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ABSTRACT

Game development is one of the fastest growing industries. Since
games’ success is mostly related to users’ enjoyment, one of the cor-
nerstones of their quality assessment is the evaluation from the user
perspective. According to literature, game scenario constitutes a key-
factor that leads to users’ enjoyment. Despite their importance, sce-
narios are currently evaluated through heuristics in a subjective way.
The aim of this paper is to develop an objective model (i.e., a set of
quality attributes and metrics) for evaluating game scenarios with re-
spect to users’ satisfaction. The proposed model can be applied to
flow charts and character models (i.e., common game scenario repre-
sentation mechanisms). To achieve this goal, we: (a) gathered game
scenario characteristics that are related to users’ satisfaction, (b) pro-
posed several metrics for quantifying these characteristics, and (c)
performed a case study on three interactive scenarios to evaluate the
model. As a result, we developed a three-level model: the first level
includes high-level characteristics (e.g., interestingness), which are
specified in the second level; the third level maps graph-based metrics
to the attributes of the second level. The results of the empirical vali-
dation suggest that in the majority of the cases, the proposed metrics
were strongly correlated with the perceived opinion of evaluators. The
results can be useful to both researchers and practitioners, in the form
of early quality assessment instruments (regarding practitioners) and
future research directions (regarding researchers).
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1. Introduction

Games is a special category of software, which is highly pervasive in
everyday life of young people and forms a very strong industry. Due
to their popularity, and the inherent technical challenges in their de-
velopment, software engineering for computer games is a rapidly
growing research field that attempts to address domain-specific chal-
lenges [3]. One of the major differences of games compared to tradi-
tional software products is that games’ popularity is not related only
to the functionality that they provide, but mostly to the satisfaction/en-
joyment that they offer to their end-users. Naturally, one of the main
key-drivers of video games development is to be entertaining [5]. In
the literature, one can identify various research efforts that aim at un-
derlining the main factors that lead to user satisfaction, and conse-
quently entertainment. For example, Ham and Lee [9], and Paschali
et al. [20], explored the importance of seven high-level game charac-
teristics — namely: Scenario, Graphics, Sound, Game Speed, Game
Control, Character, and Community — in users’ satisfaction, through
two independent surveys. Based on the results of the most recent
study Scenario, Character Solidness and Sound have proven to be the
most important factors that influence user satisfaction [20]. Therefore,
game development teams should focus on improving these game char-
acteristics, so as to boost games’ success, by setting non-functional
requirements related to them. Nevertheless, these factors are rather
vague and their quality assessment has, until now, not received sig-
nificant attention. From studying the literature one can detect sets of
heuristics or metrics for some of them (see Section 2), but not in-depth
quality models, like in traditional software engineering.

To this end, in this study we focus on one of the aforementioned users’
satisfaction factors, i.e., the Game Scenario, and provide a model that
can be used for assessing the quality of interactive scenarios. The rea-
son to focus on game scenarios is that this characteristic is partially
covering the degree to which characters are introduced and interact-
ing. Therefore, by modeling game scenarios we are covering two out
of the three most influential game satisfaction factors. We note that
for this reason during our modeling, special emphasis is placed on the
aspects of scenario design that represent game characters (see Char-
acter Model in Section 3.1). The proposed model, first identifies fine-
grained scenario characteristics that are related to user satisfaction (by
reviewing the literature), and then proposes metrics for quantifying
them. To evaluate the validity of the proposed model we conducted a
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case study on three interactive scenarios, which have been evaluated
by 25 assessors. The main contribution of this study is that, to the best
of our knowledge, this is the first study that proposes an objective
model for assessing the quality of interactive game scenarios.

