the deployment, when the CAT was deployed and one 
month after the CAT removal.  Results  The study showed that the CAT had a psychosocial 
impact on older adults with a self-perceived memory decline and their informal caregivers 
but no impact on subjective forms measuring physiological and mental health, anxiety, 
depression or QoL. Additionally, we found that the CAT lacked a number of functionalities 
and that the test persons experienced several problems of different nature when using it in 
their homes. This affected the users’ experienced impact of the CAT.  Conclusions  This 
study contributes to the literature on sensor networks’ impact on QoL. While previous 
studies often use general forms intended to assess QoL, this summative evaluation indi-
cates that using such instruments without considering contextual factors is not meaningful. 
The study also outlines a number of factors that sensor network providers might consider 
in order to increase their products impact on QoL and their perceived utility.
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O r i g i n a l

IntroductIon 
Modern information and communication tech-
nologies and related assistive devices are often 
foreseen as a solution to the problem of an in-
creasing number of older adults and associated 
costs. One example of such a technology is 
sensor networks that are assumed to be ready 
to install in home environments upon purchase. 
Typically, they are composed by a number of 
sensors that communicate with each other via 
radio waves or Wi-Fi. There are several applica-
tion areas, including smart homes and cognitive 
assistive technologies (CATs) that can support 
and thereby prolong the older adults’ ability to 
live independently. The CATs offer functionali-
ties such as alarms, reminders to turn off elec-
tronic devices, and to close doors, water taps et 

cetera. The smart homes target a broader public 
and offer functionalities such as the ability to 
check the status of and control electric devices 
from remote. Common for most sensor network 
providers is their claim to not only impact the 
quality of life (QoL) of individuals using them but 
also increase their safety and security (trygghet 
in Swedish). In literature, QoL is often related to 
safety and security (Nordgren, 2013). According 
to Swedish National Board of Health and Wel-
fare (2012), safety and security are often subjec-
tively defined as a compound of physical, psy-
chological and existential aspects of well-being 
and a necessity for coping with daily activities. 
It is difficult to outline what makes us feel safe 
and secure but easier to outline what makes us 
feel unsafe and insecure. These feelings may oc-
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cur when we worry about our own situation or 
the situation of others, but also be associated 
with fear, anxiety and/or panic over the situation 
(Swedish National Board of Health and Welfare, 
2012). For that reason, safety and security is of-
ten estimated by measuring factors such as phys-
iological and mental health, anxiety and depres-
sion as well as QoL- aspects of well-being. Yet, 
a number of reviews (e.g., Brandt, Samuelsson, 
Töytäri, & Salminen, 2011; Liu, Stroulia, Nikolaid-
is, Miguel-Cruz & Rincon, 2016; and Peetoom, 
Lexis, Joore, Dirksen, & De Witte, 2015) shows 
that studies of technology with respect to non-
technical aspects such as QoL are very scarce. 
Recent reviews (e.g., Liu et al., 2016; and Siegel 
& Dorner; 2017) indicate that studies on the out-
comes of using QoL technologies, i.e., sensor 
networks, in real settings are too diverse, few 
and small. Therefore, more studies dedicated 
to investigating the process of deploying sen-
sor networks in real homes and their impact on 
the users’ perceived QoL are needed (Liu et al., 
2016; Siegel & Dorner, 2017). 

The purpose of the summative evaluation (Schulz, 
Beach, Tabolt Matthews, Courtney, & De Vito 
Dabbs, 2012) presented in this article was to as-
sess how a sensor-based CAT deployed in real 
homes for a period of 4-5 months contribute to 
the older adults’ and their relatives’ QoL, what 
psychosocial impact the CAT has, and which 
factors affect the perceived utility.

