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Abstract

Malnutrition is a serious problem among people of old age.
To overcome malnutrition, a change of food consumption be-
haviour is necessary, which needs to be based on specialist
advice from health-care professionals. Changing food-related
behaviour, however, is known to be difficult. Our approach to
this problem is to provide an intelligent meal planning sys-
tem to be used by the elderly person in his or her home. The
system provides recommendations of suitable food recipes,
taking into account the advice of the care givers (e.g. in terms
of dietary restrictions, suitable energy and fat levels, etc). We
describe the requirements, design, algorithms, and user inter-
face of the system, and discuss ongoing and future work.

Introduction

The world’s population is ageing. Due to societal improve-
ments in health-care, living standards, and socioeconomic
status, more and more people are living to old age. The pro-
portion of the world’s population aged 65 or over is expected
to increase from 11% in 1998, to 16% in 2025 (U.S. Bureau
of the Census 1998). This causes a major public health issue,
as with increased age there is an increased risk of developing
a number of age-related diseases.

There is scientific evidence that many of the biologi-
cal changes and risks for chronic disease which have tra-
ditionally been attributed to ageing are in fact caused by
malnutrition (sub-optimal diets and nutrient intakes) (Beck-
man & Ames 1998; Blumberg 1994; Chandrgal. 1982;
Mowe, Bghmer, & Kindt 1994; Pottest al. 1995; Vellas
et al. 1997). While some nutritional surveys of the elderly
have shown relatively low prevalence of frank nutrient de-
ficiencies, there is a clear increase in risk of malnutrition
(Blumberg 1997; Sjgren,Osterberg, & Steen 1994), and a
high prevalence of malnutrition of elderly patients admitted
to different clinical settings has been reported in the litera-
ture (Larssoret al. 1990; Mowe, Bghmer, & Kindt 1994;
Volkert et al. 1992). It has also been shown that hospitali-
sation as such has a negative influence on nutritional status
of geriatric patients (Elmahl et al. 1997; Larssoret al.
1990). Hence, to solve the challenges of improving quality
of life and preventing or reducing disability and dependency
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of our ageing population, the problem of malnutrition must
be dealt with.

There are several causes of malnutrition, see e.g. the dis-
cussion in (McCormack 1997). There can be specific age-
related causes (e.g. optimal nutrient intake is affected by in-
dividual rates of change in physiologic function, or by dis-
eases or drug therapies), economic causes (e.g. financial lim-
itations lead to a down-prioritisation of nutritious food), so-
cial causes (e.g. loss of spouse, causing a loss of appetite
due to depression, or simply not knowing how to cook, or
what constitutes a nutritious meal), and limited dietary di-
versity (Kantet al. 1993). Hence, the role of health-care
professionals is to educate and motivate the elderly patient
to change his or her food consumption behaviour.

Changing habits of food consumption is known to be dif-
ficult, and may require continual supervision and education
(Maciuszek, Aberg, & Shahmehri 2005). However, such
support is not always available due to shortages in care re-
sources. Thus, as an aid to changing food-consumption be-
haviour we propose an intelligent food support system, to be
used by the elderly person in his or her home, capable of pro-
viding informed and individualised suggestions about what
to eat. The system takes several important variables into
account in the suggestions, such as taste, cost, preparation
difficulty, dietary diversity, dietary restrictions, nutritional
needs and properties, and available food items. Hence, a
health-care provider’s suggestions for the user can be incor-
porated into the system as individual constraints. Such a sys-
tem, if used properly, has the potential of limiting the prob-
lem of malnutrition. For example, for elderly with economic
constraints, low cost meals with good nutritional properties
can be suggested, optimising the use of available food items,
while still taking the taste of the user into account, and main-
taining dietary diversity. Note that our system should not be
regarded as a finished product, but rather as a tool for further
investigations into the malnutrition problem of the elderly
and how artificial intelligence can make a difference.

