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Abstract. Caring for a depressed person may have substantial impact on the health and well-being of the
caregiver. In this paper, an ambient agent model is proposed that supports caregivers, to prevent or decrease
the burden in them and promote their well-being. The agent integrates a domain model of the functioning of
the caregiver and the care recipient and their interaction, and exploits model-based reasoning to assess the
caregiver’s state in order to generate dedicated actions that are tuned to the circumstances.
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1 Introduction

Ambient Intelligence applications in the health area usually focus on providing support for persons suffering
from some disease or mental disorder (e.g., [1]). For the mental health area applications have been designed to
monitor and support persons suffering from depression (e.g., [2]). However, often also persons in the daily envi-
ronment of a depressed person are affected and may experience a heavy burden as an informal caregiver. In the
therapeutic area also support for such informal caregivers, such as partners or family members has been devel-
oped; see, for example [7]. This paper focuses on these informal caregivers.

An ambient agent model is presented to provide support to caregivers, based on monitoring and assessing the
situation of both the caregiver and care recipient, and determining dedicated support actions. The ambient agent
model uses a computational model for caregiving interactions, adopted from [3], and exploits model-based rea-
soning to monitor and assess the situation, and guidelines adopted from [7] in order to generate support actions
(based on these assessments) that are tailored to the persons and their states.

In the paper, first in Section 2 the adopted computational (domain) model for caregiving interactions is
briefly described. Next, in Section 3 the ambient agent model integrating this domain model is presented. In
Section 4 a number of simulation results for different types of scenarios are discussed. Section 5 addresses for-
mal verification of simulation results. Finally, Section 6 is a discussion.

2 A Domain Model for Caregiving Interactions During Stress

In this section, the domain model used is presented. This dynamic model for informal caregiving interactions
during stress was adopted from [3]. This model will serve as a basis for later use in an analysis and a support
model. Fig. 1 depicts a global description of relevant states within the model and the relations between the states.
In the figure, the states that are depicted in grey represent states that have been used as a monitoring component.
In addition, the states in bold lines represent the point of impacts of support provided by an intelligent support
agent. Basically, there are three important aspects play vital roles to maintain social support and caregiver’s
wellbeing, namely; (1) incoming stressors (from the environment (negative events), and care recipient (primary
stressor)), (2) mediating conditions (coping, personal attributes), and (3) caregiver outcomes (emotional exhaus-
tion, personal gain, stress, and support provision) [6]. In the model, a number of states have been defined,
whereby each state is represented by a number between 0 (low) and 1 (high). In the previous model, two inter-
connected models (caregiver and care recipient models) were involved, however for the purpose of this paper,
only a caregiver model has been used in a detailed manner, and the recipient model has been used in a more
abstracted form. To represent the relationships over time in agent terms, subscripts are used with an agent’s
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name A (caregiver agent). In addition to this, the current value for all of these temporal relations is related to the
previous respective attribute. Note that the change process is measured in a time interval between ¢ and #+A¢. The
operator Pos for the positive part is defined by Pos(x) = (x + |x|)/2, or, alternatively; Pos(x) = x if x>0 and 0 else.
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Fig. 1. Overview of the Domain Model for Caregiving Interactions During Stress

First, the state of burden will be explained. The state burden (Bd) is used to express what caregiver feels
when dealing with the combinations of primary stressor (GpS), negative events (NgE), and emotional exhaustion
(ExH). If the caregiver has adequate personal resources (GpR), it will dampen the progress of burden level; oth-
erwise it will lead to the formation of caregiver’s short-term stress (GsS), and later will build up as caregiver’s
long-term stress (GIS).

Bdy(t)=[B.GpSa(t)+(1-p). ExH(1)]. (I-GpR4(1)). @
GsSu(t) = [¢.GnE4(1) + (1-¢).Bd(1)].(1-PgN4(1)). 2
GIS (t+A0)= GIS,(t) + .(GsS4(1)-GIS4(1)).(1-GIS4(1).GISy0].AL — (3)

Coping skills (problem-focused coping (PfC), and emotional-focused coping (EfC)) are influenced by burden
and caregiver personality (GpP). Note that if a person experiences a very high level burden will have the effect
that the possibility for him to choose problem-focused coping becomes smaller and it is a contrary condition for
emotional focused coping.