BrIef lIterature revIew and research questIons
QoL is a multidimensional construct covering 
a number of objective and subjective measures 
including the “physical health and functioning, 
emotional health, cognitive functioning, role 
performance, work productivity, and life satis-
faction”, p. 2397 (Schulz et al., 2012). This defi-
nition is in line with WHO’s (World Health Or-
ganization, 1997) broad understanding of QoL, 
which says that QoL is affected by many factors 
such as the context of the culture, value systems, 
and “physical health, psychological state, level of 
independence, social relationship and their rela-
tionship to salient features of their environment”, 
p. 1. Therefore, a multidimensional approach 
considering these different factors needs to be 
taken (Siegel & Dorner, 2017) to understand a 
sensor-based CAT’s impact on the users’ QoL.

Schulz et al. (2012) developed a roadmap for de-
signing, developing and evaluating QoL technol-
ogies which states that it is a must to administer 
QoL, and condition specific, health related meas-
ures to assess a technology’s effect on end-users 
QoL. Based on the roadmap, evaluations can be 
formative, summative or both. While the forma-
tive evaluation focuses on collecting data to as-
sess the acceptability or functionality of features 

in a system being developed, the summative 
evaluation focuses on collecting data to assess 
the usefulness of an already mature technology.

Recent literature reviews show that the level of 
technology readiness for smart homes and home 
health-monitoring technologies is low (Liu et al, 
2016; Siegel & Dorner, 2017). Liu et al. (2016) 
found that the majority of studies are based on 
technologies in development and testing phases 
or technologies in demonstration or pilot phas-
es. Siegel and Dorner (2017) argue that this fact 
can be a reason for the technical problems ex-
perienced during almost all reviewed studies. 
Despite this, negative effects of the systems are 
seldom reported. Both Siegel and Dorner (2017) 
and Molka-Danielsen and Moe (2013) discuss 
the possibility of bias caused by stakeholders et 
cetera. On the contrary, the study presented in 
this paper assesses the use of a fully operating 
and mature sensor-based CAT with focus on its 
impact on QoL and perceived utility. As stated 
earlier, the concepts of QoL and safety and se-
curity are difficult to assess. Thus, in line with 
previous literature (see Siegel & Dorner, 2017 
who surveyed instrumental use) we assess these 
concepts using forms for physiological and men-
tal health (SF-12), anxiety and depression (HADS) 
and general QoL (QOLS-S). Psychosocial impact 
was assessed using PIADS. Further information 
on the measures is provided in ‘Procedures and 
measures’. In sum, this study answers the follow-
ing research questions:
RQ1: What impact, if any, does a CAT have on 
physiological and mental health, anxiety, de-
pression and general quality of life?
RQ2: What is the psychosocial impact, if any, of 
CAT use on older adults with a self-perceived 
memory decline and their informal caregivers?
RQ3: What factors affect the users’ perceived 
utility of a CAT?

The informal caregivers could gain from technol-
ogy aiming at helping older adults. Side effects 
of caregiving include; anxiety and depression 
(Lou et al., 2015), stress (Fonareva & Oken, 2014), 
a deterioration of social life (Medrano, López 
Rosario, Núñez Payano, & Reynoso Cappellán, 
2014) and sleep quality (Liu et al., 2017; McHugh, 
Wherton, Prendergast, & Lawlor, 2012). Similarly 
to McCloskey, Jarret, Stewart, and Keeping-Burke 
(2015) and Molka-Danielsen and Moe (2013), we 
involved the stakeholder informal caregivers in 
the summative evaluation of the sensor-based 
CAT presented in this article.

Methods
Inspired by Schulz et al.’s (2012) roadmap and 
shortcomings in prior research, this article re-
ports on the results of a summative evaluation 
of QoL. This section provides information about 
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the CAT deployed, the participants, the mixed 
method approach and data analysis.

