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1 Abstract

Leclercq’s triangle is a conceptual tool used frwsing the pedagogical validity of learning sitoas. It
materializes the sound pedagogy principle whichroamds to establish a triple consistency betweeectibgs,
methods and evaluation in any given learning stnafThe ELEKTRA adventure game provides a practical
illustration of its relevance.

2  Definition of triple consistency

Up-front choice of reference pedagogical framewailksving instructionally informed decisions is eyk
success factor when developing any kind of virteaining environments (Koper & Olivier, 2004; Masdk,
2002; Wiley, 2000). This emphasis is taken up Ithaus in the field of digital game-based learni@ppp,
2006; Kiili, 2004; Moser, 2000). Without such edticaal beacons, risks are high of lacking vocalyufar
describing and implementing pedagogical endeavailtimjately loosing instructional focus. Leclercdriple
consistency triangle presented here is one of thoseeptual guidelines, handling three crucial ie\adf the
learning process.
Drawing on Tyler's argument (1949) that there iiead for consistency between objectives, methods an
evaluation, Leclercq (1995) formalized the "triplensistency principle" between:

e Learning objective (O) and

e Method used to teach (M) or

» Evaluation strategy to test the level of objeciuaowledge reached (E).

Leclercq (1995) illustrates the principle into adeb Leclercq’s triple consistency triangle illueied in
figure 2.1. Leclercq (1995) stated that if OM ané Bre consistent then O and E deefactoconsistent.

Objective to be reached

4

> Evaluation of
the objective
reached level?

Teaching method
to reach objective

! Enhanced Learning Experience and Knowledge TranS&ep n°027986




Figure 2.1. Leclercq’s triple consistency triangletheoretical model), illustration from Castaigne (2@1)

When objective, method and evaluation are condist¢riangle can be drawn in between them.

3 Example of triple consistency

Based on Leclercq’s model, Castaigne (2001) oHerslustration: if a teacher has for objectivensmission of
knowledge of Napoleon’s history, and teaches this chronological way (list of facts and dates),magy
assume that there is consistency between objemtidenethod (see figure 3.1). Let’'s imagine thatetveuation
is an open question like “would it be possibleX@poleon to become emperor nowadays?”. The queistion
itself is a very good question, but consistentheitith the objective nor with the method.
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of Napoleon's Napoleon to
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Figure 3.1. Non respect of triple consistencytrfangle is broken) despite method being consistent with géctive,
illustration from Castaigne (2001)

Doing this way, we will face two problems:
1. We may encounter a lot of students failing this.tes
2. Moreover, we can not guarantee that the studentspased the test will achieve the initial objeztiv
(knowing Napoleon'’s history).

So, the teacher should (see figure 3.2)
« either keep the question and change the learnijegide (like “Understanding the path to
dictatorship”) and the teaching method (“like comipa the life of Caesar, Napoleon, Hitler, ...”);
« or keep the objective and method and thus charggeuhluation (like using multiple choice questions
to assess links between dates and facts of Napselki@).
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Figure 3.2. lllustrations of triple consistent triangles improved from figure 2, illustration from Cagaigne (2001)

4  State of O — M —E in ELEKTR A ‘s game at the timeof the analysis

Labset's time was mainly absorbed by the desigrttendontinuous pedagogical quality control of ETEKA’s
game basic demonstrator. Development of the Bestrling situations in the game encountered soniggms.
In this context, Leclercq’s triple consistency migge demonstrated as a useful tool allowing taretiize the
presentation of a learning situation (overall pexgepl transparency), to keep instructional fo¢cadaunch
discussion with non pedagogues (shared vocabutaryammon vision of the status of the situatiom)¢arrect
them in order to enhance overall pedagogical quahid keep instructional focus. Following a thoroagalysis
of current objectives, current methods and curegatuations in the learning situation within ELEKAR
game, we drew observations wrapped up in the fafiguables dealing with each component of Leclescq’
triple consistency triangle

4.1  Objectives

"Crawford sees all computer games as educatiotted enly question is whether or not the facts dqltss
learned will have any application outside the gawdih this in mind, his first rule of design is $elect a goal
for the game. The goal should be one for whichgdmme designer has strong feeling and interesthjsas
passion will be evident in the final product. (THis one overriding concept then becomes the tiakdsn

which all else is judged for inclusion; does itthar the game’s goal? If not then it is to be ¢eift, regardless of
how inventive an idea may seem. The next step éhdmse a setting which will enable to be bestesged
while engaging the emotions and curiosity of auck&n(Crawford, 1984; Moser, 2000)

Actually, none of the components of a learningatitn (objective, method, evaluation) is sufficipet s€.
ELEKTRA's triangle forces to assess the interplag aross-reference between them. For a specifinilen
situation within ELEKTRA’s game two objectives doebe covered:

O; To understand light propagates in a straight line.

