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Abstract: The paper describes an approach for indirect data-based assessment and use of user
preferences in an unobtrusive sensor-based coaching system with the aim of improving coaching
effectiveness. The preference assessments are used to adapt the reasoning components of the coaching
system in a way to better align with the preferences of its users. User preferences are learned based
on data that describe user feedback as reported for different coaching messages that were received by
the users. The preferences are not learned directly, but are assessed through a proxy—classifications
or probabilities of positive feedback as assigned by a predictive machine learned model of user
feedback. The motivation and aim of such an indirect approach is to allow for preference estimation
without burdening the users with interactive preference elicitation processes. A brief description
of the coaching setting is provided in the paper, before the approach for preference assessment is
described and illustrated on a real-world example obtained during the testing of the coaching system
with elderly users.

Keywords: machine learning; preference learning; user centered design

1. Introduction

In recent decades, demographic and societal changes are causing ever more people to
live alone at an older age. The desire to live independently, coupled with the unavailability
of care facilities and their associated costs, is fueling interest in ambient assisted living
(AAL) and sensor based monitoring and coaching solutions in one’s home that would
prolong independent living, ensure the safety and improve the quality of life of the elderly.

The SAAM coaching system, which was developed in scope of the collaborative
research project of the same name (Supporting Active Aging through Multimodal coaching,
https://saam2020.eu/, accessed on 14 January 2021) is one such solution. Although it
features an array of sensor-based monitoring technologies, a situation awareness reasoning
engine and automatically triggered coaching actions, as is common to many other systems
of this kind, the SAAM coaching system additionally involves people from the user’s social
circles in the coaching loop. Namely, the system’s outputs are meant not only for the
supported user, but, situationally, also members of the user’s social circle. For example,
when the system suggests that some physical activity is advisable to maintain the user’s
usual level of activity, instead of messaging the user directly, the system may opt to send a
message to the user’s friend or relative to encourage them to invite the user for a joint walk.

Besides involving the user’s social circle in coaching, the system has a friendly user
interface, attempts to unobtrusively (as possible) sense and actuate coaching, and, crucially
for this paper, attempts to adapt some of the parameters of the coaching process according
to the user’s preferences. To this end, the system employs a preference learning approach
in order to infer the user preferences, which in turn affects how the preference-dependent
components of system operate.
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Namely, even though the reasoning models select suitable coaching actions based on
the sensor-assessed context, in certain situations multiple coaching actions are suitable; this
leaves room for adaptation to individual users or groups of users. Additionally, there are
optional or even arbitrarily chosen parameter values related to rendering, i.e., the method
of delivery and presentation of the coaching actions, that can be adjusted to suit the users
and their preferences.

The main contribution of this paper, which is an extended version of the paper pre-
sented at the PETRA 2021 conference [1], is presentation of a novel approach for the
assessment of user’s preferences, its implementation and some illustrative examples of its
use. While this solution is specifically tailored to the SAAM coaching system, the general
approach could also be used with other similar systems.

The contents of the remainder of the paper are as follows. In Section 2 we present a
selection of most relevant related work, and in Section 3 we briefly describe the specific
coaching system, which of its parameters can be adapted from the learned preferences, and
how that is achieved. Section 4 describes the main contribution of the paper, the preference
learning approach, which is augmented by real-world illustrative examples. We conclude
with a discussion in Section 5 and some final remarks in Section 6.

2. Related Work

Preferences are a concept present in many fields of science, ranging from economic
decision theory [2] to AI [3]. There were also specific efforts [4] to provide an overview of
preference modelling from aspects of various disciplines.

Preferences are especially important in multi-attribute decision theory [5,6], where they
are commonly modelled with preference relations which are suited for modelling relative
preferences or with value functions that can describe absolute preferences as aggregates of
their sub-components which finally consider value functions of individual attributes of a
given alternative (also denoted as marginal value functions). These are the most similar to
the concepts we are aiming to learn.

Given an attribute, X, and one of its possible values, x, a value function v(x) models
the value of x for a decision maker and allows the modeling of relations to other possible
attribute values, such as whether they have equal value to the user or whether some are
preferred over the others and by how much. Value functions are commonly scaled to the
interval [0, 1]. Some examples of possible value functions are provided in Figure 1.

