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Abstract

This paper proposes a new approach
for video game evaluation, based on
a hierarchical model of quality cri-
teria, in the framework of the tem-
plate formalism: the latter offers a
principled aggregation methodology
to combine elementary and directly
evaluable criteria into more complex
properties until the global quality
of a game can be assessed. We
propose a structured organisation of
existing video game quality crite-
ria, and its implementation in the
template formalism. The first ex-
periments performed with real data
show this model constitutes a rele-
vant and powerful tool that provides
interpretable assessment results con-
sistent with expert evaluations.

Keywords: template formalism,
video games, computer games, eval-
uation, user testing.

1 Introduction

The intent of this paper is to present an au-
tomatic method to evaluate the quality of
video games. This work is a response to a
need motivated by the increased competition
among game developers. In order to subsist,
game companies have to develop high quality
games, therefore they are looking for efficient
methods to evaluate their games.

There already exist studies about the auto-
matic evaluation of video games, based on
the adaptation of software quality evaluation
[6, 3, 5] or focusing on specific aspects of video
games [1, 12, 13]. Yet these works usually con-
sist of lists of quality criteria that must be as-
sessed. These lists tends to be as complete as
possible, nevertheless there is usually no indi-
cation on how to use these criteria to deduce
an evaluation of the game. When specified,
the quality of the game is defined as the av-
erage quality for all criteria [12] and does not
take into account the complexity and speci-
ficity of each game type.

In this paper, we propose a new model for
the game quality evaluation, based on a hi-
erarchical organization of the criteria, in the
template formalism: this formalism, that was
initially designed for scenario pattern recog-
nition [2, 9, 10], consists in recursively break-
ing up complex phenomena into less complex
ones, until elementary phenomena that can be
directly observed are reached.

In the case of the video game evaluation, the
principle is to decompose the notion of a high
quality game into specific properties, derived
from the existing evaluation heuristics that
may be difficult to assess directly, but that
can in turn be decomposed into more specific
criteria, until directly evaluable criteria are
obtained. This breaking up of notions into a
hierarchy and the aggregation tools to then
combine these concepts make the template
formalism very appropriate in this context.

Furthermore, the template formalism offers
many advantages for video game evaluation:
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first, it allows to integrate linguistic variables,
which makes it possible for the user to explic-
itly name positive and negative aspects of the
game. Thus it gives an intelligible and in-
terpretable evaluation that can be explained,
understood or questioned.

Secondly, our approach to video game evalu-
ation is based on user testing and our goal is
to translate as clearly as possible the intuitive
reasoning of experts. The template formalism
offers fuzzy mechanisms that are particularly
relevant to achieve this aim.

Lastly, video games are usually categorised
into different types. Some of them, like FPS
(First Person Shooter) or RTS (Real Time
Strategy) have very specific and distinct char-
acteristics, and should thus be evaluated dif-
ferently. Therefore the recognition ability of
the formalism which was first used as a sce-
nario recognition tool [2] is central in our pro-
cess. It can be used to distinguish the type
of a game in order to adapt the evaluation
process.

The paper is organised as follows: in Sec-
tion 2, we first present the proposed organisa-
tion of evaluation criteria that are used in the
template formalism. In Section 3, the tem-
plate model for video game evaluation is de-
scribed in more details, along with the cho-
sen aggregation operators and parameters to
be set. Section 4 describes the prototype that
implements these principles, and presents pre-
liminary results obtained for 3 FPS games
through the prototype. Lastly, Section 5 con-
cludes and presents perspectives.

2 Criteria for video game
evaluation

2.1 State of the art

There exist many studies investigating video
game quality. Some focus on the adaptation
of software evaluation heuristics for the game
development [6, 3, 5]. Other consider how
players experience video game through spe-
cific points of view such as game immersion
[1], the player enjoyment [12] or the role of
competition [13].

1568

More generally, game heuristics are usually
organised into four categories: the gameplay
criteria deal with the challenges, problems,
obstacles, puzzles the player faces during the
game. The game story criteria concern the
story, plot and character development. The
game mechanics criteria evaluate the way the
player interacts with the game world and en-
vironment. Lastly the game interface criteria
assess the quality of the set of tools the player
uses to interact with the game.