CAT description
The deployed CAT consists of a digital calendar 
and a number of environmental sensors. The cal-
endar issues a reminder/alarm to the user when 
one of the pre-configured situations in which a 
sensor-based reminder should be triggered oc-
curs. The reminder is issued in text along with an 
image and a pre-recorded voice instruction. A 
checkbox can be added to each activity entered 
into the calendar. When a calendar reminder is 
issued, the user is requested to confirm that ac-
tion has been taken by ticking the box. Table 1 
shows the functionalities. Column one shows 
the five functionality categories offered by the 
CAT: calendar visualization, calendar reminders, 
communication, sensor-based reminders, and 
sensor-based actuation. Each of these catego-
ries includes one or more functionalities (F1-F9), 
presented in column two. These functionalities 
are described in the third column. It is recom-
mended to position the calendar where the user 
spends a lot of time. The calendar is not acces-
sible from phones, and sensor-based reminders 
are only issued via the digital calendar.

Participant characteristics
Summative evaluations typically start by testing a 
technology with a limited number of participants 
with similar background and extend it to cover 
larger, more diverse groups (Schulz et al., 2012). 
Following their recommendation, we focused on 
a limited number of test persons. This allowed us 
to get to know all participants.

The CAT was deployed for a duration of 4-5 
months in seven households of men (Mean = 71.6 
years old) who had a self-perceived memory de-
cline of varying kind. Each of them lived with their 
wife (Mean = 65.7 years old). Hence, all informal 
caregivers involved in this study were women. 
Two of them were still working and balancing the 
work with caring for their husbands while the oth-
er five were retired. All participants provided their 
informed consent but test site 6 requested to have 
the CAT removed after a short period of use. The 
type of accommodation varied from three room 
apartments to real houses. Information on each 
test person, wife, and type of accommodation is 
provided in Table 2. Additional information on 
the test sites and CAT is provided in Kristoffersson, 
Kolkowska and Loutfi, 2014. 

Procedures and measures
According to Schultz 
et al. (2012), there is 
no single, universally 
accepted instrument 
for measuring a tech-
nology’s impact on 
the quality of life. The 
authors stress that at 
a general level, the 
technologies could 
be assessed using 
general QoL instru-
ments such as WHO-
QoL (The WHO-
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QOL Group, 1994) or health-related QoL; SF-36 
(McHorney, Ware, Lu, & Sherbourne, 1994) or the 
EQ-5D (EuroQol Group, 1990) while other instru-
ments should be used to assess the specific do-
mains targeted by a particular technology. Siegel 
and Dorner (2017) argue further that to be able to 
understand how technologies affect the different 
dimensions of the users’ QoL, researchers cannot 
rely solely on outcomes from instruments. Other 
methods need to be used for studying how the 
technology affects the older adults and their car-
egivers in their context. As suggested by Schulz et 
al. (2012) and Siegel and Dorner (2017), this study 
applied a mixed method approach to assess the 
CAT’s impact on the users’ QoL, its psychoso-
cial impact and perceived utility. Qualitative and 
quantitative data was collected through observa-
tions, semi-structured interviews and subjective 
forms. In line with earlier studies (see the survey 
by Siegel & Dorner 2017), we administered sub-
jective forms assessing general QoL, anxiety, de-
pression, physical health and mental health (RQ1) 
and psychosocial impact (RQ2). We administered 
subjective forms and conducted semi-structured 
interviews with the participants at three different 
occasions: (E1) prior to the deployment of the CAT, 
(E2) in conjunction with its removal, and (E3) one 
month after the removal. This approach provided 

a rich set of qualita-
tive and quantita-
tive information re-
garding the partici-
pants’ experiences 
of using the CAT 
(Table 3).

The qualitative in-
formation was col-
lected during a total 
of 28 interviews. 
The first two (sets 
of) interviews, that 
were conducted 
at E1 served to: (1) 

Gather information on how to deploy the CAT, 
and (2) identify expectations and needs based 
on the first step of the IPPA (Individualised Pri-
oritised Problems Assessents) method (Wessels 
et al., 2002). The third semi-structured interview, 
that was conducted at E3, considered the way 
in which the study was conducted, the subjec-
tive forms used, how well the CAT met the par-
ticipants’ expectations, the CAT’s utility and their 
QoL. During the test period, we regularly visited 
the participants to check how the CAT was used 
(i.e., which and how many events were planned 
in the calendar) and to collect the participants’ re-
flections regarding the usage of the CAT. All in all, 
approximately 15 observations were made, and 15 
unstructured interviews with the test persons and 
their wives were conducted during the test period. 
The observations made and comments provided 
during our visits to the participants were written 
down. After the system removal, we checked the 
calendar events for each of the test sites to see 
how the CAT was used during the test period.