The attributes that we are interested in (coaching action, persuasion strategy, and
interaction target) are nominal, such as example (c) in Figure 1. In this nominal case,
the value function for such an attribute forms a discrete distribution. Learning such a
distribution in a given context is the goal of our approach, as we can use it in a distribution-
based sampling procedure which ensures that the outputs of the coaching system are
aligned with the user preferences.

Figure 1. Examples of value functions: (a) a continuous value function that might hold, for example,
for the value of one’s salary; (b) value function for an ordinal attribute, for example, for the value
of car’s safety measured with NCAP points (in the example shown the user would be indifferent
regarding values lower than 3); and (c) value function in case of a nominal attribute, such as color.
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A value function can be estimated in a number of ways. In decision analysis, they are
usually elicited by having experts either directly or indirectly interact with the parameters
that affect the value functions. Some approaches of this kind are described and analyzed
in [7,8]. These methods, however, are mainly based on observing decisions of actual people,
and as such can induce unintended biases into the estimated value function. PRIME [9]
extends these approaches to work with incomplete data and improves the estimation
of value functions based on several theoretical insights. The interactive value function
assessment approaches rely on interviews with experts or observation of their decisions.
Acquiring more data in these kinds of scenarios requires additional expertise and effort to
codify the preferences. This kind of procedures are likely to be costly and time consuming.
On the other hand, in case of approaches based on (automatically) recorded data and
machine learning, the biases will result from those that are present in the data and those
stemming from the configuration of the machine learning procedure. Avoiding the former
would be a significant effort in this context, while the biases due to the use of machine
learning will be consistent across any functions that are estimated as long as the procedure
is static.

Similar to ours, there are also primarily data-driven approaches to value function
estimation, such as the UTA family of methods [10] that can be used to learn piecewise
linear value functions from ranked alternatives with linear programming. These methods
inspired numerous methodological extensions, from new approaches for learning with
uncertainty [11] to interactive learning improvements [12] and AI assisted learning [13].

There are also evolutionary approaches aimed at learning value functions [14] or
preference relations [15]. These approaches are generally interactive in that a user is able
to directly integrate some of their preferences by providing pairwise comparisons. Thus,
the evolutionary process that generates candidates for the value function estimation is
guided according to the user’s preferences.

The evolutionary approaches look at the problem of value function estimation as
an (multi-objective) optimization problem. They differ from machine-learning based ap-
proaches in that they first elicit some decision makers preferences and based on those gen-
erate multiple candidates for the estimations which are then subjected to an evolutionary-
genetic loop consisting of mating, offspring generation and selection. When a stopping
criterion is met, the loop stops and the user is presented with a population (set) of candi-
dates for the value function. Conversely, our approach infers preference value estimations
based on (indirect or inferred) records of the context and outcome of the users interaction
with the preference scenario by using a machine learning approach.

Of course, our approach is not the only one to utilize machine learning for learning
about preferences. In general, preference learning can be also explored as a machine learn-
ing discipline [3,16]. In particular, the breadth of the field produces a plethora of approaches
and application areas, from looking at how recommender systems can utilize preference
learning [17], to predicting a choice (preference) from among a set of products [18] using
particular machine learning approaches. For example, the INFINGER [19] is an interactive
approach that addresses the same optimization problem as the evolutionary methods men-
tioned above, but does so with the use of a machine learning based inference mechanism in
place of the evolutionary loop. On the other hand, ref. [20] utilizes an evolutionary loop on
machine learning methods, in particular artificial neural networks.

Our approach is distinct in the sense that we aim for explicit representations of the
value functions of selected attributes (as we need them for random sampling), which is
characteristic for some decision modelling approaches, but instead of interactive elicitation
that is commonly used in that field, we use a data-based approach for value function
estimation based on indirect information. In particular, we are trying to estimate a user’s
preference of the delivery of the coaching actions in specific contexts, based on how they
have responded to other coaching actions and the associated contexts in the past, be it
positive (action completed) or negative (action declined or not possible).
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In our case, we do not have direct access to the experts, i.e., primary users, to perform
interactive preference assessment, such as those utilized in some of the approaches men-
tioned earlier in this section. As we only have available indirect indications of preference,
we use data-based modeling to approximate the value function of each of our attributes,
i.e., context factors, to determine what is their impact on the coaching action outcome.
Notably, such an adaptive approach suffers from the “cold start problem”, where it can
only be used once enough data have accumulated about user’s interaction with the system.