The rest of this paper is organised as follows. In the
next section, we describe the problem of changing food con-
sumption behaviour in more depth. After that we describe
the meal planning system in terms of the requirements, the
design, the algorithms, and the graphical user interface. We
then discuss ongoing work and future directions. Finally, we
conclude the paper.
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Figure 1: Theory of planned behaviour

Changing Food Consumption Behaviour

The problem of malnutrition is caused by sub-optimal eat-
ing. Hence, in order to come to terms with a malnutrition
problem, a person must change the food consumption be-
haviour, and eat food that better fits his or her body’s current
needs. However, changing food-related behaviours is known
to be difficult, and continual support is commonly needed.

According to one of the dominant theories in social psy-
chology, thetheory of planned behavioufAjzen 1991)
(which is based on ththeory of reasoned actignhuman
behaviour is determined by specific considerations (see Fig-
ure 1). Behavioural beliefs refer to the outcome of a be-
haviour and the evaluation of the outcomes, and lead to an
attitude toward the behaviourNormative beliefs refer to
the perceived expectations of others and the motivation to
live up to these expectations, and lead ®&uajective norm
Control beliefs refer to factors that can help or hinder per-
formance of the behaviour and their relative importance, and
lead toperceived behavioural controTogether, the attitude
toward the behaviour, the subjective norm, and the perceived
behavioural control lead to a behaviouiraiention Finally,
given an intention to perform a behaviour and the perceived
behavioural control, a person is expected to succeed in per-
forming the behaviour (assuming the perceived behavioural
control is close to the actual behavioural control).

Our approach to help elderly people change their food
consumption behaviour (and thus deal with malnutrition
problems), is to provide them with a tool for meal plan-
ning to be used in their homesConnecting to the theory of
planned behaviour, we expect this would raise the perceived
behavioural control of the usérsn the sense that they feel

A Meal Planning System

Our approach to helping users change their food consump-
tion behaviour is a system that recommends meal plans. As
such, our system is a recommender system, which is a class
of decision aids, where the aim is to provide users with in-
dividualised recommendations on objects from some partic-
ular domain (Montaner, Lopez, & de la Rosa 2003). Rec-
ommender systems have so far been of great importance for
e-commerce (Schafer, Konstan, & Riedl 2001), and also of
value for other important tasks such as information search on
the Internet (Montaner, Lopez, & de la Rosa 2003). How-
ever, to the best of our knowledge, our system is the first
recommender system to be applied to a health care problem.

Requirements

The factors influencing a person’s food choice have been
studied to a fairly large extent in the science of food and
nutrition. Shepherd (Shepherd 1989) described several at-
tempts to identify factors influencing food choice, and went
on to propose the use of the theory of reasoned action as a
general model for food choice. However, this model is com-
pletely based on user’s attitudes, and does not seem suitable
as anormativeframework. After all, we are not really in-
terested impredictinga user’s food choice, but feersuade

the user of choosing optimal food, weighing in the relevant
factors. Hence, we have taken the approach of gathering
the most feasibfefactors from all the models presented in
(Shepherd 1989). This means that our system is required to
represent and reason about the following information:

e Dietary restrictions, e.g. ingredients that the user is aller-
gic to, or must not eat for other medical reasons.

Nutritional values, e.g. amount of fat or protein contained
in a recipe, or required by a user.

Preparation time of a meal.
e Preparation difficulty of a meal.
Cost of a meal, i.e. the cost of the needed ingredients.

Availability of ingredients for a meal, e.g. to what extent
does the needed ingredients match the ingredients avail-
able to the user at home.

e Variation with respect to other meals in the plan, in terms
of used ingredients and the category of a meal.

The user’s food taste, i.e. how the user rates a recipe on a
taste scale.

Design

that they have all the knowledge and resources needed for To be able to take these requirements into account, the sys-

actually changing their behaviour and prepare and consume
meals suitable for them. This meal planning system is de-
scribed next.

