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Abstract

Concept learning belongs to the fundamental
hallenges of educational technology. Contrary to the
urrent trend of designing and implementing contents for
arious web—based virtual courses, concept learning
2quires cognitive tools rather than digital materials. We
itroduce a novel scheme to generate computer games
‘om concept maps made by a teacher or a learner
erself. Concept gaming exceeds the potential of previous
oftware packages for concept mapping in a significant
:ature: it adds excitement and tension to the process of
uilding a meaningful composition of concepts related to
ach other. In addition, concept gaming supports learning
t various levels, from memorizing up to open problem
2lving.

Introduction

Concept maps are widely discussed means of
isualizing one's inner cognitive structures. It is argued
1at with the help of preparing those structures, one has
ot a possibility to reflect own conceptions and correct
otential misconceptions, thus building a new corrected
ructure into one's mind. This all has its roots in David
wsubel’s learning theory of meaningful learning [2],
‘hich Joseph D. Novak later turned into a method now
nown as concept maps [7]. Concept mapping is widely
sed to assist learning [6], planning, and problem solving.

With the emergent discussion about concept maps in
eneral, it is natural to extend them by the power of
:chnology. With the new software implementations users
ave been able to construct a static map of their concepts
) help them to clarify their thinking and learning. As an
xample of such formalisms, the genetic graphs [5] are
itended to present processes with static images. This
-atic approach is however quite limited for general use.
raines [4] and Rautama et al. [8] present a method for
ynamic presentation of concept maps as scripts, showing
1e construction process. There are also techniques, with
‘hich the concept maps can be shown through the web
iterface [4, 9].

These conceptualizing tools have been of great value
) teachers and advanced, self—guided learners. In this

paper, we propose the idea of concept gaming, whic
combines the powerful learning tool, concept maps, wit
a motivating factor—excitement.

In our opinion, the designers of learnin
environments have got many things to learn from tt
computer games. Computer gaming is inherently excitin;
which creates intrinsic motivation for the youth and als
the adults to acquire skills—i.e. to learn—in order to t
successful in the game [1]. We argue, that this should t
also the case with learning.

Therefore, adding the elements of excitement an
success from computer games into a learning tool shoul
serve as means to make using those tools attractive an
worth bothering. In concept gaming, the contextuall
bound concept map building is connected with typic:
gaming ideas—competition, fight against time, growin
challenges, winning oneself, scoring and development ¢
one's skills as a player and simultaneously as a learner.

2 Concept Gaming

A concept map is a graphical representation ¢
interrelated concepts. Concepts are shown as labele
nodes and their relationships as arcs, which may t
labeled or unlabeled, directed or undirected. The basis ¢
concept gaming is a selection of game schemes. A ganr
consists of a game scheme run with a certain concej
map. Here the concept map and its subject area can t
arbitrary, and the map can be made by a teacher or
learner herself or it can be copied from a textbook.

To clarify and concretize our ideas, we introduc
some features of a prototype CMG we implemented f
test our approach. CMG (short for Concept Map Game:
contains currently five game schemes:

1. Removed concept names: At first the map is show
without the names of concepts. The correct names a1
given in a list. The player moves one name at a tir
from the list to its proper place.

2. Removed relation names: This is analogous to tk
first one, but now the map is shown without tt
names of relations.



Shuffled concepts: The names of the concepts have
been shuffled. The player tries to correct the map by
repeatedly exchanging the names of two concepts.

Shuffled relations: The start and end concepts of
each relation have been randomly reselected. The
player should move the relations back to their correct
positions.

Trivia: The player is given a concept and a relation
starting from that concept. The player should infer
which concept the relation leads to.

These five schemes are only examples of the game
pes that can be included in CMG. It is possible e.g. to
esign games that are focused on some certain subject
rea. In that case the concept maps may have to be
onstructed according to some guidelines but the game
cheme itself can be more detailed and complex.

The concept map is loaded in the beginning of each
ame. In the end CMG shows the score and the correct
nswer. Scoring is based on correctness and speed. For
xample in game scheme 1 each correct concept name
ives a certain amount of points. CMG also contains an
ditor with which the user can create new concept maps.
he editor includes tools for constructing a concept map
s well as adjusting the visual parameters such as color
nd appearance of the map elements. After a map is
aved, it can be applied to any game scheme.