While in our illustrative examples in Section 4.3 we use two particular machine
learning methods,decision trees and random forest, in principle, any arbitrary machine
learning method can be used in their place.

3. Adapting Coaching to User’s Preferences
3.1. The SAAM Coaching System

The SAAM coaching system is a coaching system mainly targeted at the elderly that
aims to support its users to continue living independently and comfortably for as long as
possible. In contrast to typical AAL coaching approaches [21], it does not exclusively rely
on directly delivering the coaching messages to users, but primarily focuses on delivering
it to their social circles: family, friends, neighbors, and organized caregivers.

In the context of our system, we differentiate two types of users: primary users (PUs)
are the ones that the system is providing coaching for, while the secondary users (SUs) are
members of the primary users’ social circles. The operation of the SAAM coaching system
using this terminology can then be stated as: the system seeks to assist primary users in
living as independently as possible for as long as possible by predominantly directing the
coaching messages to their associated secondary users, i.e., members of their social circles.
The secondary users are then expected to act on the coaching message by interacting with
the primary user in a way consistent with the message.

As an example, the system might detect that lately the primary user is not sleeping
well, and issues the following coaching message to one or more of their associated SUs:
“Instruct your PU to only go to bed if they are sleepy”. The SU can then pay a visit to or call the
PU, ask about the quality of their sleep, and suggest to only go to bed if they are sleepy and
not to engage in other activities, such as reading or watching TV, a factor that negatively
impacts sleep quality.

The benefit of including social circles in the coaching process is two-fold. It not only
attempts to overcome the problem of the users who are predominantly elderly and are
typically averse to using modern technology, but also increases the number of their social
interactions, which will ideally also improve their well-being.

The SAAM coaching system covers four coaching domains: sleep quality, mobility, ev-
eryday activity (cooking, household, and outside), and social activity. While the SAAM coaching
system is quite complex, and describing the details of its working is outside the scope of
this paper, it was designed specifically to be easily extended to other application domains.

In the following paragraphs, we only provide a high level description that should
allow the reader to understand our preference learning approach and its integration with
the coaching system. The basis of the SAAM coaching system are coaching pipelines [22,23].
For each of the coaching domains, one or more separate coaching pipelines are implemented,
each of which consists of several components, as depicted in Figure 2.

In essence, based on measurements from a set of ambient and wearable sensors (smart
electricity meter, inertial measurement unit (IMU) for sleep monitoring, sound detector,
wearable IMUs, smartphone, etc.), a set of features is computed, and these features are
used as criteria or inputs for the next three components: situation assessment, coaching
action modeling, and coaching rendering modeling. Each of these components is realized as a
multi-criteria decision-making (MCDM) model. As the name implies, the situation assessment
model assesses the user’s situation at a given point in time.
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Figure 2. A generalized diagram of coaching pipelines, the basis of the SAAM coaching system.

For example, for sleep quality coaching, sleep is monitored with an IMU attached
to bed, and from these measurements criteria such as sleep latency and sleep efficiency are
assessed. These criteria are the inputs to the situation assessment model, and its output is
an assessment whether the user slept well during the previous night or not. The coaching
action model uses this information, combines it with the previously computed criteria and
historical data, and proposes the most suitable coaching action. An example of a coaching
action for the sleep quality domain is “Go to bed only if sleepy”.

With the coaching action identified, we must also determine its rendering. This is the
task of the coaching rendering model. Given a coaching action, this model again uses the
computed criteria and historical data, as well as specific user’s preferences as selected by
the user in their profile. For example, a user might not want to share information about
their sleep quality with their social circles, and decides to receive all sleep quality coaching
directly and not through their SUs. In all cases, the coaching rendering model aggregates
all this information and outputs a specific rendering for the chosen coaching action.

For example, the coaching action mentioned above, “Go to bed only if sleepy”, can be
displayed to the PU directly using multiple persuasion strategies. One such strategy is the
suggestive persuasion strategy which, for example, results in the following message: “You
might sleep better if you only go to bed if you feel sleepy”.

Finally, the actuation module takes care of presenting the message to the user, for ex-
ample, by displaying it on the screen of a device or as a voice message played through
the ambient sensor. An example of an on-screen display in a web browser is shown in
Figure 3. In addition, the actuation module also enables the collection of the user’s feedback
regarding each coaching action: a user can accept, decline, or cannot perform the suggested
coaching action. As described later in Section 4, this forms the basis of our preference
learning approach.