The next sections are organized as follows: in Section 2, we present:
(a) related work on assessing users’ satisfaction; (b) background work
on the scenario characteristics that have been associated with user sat-
isfaction, and (c) scenario representation approaches. In Section 3, we
present the proposed model, whereas in Section 4 the case study de-
sign that has been used for its validation. The results of the validation
are presented in Section 5, and discussed in Section 6. Finally, Sec-
tions 7 and 8, we present threats to validity and conclude the paper

2. Background Information

2.1 Related Work

Computer games are created in order to entertain their players. Ac-
cording to Ampatzoglou and Stamelos [3], some of the main non-
functional requirements of video games are based on specific users’
satisfaction factors. According to the same study, the research direc-
tion dealing with NFR is the most active one in games’ engineering
research. The most common way for assessing users’ satisfaction is
through the use of heuristics, whereas approaches that estimate users’
satisfaction from metrics are limited. The rest of the section is orga-
nized along these two axes, i.e., heuristics and metrics.

Game Heuristics. Jacobs and Ip organized the preferences (45 heu-
ristics) of rally gamers in nine categories, hamely graphics, sounds,
technical realism, licensing, structure and challenge, stages and cars,
online features, multiplayer features and extras items. Additionally,
they suggest that these categories can be used during game design and
development, as sources of new requirements [10]. Furthermore,
Weibel et al. performed a survey in order to compare the differences
from playing online games against human- and computer-controlled
opponents. The results of the survey suggest that this factor (i.e. play-
ing against human or computer) could lead to different results in terms
of presence, flow and enjoyment [38]. Desurvire et al. formed a set of
heuristics for evaluating the playability of games, and classified them
into four categories, namely game play, game story, game mechanics
and usability [6], [7]. These studies provide specific heuristics, e.g.,
“Player understands the story line as a single consistent vision”, and
evaluated their relevance with 54 gamers. In a similar context, i.e., the
field of game usability, Pinnelle et al. investigated how the game
genre is related to its usability, and the players’ ability to learn, control
and understand the game interface [24]. In a similar line of though,
Piselli et al. concluded that users’ in-game enjoyment is related to
both gamers’ performance and game complexity [25]. Finally,
Rookhuiszen and Theune studied the differences between playful and
serious instructions, with respect to the entertainment that they offer
to the gamer and their efficiency (i.e., clarity and offered guidance).
The results suggested that there are differences between the efficiency
of serious and playful instructions, whereas no differences have been
identified, concerning users’ enjoyment [26].

Game Metrics. In contrast to the plethora of heuristics for game eval-
uation, we have been able to identify only three studies that intro-
duced metrics for a similar purpose. Specifically, Ferreti et al. sug-
gested that the interactivity (number of interactive events) and fair-
ness (guarantee that all players have the same chance of winning,

regardless of their subjective network conditions), consistency (a
shared view of the game state among all the engaged players) and
scalability (assurance that the number of simultaneous players as well
as their geographical distribution will be properly scaled) dimensions,
should be assessed when designing on-line games [18]. Additionally,
Wattimena et al. quantified gaming experience through network met-
rics. In particular they used measured ping and jitter value to assess
the perceived quality of an interactive First-Person Shooter (FPS)
game, namely Quake IV. The results suggested that both metrics are
highly correlated to quality [37]. Finally, Ampatzoglou et al. proposed
the assessment of user satisfaction from 3D scenes, in games and vir-
tual environments, through metrics. Among the metrics, the results of
a pilot experiment suggested that the use of advanced texture effects
and the number of entities in a scene are the most useful metrics [2].

2.2 Scenario Representation Approaches

Although techniques and rules that lead to an effective way of repre-
senting stories have been developed for over a hundred years (e.g.,
books, movies, etc.), in the domain of video games, they have only
quite recently attracted the attention of researchers. In this paper, we
focus on scenario representation based on character models and flow
charts, as proposed by Paschali et al. [21].
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Figure 1: Example character model from the Medal of Honor [25]

A Character Model is a diagrammatic representation of the characters
that are involved in a story/scene, along with their interactions, as de-
scribed by Rolfe et al. [26]. For example, in [26] the authors describe
a scene from the Medal of Honor game, with the following character
model (see Fig. 1). The main notations of the diagram are the charac-
ters of the game (stickmen — e.g., Allied Soldier), their interactions
(continuous lines — e.g., the Player is fighting with Opponent Axis
Soldiers), and their high-level goals (though bubbles — e.g., the goal
of the Civilians is to be liberated and receive support by allies).