Considering the rich set of data collected, each 
quantitative form assessing the CAT’s impact on 
physiological and mental health, anxiety, depres-
sion and general QoL (i.e., RQ1) were chosen with 
consideration to the test persons’ self-perceived 

memory de-
cline. We 
chose forms 
that placed 
a minimum 
burden on the 
par ticipants, 
i.e., short 
forms that 
were available 
in the partici-
pants’ mother 
tongue, Swed-
ish. In addition, 
the selected 
forms support-
ed the analysis 
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of data over time. SF-12, a short-form health survey 
(Ware, Kosinski, & Keller, 1996) was used to as-
sess the impact of the test persons’ physiological 
and mental health. Other forms used were HADS, 
Hospital Anxiety and Depression Scale (Zigmond 
& Snaith, 1983), and QOLS-S, The quality of Life 
Scale (Burckhardt & Anderson, 2003). In addi-
tion, we used PIADS (Day & Jutai, 1996) which is 
a form developed for assessing the psychosocial 
impact of an assistive device to study RQ2. It has 
been shown that PIADS can be used to predict 
abandonment and retention of an assistive device 
(Day, Jutai, & Campbell, 2002). The majority of 
forms were administered to participants at E1, E2 
and E3. Table 3 provides a summary of the evalua-
tion procedure and the qualitative and quantitative 
data collection methods used in this study.

Data analysis
While quantitative data collected from a small 
sample of participants cannot be generalized 
to cover larger groups of people, our goal was 
to investigate whether trends could be revealed 
from the data. Hence, the quantitative data col-
lected using SF-12, HADS, QOLS-S, and PIADS 
was analyzed according to the instructions for 
each form. The answers provided to SF-12 were 
summarized into two sub-scores, PCS12 (physi-
ological health) and MCS12 (mental health). 
Blank items resulted in no score for PCS12 and 
MCS12. The answers provided to HADS were 

summarized into two scores, 
anxiety and depression. A 
blank item on a HADS form 
resulted in no score for ei-
ther anxiety or depression. 
The QOLS-S score is the 
sum of all answers provided, 
i.e., a “total score” could be 
calculated even if there were 
blank items.

The answers provided to PI-
ADS were summarized into 
three sub-scores (compe-

tence, adaptability and self-esteem) and a total 
score. Blank items were a problem also for PI-
ADS. In such occasions, an indicative score was 
calculated by replacing blank items with 0 on a 

-3 to +3 scale. A table visualizing the psychoso-
cial impact for each individual was built.

We subjectively analyzed the qualitative data 
collected during the 28 semi-structured inter-
views to derive information on the soundness of 
using the quantitative forms for assessing RQ1 
and RQ2, and (RQ3) what factors influence CAT 
users’ perceived utility.

The data collected during our visits to the partici-
pants (comments and observations) and analysis 
of the calendar events at the end of the test pe-
riod allowed us to verify the verbal and written 
responses from the participants, since there may 
be large differences between actual behaviour 
and reported behaviour.

results
A CAT’s impact on physiological and mental 
health, anxiety, depression, and general QoL 
(RQ1)
The analysis of how the SF-12 (PCS12 and 
MCS12) and HADS (Anxiety and Depression) 
changed over time resulted in the same conclu-
sion. Unequal variance t-tests between 1) E1 and 
E2, 2) E1 and E3, and 3) E2 and E3, yielded no 

significant difference for 
any of the four measures. 
An analysis on QOLS-S 
measures over time was 
not conducted since only 
two of the test persons 
and three wives answered 
all questions. While there 
were no significant differ-
ences in the scores, we 
wish to highlight that the 
CAT had no positive im-
pact on physiological and 
mental health, anxiety, 
depression or general QoL 
for the majority of test per-
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sons. As shown from Tables 4 to 7, the scores 
rather worsened over time.