Figure 3. User interface of the SAAM coaching system (in Slovene) with the feedback buttons shown:
green for accept, red for decline, and white for cannot perform.
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The three MCDM models, i.e., the situation assessment, coaching, and rendering
models, are designed in collaboration with domain experts and are implemented as hierar-
chically structured IF–THEN rules. These rules can produce one or more possible coaching
actions (or its renderings), if the experts identified more than one suitable coaching action
(rendering) for a given situation. Selection among more than one option can be operated
randomly using a suitable probability distribution. By default, this distribution is uniform,
however, it can be guided using preference learning, as is described below.

3.2. Preference Learning Targets

Above, we have described that we can adapt the probability distribution of selected
coaching (rendering) actions and that by modifying it we can influence specific aspects of
coaching. In the setting used during the SAAM project, we can influence three separate
coaching aspects, which we call preference learning targets (PLTs). These are:

Coaching action. Selecting a coaching action based on user’s preference is only feasible
in situations where several coaching actions are valid and appropriate. This requires
that the coaching action decision model is probabilistic and a coaching action is
selected stochastically according to some probability distribution.

Persuasion strategy. The coaching actions used during the SAAM project were designed
according to two persuasion strategies, i.e., suggestion and self monitoring, under the
hypothesis that different persuasion strategies can be more effective for different
users. The persuasion strategy is selected using the coaching rendering model.

Interaction target. One of the defining ideas of SAAM is that coaching actions can be
delivered through the primary user’s social circle, that is, their assigned secondary
users (SU). As people differ, some of the primary users might prefer this approach,
while to others might prefer direct delivery of coaching messages (PU). As such, this
preference is a natural fit for personalization. In the context of the SAAM system, each
user decides whether the coaching messages should be delivered to them directly,
through secondary users or both.

The preference learning module described below is designed to specifically address
these targets, though others could easily be added. In particular, the probabilities obtained
from the preference learning module, can be directly used in the probabilistic selection of a
coaching action or renderding for the coaching action PLT or persuasion strategy for its
PLT. Finally, for the interaction PLT, if the user has selected both delivery options, the final
choice can be made using the probability obtained from the preference learning module.

3.3. Integration in the Coaching System

The preference learning module is integrated into the SAAM coaching system in three
steps, as follows.

Collection of the learning data. When we first start employing the coaching system, we
have no data that would contain information about user’s preferences and that we
could use for learning, i.e., we encounter the cold start problem. Therefore, we need
to collect such data, and we can achieve this by using the coaching system with any
applicable preferences being selected by random. Preferably, this random selection
should follow a uniform probability distribution in order to cover the entire space of
possible preferences, that is, we want all the possible options to occur so we can better
assess the preferences and improve the acceptance of the coaching actions. Such a
uniformly distributed learning dataset also eases model learning and typically results
in a more accurate model.

Learning of the acceptance model. Once enough learning data has been collected, we can
learn a model that predicts user’s acceptance of the received coaching actions in the
particular context which they received it in. As we will see later, this model can
provide an assessment of the likelihood that each possible coaching action (with a
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selected rendering) will be accepted by the user. These probability estimates are then
used in the next step.

Using predictions of the acceptance model. The predicted probabilities from the accep-
tance model can then be used to instantiate the probability distributions for each
of the PLTs mentioned above in Section 3.2. Consequently, coaching actions and
their renderings should then be adapted to be closer to the user’s actual preferences.
Particular implementation details will be presented in Section 4.2.

The above three steps can be repeated during the deployment of the coaching system
arbitrarily many times and in different settings. In particular, we need to decide whose
preferences we want to model, i.e., the data of which users will be used for learning.
Generally, these users are likely also the users for which the model will then be used.
Notably, however, different settings are also possible, e.g., we might learn a model on a
previously selected group of users and then aply the learned preference to a new user that
is in some way similar to the original group.

In our case, we can opt for learning the preferences of all users, or preferences of
individual users. Given the relatively low amount of real-world data that we have recorded
during the SAAM project, as the preference learning module was defined and developed
fairly late into the project, the models presented below in Section 4.3 are learned on data
from all users, but the procedure is the same in the case of indivudual user data.