Flow Charts may often be included as part of the game design docu-
ment, similarly to those of traditional software engineering. Flow
charts are diagrams that represent an algorithm, workflow or process,
showing the steps as boxes, and their sequence of execution by con-
necting them with arrows. In game development, flowcharts are used
to track [30]: (a) players’ navigation of out-of-game menu options
(e.g., starts anew game or loads a saved one), and (b) areas the players
progress to and from in the game, particularly in level-based games.



Beyond these most obvious applications, flowcharts can be quite use-
ful for visually representing the results of any decision players may
take during a game [30]. In some game genres (e.g., MMOG - Mas-
sively Multiplayer On-Line Games) interactivity is a distinguishing
feature and an attraction for gamers, since participants can change the
state of affairs with their actions. In such games, due to the dynamic
flow of events, gameplay can be resembled to the execution of an al-
gorithm, where elementary actions are defined by game rules, render-
ing the flowchart a fitting means for their representation [30][34].

2.3 Scenario Characteristics

In this section, we present the different aspects of scenarios that have
been evaluated so far in the literature. The goal of this section is the
identification of characteristics, which can be used in the evaluation
of video games and more precisely in the evaluation of their scenario.
An overview of characteristics is presented in Table 1. For each char-
acteristic, we denote its frequency and provide pointers to the studies
that have employed them for scenario evaluation purposes. The re-
sults of Table 1 provide only a coarse-grain estimation of the im-
portance of each characteristic, since they have not been obtained
through a systematic process.

Table 1: Overview of Scenario Characteristic

Characteristic Freq. Reference
Narrative Level 4 [14], [15], [12], and [33]
Re-playability 1 [12]

Interactivity 7 [14], [15], [12], [33], [35],
[32], and [29]

Characters’ Interaction 5 [14],[15],[23], [12], [35].
and [29]

Content 6 [14],[25],[13], [12], [22],
and [33]

Coherence 1 [22]

Originality 1 [22]

Achieved curiosity 3 [28], [29], and [35]

Immersion 6 [36], [12], [33], [28], [29],
and [35]

Desirability 2 [12] and [32]

Narrative Level has been defined as a scenario characteristic that aims
at evaluating the extent to which a game contains an appropriate in-
troduction, sub-goals and ending [12]. Most of the heuristics used for
assessing this characteristic are based on elements such as the game
interface, mechanics, and gameplay. Specifically, Sweetser and Wy-
eth [33] have compiled a concise model of enjoyment in games, struc-
tured by flow, based on the aforementioned heuristics. According to
Macvean and Riedl [14], [15] there are five rules or heuristics (as
originally defined by Koeffel et al. [12]) that should be followed in
order to construct an appropriate narrative structure. For example,
they suggest that a game should be: (a) clear in the way it defines
failure conditions, (b) consistent and (c) respond to the user’s actions
in a predictable manner.

Re-playability has been defined by Koeffel as the ability of a game to
create the desire to the user to play it more than once [12]. In the same

study, Koeffel dedicated more than one heuristic for highlighting the
importance of re-playability (e.g., the first gaming experience should
not disappoint the user, but encourage him/her to accomplish its
goals). This property is frequently referred in the gamers’ community
as “easy to play, hard to master”, based on the Bushnells’ law [4]. We
note that although re-playability is probably influenced by the overall
experience offered by the game to its users, in this paper we explore
the contribution of scenario in the overall desire of the player to play
the game again.