The soundness of using the three quantitative 
forms SF-12, HADS, and QOLS-S in this context 
was discussed during the third semi-structured 
interview (because of the space limitation, only 
a few examples are provided). Two test persons 
had problems with the first item in the SF-12 
form (“In general, would you say your health is:”). 
Rather than rating their health on a scale ranging 
from excellent to poor, they wanted to empha-
size that their physiological health was good.

“This general health, what is meant with it? There 
is mental health and there is physiological health. 
You can be in a wheelchair but be awarded the 
Nobel Prize. [..] I think mental and physiological 
health are two different things.” (TestPerson5)

Regarding QOLS-S, only two of the six test 
persons participating throughout the study an-
swered all questions at all three occasions. The 
number of questions answered varied from 12-16. 
Among the wives, three answered all questions 
and three answered all questions but one. If this 
was a larger study with a corresponding spread in 
number of questions answered, the response rate 
to this questionnaire would have been low (33% 
for the test persons). Two test persons explained 
that some items were not directed towards older 

adults (in 
p a r t i cu la r 
item 3, 4, 7, 
8, and 11, 
see Burck-
hardt & 
A n d e r s o n , 
2003). For 
e x a m p l e , 
item 4 as-
sessed their 
current satis-
faction level 

with having and raising children.

Comments from the informal caregivers
An important comment regarding QOLS-S that 
we consider worth reflecting upon when design-
ing summative evaluations of technologies with 
older adults in which subjective forms are being 
used was:

“I think that I sometimes felt that it was a bit diffi-
cult to answer the questions. [..] It had nothing to 
do with the apparatus. [..] Sometimes, I felt that 
the answer is not wrong but it has more to do 
with his (TestPerson4’s) illness and other factors. 
[..] For example, NN has not felt very good lately. 
It affects me.” (Wife4)

Wife7 was concerned about what the response 
from TestPerson7 would tell us as she often 
disagreed with his response. Additionally, while 
HADS is designed to assess the current anxiety 
and depression level, Wife7 was confused when 
filling out the HADS form.

“Sometimes, one had to remind oneself that they 
are talking about before and after. One is afraid 
to lose focus on that.” (Wife7)

To summarize results regarding RQ1, we can say 
that it is difficult to measure the CAT’s impact 
on physiological and mental health, anxiety, de-
pression and general QoL, using the commonly 

σ
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recommended subjective forms. First, the ques-
tions are not always adjusted to the targeted 
group (older adults). Second, some questions 
are confusing. Third, it is difficult to answer the 
questions solely focusing on the CAT because 
other factors than the deployed technology such 
as life situation, or sickness of a child may influ-
ence physiological and mental health, anxiety, 
depression and general QoL.

A CAT’s psychosocial impact (RQ2)
As shown in Table 8, the psychosocial impact 
varied from none or minimal for a few partici-
pants, e.g., TestPerson1 and Wife1, to an obvious 
effect for others. The table indicates that the CAT 
had a larger psychosocial impact on the test per-
sons than on the wives. However, unequal vari-
ance t-tests show that the difference is not signifi-
cant for any of the sub-scores or the total score.

The scores were presented to the participants 
during the third interview. Interestingly, a consist-
ent comment was that the results were correct, 
i.e., the scores were low among the participants 
who felt that the CAT affected them to a little 
extent. We could also confirm the results based 
on the observations during our visits to the par-
ticipant and based on the analysis of the calen-
dar events at the end of the test period. Looking 
closely at the scores for TestSite5 and TestSite7 
who desired to keep the calendar after the end 
of the summative evaluation, the PIADS scores, 
which maximums are 7, also indicate a clear psy-
chosocial impact for TestPerson5, TestPerson7 
and Wife7. The results support Day et al. (2002).