4. Preference Learning

In our preference learning approach, we do not learn the preferences or data instance
ranking functions directly as in some other approaches [24], but instead develop a single
classification model which models user feedback, which is also valuable for problem
understanding and validation, and use its classifications or, more specifically, probability
of positive feedback as the inferred preference estimate. After describing the components
of the preference learning module, we illustrate the procedure on a sleep quality coaching
pipeline and specifically address the three presented PLTs. However, the same procedure is
applicable to other pipelines and PLTs in the SAAM coaching system.

4.1. Learning Data

We aim to learn about user’s preferences and we can do this based on data comprising
examples of different coaching actions issued with different renderings and user feedback
reported in each of these cases. Therefore, the data needs to include attributes (or variables)
describing: (I) the specific variable for the values of which we are interested in learning the
user’s preference (PLTs), (II) the context of the coaching action, and (III) the user feedback.

As explained above, PLTs are the coaching action (when multiple are viable), the per-
suasion strategy and the interaction target. The user feedback is the feedback provided
about a specific coaching action that was issued. In the SAAM context, the feedback is
provided by the users through a tablet application, where they can select to either accept,
decline, or cannot perform for each received coaching action. Finally, the context of the coach-
ing action are all other variables that are available to the preference learning system, such
as situation assessment criteria or user profile, which the coaching action may feedback.
Furthermore, we can also include variables collected or calculated in pipelines from other
domains, if we believe that they might influence user’s preferences.

In the context of the SAAM sleep quality coaching pipeline, the collected data consist
of sensor measurements, computed features, model outputs, and resulting coaching actions.
The data comprise 240 coaching actions addressed to 15 different primary users during a
roughly three month period. In addition to the variables describing quality of sleep, we
have also included some variables describing cooking activity that were collected in parallel
during the operation of one of the activity pipelines, namely the cooking activity pipeline.

Our motive for including cooking-related variables is to demonstrate that additional
variables describing the context of a coaching action are easily added even from outside
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the particular pipeline, though it is also not unreasonable to expect sleep quality can be
linked to cooking habits. All the attributes of our dataset are presented in Table 1. Note
that, as we are interested in increasing the number of successful coaching actions, i.e., those
that are completed, we consider both decline and cannot as unwanted results, and merge
them into a single value, covering both cases.

Table 1. Attributes of the sleep quality coaching dataset comprised of 324 issued coaching actions,
some of the context attributes in the collected data set have missing values.

Attribute Name Possible Values Missing Role

Coaching Action

Get up from bed if awake, Go to bed
only if sleepy, See your doctor, Adjust
bedroom temperature, Avoid drinking
2 h before sleep

0% PLT

Persuasion Strategy Suggestion, Self-monitoring 0% PLT
Interaction Target PU, SU 0% PLT
Predicted Cooking Activity None, Once, Twice or more 91% Context
Recorded Cooking Activity None, Once, Twice or more 91% Context
Cooking Activity Situation Usual cooking, Less cooking 91% Context
Subjective Sleep Quality Numeric (0–3) 8 % Context
Sleep Disturbance Type None, Medical, Bathroom, Temperature 8% Context
Napping During Day Yes, No 8% Context
Sleep Efficiency Numeric 8% Context
Sleep Latency Numeric 8% Context
User Feedback Accept, Cannot or decline 0% Target

4.2. The Learning Approach

Once the learning data is available for preference learning, we can start by learning
a classification model. Our goal is to learn a predictive model that is based on the input
variables (PLTs and context) and predicts the user feedback, i.e., whether the user will
accept (and hopefully fulfil) the issued coaching action, or not. Therefore, we are learning a
predictive model M for the variable user feedback:

User Feedback = M(PLTs, Context).

In principle, we can use an arbitrary multi-variate learning or modelling approach,
however, we prefer approaches that, in addition to the predicted value, also provide a
probability estimate for each of the possible outcomes. Such probability estimates make it
considerably easier to construct the probability distributions that can be used in coaching
activity and coaching rendering models.

A predictive model M can only be used to predict whether the user is likely to fulfil
a specific received coaching action or not, given the values of the PLTs and the context
variables. However, what we require is an estimate of user’s preferences for coaching. This
is achieved using the following procedure. When a coaching action is being issued (or
selected), values of all context variables are available, as this is how the coaching system
is designed. For each possible value combination of the applicable PLTs, we prepare a
single data instance using the values of the context and the selected values of the PLTs. This
results in a set of data instances with identical values of context variables, where each data
instance corresponds uniquely to a selection of PLTs, which are exhaustively covered by
the generated instances.