PfCy(1) = GpPu(1).(1-Bd,(1)). @
EfCs(1) = (1-GpP (1)) Bds(1). O]

Positive relationship focused coping (RfC*) depends on the relation between problem focused coping and care-
giver’s empathy (GE). A high empathy will increase this function, while reducing its counterpart (negative rela-
tionship focused coping (RfC)). Other important state is a condition where either caregiver meets the need of
caregiving outcome (bonadaptation) or otherwise (maladaptation). Bonadaption (Bn) is related to the high per-
sonal accomplishment (expected personal gain (PgN)), and provided support (ScP). Maladaptation (Md)is
linked to the development of short-term exhaustion (EsH), while expected personal gain will reduce this effect.

RfC = PfC,(1).GE 4(1). (6)
RfC; = EfCy(1).(1-GE(1)). @)
Md (1) =[ YRfC ())+(1- V).EfC4(t)](1-RfC," (1)) ®
Bnu(t) =[pRfC," (1)+ (1-p).PfC41)].(1-RfC ( (1)). ®

EsHy(t) = Md(1).(1-PgN4(1). (10



Experienced personal gain (EpN) can be measured by comparing the level of provided support, and the effect of
that support towards well-being of the care recipient. Finally, consistent exposure of short-term exhaustion will
increase the level of long-term emotional exhaustion.

EpN(t+At)=EpN(t)+ 3[(Pos ((Scpa(t)- GpSa(t)—EpN4(1)).(1- an
EpNy(1))) - Pos(- ((Scpa(t)-GpSa(t)) — EpN (). EpN4(1))]. At.
ExH,(t+At) = ExH (t)+%.[(Pos(EsH,(t)- ExH,(t)).(1-ExH (1)))- (12)

Pos(-(EsH (t)-ExH 4(t)).ExH(t))]. At.

Parameters ¢, 5, 1, and p provide a proportional contribution factor in all respective instantaneous specifications.
Furthermore, the rate of change for all temporal specifications are determined by flexibility rates, 7, 3 ¢, and v,
respectively.

3 The Integrative Ambient Agent Model

After the discussion of the domain model, this section focuses on the integrative ambient agent model used to
support caregivers. A basic element in the ambient agent model is the integration of domain model within it. By
incorporating the domain model, an ambient agent gets an understanding of the processes of its environment [1],
[2]. Basically, there are two different ways to integrate a domain model within agent model [4]. First, the domain
model is used as a basis to perform analysis of the human’s states and processes by reasoning on observations
and specific sensors (analysis model). Second, the domain model is used as a foundation to provide support for
the human (support model). These two models are used within the two corresponding components within the
ambient agent model. Fig. 2 (dotted arrows, left hand side) shows these two types of integration of the domain
model in the ambient agent model. A third way of using the domain model is as an agent model to simulate hu-
man behaviour in order to test the ambient agent model (dotted arrow in Fig. 2, right hand side).
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Fig.2. The integration of a domain model within an agent model

In Fig. 2, the solid arrows indicate information exchange between processes. In the ambient agent model,
another component is introduced, namely a support action repository. This additional component keeps track of
the generated support actions given by the ambient agent to the caregiver. Note that there two incoming arrows
to the analysis component. The first arrow provides information about the environment (care recipient stress,
personality and resources), the second arrow provides information about already provided support to the care-
giver (from the support action repository). The outcome of the analysis component has the form of assessments,
and is used as input for the support component, another incoming arrow for the support component provides the
already selected support actions and their frequency from the support action repository. The outgoing arrows
from the support component define provided support actions to the caregiver, and support action repository. The
support action repository will update the frequency of provided support action from this information. In the next
section, the details of the analysis and support component will be discussed.

3.1 The Analysis Component

First the analysis component is addresses; see Fig. 3. To be able to analyse the dynamics of the caregiver’s and
care-recipient’s conditions, an ambient agent should be equipped with a domain model such as the one intro-
duced in Section 2. Based on this knowledge, the ambient agent is able to have some understanding of the hu-



man processes and actions. Hence, the model for analysis in principle should include approximately the equiva-
lent concepts as in the domain model. Note that not all concepts that exist in the domain model can be physically
observed by the ambient agent [4]. For example, the level of ‘experienced personal gain’ is not something that is
explicitly observable in the real world.
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Fig.3. Overview of the Analysis Model for the Caregiving Processes