O, To understand differences betweer{mafylight and bearhof light.

% The relationships between the use of video gamedemrning are widely explored in two literatuesiew

(Mac Farlane, Sparrowhawk, & Heald, 2002; Mitct&Bavill-Smith, 2004).

® Triple consistency deals with the three componémgether. But, when it comes to scrutinize oneheim
individually, one needs dedicated conceptual tofks.for ELEKTRA project, the reference model tien t
methods is the 8 Learning Events Model (Leclerc@@umay, 2005; Verpoorten, Poumay, & Leclercq, 2007)
The reference model tied to objectives is Blooar®homy (Bloom, 1956).



4.2 Methods

In ELEKTRA'’s methodology various partners creatshing situations. It is up to the pedagogicatrearto
give recommendation to ensure pedagogical valldlityrespecting other constrains like story telliggming
flow, ...

The methods that were created to cover the obgstiere

M; Manipulating blinds with holes to create a narfmeam of light to illuminate a screen.
On the right size of a rail is positionned a fléight, it can be switched on or off. The learnen ca
manipulate a screen and several blinds (screehsawible in the centre, holes have different siZgg)
positioning the screen and the blinds on the leakner musproduce a narrow beam of light on the
screen To achieve that goal the scenario creator suggéacing the screen at the light opposite side of
the rail (Fig 4.1). In between and still on thd the player should place the blind with the bigdese on
the side closest of the flash light. And the snsdlleole closer to the screen. The player shoulceptae
screen and the two blinds in the correct relatesition. As soon as he succeeded doing so the laging
character appears explaining: “so you see whadiffexence between a ray and a beam is!” The player
invited to horizontally move both blinds along tiaél and observe the modification of the light cene
Doing so the player is supposed to understandiffegehces between a ray and a beam of light

Figure 4.1.Learning situation with blinds and screen: thaisoh from the situation creator’s point of view.

M2 A non-playing character (NPC) says to the plajat light propagates in a straight line.
Obviously, the animated non-playing character im®the learner about how light propagates, just by
talking. This method is easier to understand buobisreally well integrated in the game flow.

4.3  Evaluations

To respect the game flow ELEKTRA's partners implatrevaluation procedure within the game and try to
avoid as much as possible questions directly akk#tke player. The evaluation proposed consistpening a
metal door equipped with light sensors (Fig 4.2)ly@he one central sensor should receive lightpen the
door. In front of that metal door is a wooden dtiwt the player can lift up or down. In the middfehe
wooden door there is a hole the size of the middtesor on the metal door. The player is supposetbte up
the wooden door until the hole faces the middlesgerThen putting his own flash light in front dithole light
will reach the central sensor only achieving ttet.te

“ A ray of light is a conceptual representationighi into a line (in the sense of what a line ig@ometry). It is
used in mathematical representation of light angshen formulating laws like reflexion or refractipbut a
single ray of light does not exist in real life.

> A beam of light is how light behaves in real lifropagating from a source of light as a cone nwfdan
infinite amount of rays of light. When representiagpeam of light on paper, physicians usually dthes
external shape of the cone, made of 2 conceptyalafdight.



Figure 4.2 The wooden door is halfway up revealing the bottorpart of the metal door. The hole in the wooden doais
visible but the sensor on the metal door isn't.

At this point of development the evaluation witBBhEKTRA’s game is limited to
E; Opening the metal door with the wooden door lichite vertical moves.