1This obviously raises questions of whether the users would be
able and willing to use the system. See our discussion on user
studies below.

20ur focus on increasing a user’s perceived behavioural control
does not mean that we neglect the other factors influencing inten-
tion and behaviour, it simply means that we must start somewhere.

tem has a hybrid design in the sense that it makes use of
both collaborative filtering and a content-based approach.
The collaborative filtering is used for predicting a user’s
taste opinion of a certain recipe that he or she has not yet
rated, based on the user’s other ratings and the ratings of
other users. For the content-based approach we make use of

3By feasible we mean that a factor should be feasible to make
use of in the system, with respect to practical knowledge engineer-
ing and reasoning issues.



a specially designed XML-based mark-up language for food where a user can select the time period for which the system
recipes, that allow us to represent the needed content infor- will recommend meals. Note that this is just a part of the
mation for the recipes in the datab&s@ur approach to con- settings that a user can perform. Among other things, a user
struct optimal meal plans according to the factors presented can also select required intervals for energy, fat, cholesterol,
above uses constraint satisfaction techniques. More details etc. Such settings are absolutely crucial for our purpose of
on the algorithms employed in our meal planning system are helping elderly people avoid malnutrition, and the actual set-

provided next. tings should be done in collaboration with the user’s care
_ givers. The user can also select ingredients to avoid, select
Algorithms preference levels for cost, preparation time, etc, and mark

We model the constraint-satisfaction problem with a mix of ingredients as currently available.

weighted soft constraints and traditional hard constraints, . Figure 3 shows an example of a recommended meal plan

similar to the approach in (Torrens 2002). We have exper- for a certain time period. Note that_the user can switch be-

imented with two different ways of modelling the problem. fWeen the top-5 meal plans, and give taste ratings on sug-
In our parameter-based approach, variables are used for the9€Sted recipes (on a scale from 1 to 5) and re-plan to take
parameters of a recipe, suchtirae, cost energy protein the new ratings into account, or create special settings for a
etc, and the variable domains are based on the existing val- C€rain meal, such as allowing a greater cost and preparation
ues in the recipe database. There is also a special hard con-ime for the Sunday meal.

straint requiring a complete variable assignment to match .

only existing recipes in the database. The other, recipe- Ongoing Work

based, model is simpler, and has only one variable per meal Algorithms

in the plan, with the set of recipes as value domain. In our ongoing work, we are investigating the trade-offs
For both models, we employ a set of additional constraints for the two constraint-satisfaction models we have imple-

o taI:e j[hte gselrsdnehedz and ptref'e{ences |fn to.accoclj,llnt. tSltJChmented. The main aspect we are looking into is the com-

gegisd,rig ds S'Qf(f[ g oﬁ strzri ntg?g.sgra;:)nr ?/a?la% or?rbl;[svree er|1€rrr]1§ alg putation time required for solving the_ constraint_-satisfaction

(a recipe with many ingredients in common with a recipe for problem. Baseq on our two alternative constraint mogiels of

: : .. the meal planning problem, we are experimenting with the

a previous meal gets a penalty) and for taste (recipes with following parameters:

high rating or predicted rating get low penalty). A collabo- 9p '

rative filtering approach is used to predict ratings for unrated e Number of recipes in the database.

recipes. We have implemented a version of the item-based ;

algorithm (Sarwaet al. 2001), with adjusted cosine simi- ¢ mléq}tr)neé gfez]c)%e)d.s In the requested plan (e.g. the length of

larity, and weighted sum predictions. ) )
For solving the constraint-satisfaction problem we base ® The number of users to plan for (e.g. the size of the family,

our approach on the well-known depth-first branch and ~ Or the number of persons in the assisted living facility).

bound algorithm.  We have also been experimenting with  Based on a set of 50 real food recipes and a much larger

a set of forward-checking approaches and variable order- get of randomly generated recipes (the random generation
ing heuristics. Our current implementation uses depth-first js pased on parameters from the real recipes) we have con-

branch and bound with partial forward checking. ducted several simulation experiments. So far, the results
indicate that the two models have complementary charac-
User Interface teristics. The parameter-based model performs very well