3 From Closed to Open Gaming

Generative nature is a major difference between
conventional learning game and the idea of concej
gaming. A conventional game is typically connected wit
a single subject area whereas a concept game is a schem
which generates games on various subjects. A conce]
map given as input to the generator determines the subje
area of the game. Note that this concept map can be
ready—made map or a map made by the user—student ¢
teacher—herself. Generative nature is also present i
another respect. The user is able to generate sever:
different games from the same concept map.

The game schemes presented so far require that eac
game has a fixed target map. In a more general approac!
the target map is not necessarily completely specifie
The reason for supporting relaxed ways of gaming is 1
support various learning methods. These methods sta
from primitive mechanized memorizing ending up {
open problem solving (Fig. 1).

The simplest game type is called closed gaminy
where the result map of the game is known before tk
game ends. Closed gaming is considered to help learnin
methods like repetition and memorizing. Examples ¢
games that belong to these themes vary from bas:
connectivity problems between concepts to jigsaw puzzl
where concepts should be placed to their correct place
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Figure 1. Concept gaming supports variety of learning methods

The most versatile type is open gaming, because of
s main idea of being constructive and open—ended. This
ind of gaming serves especially the needs of higher
s:arning methods, namely open problem solving skills.
he gaming here is not necessarily gaming in the
-aditional sense, but its idea is to allow a learner to
onstruct new ideas on the basis of one’s old concepts.
his can be helped by offering the learner new
indomized edges or concept nodes to be added into
xisting concept map. These randomized events are called
istant thought models and are considered to help a
sarner to find novel sights into her work, much like they

are utilized in a creativity enhancing software found c
the market.

One must note, however, that there is a continuui
from closed type of concept gaming to open gamin;
Rather than tightly categorizing games, it is more usefi
to identify the aspects of a certain game that could t
expanded or extended towards the targeted education:
need. In addition, one game session might consist ¢
several features, some more closed than others. Th
means that a game can support different learning methoc
at the same time. For example, a game for ecolog
education might consist of two—faced nodes, one sic



>presenting a natural phenomenon and the other a
oncrete example of it. The player is supposed to organize
1e nodes into a map that represents the interplay between
ifferent phenomena. Learning the two faces of the nodes
elps one to memorize ecological factors, whereas
onstructing the interplay supports higher—level learning
oals. This essentially takes a concept gamer from a
1zzy, blurred image of conceptual reality towards a more
»rmal and stringent conceptual construct.

SWOT Analysis

We have also done a preliminary SWOT analysis
‘om the learner’s (Table 1) and teacher's (Table 2) points
f view to find out the strengths, weaknesses,
pportunities, and threats of our ideas. From the learner’s
oint of view the important strengths of concept gaming
re based on its support for variety of learning methods
nd help for cognitive processes. Cognitive processes are
elped in two ways; first concept gaming helps a learner
) construct her inner cognitive structures; secondly it
elps the learner to make her implicit structures explicit,
ws helping in self-re—evaluation of those.

As being a computerized tool, one of the weakness
of the system is the computer usage skills that are neede
for utilization of it. Another weakness is that the learnc
needs thinking skills that help her to conceptualize an
abstract things and phenomena, which on the other han
are developed by using the system. This development as
learner is also one the opportunities that we see th
system offers to the learner.

Concept gaming helps a learner to acquire ne
learning strategies, which helps her to achieve her goa
as a learner more efficiently. We also argue that conce]
gaming brings the tension and excitement of comput
games to learning. Threats are in our opinion bound wit
the physical limitations of the computers and tt
oppressive nature of the opinions by the ready—mac
solutions and teachers' unresponsive attitude towarc
alternative solutions. The display of the computer can t
too small and place-bound surrounding to apply ot
system seamlessly to normal teaching. It is also wort
thinking whether the learner can hold up to her thought
even when being correct, if she is made to play with tt
authority’s vision of the same matter.