Following the construction of the instances, we run all the instances through the
predictive model, i.e., we provide them as input to the model, and collect predictions (and
their probabilities) for the user feedback (coaching action acceptance). Based on these
probabilities, we easily construct probability distributions required in coaching activity and
coaching rendering models (Section 3.3).
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Let us illustrate this procedure on an example. For simplicity’s sake, we will only
address two PLTs, persuasion strategy with possible values suggestion and self-monitoring,
and interaction target with possible values PU and SU. For this situation, we construct four
input instances:

I1 = (Per. Strategy = Suggestion, Int. Target = PU, Context),

I2 = (Per. Strategy = Suggestion, Int. Target = SU, Context),

I3 = (Per. Strategy = Self-monitoring, Int. Target = PU, Context),

I4 = (Per. Strategy = Self-monitoring, Int. Target = SU, Context).

Running these four instances through a (hypothetical) predictive model M gives
us four predictions for user feedback (acceptance) and probability estimates for user’s
acceptance (Pacc):

M(I1) = Accept; Pacc(I1) = 0.75,

M(I2) = Accept; Pacc(I2) = 0.65.

M(I3) = Decline; Pacc(I3) = 0.25,

M(I4) = Decline; Pacc(I4) = 0.15.

Note that probability estimates obtained by most machine learning methods are not
true probabilities and are not normalized; however, this is not a problem for our intended
use. We transform the above values into distributions for both PLTs in a simple manner,
by aggregating the probabilities for all possible PLT values:

D(Per. Strategy) =

(
Pacc(I1) + Pacc(I2)

∑4
i=1 Pacc(Ii)

,
Pacc(I3) + Pacc(I4)

∑4
i=1 Pacc(Ii)

)
= (0.78, 0.22),

D(Int. Target) =

(
Pacc(I1) + Pacc(I3)

∑4
i=1 Pacc(Ii)

,
Pacc(I2) + Pacc(I4)

∑4
i=1 Pacc(Ii)

)
= (0.56, 0.44)

These two distributions can now be used directly in the coaching rendering model.
In this example, the adapted coaching rendering model will now significantly favor the
suggestive persuasive strategy and will slightly prefer coaching to the PU.

4.3. Preference Model for Sleep Quality Coaching

As mentioned above, this approach works with any statistical or machine learning
method that learns a model that outputs probabilities in addition to classifications. Many
approaches such as neural networks, Bayes-based classifiers, or kernel-based learning
methods could be used, however in this example we have specifically chosen decision
trees and a random forest of decision trees. This is based on the fact they posses certain
features that benefit the example in descriptiveness as well as provide a deeper insight
into which of the features are key to determining the coaching outcome. In particular,
both methods produce multivariate predictive models, however decision trees learn an
model that is particularly interpretable, i.e., we can manually and even visually inspect the
model to understand how it calculates predictions. Conversely, a random forest does not
provide learn such a clean model, yet it provides us with a easily obtainable ranking of the
input variables. With the ranking we can, in theory, understand how large an effect each
variable, in particular, each PLT value, has on whether or not the coaching action will be
accepted. All the presented models below were learned using the Weka machine learning
toolbox [25].
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We start by learning a decision tree model using the J48 algorithm [26]. By selecting
default parameters values, the resulting model was a somewhat large tree (29 nodes and
18 leaves) than could not be presented here. To address this, we pruned it slightly, which
affects lower-laying nodes, while the tree does not change significantly in the vicinity of
the root. Decision tree pruning is a standard procedure that removes the less informative
attributes from the model in order to reduce complexity of a model, and usually results
in a more robust model that generalizes the learning data better. Notably, the attributes
appearing in the root and nearby are the ones that most influence the final prediction, so
pruning the tree usually does not incur a significant change in the resulting probabilities
and consequently the preference function estimation.

The pruned tree is presented in Figure 4. Judging by the model, the variables that most
influence user acceptance are persuasion strategy used for the rendering of the coaching
action, the user’s sleep efficiency, the type of their sleep disturbance, their subjective sleep
quality and whether they napped during the day or not. The leaves of the tree (colored in
orange) contain the predicted value, the number of examples that reached that leaf during
learning and the number of examples that were not properly classified by this leaf. Notably,
the numbers are not integers due to missing values in the learning data. When the value
of an attribute appearing in the split test of the tree is missing, the example is split to
both branches.