Factors influencing the perceived utility of a 
CAT (RQ3)
The meaning of QoL interconnects with the CAT’s 
functionalities. A number of comments from the 
wives indicate that two important aspects of 
QoL are their test persons’ possibility to check 
the calendar themselves and to get reminders 
about taking their medicine. The calendar and 
its checkbox-functionality worked as a means for 
ascertaining some of the wives that the test per-
sons had taken their medicine and/or eaten.

“It was an assistive device because when you 
(TestPerson1) got the alert about taking the med-
icine, you immediately took it and ticked the 
checkbox in the calendar.” (Wife1)

“The daily life has worked. I mean, I know what is 
in the refrigerator and previously it was common 
that he (TestPerson7) forgot to have lunch. Then, 
when I came home and asked him to take out 
the garbage, he could get dizzy because of having 
forgotten to eat and/or take his medicine.” (Wife7)

In fact, the two wives who were still working found 
the calendar and calendar reminders very useful as 
they made their test persons more independent.

“Now, he (TestPerson7) could checkout the cal-
endar to see what was going to happen when I 
was away.” (Wife7)

“It was good that it issued reminders when I was 
not at home. [..] It increased the chance of activi-
ties being conducted.” (Wife4)

Several comments indicate that the CAT lacked 
functionalities that could have increased the 
QoL. The wives who worked or occasionally 
spent one or two days away desired the ability to 
access the CAT from their phones.

“When I went away for a couple of days, I would 
have liked being able to access the calendar so 
that I could see what activities had been checked. 
[..] Also, it would have been good if I could have 
checked if the door was closed and that you 
(TestPerson1) had gone to bed.” (Wife1)

“One could register when he (TestPerson4) went 
out and when he came home so that I could 
know if he has been away for too many hours. 
That I would like to have. [..] It could have been 
good if one could have seen that you had actu-
ally heated the food in the microwave oven, if I 
could have checked that you had eaten while I 
was working.” (Wife4)

Several participants informed that it would be 
useful if the CAT could provide information re-
lated to risk of fire, burglary, and flooding when 
about to exit the home. This includes informa-
tion regarding the status of different electric de-
vices such as the iron, stove or TV, but also the 
status of doors, windows and water taps.

Five main factors affecting the perceived utility 
of the CAT could be identified when analyzing 
the qualitative data collected during the third 
interview; unrealized expectations on the CAT, 
lack of understanding, misconfiguration, form 
factors and aesthetics.

The analysis of qualitative data collected dur-
ing the first two interviews and the comparison 
with observations made while the CATs were de-
ployed, has shown that there was quite a num-
ber of deviations between the expected deploy-
ments and the actual deployments. There were 
several reasons for these deviations. For instance, 
F5 and F8 needed a stove sensor which could 
not be installed for physical or technical reasons 
at three test sites. The sensor was too big to fit 
in the drawer underneath the cooktop (TestSite3 
and TestSite4) and the stove was connected 
without electrical socket at TestSite5. While Test-
Site3 and TestSite4 initially did not worry about 
the fact that the stove sensor could not be de-
ployed as part of the CAT because of being too 
big, both of them forgot the stove on while the 
CAT was deployed. The unrealized expectations 
decreased the perceived utility of the CAT.
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The majority of participants informed that they 
did not fully understand the capabilities of the 
CAT at E1 or while it was deployed despite hav-
ing received information at two different occa-
sions (E1 and when the CAT was deployed).

“I think I did not realize all the things I could 
use the CAT for. I used it for the activities and 
it is a bit sad because I could have tried these 
other things. [..] I am mainly thinking about the 
door functionality and the fact that we let the 
reminder be “the door is open”. We could have 
recorded a message reminding us about locking 
the door. That thing, and reminders about buy-
ing medicine.” (Wife1)

“When there is an activity in the calendar, it clear-
ly shows the time and duration of the activity 
but then it is crossed over, why not just remove 
it? [..] I think it can be confusing for those who 
need to remember taking the medicine. “Have I 
taken it or not?”” (TestPerson2 never discovered 
the checkbox-functionality.)