The user interface of the system has been designed partic-with small recipe collections and can make plans for sev-
ularly for elderly users. The current user interface design eral meals with just a few seconds response time. How-
is the result of an in-depth exploration of the design space ever, this model only provides reasonable response times for
(by means of the QOC framework (MacLeanal. 1991)), data sets of a maximum of roughly 500 recipes. The recipe-
taking existing literature on universal access and user inter- based model on the other hand scales well with increasing

face design for elderly into account as evaluation criteria for m\to the right of the calendar shows the user's current
the explored design options. Two separate prototype desIgnscalendar choices as additional feedback. The rightmost area of the

were created as paper prototypes and evaluaFed erm:)mcallyscreen contains a help text for this particular settings page. This
with elderly users. Based on these user studies the currenty,o|; text can be toggled on and off, but is on by default.
user interface was designed and implemented, in an attempt  sths screen shot illustrates the meal plan menu generated by
to use the best features from each of the two earlier proto- the system. Currently the first, and best, alternative is displayed.
types. Figure 2shows a part of the settings management, The user can toggle between different alternatives with the top-
_ most buttons. Note that the recipe names are shown in English in
“We have also developed a semi-automatic tool to facilitate the this example. To the right of each recipe name is a slider for chang-
extraction of information from food recipes in text format. ing the taste rating, and to the right of this slider is the current rat-
5The user interface is designed in Swedish, so some additional ing, written in text. In this example all recipes have previously been
explanations may be needed for most readers of this paper. The rated by the user, so no predicted ratings are displayed. Above the
menu to the left is used for reaching different settings pages. In area for the recommended recipes are buttons for changing settings
this screen shot we are at the settings for the time period (“Tidspe- and for replanning based on new taste ratings.
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recipe collections, but is limited with respect to the number through all the test tasks, all four users have been able to
of meals to plan for. use all the main functions of the system, despite minor flaws
and initial orientation problems. This is an important result,

User Studies illustrating the potential of the system.

As discussed previously, our main aim with the meal plan-
ning system is to put the elderly person in charge of chang-
ing his or her food consumption behaviour. By providing
the user with recommendations of suitable recipes that take
into account important parameters such as dietary restric- Given the preliminary results reported on earlier, there is
tions, cost, and the preparation skills of the user, we hope to a clear need to further investigate means to speed up meal
increase the user’s behavioural control, which is critical for planning algorithms. Ideally we would like the system to be
changing behaviour. However, it is of course a prerequisite able to make plans for at least a week at the time, and with
that the user accepts the system and really uses it. Although large databases containing up to 10,000 recipes. Even if our
the user interface has been designed based on user studies ofystem is working well with our current small databases, we
paper prototypes involving potential future users, an impor- are not there yet, and we won't be there in a few years ei-
tant question is whether thiemplementedsystem is usable ther if we extrapolate using Moore’s law. Hence, we plan
and acceptable for elderly users. To answer this question to continue our efforts to improve the algorithms and the
we are currently conducting a user study with several older constraint models. As a starting point we intend to examine
adults. In the study, after a very brief oral description of the how the complementing characteristics of the two present
system, the users are assigned a set of tasks to be solved wittconstraint models can be exploited. We will also explore
the system. At the time of writing we have data from four the possibilities of terminating the search before the whole
users (with age ranging from 70 to 82, and with varying de- search tree has been explored. The rationale for this ap-
grees of previous computer experience). Our observations proach comes from our empirical results showing that the
and interviews have highlighted several problems with the time spent searching for the last few complete assignments
current interface that will need to be adressed in the next make up the great majority of the total time spent on the
version. However, and more importantly, after having gone search, while the reduction in upper bound that these last as-