Strengths:

learning skills and methods

information

implicit structures

*  Supports learners with different

* Helps to construct new inner
cognitive structures out of the

* Helps to visualize the learner’s

Weaknesses:

* Computer usage skills are
needed

e Learner needs abstract,
conceptualized thinking skills

Opportunities:

learning strategies

to learning

* Helps learners to acquire new

* Brings tension and excitement

Threats:

* Learning space is limited to
size of the computer’s display

* The original own ideas might
be abolished after seeing the
version done by authority,
namely the teacher

Table 1. SWOT analysis from the learner’s point of view

From the teacher’s point of view our system’s
rengths are especially concentrated on helping the
s;arner—teacher interaction. Concept mapping equips the
s;acher with a novel medium of evaluating the learning
rocess of her student [7, 3]. The different game types
lpport the teacher to acknowledge the differences
etween the ways learners learn and build their
nowledge structures. The results that learners achieve by
sing the system help the teacher to understand the level
f knowledge acquired by learners. In addition, they
oncretely visualize the differences of comprehension

between the learner and teacher. The achieved resul
serve also the teacher when self—assessing her own work.

The weaknesses include, as in the learner’s case, tt
need for computer usage skills. It is also wort
mentioning that a new tool brings in the need fc
constructing the concept maps for the concept gam
system, which can be time consuming. The opportunit
which we considered to be especially interesting, is tk
excitement and tension of brought to learning experienc
by concept gaming, which helps creating good learnin
situation atmosphere.



The threats that we discovered in our analysis include
oncern over predetermined, closed gaming and the role
f the computerization in this setting. We wondered,
'hether closed gaming would serve too much of rote
sarning goals. After taking this under closer examination,
re discovered that it is possible to include also a support
o higher learning elements into simpler game schemes

as was introduced earlier in this paper. Another threat

the potential needlessness of the computer to produce th
kind of game. We argue that especially game scheme
supporting higher learning might be too complicated f
realize with a reasonable amount of work and time wit
only pieces of paper and a pen.

Strengths:

of learning

adopted by learners

comprehension

kinds of learning strategies

. Helps to understand the learners’ ways
. Helps to see the amount of knowledge

. Helps to understand the differences
between own and the learners’

. Helps to meet the needs of the different

Weaknesses:

*  Work needed for constructing
the new maps for different
contexts

e Computer usage skills are
needed

* Computers are needed in the
learning situation

Opportunities:

* Learning experience can be
exciting, thus creating good
atmosphere in the learning

situation
concept maps

process

* Sharing and exchanging the

* Tool to study the learning

Threats:

* Closed game schemes tend to
be mechanized, encouraging
learner to think in a too
straightforward and prepared
way, abolishing their own ideas

* Some ideas might be realized
with pieces of paper and a pen

Table 2. SWOT analysis from the teacher’s point of view

Concluding Remarks

We feel that concept gaming has potential to become
n important learning aid. It has several advantages. A
ame can be automatically generated from any topic.
Vith concept gaming the learner is able to analyze her
omprehension and to learn new contents. Concept
aming supports various, more advanced learning
1ethods in addition to memorizing.

Open gaming helps to develop higher learning
1ethods, especially open problem—solving skills of the
sarner. As a side effect, we expect that concept gaming
7ill not only make learners more familiar with concept
1apping, but they start to apply concept mapping in
nalyzing and memorizing. After tuning and improving
ur prototype, we will later on run extensive tests in order
y measure the effect of concept gaming on learning
utcomes among various student groups.

The concept gaming serves also the teacher in her
valuation process of learner, in her self-evaluation, and
omparison of her and her learners’ comprehension. We
[so argue that the data gathered from usage of the
oncept gaming system, helps both the teachers and
>searchers in their research of cognitive aspects of
sarning.

The built—-in randomness of concept gaming compels
1e learner to think of unconventional and even surprising

connections. This helps her to better recognize wron
structures and to create novel ideas. Randomne:
guarantees that the exactly same game occurs vet
seldom, if the input map is nontrivial.

The design of the user interface is important for th
type of game in order to attract students of different age
and backgrounds. We have started a project to test ot
prototype in a real learning situation in an elementar
school in order to improve its usability. Later on we pla
to offer an adjustable user interface so that besides tt
default look and feel, the user is able to change sever:
details according to her liking.

The benefit of concept gaming depends partly ¢
number of the ready—made concept maps available in tk
format of the system. A web—based database would giv
additional value and reduce the amount of work that tt
teacher must do in order to start using the propose
system.
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