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PLANNING IN PROBLEM SOLVING: A CASE STUDY IN DOMOTICS

José Bravo, Manuel Ortega® and Felisa Verdejo?

Abstract - Simulation environments requiring the creation of
a model previous to the simulation stage raise a challenge
for the student. In these environments the realization of the
model itself, which is the basis for most part of the richness
of the acquired knowledge, is a difficult step. This is the
reason why in some cases the learning goal is not achieved.
We consider of great importance to cope with this problem
so that better support in model building could improve the
mere free performance of the student. In this sense, we
propose to include, before beginning the construction of the
model, a tool allowing the expression of a first approach to
the solution at a more abstract level and, consequently,
easier to obtain. Finally, it is important to point out the
necessity of collaboration of both the teacher and the
student. In order to facilitate this, we will define data
structures containing, among other aspects, the student's
performance. This performance could be revised by the
teacher, who will advise students where to reinforce their
knowledge on the modeling process. This kind of
collaboration can also provide an effective support for
distance learning situations.

INTRODUCTION

There ae a great number of authors that propose
smulation environments as effective tools for learning.
Many of these environments require building the modd firg,
s0 that the student can check the laws of the domain to study
by means of dmulaion. Students do not only interact
through the variables of the modd but they can dso change
the modd itsdf. This gpproach is a change from the
traditional learning based on textbooks to "learning by
doing" or to the "learning while doing" methods But
modeling is often a difficult task, and without instructiona
support, the students are frequently unable to reach the god.

Some authors have proposed to overcome this problem
by using intermediate representations for problem solving. It
is the case in [18] for the learning of programming. Both
aticles show a problem solving approach where a solution B
built through severd abdraction levels, using intermediae
languages of growing precison until the result, a computer
program, is obtained. This technique is based upon the
assumption that the important thing is not only the fina

solution, but also te steps taken until the result is achieved
[3]. The theory underlying these intermediate representations
(problem  solution schemas) comes from the fidd of
Cognitive Psychology: knowledge is represented as schemas
and the reasoning techniques using these schemas can be
formulated in terms of godsand plans.

In this paper we present a planning tool as an
intermediate solution to help students to design a domotic
environment. This tool mainly conssts of a Plan Editor for
the Student Plan that should match the solution proposed by
the expert. Findly, we give the test results. It has been
proved efficient as a successful resource in the learning
process.

A PROPOSAL FOR INTERMEDIATE SOLUTION

We will outline the different aspects we have considered in
order to build a tool for supporting students aong the
uccessive problem solving dages. A key idea has been to
monitor students actions adong the process. In this way their
intermedicte solutions can be examined, and therefore more
focused help can be provided.

These agpects define the scope of the tool, and are
discussed below:

The task. We ae deding with a kind of modding, the
scenaio  design.  Therefore the idea of an  intermediate
solution will be a plan of desgn. This plan & a leve of
abgraction will be smple but useful enough to support the
student in the next step: to carry out this plan using the basic
modeling operations offered by the smulator.

The application domain.-

The following aspects of a domain should be taken into
account for Smulation purposes:

1. Objects of the Domain .- Reevant knowledge about
the different types of objects in the domain, as well
asther sructure.

2. Parameterization of the Object Variables .-
Knowledge about rdevant vaiadbles of the doman
objects. Changes in these vaidbles will affect the
properties of the model.

3. Relationships between objects- The type of
relations, as well as their condraints. Relationships
between the objects will generdly be responsble
for the modeling behavior.

! Grupo CHICO; Universidad de Castilla La Mancha— Spain, mortega@ucim.es

2 Universidad Nacional de Educacion a Distancia - Spain

0-7803-6424-4/00/$10.00 © 2000 | EEE

October 18- 21, 2000 K ansas City, MTD

30" ASEE/IEEE Frontiersin Education Conference
T2D-11



There is a range of applications to study. First of dl, we
will mention Domotics. As we will see, this is our case
sudy, but Smilar ones can be mentioned such as the
modeling of eectronic circuits, digital circuits, efc.

Actions for modeling (design) .- These actions will be
the ones that the student carries out when building the
model. Previous to the modeing phase, Sudents have to
know about the domain objects and their relationships.

A dexiption of the geneic actions for modding
(Fig.1) follows:
1. |Initialization .- It is the action where modd

requirements (for some basic parameters) are defined.
2. Selection.- An object (from a variety of objects) is
sdlected to be part of the modd.

INIT SHed
s Put
Student desian e Delete
Move
VERFY RELATION » Igri?\geEr
Resut (Smulation) Link —  (Internd and Generdl)

Fig. 1.- Basic actions of design

3. Insertion.- The object sdected is insated in the
scenaio where the modd is carried out and in which findly
the behavior will be observed by smulation.