The practical exploitation of these heuristic
lists is usually not described; when specified,
it appears that the global quality of a game
is computed as the average of the individual
heuristic evaluation [12].

In this paper, we propose a hierarchical model
that provides a structured organisation of the
criteria and makes it possible to distinguish
between elementary properties and complex
ones. Moreover, we choose to distinguish two
types of criteria, depending on whether they
are general and can apply to any video game
(generic criteria) or whether they are depen-
dant of the type of the game (type-specific cri-
teria). In the following, we detail each type
in turn.

2.2 (Generic criteria

The generic criteria are those classically de-
scribed in the literature and mentioned in the
previous subsection. They can be applied to
any type of video game and are, as precised in
Section 2.1, generally organised into four cat-
egories. They correspond to the four main as-
pects to be taken into account for game eval-
uation.

We propose to compile the game heuris-
tics into a precise, well-classified organisation
based on these categories. The overall compi-
lation groups more than seventy criteria, into
seventeen intermediate subcategories and four
categories. Figure 1 details the organisation
of the Game mechanics category, the overall
compilation as well as relations between cate-
gories or subcategories (e.g. some “Controls”
criteria in Figure 1 are related to “Intuitivity”
concepts) are not presented here for readabil-
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Game mechanics

! ARTIFICIAL INTELLIGENCE : :
- Resonable yet unpredictable
- Make effects of Al clearly visible
- Add a small amount of randomness to Al calculation
- Create Al in the mind of the player

CONSISTENT WORLD:

- World is going on with or without the character
- Natural mechanics, real formulas

- Game should react consistently

- Things that look alike should behave alike

- If you see it you should hear it

- Let player actions leave lasting effects

- Make consequences of actions predictable

! CONTROLS : P
i - Intuitive, customizable
i - Default to industry standard settings : :
- Basic enough to be learnt quickly
i - Expandable for advanced options
i - Differentiate interactivity from non-interactivity :
i - Make common actions easiest to perform

- Set up expectations about how the game works and reinforce them

:
- Recognition is movement, silhouette, color, contrast, texture and sound '
:

INTUITIVITY :
- Do not need to read the manual :
- Follow trends set by community
- Enough information to start playing at first launch
- Context sensitive help

ATTRACTIVE WORLD :

- Emotional and visceral immersion
- Visual weenies to draw the player
- Design concentric spaces

FEEDBACK : :
- Immediate
- Use sound :
- Score/status/goal ingame

Figure 1: The Game mechanics criteria

ity reasons. The following example illustrates
the construction process.

Let us consider the following heuristics gener-
ally classified in game mechanics: “Use real
world formulas” [5], “Mechanics should feel
natural and have correct weight and momen-
tum” [6], “The world is going on whether your
character is there or not” [6], “The player feels
as though the world is going on whether their
character is there or not” [3]. We realised that
they are all about the consistency of the world
in the game. So we introduce a subcategory
named Consistent world and two basic crite-
ria: “World is going on with or without the
character” and “Natural mechanics, real for-
mulas”. These criteria contribute to define
and enrich the introduced subcategory. The
template formalism presented in Section 3 in-
cludes aggregation tools to exploit this repre-
sentation.
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2.3 Type-specific criteria

In addition to the previous criteria, type-
specific criteria are introduced to be able to
adapt the evaluation process to the type of
game. These are specific because they char-
acterize a type of game and have to be met
for the type to be recognized. For example,
in the case of a FPS, we realised that the re-
activity of the player actions during the game
has to be very high or that the learning pe-
riod of the controls has to be short. These
two criteria are specific to the FPS type, thus
they will play a major part in the evaluation
of a FPS game as type-specific criteria.