5 State of O — M —E in ELEKTR A ‘s game at the timeof the analysis

Receiving the propositions of methods and evaluatie evaluate their consistency wich each other. We
expected to find consistency between
e O, with either M or M, and with g
¢ O, with either M or M, and with i
Consistency was found between
* O;and My since method consists in just declaring whatothjective wants to teach, the method is
obviously consistent with the objective.
0O, and E: the evaluation can be succeeded only when tledeanoves the wooden door in front of
the metal door, changing the beam of light inthia beam of light (that becomes like a ray of ljght

0O 0:

Straight Ray vs.Bean

M; M:

Blinds NPC says O1

E:

Vertical doors

Figure 5.1. consistent relations between proposejectives (O, and O,), methods of teaching (M and M,) and
evaluation strategy (E)

It was impossible for us to draw any of the twoested Leclercq'’s triple consistency triangle. Wieimed our
partners that we thought gamer/learner might faoblpms trying to open the metal door with the warodoor
limited to vertical moves (£ with the formation they have received in maniginigblinds with holes (\) and
hearing a non playing character saying that ligitropagating in a straight line gMWe faced a lot of
problems explaining the situation until we useddhagphical representation of Leclercq’s triangle.



6 State of O — M —E in ELEKTR A ‘s game at the timeof the analysis

Keeping the same objectives we offered 2 new lagrsituations and 3 new evaluation situations withie
game making possible to draw 3 Leclercq’s triaradllewing the partners to choose whatever situabiest fit
with story telling and game flow.

6.1 Objectives

Objectives could not be changed to get consistaiittymethod of teaching or with evaluation stratelgjys
important to note that objectives were classifiad eategorized with Bloom’s taxonomy (1956).

6.2 Methods

Two additional learning situations we proposedpedagogical partner, were

M3z The slope device.
A machine makes marbles rolling down a slope. Wéeolling marble quits the slope, it falls downtbe
ground. The aim of the learning situation is torgevact the gravitational force thanks to wind praed by
a fan and magnet force produced by a magnet, makiclg that the marble goes in a given target. There
are 5 marbles from different materials (wood, ptaston, stone, hollow iron).

M4 Manipulating blinds, screen and source of ligleing able to switch light on/off, having a 2D-view.
Same method as Mbut with the ability to switch the torch light @ff and a 2D-view that reproduces the
life configuration on a 2D map.

We suggested to replace the two previous learntngt®n with those two new methods. In ELEKTRA arfe
the challenges was to avoid the caricature of Ingreoftware where teaching and playing are cletaty
different things. In this respect learning methog(Wbn playing character says to the player théit lig
propagating in a straight line) was to obvioustgaching part. We suggested keeping it in caseilfré of
learning after experimenting with the slope deyide).

6.3 Evaluations

Three new evaluation situations were proposed msistence with the newly created learning methods.

E> Wooden door able to move both horizontally andicalty.
The evaluation with both horizontal and verticaluae of the wooden door would make the experiment
(with blinds) similar to the opening of the metailodl.

E; Choose the drawing that represents the way lighpropagate with the influence of gravity, windd
magnetism.
It is a specific evaluation that will match withzNslope device) and that has to be embedded in the
learning situation itself. Principle is to propdke learner multiple choices questions like “Whasel will
be switched on under influence of magnet and fdmchwtrajectory do you think it will have?”.

E;, A “Yes or No” question related to Ma non playing character says to the player tght Is propagating in
a straight line).
This evaluation does not give the entire guarasheghe is honest (subjective evaluation).

7 Analysis withthe new O - M - E

This work resulted in a representation which offergsual status of the achievements and shortagshthe
learning situation. Objectives, methods and evalnatcan be related with logical links. These liake showing
where we have triple consistency and where we tsmlated elements (objectives, methods or evalostibat
are not linked to O, M, E in a Leclercq’s triplensistency triangle). The existence of a link doaisdescribe
when learning method is rich or poor but only ifitonsistent with an objective or an evaluaticethod.
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Figure 7.1 Four Leclercq’s triple consistency triangle

Figure 7.1 shows that some objectives, methodeaalliations are linked. In order to design coryelethrning
situations we have to take into accotri#gngles meaning consistency between an objective, a rdeghd an
evaluation. So from a situation with no consistebegween objective, method and evaluation, we méat
partners about the problem and designed new legaamd evaluation situations to create consistesiogé¢
objectives are frozen). Four Leclercq'’s triple detency triangles appear in the situation we weop@sing:

1. 0O; M; E,;, a method already implemented into the game

2. 0O; M3 Eg, a new method to be implemented

3. 0O, M4 E; that requires adaptation of;Mnd &

4. 0O, My E; with a risk of not fully evaluating if the objee# is reached

It obviously appeared that Mvas isolated and linked neither to any objectisidl nor to any existing
evaluation, what was considered as a major pedeajqmioblem. We suggested therefore distinguishist
objectives @ and Q, to link them to specific methods of teaching amdluation. We previously explained that

1. itwas not likely that Ecould evaluate the defined objectives,

2. M was a learning situation too complex and coulbe‘tonsidered as the only one learning situation to

reach the objective,

3. M, was generating a learning situation not adaptebde¢@ame-based learning environment.
Communicating with Leclercq’s triple consistendgmigles helped a lot, partners understood the prolhe
ELEKTRA project was facing having,;M; E; as only available situations. It helped as thégmhesl teaching
and evaluation were not bad or good but not likelgsistent with each other. Being able to reprezetuial
situation and propositions with Leclercq’s triplensistency triangles was a major step resolvingptagogical
problem within the game.

Out of the four triangles in Figure 7.1 we consittes of them as significant; they are coloured i@ E;) and
(O, M4 Ey). This means that we think “Understanding thattligropagates in a straight line” {Os likely to be
possible using “the slope device” as teaching nok{iMy) and is well evaluated “Answering NPC’s questions
“amongst these drawing describing trajectories, Whioe will apply when you turn on the ligh{E;). Because
this learning situation includes the first objeetiwe consider it as essential. The second coldueedle
consists of a second learning situation and isdbasghe second objective. It means we agreedtthat
understand the differences between ray of lighttzeaim of light”, the implementation of both the gibdity to
turn on or off the flash light and providing a tapw with comments to analyse what the learner sgiés
transform M into a suitable teaching method. We also agreatiiie evaluation (f will be more consistent
with the teaching method if it was possible to mthwe wooden door the same way the blinds are mo#@gg
adding horizontal moves to the current vertical swwuf the wooden door, we make similar the evalnaind
the method of learning. The introduction of 2D-viduring the experiment (N1 matches with the notion of ray
of light. 2D-view is also an import method of le@agnthat anticipates the next learning units whbeeplayer
will have to represent orbits and planets in a @haew.

The other two are not coloured(®, E; and Q My E;). Despite being consistent we consider them less
significant because
» O M, E4is neither rich nor appropriate regarding ELEKTRAImS;



e 0O, M4 E; is not well evaluated to assume thati©understood.
We suggested that those last two triangles wehereitdapted or removed. Adaptations are proposeltiainging
M, into M, and g into E.

All partners understood well better the situatioerms of pedagogical point of view because wel ase
graphical representation using Leclercq’s triplagistency triangle. For they understood the prolilen
following decision were taken:

« Being designed in 3D, the Mearning situation with the blinds was kept a®agible experimentation.

* It was decided to create bothlEind E situations to cover objective;O

« Learning situation Mwas kept as a backup solution.

* We abandoned the (M, E, consistent triangle because the situation whezewtboden door moves
horizontally is not reflecting the reality and péymay wonder why it would happen like this. The
representation that the player has from a Middle-Agoden door is more conform to an up and down
moving door.

Figure 7.2 presents to situation after the decisiathe partners with two Leclercq’s triple consisty triangles
implemented in the ELEKTRA's game.
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Figure 7.2the two remaining Leclercq’s triangle within ELEKTRA’s game

8 Conclusion

We see Tyler's theory and Leclercq’s model andasgntation as a foundation for reaching pedagogical
integrity and legitimating design interventions aating to learning objectives. The principle of lexcq’s triple
consistency and its operationalization throughBEhEKTRA project allowed both the identification aflack of
consistency between objectives, methods and evahsadnd an efficient communication tool to express
pedagogical point of vue to non-pedagogues. Thiefgrivial: the diagnosis conducted with this ceptual
tool reveals a dramatic threat on the possibilitiearning and on the possibility to have a contrfolvhat is
learnt in the game. Improvement decisions on legrnbntent, learning methods, learning evaluatmrdcbe
taken based on this effort of pedagogical "triaagah”.
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