4. Relation.- It will consg of the actions of linking
compatible eements. These rdaionships are the base of the
modd behavior.

5. Parameterization.- Vdues ae ddined for the
varigbles of an object. This point is dso important for the
modd behavior.

6. Verification.- The confirmation thet the modd has
been carried out correctly.

The planning tool

A problem can be solved in diffeent ways, so the
planning tool should be flexible and permit certan degrees
of freedom to the dudent or, dterndively, there must be
different solutions among which the sudents could choose
the one that seems more gppropriate to them.

Insertion of the necessary dements according to the
modd under condruction.- Several choices must be supplied
to enable the diverse dements to form a good solution from
the different ones possible.

Sub-task Completion.- It is advisable, if there ae
groupings of the domain objects, to try to complete the
modeling of these before going on to ancther task.
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Set of models (problems) .- A collection of problems,
gructured in levels of growing complexity will be proposed
to the sudent. This collection will support the progressve
learning of the domain to study.

The collection includes different solutions for each
problem. Bassd on this knowledge, a matching mechanism
capable of comparing intermediate solutions can be used for
monitoring purposes. More focused help can be provided
aong the problem solving process.

Structuring of the domain .- By combining the actions
of modding on the different domain objects we can reech
the different ingtructionad levels in order to congruct the
model of the problem to study.

The student's performance .- A peformance trace
would dlow some automatic feedback. The teacher will dso
have access to this data in order to provide students with
some advice for further improvement.

Continuity between intermediate and final solutions .-
The planning tool should be integrated in the simulaion
environment in order to link the intermediate solution or
plan with the modding actions in the smulaor. It will be
essential to match the abstract actions of the plan with the
corregponding ones of modeling & agreeter level of detail.

From the correspondence between both  solutions,
intermediate and find, conclusons can be edablished 0 that
the student can check the efficiency of higher plan and teke
re-planning, if necessary, into consideration.

THE APPLICATION DOMAIN: DOMOTICS

Our applicetion doman is Domotics i.e the
automation of buildings and housing. We can defineit as

"A set of elements that, when installed, interconnected
and controlled automatically in a building, save the users
worrying about routine everyday actions, providing
improvement in their comfort, in energy consumption, in
security and in communications aswell".

Previous to the smulation dage, a domotic simulation
environment requires to build the modd to be smulaed.
Our approach establishes two phases building a design plan
fird, and then proceeding to build the complete mode
folowing tha plan. For the phase of designing a plan we
provide an interactive tool so that the student can build a
plan of design incrementaly. The tool is not only an editor;
it dso includes certain facilities to support the student and
give ome advice on the planning process Building the
model is performed afterwards. The students have to deploy
and refine their plan usng the modding interface (shown in
fig 2) in order to create a complete scenario. The scenario,
fully defined, will be the solution to be finadly checked by
the smulator.

Domatic modding involves the management of severd
objects. These objects are classfied into the ones that are
grictly domotic (such as radiators, thermostats, sensors of
fire, darms, ec), and the layouts of the rooms where these
objectswill beinserted.

integral
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The actions for building a modd, as shown in Figure 2,
are provided by the smulation environment. We can see the
options (edit, link, parameters) on the upper pat, and the
section of object icons on the left. An example of mode
can be seen in the middle of the figure. In this example the
problem to be solved includes the layouts of different rooms
and severd domotic objects linked by arows. The deployed
form on the right shows the vadues that have been defined
for the parameters of one of the objects.
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smulator, a free modeing environment where the student
will carry out such adesign according to a previous plan.

The diagram of the system is shown in fig. 3. Here we
can see the two independent parts. on the left, the plan
editor, and on the right the smulaion tool. However, they
are rdaed, and this rdation is represented in the figure by a
link with the label matching .
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Fig. 2.- Theinterface for building a model in the simulation
environment.

With the options provided by the environment, the
student can perform the following actions:

1 Sdection of a layout, from a st of posshle choices.
This set depends on the kind of problem to be solved.

2. Sdection of objects from the icons and ther insertion in
the model. The objects have to be located in a postion
in one of the room layouts.

3. Linking the objects in the modd, to express their
relationships. Links are defined with a direction and
further condraints, and this information will determine
the modd behavior in the smulation process.

4. Paameerization of the domotic objects (assgning
vaues to variadbles) and, additiondly, parameterization
of the physicd environment. The values will depend on
the problem to solve and they desarve a levd of deall
that is not dealt with in the planning phase but refined at
the modding stage.