3 Template-based proposed model

As formalism to model the previous hierarchi-
cal structure of the criteria, we propose to use
the template formalism described in [2, 9, 10]
and introduced for scenario pattern recogni-
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High realism

MAX

1.0 0.8

| High graphical quality | | Consistent world |

MEAN

a/ s

World is going on with or Natural mechanisms,
without the character real formulas

Figure 2: The “High realism” template

tion. The general principle of a template is
the breaking up of a complex phenomenon
into a combination of less complex phenom-
ena, until elementary phenomena that can be
directly observed from the data are reached.

3.1 The template formalism

The template formalism is based on a tree
structure. The hierarchical breaking up of
concepts is implemented in the tree using the
usual splitting of one node (parents) into mul-
tiple sub-nodes (children). The process of de-
duction of a node from its children is imple-
mented by a selection of aggregations oper-
ators. In the formalism, weights can be as-
signed to each sub-phenomenon to express its
relative importance during the evaluation pro-
cess. Figure 2 illustrates an (incomplete) tem-
plate using the example given in Section 2.2

and presents two forms of aggregation “MAX”
and “MEAN”.

In the formalism, the leaves of a template are
associated with constraints expressed using a
fuzzy representation. The evaluation of a leaf
is defined as a compatibility degree that rep-
resents the extent to which the constraint of
the leaf is verified. The propagation of these
degrees in the template up to the root infers
the global evaluation.

For example, on Figure 2, the constraint of
the criterion “Graphical quality” is expressed
as “high” and is represented by a fuzzy set
defined on a normalised scale between 0 and
10.
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3.2 The video game template

In the case of video game evaluation, the
root of the template is associated with the
concept of “high quality game” of a certain
type. Leaves are atomic evaluation criteria
that should be understandable by players and
the other nodes are intermediate criteria or
characteristics.

The goal is to evaluate a game described in
terms of elementary properties. This is done
by evaluating the extent to which these prop-
erties match the complex concept, and then
propagating the scores up the tree until its
root is reached.

Thus, the final evaluation of the template de-
pends on the evaluation of the two types of
criteria (generic and type-specific) and the
nodes of the template. Criteria evaluation
and node evaluation are described in turn in
the following subsections.

3.2.1 Criteria evaluation

The template leaves evaluation depends on
their type: leaves representing generic crite-
ria, such as the leaves ‘World is going on with
or without the character” and “Natural me-
chanics, real formulas” on Figure 2, are eval-
uated by a player with a simple mark over
10. It is a very simple way to evaluate a cri-
terion which does not imply any fuzzification
process.

In the case of type-specific criteria evaluation,
we propose to use a more flexible evaluation:
the player is allowed to give either a simple
note (as for generic criteria) or a fuzzy eval-
uation to characterize the criterion. The pro-
cess suggested in the template formalism [2]
to evaluate constraints is the calculation of
a compatibility degrees. Indeed, the type-
specific criteria, such as the “High graphical
quality” leaf on Figure 2 are modeled with
fuzzy sets that represent constraints to be
met. For such leaves, the evaluation is based
on the computation of a degree that indicates
the extent to which the observed game char-
acteristic matches the constraint.

In other words, one must choose a compati-
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v

_A —A S1

—_A —A a-a.—A S2

Figure 3: Isomoto compatibility measure

bility measure S that basically computes the
satisfaction degree between two fuzzy sets A
being the reference set (i.e. the representation
of the constraint in the template) and A" the
set to compare with A (i.e. the player obser-
vation). As exposed in [4], the Isomoto com-
patibility measure [8] is appropriate given the
fact that the measure must intuitively match
the following properties:

1.0<S(A4,4) <1

2. S is increasing with |4 N A'|

3. S is decreasing with |A" — A]

4. S does not depend on |A — A’|

5. S(A,A)Y=0if ANA =10

6. S(A,A)=1ifA/—A=0and ANA"#(
Considering the areas S; = |A N A’| and

Sy = |mAN A'| as illustrated in Figure 3, the
Isomoto compatibility degree is given by:

S
S(4,4) = g0

One can note that this measure is not sym-
metric. Moreover, if A and A’ are non-fuzzy
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sets, the Isomoto compatibility degree is the
satisfiability measure:

AN A
(a4 = A0A] S |

In the case of the “High graphical quality” in
Figure 2 for instance, the criterion “graphical
quality” has been formulated by experts as
“High”. Let’s suppose that the player defines
the graphical quality of the game to evaluate
as “Very high”. The evaluation of this leaf in
the template is then the Isomoto compatibil-
ity between “Very high” and “High”.