The participants suggested several ways in which 
the understanding of CATs can be improved. 
TestSite2-4 and TestSite7 would have preferred re-
ceiving information on how to use the CAT both 
at the time of deployment and shortly after. One 
suggestion was to start by focusing on how to add 
activities and then continue with information on 
how to log on to the CAT from work and extra 
functionalities during the next visit. In addition, 
several participants would have appreciated user 
groups where they could have shared their expe-
riences and tips on how the CAT could be used.

The majority of participants chose not to inform 
the researchers about problems with the CAT, 
i.e., misconfigured sensors-based reminders. 
This choice affected the perceived utility of the 
CAT. An example of such a misconfiguration is 
that TestPerson7 pointed out that he had a prob-
lem remembering the keys on the outside of the 
entrance door while preparing the deployment. 
While a suitable sensor-based reminder would 
have been “Bring the keys inside”, the CAT is-
sued the annoying reminder “The door is open”.

“It is a bit tedious to hear that the door is open 
every time I open it. Then, I say “I know” and 
shut it.” (TestPerson7)

Regarding form factors, three test sites spending 
a lot of time in their summer houses, complained 
on the calendar’s weight and size. While having 
aimed to bring the calendar with them when go-
ing to the summer houses, it was perceived as 
being too big and heavy for doing so. Therefore, 
they recommended to replace the current calen-
dar with a tablet-sized calendar.

The calendar never entered a screen saver mode. 
While this problem was partly overcome during 

the study by automatically adjusting the screen’s 
brightness during evenings/nights, several test 
sites had negative feelings about the screen’s 
bright light. On the other hand, TestPerson3 
informed us during the third interview that he 
missed the extra light coming from the screen as 
it supported him when going to the toilet during 
the night. This finding corroborates with the find-
ings of van Hoof, Kort, Rutten and Duijnstee’s 
(2011) whose participants also commented on 
aesthetics and disturbing light.

Finally, while the deployed CAT was relatively 
simple, most participants could point out several 
features that could be useful in a CAT when the 
study ended, something they were unable to do 
before gaining the experience of using a CAT. 
Additional factors that could have increased  
the perceived utility include: the possibility to 
print out notes (e.g., shopping lists and activities), 
medication lists, sensor-based reminders sent to 
the participants’ phones and the ability to access 
the status of sensors from the phone, the ability 
to communicate with home care, and automatic 
system monitoring so that a warning is issued 
when there is a system failure.

dIscussIon and conclusIons
This paper has presented a summative evaluation 
of a Sensor-Based Cognitive Assistive Technolo-
gy (CAT). The CAT was deployed in the home of 
seven older men with a self-perceived memory 
decline during approximately five months. All of 
them had a similar socio-demographic situation 
in that they lived together with their informal car-
egivers (spouses). Data of quantitative and quali-
tative nature was collected at several occasions 
from both the men and their wives. The study 
results are summarized as follows: 

First, we can conclude that using widely recom-
mended quantitative subjective forms to assess 
a sensor-based CAT’s impact on factors associ-
ated with QoL is questionable because: (1) the 
questions included in the forms are not always 
adjusted to the targeted group (older adults), (2) 
some questions are confusing, (3) contextual and 
environmental factors may influence the CAT’s 
impact on physiological and mental health, anxi-
ety, depression and general QoL.

Our results are based on a limited number of 
participants. However, they confirm findings in 
previous studies. Regarding QOLS-S, only a mi-
nority of the participants provided an answer to 
all items. Regarding SF-12, two out of six test per-
sons did not answer the questionnaire correctly at 
E1 and E2 respectively. There were two different 
errors, blank answers or answers in text instead 
of numbers. Iglesias, Birks, and Torgerson (2001) 
administered the SF-12 questionnaire (stem and 
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leaf layout on 9 out of 12 questions) and found 
that 26.6% of the SF-12 questionnaires returned 
had one or more missing responses. The authors 
recommend an alternative layout (York SF-12, in 
which the response alternatives are provided for 
every question) that had a better response rate in 
their study, i.e., only 8.5% of the York SF-12 ques-
tionnaires returned had one or more missing re-
sponses. In another study, de Souza and Corrente 
(2013) found that using smileys instead of verbal 
answers may improve the response rate in studies 
with older adults.