Furthermore, these values can be used to assess the probability of a classification of
a new example: we note which leaf was used for classification of a given example and
assume that a leaf with less misclassifications provides predictions with higher reliability.
Note that only one PLT (persuasion strategy) appears in the model, and thus this model
cannot be used to adapt probability distributions of the other two PLTs (coaching action and
interaction target). Other types of machine learning models can provide such probabilities
for all attributes; they are, however, much less illustrative.

Persuasion strategy

Sleep efficiency

Subjective sleep quality

Accept
(134.06/17.37)

Napped during day

Accept
(12.57/2.32)

Cannot/Decline
(23.04/9.46)

Cannot/Decline
(29.33/9.59)

Sleep disturbance type

Cannot/Decline
(55.05/23.88)

Accept
(20.64/7.31)

Cannot/Decline
(47.02/7.75)

Accept
(2.29/0.26)

Suggestion

≤ 2

≤ 1 > 1

Yes No

> 2

Self-monitoring

None Medical Bathroom Temperature

Figure 4. Decision tree for predicting user acceptance of a sleep quality coaching action.

The second learning algorithm that we have applied to the same data is the random
forest method. This is a well-known ensemble method [27] that is also decision tree-based,
but as an ensemble method it combines multiple trees together and, as such, the final model
is no longer interpretable. However, using this method, we can generate feature ranking
scores for input variables and use them to estimate the influence that each of the variables
has on the prediction. In our case, the algorithm produces the scores presented in Table 2,
where higher values imply a larger effect on the final prediction. The resulting ranking
confirms the importance of the variables identified by the decision tree (persuasion strategy,
sleep efficiency, type of sleep disturbance, subjective sleep quality, and napping during the
day), although they suggest that interaction target is also important.
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Table 2. Ranking of the input variables with the random forest method for user acceptance of the
sleep quality coaching actions. PLTs are typeset in bold.

Ranking Score Input Variable

0.19 Subjective Sleep Quality
0.17 Persuasion Strategy
0.17 Napping During Day
0.16 Interaction Target
0.16 Sleep Latency
0.16 Sleep Disturbance Type
0.14 Sleep Efficiency
0.08 Coaching Action
0.04 Recorded Cooking Activity
0.03 Predicted Cooking Activity
0.02 Cooking Activity Situation

Focusing on the PLTs, we observe that the likelihood of the acceptance of the coaching
action depends mostly on the persuasion strategy and the interaction target and signif-
icantly less on the coaching action itself. Of course, all these results need to be further
critically considered and are not be used to draw any final conclusions. In particular, this is
due to the fact that they were obtained from a small data set, with some missing values,
and the variable distributions, notably of some PLTs, are quite skewed.

Another point to discuss is the accuracy of these models. Using the 10-fold cross-
validation procedure, the presented decision tree model has a 71.6% accuracy (or 0.77 AUC;
here the value above 0.5 means that the model is better than chance) and the random forest
model has a 77.8% accuracy (0.84 AUC). These values are not stellar, but, in addition to the
already mentioned small dataset, we need to be aware of two things. First, the problem
that we are modelling is hard and the data that we can collect about this problem likely
do not contain all the information that we would need to reliably predict the preferences.
Second, we do not use these predictions to construct the coaching models from scratch, or
to overrule the essential parts of the expert-based models, but we use them to improve the
acceptance of the coaching actions within the specified flexibility. In this regard, if these
models are better than chance, and we have shown that they are, they are already useful
and can improve the results of coaching.

5. Discussion

With a novel approach such as this, however, many of its aspects warrant some
discussion. We identify three particular areas that should be taken into consideration when
using a system like this. In particular, we examine the potential automation of such a
system, its broader use in general (non-SAAM) coaching systems and how the efficacy of
such a system could be properly evaluated.