To overcome this issue, the agent approximates values for such nonobservable variables by using beliefs derived
using the integrated domain model. To capture important essences in analyzing caregivers’ states, the following
concepts are needed: (1) observations of primary stressors, caregiver personality and personal resources, (2)
beliefs in (problem and emotional focused) coping characteristics, (3) beliefs in emotional exhaustion (short and
long term), (4) beliefs in burden, (5) beliefs in experienced and expected personal gain, (6) beliefs in stress (short
and long term), and (7) beliefs in social support. As can be seen, these concepts are similar to the concepts ex-
plained in Section 2, but as a form of integration embedded in observations or beliefs. For example, the concept
of belief about an value V at time t for the variable of the domain model named as long_term_stress is used in the
analysis component as belief(long_term_stress, V, t). Using these embeddings of domain concepts, the ambient
agent model is able to assess a caregiver’s conditions and provide this information as inputs to the support com-
ponent,using dynamical relations between such beliefs based on the corresponding dynamical relations in the
domain model. For example, suppose in the domain model the following relation is given specifying how state
variable y depends on state variables x;, x,, x3: y(t+At) = y(t) + f(x,(t), x2(t), x3(t)) At. Then this is integrated in
the analysis model as (where — denotes a temporal causal relation):

belief(x1, V1, t) A belief(x1,V2, t) A belief(x3, V3, t) - belief(y, f(V1,V2,V3), t+At)

Fig. 3 provides an overview of such dynamical relations in the analysis model. Note that for simplicity of nota-
tion here the values of the states are not mentioned.

3.2  The Support Component

The support model (see Fig. 4) can be specified in two different manners. First, the ambient agent can select
support using the following causal representation:

assessment(x1, V1) A V1 >threshold_assessment_1 A ..... assessment(xk, Vk) A Vk > threshold_assessment_k A
frequency_provided_support_A < threshold_frequency_support A — support_action(al)

Here x,,...x, represent the assessed conditions, V,..., V) represent observed or estimated values, and a; represents
a support action. From this representation, the ambient agent will activate support that match the conditions ex-
pressed in the antecedents. Note that all threshold values can be specified by a user. The frequency of provided
support can be obtained from the action repository, and aims to discontinue from providing a specific support if
the caregiver shows no improvement after previously receiving the same support. It provides a mechanism to
diversify support provided by an ambient agent.



Here x;,...x; represent the assessed conditions, V...,V represent observed or estimated values, and a; represents
a support action.
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Fig.4. Overview of the Support Model for a Caregiver

Another approach to specify a support model is in a numerical manner, using the weighted networks. For this
approach, each support action (e.g., ;) will receive a summation of weighted input (y) from a set of selected
assessments (x;). For this, a form of continuous logistic function can be used, as in [14].

) =Xix; . w; 13)
f(t) =(1+e_013’(t)—1) - 1+1em) . (1 + e—ct) (14)

where w is a weight vector, o is a steepness and 7 a threshold parameter. In this choice, a common practise is
followed (logistic function) but other types of combination functions can be specified as well. For this approach,
the connection between between the agent’s assessment results and support actions is represented as follows:

assesment(x1,V1) A .... A assesment(xk, Vk) — support_action(al, f(V1, ..., Vk))

where f{...) represents a combination function.

Results from the continuous logistic function will be evaluated, where a support action with the highest value
will be chosen. However, to allow agent’s flexibility in providing support, users can choose more support actions
with second or third highest values. The details of the support component can be found in Section 4. Fig. 4
shows the relationship between results from an analysis component (assessments) and support actions.

4 Concepts and Effects in Support for Informal Caregivers

This section explains how the proposed model incorporates characteristics of effective treatments for family
caregivers in general and those specific to caregivers of depressed persons. By specifying these characteristics of
effective treatments for caregivers, the proposed model should be as effective as possible to current standards
and knowledge.

4.1 Important Concepts in a Support Model

Zarit and Femia [15] describe four characteristics of effective treatments for caregivers: a psychological ap-
proach, multidimensionality, flexibility and sufficiency. The psychological approach refers to practicing new
skills and behaviours by caregivers in a group or one-to-one interventions with a psychotherapist. Multidimen-
sional interventions are interventions that address multiple stressors and risk factors that affect the caregiver,
instead of just one stressor or risk factor. Flexibility means that an effective treatment is flexible in its set up: it
should not be a scripted protocol intervention, but the intervention should be adjustable to the needs of the care-



giver [11]. Sufficiency can refer to provision of ongoing support to caregivers, for example, by ongoing support
groups, follow-up sessions of an intervention. These four characteristics have been integrated in the proposed
support model for family caregivers of depressed persons as follows:

The psychological approach can be found in the indirect referral to support groups by the ambient agent and
in the direct support actions of ‘reinforce problem focused coping’, ‘realistic expectations’ and ‘increase per-
sonal resources caregiver’. The supportive actions are set up in a way that the caregiver is instructed, how to
apply general theories to his/her own specific situation and motivated to make plans how to implement these new
skills. The ambient agent also gives the caregiver feedback on how he/she is implementing the new skills. The
proposed model is also multidimensional, in that it focuses on many possible stressors and risk factors of the
caregiver (personality, finances, coping skills, thinking skills, own health). Flexibility in the proposed model can
be found in the continuous monitoring of the caregiver by the ambient agent and therefore continuous adjustment
of the intervention to the needs of the caregiver. Finally, sufficiency is also integrated in the proposed model by
providing ongoing support to the caregiver. Sufficiency and flexibility are the main advantages of the proposed
model. The multidimensionality and psychological approach are still open for new insights from research.

Next, it is explained how characteristics of treatments, specially, for caregivers of depressed persons were in-
tegrated into the proposed model. Cuijpers [7] describes an intervention for family caregivers of depressed per-
sons, based on his experience. There are eight ways for caregivers to deal with the depressed person they care
for, which are shown (translated from Dutch) in Fig. 5.

Fig. 5. Eight steps in the intervention of family caregivers of depressed persons

. Gather information

. Do not try to cure the depression.

. Keep life simple.

. Communicate better

Don’t give too much criticism, do not get too involved.
. Take good care of yourself

. Watch relapse signs after recovery.

. Watch out for suicidal signs.

These eight steps are integrated in the proposed model, as well as the seven ways as Cuijpers describes to relieve
the burden or stress experienced by the caregiver, shown in Fig. 6, (translated from Dutch) [6].

. Dealing with your emotions/feelings,

. Take good care of yourself,

. Learn to think different,

. Learn to relax,

. Make a good time planning

. Change your social interaction with the depressed person
. Be assertive

NN B W~

Fig. 6. Seven ways to relieve the burden or stress experienced by the caregiver

The current support model consists of multiple supportive actions advised by the ambient agent to the caregiver.
The first support action is called “increase personal resources caregiver”. This support action is aimed at teach-
ing the caregiver to manage stress, which will decrease the burden. Examples are teaching the caregiver to make
a to-do list and becoming more assertive, like in points 5 and 7 in Fig. 5. This will affect the caregiver’s person-
ality (as in changing his/her stress reactions: now he/she gets well organised, and more assertive) and the care-
giver’s social and financial resources (as in getting financial/practical help from friends/family).

The second support action is called “reinforce problem focused coping caregiver”. Here the ambient agent
teaches the caregiver how to learn to apply problem focused coping instead of emotion focused coping and gives
feedback. Research shows that coping is a learnt behaviour, see a review in: [13]. Examples are: text messages
or instruction movies on phone/through emails, in which it is shown how to deal in certain situations or dia-
logues with the depressed person. Also the ambient agent will ask to plan and report the new skills the caregiver
has to apply, so it can monitor the newly developed skills and give feedback to the caregiver. This support action
decreases the caregiver’s emotion focused coping and increases the caregiver’s problem focused coping: in-
creases. These skills fall under points 2-5 in Fig. 5 and 1,3,6,7 in Fig. 6.

The third and fourth support actions are called “realistic expectations and self-care caregiver”. In these ac-
tions, the ambient agent gives information about the illness so the caregiver gets an understanding of the behav-
ioural patterns and needs of the depressed person (corresponding to point 1, Fig. 5). Also the ambient agent
teaches the caregiver to take care of him/herself (physically, emotionally, and mentally) and asks for reports and
plans and gives feedback (points 6 Fig. 5, points 2, 4, Fig. 6). Examples are: text messages or movies on



phone/through emails, in which examples of the behaviours of other depressed persons are given, like how fast
they recover or relapse. Giving tips in self-care, like taking a time-out, finding social support, eating healthy,
exercising regularly and learning relaxation exercises. These support actions increase the caregiver’s experienced
personal gain, because (s)he experiences less disappointments as the caregiver learns to have more realistic ex-
pectations towards the depressed person [10]. The caregiver’s short term emotion exhaustion will also decrease.
The fifth support action is aimed at other persons than the ‘main’ informal caregiver, namely other (possible)
caregivers, friends of the ‘main’ caregiver, or a specialist like a doctor or therapist. This support action is called
giving warning and refers to the ambient agent giving information to another person than the caregiver it is sup-
porting. This information contains a warning signal that the depressed person and the caregiver both need sup-
port from others. The effect of support from an ambient agent to the caregiver will be dealt in the next section.