3.2.2 Node evaluation

When all children of one node have been eval-
uated, the model performs a node evaluation
as the aggregation of its children values. The
type of aggregation operator for the concerned
node in the template defines the operation.
For example, in Figure 2 a mean calculation is
used to evaluate the node “Consistent world”
from the evaluations of “World is going on
with or without the character” and “Natural
mechanics, real formulas”.

Our choice of aggregation operators was based
on the study in [4] where a methodology for
choosing an operator of aggregation corre-
sponding to the behavior wished for the tem-
plate is described.

Several weighted aggregation operators are
implemented in the proposed model: four
constant attitude operators (minimum, max-
imum, geometrical mean, arithmetical mean)
and a variable attitude operator (symmetrical
sum, [11]). This choice provides a very large
spectrum of possible aggregations in order to
express very different behaviors.

For example, in Figure 2, the aggregation
“MAX” used for the evaluation of “Real-
ism” has an optimistic behavior by taking at
least the highest between the evaluations of
“Graphical quality” and “Consistent world”.
Otherwise, the behavior of the aggregation
“MEAN” has a compensatory effect between
the leaves “World is going on with or with-
out the character” and “Natural mechanics,
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Tags

abarit ingtances

01 Goals multipe, parralle!

02 Goals related ta the stoy

03 Goals should lead to challenges

04 Goals vary activities

05 Goals presented before achievement

0B Gioals [short-long] term

07 Leaming early or before the skill iz needed
08 Learming tuta intsresting, absarbing

09 Leaming dizcovering the story is part of the gar
10 Leaming provide skills

11 Leaming give hints but not too many

IERSIN[] SLIMS MIN (0.0

=1 Pace [lowhigh] [8:8:10:10] MEAN QUAD {10,001
+- Goals [short-long] term [0,03:4] MEAN QUAD [7.0]
+- Reactivity [low-high] [5:7:10;10] MEAN QUAD (3.0)
=1 Leaming [shart-long] [0:0:2:4] MEAN QUAD (5.0)

12 Actions diversity [love-high] [0:0:3:4](3.0)
14 Tutarial [short-long] [0.0;3,4] [8.0]

+- Learning A0 [] MEAN GEO (3.0)
13 Actions complexity [low-high] [0:0:3:4] (7.0)

+1 Realisrn [low-high] [7:7:10:10] MEAN QUAD [10.0)

[Fame properties

W leaves W nodes

58 Challenge fair/do not penalize repetiively for th =]
59 Difficulty no optimal single winning strategy [] (1
B0 Difficuly easy to learn hard ba master [] (0.5)

E1 Difficulty variable rate of difficulty [] (0.8]

B2 &l created in the mind of the plaer [] (03]

B3 &l resonable et unpredictable [ (0.2]

B4 Al zmall amount of randamness [] (0.8]

E5 A effects clearly visible [][1.0)

EE freedom explore [] [1.0]

= Gameplay /10[] MEAN GED [2.0)
- freedom /10[] M& (OR] (7.0]
& A0 MEAN GEO (80)

12 dctions diversity [low-high]

13 Actions complexity [low-high]

14 Tutorial [short-long]

15 Feedback uze sound

1E Feedback immediate

17 Feedback scoredstatus/goal ingame

18 Reactivity [low-high]

19 Congist recognition : moverment, sihoustte, cob
20 Congist actions leave lasting effects

21 Congist things that look alike should behave al
22 Congist et up expectations and reinforce them
23 Congigt world going on without the character
23b Caonsist differenciate interactivity fram nan-inte
24 Sound if vou see it you should hear it