There are several ways in which the learned preferences can be used to adapt the
coaching system components and tailor them to the users. A procedure of this kind could
easily be integrated into the system in a way to allow completely automated adaptation.
Although alluring, automation of such a procedure that changes the reasoning components
of the system can potentially be harmful, as it can cause the system to gradually change
into a state in which it operates too differently to how it was envisioned. We could
make the adaptation approach cautious, e.g., not to be able to change zero probability
coaching actions to non-zero ones, or not allowing preference probabilities to fall under a
certain threshold. However, as coaching affects people and as the coaching systems and
coaching feedback are not yet fully understood phenomena, we believe that, regardless
of the execution mode, manual or automated, the adaptations to user preferences should
be monitored by the system operators and domain experts and not left to be changed
according to data without human oversight.
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While we designed the preference learning module specifically with the SAAM coach-
ing system in mind, the approach could be applied also to other similar systems. As men-
tioned above, the main innovation of the SAAM project was the inclusion of the primary
user’s social circles in the delivery of the coaching actions. Other components, such as the
situation assessment and coaching action selection model (whether MCDM or otherwise),
are fairly standard in other coaching systems. As these are sources of data about context
and even directly of the coaching action, i.e., one of the PLTs, the kind of data that we
gathered for the SAAM coaching system and applied our preference learning approach to
should be feasible to obtain in other systems as well. While the same PLTs might not be
applicable directly, any kind of parametrization in the coaching process can be encoded as
new PLTs.

A question that arises from the example above is how the efficacy of such a preference
learning module could be assessed. Notably, as the system is meant to operate continuously,
an evaluation of the module can not be a single time assessment. How we approach
evaluation also depends in a major way on how we collect our data, in particular, whether
we are joining together data from multiple users or only using data from a single user. Not
only will the later result in a considerably slower accumulation of data, it also makes any
kind of testing against a control “group” more cumbersome.

In a long running system, we can then suggest the following methodology. First, fix
an amount of time, an evaluation window, at which the efficacy of the preference learning
module will be periodically assessed and the system’s preference updated. When a new
evaluation window starts, some measurements should be made using a control group
preference, while others should be made with the latest inferred preferences. One approach,
in the multiple-user data setting, would be to randomly select some users and use control
group preferences, whether they be the default (uniformly random) or perhaps preferences
from the previous evaluation windows. However, using this kind of control in a system
that is meant to be actively beneficial to the users would leave some users with a worse
experience, as not all possible effort would be made to actually achieve the execution of the
coachings. This approach also cannot cover the single-user data setting.

As we still want to compare the new preferences to some baseline or previously learned
preferences, we suggest the following. Instead of randomly selecting users which receive
coachings using the baseline/comparison preferences, we randomly select individual
coaching actions this way. The probability of selecting the use of baseline/comparison
preferences should be relatively low, to not impact the user’s interaction with the system to
a large extent. This probability should be chosen in tandem with the evaluation window,
to ensure that the baseline/comparison dataset is large enough for meaningful comparisons,
while still small enough that the impact of the concurrent evaluation procedure does not
impact the users in a significant way. Notably, this methodology also conveniently covers
the case of single-user data, as it can be applied to that case in the same way.

6. Conclusions

This paper describes the processes for assessment and integration of user preferences
in a coaching system. It outlines the aspects of the coaching system that we can adapt
according to user preferences, presents the machine learning-based approach to preference
learning, and demonstrates it on a real-world example. While the presented results are
illustrative, they confirm the feasibility and usefulness of the proposed approach. Finally,
we provide some deliberations on the automation, generalizability, and evaluation of such
an approach.

It is exactly in these areas that we recognize possibilities for further study. Applying
our approach to more data, whether with the SAAM coaching system or another, evaluating
how it affects the successful execution of coaching actions over a prolonged period of
time, while also seeking to identify which components can be made automated and to
what extent.
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Namely, the limitations of the proposed approach are not only technical, such as the
data requirements and the cold start problem issues as explained in Section 3, but are also to
some extent bound by the aspects of coaching goals and ethical considerations. For example,
while the changes to persuasion strategies or recipients of the coaching actions are relatively
benign and only increase or decrease the effectiveness of coaching, the coaching actions
themselves could be much more sensitive (not all equally so, of course). There are users
who, upon receiving appropriate coaching to correct a specific issue, decline to follow the
suggestions, as this would mean abandoning much liked (although potentially detrimental)
routines. Of course, it is up to the users to prioritize their goals and wishe,s and the system
should adapt to the users, but it is difficult to prevent reaching a point where the system is
coaching more what the users would like to be coached than what would help them to reach
their goals. This calls for further interdisciplinary research on coaching, but automated
data-based adaptation to preferences also calls for active involvement and interaction of
the involved humans (PUs, SUs, and domain experts) in this aspect of the coaching system,
at least to some extent.
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