4.2  Dynamics Specifications of the Effects from a Support Model

Previously, several important concepts of agent’s supports were introduced. Using those concepts, it is possible
to specify computational properties to visualize the effects from the support provided by a support agent. The
dynamic specifications of an agent-based support can be structured pertinent to the purposes of the support,
namely; (1) to reduce long-term exhaustion in a caregiving process, (2) to develop problem-focused coping
skills, and (3) to improve personality attributes that reduce the physiological signs of stress [6][8]13]. The aster-
isk sign (¥) is used to represent the extended equations about the effect of support of a caregiver’s processes.

Support to reduce long-term emotional exhaustion. In this case, the support agent aims to reduce further
negative influences that cause emotional exhaustion. From Table 1, the support agent will provide important
advices and suggestions to regulate self-care to increase external personal resources, and to foster more realistic
expectations. The effect of short-term emotional exhaustion after following agent’s support is estimated after
adding a new support parameter, Js4 and a self-care effect into the original equation (Equation (10)). This
indicates that when self-care, Sc(z) —1 and Jd5,— 1, then the short-term emotional exhaustion is recuced to zero.
Another important effect after following the support is having more external personal resources. Thus, a new
caregiver personal resource (GgR*) can be expressed as having a combination of existing resources (GpR) and
external resources (Ep).

EsH*(1) = Md(1).(1-PgN4(1)). (1-54.5¢(1) 15)
GgR*4(1) = g1 GpRu(1) + (1-8p4)-Ep(1) (16)

The new value of experienced personal gain depends on a combination of the previous equation in (11) and sup-
port contribution when a person is capable to achieve realistic expectations (Re).

EpN*,(t+At)=EpN(t)+ 3.(Sra .[(Pos ((Scpa(t)- GpSa(t))- a7
EpN(1).(1- EpNu(1))) - Pos(- ((Scpa(1)-GpSa(t) —
EpNa(1).EpN4(1)] + (1-6r4)-Re()).(1- EpN(1))At.

Support to reduce dependency on emotional-focused coping skills: In order to visualize the effect when a
person follows agent’s advices to reinforce problem-focused skills, both new problem-focused and emotional-
focused coping skills are calculated as follows:

PfC*4(t) = GpPa()).(1-((1-0r4. Rp(1). B (1)). (18)
EfC*4(t) = (1-GpP4(t)). Bdu(1).(1-5p4. Rp(1))- 19)

where 4 determines the influence of the acceptance in change coping skills and Rp represents reinforce
problem focused coping skills.

Support to reduce physiological signs of stress: For this type of support, changes in both caregiver personality
and resources are needed. In this case, a new caregiver personality (GpP*) is calculated by combining the
existing personality, and the positive personality (Cp) from the support. Equation (14) provides similar effect for
the new caregiver resources.

GpP*(t) = Opa .GpP4(1) + (1-6p4)-Cp(1) (20

In addition to this, dg4, dr4 and dp, are support-acceptance parameters; it represents a person’s ability to accept
respectives changes from the support.



5 Some of the Simulation Results

The ambient agent model presented in Section 3, integrating the domain model as described in Section 2 was
implemented in Matlab in order to perform simulation experiments. For the simulations, the functioning of the
designed system was explored in interaction with three fictional types of caregivers (caregiver 1 (CGl), caregiv-
er 2 (CG2), and caregiver 3 (CG3)). Both caregivers (1 and 2) are ineffective caregivers and susceptible for long-
term stress in a caregiving process (low in positive personality and resources), while caregiver 3 is an effective
caregiver. In this case, caregiver 1 ignores the support provided by the intelligent support agent, and caregiver 2
follows the support. In addition to this, information about the care-recipient’s (CR) stress buffer and long-term
stress has been used to measure the outcome of the agent support (as in [2]). The care-recipient stress buffer
represents a process of support protecting the care recipient from potentially adverse effects of stressful events
(stressors). Therefore, many studies have shown that a high stress-buffer level will reduce the development of
care recipient long-term stress level in future [6][9]. In this simulation, our care recipient is experiencing nega-
tive events (stressors) and expects supports from a caregiver (also facing incoming stressors).