26 Sound relation between sound and themewor
26 Sound relation between sound and action

27 Rendering quality [low-high]

= Stop[] M&X [OR) [2.0)
4 Ston - Pace [| MEAN QUAD (5.0)
- Stow -> Story (] MEAN QUAD [3.0)

= Interface [| MEAN GED [8.0]
+ Contrals /10 ] MEAN GEO [4.0]

- Sto -+ Duteome [| MEAN QUAD (5.0)

+ Stomy -» Characters [] MEAN QUAD (7.0

+- Interface -» Design [] MEAN GEO [8.0)
+- Interface -» Shell [] MEAN GED (B.0)

+- Difficulty/challenge A0 [] MEAN QUAD [3.0]

E7 freedam interact [][1.0]

B8 freedom create [] (07]

B3 freedom choose [][0.6)

70 freedom acquire [][0LE)

Al A00.48)

Congistent world /0[] [0.65]
Controls /10 [] [0.85]
Difficulty/challenge /10 [1[0.82]
Feedback /10 [] [0.78)

Gameplay /0[] (0.7]

Goals /0[] [0.29]

Goals [short-long] term [0:0:3:4] (0.85)
Graphical quality [low-high] [7.7:10:100 (1.0
Interface [][0.91]

Interface -» Design [] (0.9]

Interface -» Shell [] [1.0]

Learning /10 [1(0.0

[1/5[wi) : 0.4 S[wi"ai®¥); 1.8308396011614137) Pace [low-high) [2:8:10:10] (0.87) added to the game

= IFPSMI[] SUMS MIN. [0.0]
processing ; alxpl/als p+all <1 -y]] with gl yl=minfx.y]
-» Story comp @ 07 L [mind @ 07 min2 : 0.09461329811907315)

Launch algoSimple

28 Animation quality [low-hioh] = Learning [shortong] [0:0.3:4] (0.67) =
‘ v 1 3
‘ Add Add instance Remove instarice | Add |
M odifp instance ‘
" Goals [shortlong] teim comp : 0. 57E4780832475899 weight - 07 _ (5(wi] - 0.7 5[wiai?) 0 40206627 30204 76] =

> Leaming [shortiang] comp - [ 87436697331 48529 weight - 09 [S{wil - 1.6 S[wi'aid?) : 1 2280724700234485)
> Fieactivity [lowhigh] comp : 08578631 377537203 weight - 0.9 . [3(wil : 2.5 S [wi‘aié) - 1.8905395011614137)

- Interface comp ; 0.90538E7 018809268 ... [min1 ; 0.9053867018809268 minZ : 005461 329811307315]

LeL

Launch alga |

Figure 4: Screenshot of the evaluator prototype.

real formulas”: a low evaluation of one may
be counterbalanced by the other.

The weight assignment is a mean to take into
account the importance of each criterion, thus
our model can adapt even generic criteria to
the type of the game.

4 Preliminary results

In order to validate our model, we created a
template prototype for FPS video games and
implemented a game evaluator to test this
template.

4.1 Game evaluator prototype

The game evaluator prototype illustrated on
Figure 4 contains a graphic user interface di-
vided into four parts. The left part is used
to define all the criteria of the template, in
other words all linguistic pieces of informa-
tion present in the template have to be set in
this part. The center part provides the func-
tionalities to create the template itself: one
can add or remove nodes and leaves, choose
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the aggregation operators and define weights
and fuzzy sets. The right part contains all the
properties of the game to test. They are eval-
uated by players if they refer to leaves of the
template, otherwise they are deduced auto-
matically by the evaluator. Therefore, during
the process, this part is progressively enriched
with deduced properties until the root of the
template is reached. The last part, on the
bottom of the interface, is used to launch the
evaluation process and visualise debugging in-
formation.

4.2 Experimental results

4.2.1 The FPS template

A FPS template was created and built into
the evaluator. Its structure was adapted from
the hierarchical game heuristic compilation
presented in Section 2.2 in order to fit the
characteristics of the FPS type. For example,
the categories Game story and Game Inter-
face were kept unchanged whereas the cat-
egories Gameplay and Game mechanics were
modified or reorganized into new ones. A par-
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Table 1: Video games assessment obtained from the template-based proposed approach for 3
FPS games: (left) ”Bioshock” (Take 2 Interactive, 2007), (middle) ”FarCry” (Ubisoft, 2004)

(right) ”Half-Life 2: Episode 2” (Valve, 2007).