Future Directions
Faster Algorithms
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Figure 3: Meal planning system output: a recommended meal plan

signments bring is fairly small. The important question to each step in the system’s reasoning, by connecting it to
be answered is of course whether such pre-termination, and “deep” knowledge from which the reasoning was derived.
the resulting non-optimal plan, would have a negative effect The third type of explanation is callecbntrol (or strate-

on users’ acceptance of the system. gic). Control explanations aim at explaining the system’s
control behaviour and problem solving strategy. Finally,
Explanation Facilities the fourth explanation type is calledrminological The

aim is to provide terminological information, such as def-

We are looking into explanation facilities as a means of im- 7" X heh
9 P initions of terms used by the system. There is empirical

roving the system’s acceptability. One of the main features s NG . ,
P 9 4 X v support indicating that justification and terminological ex-

of explanation facilities is to make the performance of the . ; )
system transparent to the users. System explanations Can5)(Ianat|ons are particularly useful (Gregor & Benbasat 1999;

provide information about the knowledge that the system Y€ &Johnson 1995).
has, and how it reasons. Explanations can also serve as justi- As for the provision mechanism, explanations can be
fications for advice provided by the system. In the context of User-invoked (provided at the request of the user), auto-
advice-giving systems, explanations are of most importance matic (always presented to the user, possibly with extensions
for users when they perceive an anomaly (such as a recom-Within reach with a hypertext click), or intelligent (expla-
mendation that they disagree with), or when they want to nations provided only when the system considers they are
learn about the system (Gregor & Benbasat 1999). needed)._ Existing theory suggests that the Iess. cognitive ef-
Explanations can be categorised according to three di- fort required to access and absorb an explanation, the more
mensions (Gregor & Benbasat 1999): 1) the content of Used and effective they will be (Gregor & Benbasat 1999).
the explanations, 2) the provision mechanism, and 3) the This clearly speaks for automatic or intelligent provision
presentation format. The content of explanations can in Mmechanisms. The advantage of automatic explanations over
turn be divided into four types. The first type is called User-invoked ones has also been demonstrated empirically
trace (or line of reasoniny Trace explanations explain ~ (Moffitt 1994). It has also been shown that case-specific
why decisions were made by describing the steps taken to explanations are more effective than generic explanations
reach the decision. The second type is cajlestification (Berry & Broadbent 1987).
(or suppor). Justification explanations attempt to justify Explanations can be presented in different text-based for-



mats, such as rules of the system in some kind of pseudo
code, “canned text” versions of such rules, or in generated
natural language. There are also possibilities for using mul-
timedia, with graphics, animation, or voice. There is cur-
rently little evidence as for what kind of presentation format
should be preferred. However, general usability principles
must be adhered to.

To summarise, we can conclude that for explanations to be
used and useful they have to be provided automatically (or
intelligently), be of justification type, and be case specific.
Also, the existing terminology in the system should be ex-
plained. Finally, we note the importance of tailoring the pre-
sentation to the user’s preferences (Carenini & Moore 2001;
Grasso, Cawsey, & Jones 2000). This will be the starting
point for our work on exploring different kinds of explana-
tion facilities for the meal planning system, and their relation
to users’ acceptance of the system, as well as their potential
for educating the user about healthy eating.

Conclusions

We have presented a new approach to meal planning, aiming
at helping elderly people deal with malnutrition problems by
increasing their behavioural control. This work is part of the
Virtual Companion project at Lirdping university (Shah-
mehriet al. 2004). The approach should be regarded as a
novel Al-based approach to the problem, and represents the
first steps in a larger project. Hence, the implementation de-
scribed in this paper should be regarded as a tool for future
research and studies, and not as a finished product.

The meal planner in its current form mainly attempts to
help the users change their food consumption behaviours by
influencing their perceived behavioural control. However,
by also including persuasive features in the system we could
influence the users’ attitudes toward their behaviour as well.
The explanation facilities we have discussed could be re-
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