Table 1. Initial Values for the Simulation Experiments

Caregiver 1 Caregiver 2 Caregiver 3  Care recipient
(CG1) (CG2) (CG3) (CR)
CG personality 0.2 0.1 0.8 -
CG personal resources 0.2 0.1 0.7 -
CG empathy 0.3 0.3 0.7 -
CR personality - - - 03
CR coping skills - - - 0.1

These conditions are chosen to show the effect of different effects on the long-term stress, emotional exhaustion,
provided support, and on the influences of the support. in addition to this, there are several parameters that can
be varied to simulate different characteristics. However, in this simulation, we used the following settings: #;,.x =
1000 (to represent a monitoring activity up to 42 days), At = 0.3, regulatory rates = 0.5, flexibility rates = 0.2,
and support-acceptance rates = 0.3. These settings were obtained from several experiments to determine the most
suitable parameter values for the model. In addition, the weighted network is implemented in the support model
to select the most appropriate support. To illustrate the effect of support, all caregivers receive support by the
agent after half of the simulation period.
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Fig.7. An ineffective caregiver (CG1) without support, and a bad care recipient (CR)

Fig. 7 visualizes a condition when the caregiver is avoiding the agent’s support while facing intense stressors.
Facing such events, both persons (CG1 and CR) are facing high long-term stress levels and emotional exhaustion
in the long run. As a result, the caregiver is experiencing a low personal gain and support provision, which later
lower the effect of stress buffering in care recipient. This condition occurs when a caregiver feel burden by the
caregiving activities [12]. Eventually, without any support, both caregiver and care recipient will have a higher
possibility to get depressed.



However, in Fig. 8 different scenarios can be seen when an ineffective caregiver does follow the provided
support from a support agent. After following the recommended advices, the caregiver improves his / her ability
to provide support. One of the precursors to explain this outcome is the increasing caregiver’s personal gain. It is
consistent with the findings that suggest that caregiving satisfaction encourages a caregiver to provide more
support [10][12]. In addition to this, by following the specific advices, the caregiver is helped to apply more
focused-coping skills, which later on influence the development of positive relationship focused coping. In many
reports in the literature, problem-focused coping skills give a positive outcome in a caregiving process, for both
caregiver and care recipient.
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Fig.8. An ineffective caregiver (CG2) with support, and a bad care recipient (CR)

In another case (see Fig. 9), an effective caregiver requires no support from the support agent since he / she is
capable to provide adequate support during the caregiving process. It is obvious to see that caregivers with more
positive personality, personal resources and empathy tend to provide better support compare to those who are not
[11][13]. This results in an increase of the stress buffering level, and later will dampen the development of the
caregiver’s long-term stress. Another interesting pattern to see is when the caregiver is experiencing repeated
stressors (oscillating condition). In this case, caregiver CG1 shows monotonic increasing in his / her long-term
stress. In contrary, caregiver CG2 experiences monotonic decreasing in his /her long-term stress. Similar condi-
tion also occurs in caregiver CG3 but decreases much faster and with lower oscillation compared to the condition
in CG2.
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Fig.9. An effective caregiver (CG3) without support, and a bad care recipient (CR)



6 Verification of the Simulation Results

In order to verify whether the model indeed generates results that adherence to psychological literatures, a set of
properties have been identified from related literatures. These properties have been specified in a language called
Temporal Trace Language (TTL). TTL is built on atoms referring to states of the world, time points, and traces.
This relationship can be presented as holds(state(y, t), p) or state(y, t) |= p, which means that state property p is true
in the state of trace y at time point ¢ [5]. It is also comparable to the Holds-predicate in the Situation Calculus.
Based on that concept, dynamic properties can be formulated using a hybrid sorted predicate logic approach, by
using quantifiers over time and traces and first-order logical connectives such as —, A, v, =, V, and 3. A number
of simulations including the ones described in Section 4 have been used as basis for the verification of the identi-
fied properties and were confirmed. Note that tb and te are the initial and final time points of the simulation pe-
riod.