Bioshock FarCry Half-Life 2: Episode 2

Criteria ‘ Evaluation || Criteria ‘ Evaluation || Criteria \ Evaluation
Gameplay 5.7 Gameplay 8.0 Gameplay 7.0
Interface 7.3 Interface 6.7 Interface 9.1
High pace 9.0 High pace 8.9 High pace 8.7
Realism 7.0 Realism 7.9 Realism 9.1
Story 7.3 Story 6.0 Story 7.0
’ Global ‘ 8.5 H Global ‘ 8.4 H Global ‘ 8.9

tial view of this template is presented in the games. For example, the ”Story” score for

center part of Figure 4.

4.2.2 Obtained results

Tests through interviews of experienced
players were performed for three different
games:  “Bioshock” (Take 2 Interactive,
2007), “FarCry” (Ubisoft, 2004) and “Half-
Life 2: Episode 2”7 (Valve, 2007). Players were
asked to evaluate the elementary properties
defined in our FPS template. These infor-
mation were fed into the game evaluator that
then computed a global assessment about the

quality of the game.

The obtained results are presented in Table 1;
for each game, the global evaluation is de-
tailed by five intermediate marks: “Game-
play”, “Interface”, “High pace”, “Realism”
and “Story”. They represent the last series
of nodes leading directly to the root of the
FPS template.

These three games received very good criti-
cisms by video games journalists. The aver-
age rating is over 8.5 for these three games
[7]. Our results perfectly reflect this general
sentiment as the evaluator returned scores be-
tween 8 and 9.

The evaluation of “High pace” and “Real-
ism” for the three cases is particularly high.
We consider these aspects determinant in the
quality of FPS games and this result matches
our expectations. The scores for “Gameplay”,
“Interface” and “Story” are variable. They
reflect positive and negative aspects of these
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Bioshock overtaking the one for FarCry is con-
sistent with specialists assessments [7].

5 Conclusion and perspectives

The model proposed in this paper for eval-
uating video games proves to be a powerful
tool to assess the quality of video games: pre-
liminary tests on FPS games lead to results
consistent with expert opinions.

Furthermore, the system offers an inter-
pretable global quality, that can be followed
back at several detail levels, thanks to its
representation into a hierarchical structure.
The use of linguistic variables makes the con-
straints and internal nodes understandable.
It follows that every intermediate result of
the evaluation process can be interpretated.
Moreover, its advantages also comprise its
flexibility, due the possibility of modifying
e.g. the relative importance of the criteria,
through the weighting coefficients or through
the aggregation operators. Thus, video game
experts have a complete control on the sys-
tem as they have the opportunity to justify
the overall process or on the contrary modify
it.

The quality of the obtained results depend
on the built template, which in particu-
lar requires the determination of its global
structure, aggregation operators and possibly
weighting coefficients. This construction step
is a complex one; perspectives of this work
include the development of methods to auto-
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matically build the templates. In particular
they could be based on a preliminary machine
learning step, aiming at extracting common
or typical properties of good and bad video
games respectively.

It can be noticed that the prototype built for
FPS games already provides a firm ground for
building templates for other game types. Nev-
ertheless, further studies should be conducted
with the help of video game experts and users
in order to validate and complete our crite-
ria classification. Moreover, one can imagine
building a template specialized e.g. on er-
gonomic criteria and compare the results with
existing ergonomic evaluations.

Another perspective aims at interfacing the
proposed evaluator with physiological mea-
surement systems: the idea is to replace some
scores directly provided by the player answers
with information deduced from her physiolog-
ical state. For example, criteria involving the
player interest in the story could be derived
from heart rate measures recorded at appro-
priate moments of the game. This approach
should make it possible to further reduce the
quantity of questions the player has to answer
and possibly gain objectivity.
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