In our study, we asked our test persons and 
wives to reason upon the use of the four differ-
ent forms. This allowed us to understand more 
exactly what older adults experienced as difficult 
or unsuitable. Such information is not collected 
in studies that just administer questionnaires.

Surprisingly, we found that the obtained scores 
from using the forms often worsened rather 
than improved when using the CAT. Using the 
interviews, we could understand that it often 
depended on other events and situations in the 
participants’ lives. This finding is in line with pre-
vious studies arguing that an intervention, such 
as the deployment of a CAT, is just one piece 
in the complex puzzle of daily living. Including 
both environmental contextual factors and QoL 
factors is recommended by Molka-Danielsen 
and Moe (2013). Similarly, van Bronswijk and 
Kearns (2009) discussed a number of other envi-
ronmental factors that may affect the independ-
ence of older people. Hence, using a mixed 
method approach combining the results with 
qualitative information from interviews is recom-
mended when studying the impact of a technol-
ogy (Siegel & Dorner, 2017). Therefore, based on 
our result and the previous research (i.e., Molka-
Danielsen & Moe, 2013), we argue that contex-
tual factors cannot be ignored when assessing 
a CAT’s utility since the contextual factors may 
have a larger impact on its users than the sys-
tem itself. Consideration of notes from observa-
tions made and interviews with the participants 
were needed while analyzing the results of data 
collected using the subjective forms. Hence, a 
mixed method approach is recommended when 
assessing the impact of, e.g., a sensor network.

Second, discussing the psychosocial impact as 
measured using the PIADS form with the older test 
persons and their wives, a consistent comment 
was that the results were correct. I.e., the CAT had 

a larger psychosocial impact on the test persons 
than on the wives and the impact was clearly high-
er among those wanting to keep the calendar after 
the end of the summative evaluation. 

Third, regarding RQ3, we identified a number of 
factors which affect the perceived utility of the 
CAT. Factors affecting the perceived utility in-
clude: unrealized expectation on the CAT, lack of 
understanding of the system’s capabilities, mis-
configuration, form factors and aesthetics. The 
practical implication of these findings is that sen-
sor network providers may minimize the effect of 
these factors by offering appropriate education 
and support groups in which users can discuss 
how the CAT can be used as well as ensuring 
that the CAT is configured according to the user 
requests. It is also important to create realistic 
expectations regarding the technology being de-
ployed to avoid disappointment among the users. 
Our findings are also interesting for the research 
community. For example, Siegel and Dorner 
(2017) found in their literature review that most 
studies in the field reported positive outcomes 
even though many studies are based on tech-
nologies in development or pilot phases (Liu et 
al., 2016). Our findings support Molka-Danielsen 
and Moe’s (2013) and Siegel and Dorner’s (2017) 
discussion on the possibility of bias in the pres-
entation of results in some of the studies since 
we found that five of our seven test sites actually 
did not find the CAT usable in their situation and 
chose not to keep it. We also identified several 
factors that decrease the perceived utility of the 
deployed technology.  

This study contributes to a better understanding 
of how sensor-based CATs impact QoL and utility. 
In general, this study confirms Zwijsen, Niemeijer, 
and Hertogh’s (2011) findings about the impor-
tance of including external factors in the evalua-
tion such as (1) previous experience of technology, 
(2) environmental factors (i.e., the home layout), 
and (3) other events occurring in life. We could 
see that these factors influenced the perceived 
QoL and the utility of the CAT. On a similar note, 
privacy issues in relation to using a CAT was stud-
ied in a parallel study (Kolkowska & Kristoffersson, 
2016) which resulted in a number of privacy by 
design principles. In short, the results corroborate 
with Pol et al.’s (2016) finding that health care pro-
fessionals’ ability to access sensor data outweigh 
privacy concerns although the CAT tested in this 
study did not offer such a functionality.
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