VP1: Monotonic decrease of long-term stress
For all time points t1 and t2 between tb and te in trace y1
if at t1 the value of the caregiver’s long-term stress is R1 and at t2 the value of the caregiver’s long-term stress is R2 and t1 <
t2, then R1 > R2
Vvy: TRACE, VR1, R2: REAL, t1,t2:TIME
[state(y,t1) |= long_term_stress(cg, R1) &
state(y,t2) |= long_term_stress(cg, R2) &
th< tl1<te&th<t2<te&tl<t2=R12R2]

By checking property VP1, one can verify whether a caregiver’s long term stress decreases monotonically over a
certain time interval. For example, the caregiver’s long-term stress turned out to decrease over the second half of
the trace for caregivers that have received and accepted the provided support or for an effective caregiver.

VP2: Decrement of a caregiver’s long-term stress below a certain level x
A time point t exists such that for all t1>t the value of long-term stress is at most level x.
vy1l: TRACE, 3t VR: REAL [tb< t<te &
VILTIME>t [t< t1 <te & state(y,tl) |= long_term_stress (cg, R1) = R1 £ x]

Property VP2 can be used to verify whether a variable eventually approaches some (given) value. In the experi-
ments reported here, x = 0.3 was used as a borderline value for long-term stress to assume a caregiver is effective
to provide social support. In many cases, after following the advices, the caregiver will reach this borderline
value. A number of more specific other properties have been identified and verified, such as the following ones,
which compare cases with a specific type of support and cases without. Note that formalisation of such compari-
son properties makes use of the possibility to explicitly refer to traces in the language TTL; this is not possible in
the usual temporal logical languages.

VP3: Effect of problem coping skills on a caregiver’s long-term stress
After a caregiver has followed the programme to improve problem focused coping skills for some time, the long-term stress
level is more reduced than for a caregiver who does not.
Vvyl,y2: TRACE, VR1, R2: REAL, t1,t2:TIME
[ state(y1, t1) |= support_problem_coping & state(y2, t1) |= not support_problem_coping &
state(yl, t2) |=long_term_stress(cg, R1) & state(y2, t2) |=long_term_stress(cg, R2) &
t1<t2 >R1<R2]

VP4: Effect of realistic expectation on emotional exhaustion
After a caregiver has followed the support programme to reduce unrealistic expectation, the long-term emotional exhaustion
is more reduced than for a caregiver who does not.

Vyl,y2: TRACE, VR1, R2: REAL, t1,t2:TIME

[state(y1, t1) |= support_realistic_expectation &

state(y2, t1) |= not support_realistic_expectation &

state(yl1, t2) |=long_term_emotional_exhaustion(cg, R1) &

state(y2, t2) |= long_term_emotional_exhaustion (cg, R2) &

t1<t2 = R1<R2]

VPS: Effectiveness of support on provided support to the care recipient
A caregiver who follows the suggested support by an agent will provide better support to the care recipient than a caregiver
who does not.
Vyl,y2: TRACE, VR1, R2, d: REAL, t1,t2:TIME
[[[state(y1, t1) |= support_realistic_expectation &  state(yl, t1) |= support_problem_coping &
state(y1, t1) |= support_add_personal_resources] &
state(y2, t1) |= not support_realistic_expectation | state(y2, t1) |= not support_problem_coping |
state(y2, t1) |= not support_add_personal_resources ] &
state(yl, t2) |=long_term_stress(cg, R1) &
state(y2, t2) |=long_term_stress(cg, R2) &
t1<t2 = R1<R2]



7 Discussion

In this paper, an ambient agent model was proposed that supports caregivers for depressed persons and promote
their well-being. Caring for a depressed person may entail a serious risk for the health of the caregiver. The de-
signed ambient agent integrates a domain model of the functioning of the caregiver and the care recipient and
their interaction, adopted from [3]. It exploits model-based reasoning to monitor and assess the caregiver’s state
using this computational model. Based on these assessments dedicated support actions are generated that are
tuned to the circumstances, thereby taking into account guidelines adopted from [7].

Although some applications have been designed to support persons with a depression (e.g., [2]), automated
support for caregivers has not been addressed, as far as the authors know. The model introduced here was evalu-
ated by conducting a number of simulation experiments for different scenarios and types of caregivers, and for-
mal verification of the outcomes of these experiments. These outcomes show that using the advices provided by
the ambient agent results in improvement in the situation in comparison to not using such advices; for verifica-
tion of this type of comparison properties (which are not representable in the often used temporal languages; see
also [5]) the language TTL and its software environment [5] has proved its usefulness.
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