5. Rdaionship of the domotic objects with the physica
environment. These relationships express condraints on
the internd object variales due to the externd
environment varigbles and these interactions define dso
the modd behavior for the smulation process.

DOMOSIM -TP: THELEARNING
ENVIRONMENT

The leaning environment conssts of the Student's Pan
Editor, the tool for building a domotic design plan, and the

0-7803-6424-4/00/$10.00 © 2000 | EEE

Fig. 3.- Structure of the teaching environment (DOMOS M-
TPC)

The planning tool endbles the student to design a plan i

an incrementd way. The sysem includes a collection of
problems. For each problem there is a statement describing
the problem as well as the solution proposed by an expert.
This solution is not unique, s0 the students have certain
degree of freedom in planning ther solution. The planning
tool incdudes a supervisor module dlowing or not the
insertion of actions in the plan. This supervisor provides
some advice aswell to perform the planning task.
In figure 3, on the right, the Smulator components (free
modeing environment) ae represented. On one dde the
actions for building the modd (edit, link, parameters, and
test the mode (smulaion). On the other, an advisor module
to check whether the dudent is following or not hisher
desgn plan, and findly the tutorid component providing
further help on demand.

THEPLAN EDITOR: A TOOL FOR AN
INTERMEDIATE SOLUTION

In this section, we describe in detail the tool for planning,
i.e., the Student's Plan Editor.

The dudents are identified so that a trace of their
performance can be recorded in a database. In this way the
teacher, even remotdly, looking a this informetion, can give
advice to dudents on the aspects which require further
knowledge reinforcement.

The system provides a collection of problems to be
wlved. These problems ae organized in leveds of
complexity. The student has first to sdlect a level. These two
aspects can be seenin figure 4.
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Fig. 4.- Identification of the student and selection of the |evel

The sysem dlows adding more leves by including
them and their associate problemsin the Database.

In order to handle the complexity of the problem
solving task for the goplication domain, we have organized
the collection of problems into three levels. The first leve,
the most basc one, is devoted to the study of the domotic
objects and their relationships. From these reationships we
can extract ther behavior when they ae inserted in their
corresponding layout.

In the second leve both, layouts and domotic objects,
come into play. Each component of the layout (the lounge, a
bedroom, the kitchen, eic) is conddered as an independent
unit. Findly, the third level takes into account these units as
a whole, studying the complete layout, to establish the global
domotic solution.

Once the dudent has been identified and the levd of the
problem selected, the system offers multiple combinations of
different groupings of domotic dements (layouts and
management  aress) generdting a vaiety of problems and
proposing one of them to the student.
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Fig. 5.- The Student's Plan Editor

Figure 5 shows the Plan Editor Interface Here we can
see the way in which the plan can be built incrementaly. On
the left the posshble actions to include in a plan can be
sected. The fird menu cdled OPTIONS contains the
different generd actions When one is sdected, the other
menus deploy further options to sdect: a management area
to condder (such as luminogity, comfort, security and energy
control), a kind of layout (such as bedroom, kitchen, ...) and
domotic objects to be included or the conditions for externd
environment variables (such astemperature).

Each menu is displayed gradudly when the <udent
sdects an option. Once the sdection is completely finished,
for ingance Edit comfort bedroom radiator the system
compares this action with the Expet's Pan, accepting or
rgecting its incluson in the Student's Plan. In each case the
student can request for appropriate hep and, as we can see
in figure 6, the system will offer some advice to the student.

Table 1 shows an exanple of an Expets Pan. The
column on the left shows the sequencing of design actions
over the different parts of the layout, or over the varigbles of
the environment. The column on the right shows the domotic
objects, and for esch of them, the dtribute of being
mandatory (O) or optiond (P) isindicated.

Table 1.- Expert's Plan (Study of the Bedroom Layout for Comfort and Energy Control).

Action [Subsystem] [Varigbles]

[Set of Objects] [Set of Varicbles

Initidize— Sdlect Layout

Bedroom

Edit — Comfort — Bedroom

Heater(O)—Air Conditioned(O)—-Thermostat(O)

Edit — Energy Control— Bedroom

TV (P)-Video (P) - Hi-fi (P) -Plug(O)

Link — Comfort — Bedroom

Hester(O) — Air Conditioned (O)

Link — Energy Control— Bedroom Plug(O)
Parameterize — Desired vaue Thermostat (O)
Parameterize - Power/Consumption TV (P)- Hi-fi(P)

Conditions
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Fig. 6.- The Plan Trace

The system provides the sudents with comments on
their peformance (Fig. 6). These comments include
warnings when they try to include wrong actions in their
plan, or in the sequencing, as wdl a some advice for
sdecting the agppropriate domotic objects according to the
problem to be solved. In addition, it indicaes when a
proposed action does not belong to the expert plan.

As we can e in fig. 6, dl these comments appesar
under the title learner trace, indicating the points where there
has been some incompetibility with the Expets Plan. The
incompatibility here is related to the generd sequencing of
actions tha the sudent should have followed. The
sequencing obliges to plan the design in a correct order
inserting the different domotic dements in each of the rooms
of the house. It dso includes a patid sequencing of the
domotic management aress, that is to say, the insertion, if
not ordered a least complete, of the eements assembled in
such arees.

The learner trece is recorded in a Daabase thet
additionally contains dl the instructiond eements of the
Pan Editor: menus, levels, set of problems, etc. In this way
the teacher can asynchronoudy collaborate with the students
indicating to them possible misconceptions.

In order to help the student a the design stage, the
system automaticaly elaborates a scheme of the plan. In it,
the student will be able to observe the sequencing and its
flexibility a the moment of insating an item in a
management area. Pardlel paths indicate that the order is not
relevant, but dl of them should be completely fulfilled.

The graphic representation of the plan offers a globa
view of the actions and their order. Sometimes it is a
complete order such as in the figure for Edit, Link,
Parameters, Conditions, efc.,, and in pardld, where the order
is not important such as for Comfort in Bedroom, Lounge,
Kitchen or Bathroom, but once one of them sdected, Lounge
for example, this levd has to be completed, here inserting
Radiator, Themodat and Air Conditioned in any order.
Then, the student should complete another pardld group
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and 0 on until completing dl of them and then proceed to
the next point of the generd plan, the definition of
parametersin this case.

Fig. 7.- The Plan Outline

EVALUATIONOFTHE DOMOSIM -TP
TEACHING ENVIRONMENT

In order to evduse DOMOSIM-TP we have rendered an
Oracle Datdbase in which, together with dl the data
maneging the  teeching  environment, the  Sudents
experiences have been recorded with that environment. So
there ae tables contaning data on ther performance
regarding these two tools, the Plan Editor and the Smulation
Environment.

The exercises that the dudents have done have two
agpects. On the one hand the impact of the new tool has been
gudied, their monitoring and consequently its acceptance
contragting with the freedom of action that the Simulaion
Environment offers. The data related to this test are shown in
Table 2. In it, we can see that a great percentage of students
finished their plan satisfactorily, and only a smal percentage
did not.

Table 2.- Acceptance of the new tool
Students | Plans | Complete plans | Incomplete plans
82 141 | 118(83%) 29 (17%0)

With the second exercise we try to contrast the
efficency of the Pan Editor ad the Smulaion
Environment. On the one hand the students have done a firgt
execie in the Smulaion Environment without knowledge
of the tool in order to plan their solution. Later they have
caried out a second different exercise, but this time having
used the Plan Editor previoudy. The results are reflected in
Table3.
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. Simulation Plan Editor +
Exercises Students Environment Simulation Editor
75 (32%) 32 (40%) 18 (40%) 27 (60%)
Simulation Environment Plan Editor + Smulation Environment
Incomplete Problem Soquence | Repetition | Incomplete | Sequence | Repetition 2}?2: Sar:]glrz]i;d
Solution Errors Errors Errors Solution Errors Errors Smulated Panned
15 15 24 19 9 6 2 6 0

Table 5.- Efficiency of the use of the new tool

From this, we can deduce that the use of the Plan Editor
previous to the use of the Smulation Environment reduces
the number of erors when compleing the problem in a
60%; it reduces the erors in a 75% in the sequencing of
actions and in a 90% in the repetition of commands. What is
more, the erors made when including eements that do not
correspond to our problem in our design (Problem Errors =
15) are reduced in a60%.

CONCLUSIONSAND FUTURE WORK

We think that building a plan, i.e, an intermediate solution,
helps the student to bresk the complexity of the modeling
task and make learning through this kind of dmulation
environments much more effective. The gudents first build a
more abdract, and consequently esder, solution and then
with an adequate design plan they proceed to build a modd.
Thismoded isthefina solution to be tested by smulation.

Our proposd for the future includes peer collaboration
for planning as much as for smulaion. Members of our
team are working to ded with this gpproach so that groups
of sudents can work together in  solving both the
intermediate solution (plan) and thefinal solution (modd).

For a demongration of DOMOSIM-TP you can connect
to: http://chico.inf-cr.udm.esjbrava/domosinvinicio.html
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