Interactivity is also defined by Koeffel [12] as the ability of the game
to make players feel that they have the control of the characters and
an impact onto the game world. Specifically, players’ actions should
matter and they should shape the game world [14],[15]. By surveying
the literature, we have been able to identify two almost synonym qual-
ity attributes for interactivity: Control [33] (i.e., players should feel
the sense of control over the actions and feelings of their characters)
and Effectance [35], [29] (players should be able to feel that they are
affecting the game world). Finally, Schoenau [32] highlights the im-
portance of interactivity, by suggesting that it is the most important
requirement for continuing playing the game.

According to Macvean [14], [15], Khan [11] and Koeffel [12], game
characters must be interesting and relevant to the story. Despite the
fact that according to Paschali et al. [20] and Ham et al. [9], game
characters and game scenarios constitute different game satisfaction
factors (see Section 1), in this study, we treat them uniformly since
the characters are main units of the game plot. In some cases, the
whole game scenario is built around characters, and their decoupling
is very difficult and could pose a threat to validity. Lankoski [13]
highlighted the importance of believability that supports that: the
game is believable when players are able to interpret the game events
and character actions without much effort. In a similar line of thought,
virtual characters must not damage user’s illusion by irrational behav-
ior or poor response to user input [35], [29].

Story Content is an ingredient, which could drive to interesting stories
[36]. In particular, according to Sweetser, users are satisfied if each
part of the game scenario story is smoothly located in the context of
the overall story [33]. Additionally, Macvean et al. suggest that there
are two criteria for assessing game flow, namely: (a) the game con-
tains interesting and varied sub-goals, and (b) the game is of appro-
priate difficulty [14], [15]. Furthermore, the same studies underline
that stories should be modular in nature and that their content at each
location should be fit to the overall narrative. The same path is fol-
lowed by Peinado [22] and Lankoski [13], who characterized game
quality in eleven components including features which are relevant to
content and flow, such as moral choices and optional side quests [13].
Finally, Koeffel suggests that players shouldn’t be burdened with
tasks that are not deemed as important [12.]. Similarly to traditional
software engineering, Coherence describes how well a sequence of
events is linked. This aspect of story quality is discussed by Peinado
who discusses the linking between concepts, data-type and object
properties [22]. The characteristic of Linguistics, as introduced by
Peinado describe how accurately the in-game texts are written. For
example, every event is related to a rationale cause and effect [22].
Finally, in the same study Peinado discuss story’s Originality, which
describes how different a story is from others [22].

Curiosity is achieved when players become absorbed in what will
happen next. According to Roth triggering users’ curiosity is of



paramount important in the field of entertainment media [29]. Fur-
thermore, Roth [30] and Vermeulen [35] suggest that curiosity can be
measured through user responses to interactive stories. Suspense is
achieved when the players develop hopes and expectations. This char-
acteristic also reflects to uncertainty about the progress [29], [30],
[35]. Immersion is achieved when players feel deeply, emotionally
involved in the story without the sense of time [Sweetser and Wyeth].
The story emotionally transports the player into a level of personal
involvement: scare, threat, thrill, reward, and punishment [12], or it
could be described as the difference between the utility that partici-
pant feel that gains when wins or loses with the dimension of intensity
[36]. This type of dedication is also emphasized by Roth et al. and
Vermeulen [29], [30], and [35]. Players should feel the Continuous
Desire to not stop playing the game [12], which should be driven by
the game itself [32]. We note that the difference between re-playabil-
ity and continuous desire is very thin, and therefore misinterpretations
are possible. Nevertheless, we tried to separate the two terms by ex-
plaining that re-playability is the will of the player to play the game
again (after closing it), whereas continuous desire is the will of the
player to not stop playing the game (i.e., not close it).

4. Proposed Game Scenario Quality Model

In this section, we describe the approach that we propose for predict-
ing users’ satisfaction from game scenarios. As a basis for model ap-
plication, we consider the tailored version of flow charts and character
models, as proposed by Paschali et al. [21]. To tailor flow charts for
designing game scenarios, we propose the use of some additional no-
tations that are useful for the desired representation. Under this tai-
lored representation, the story will be divided into three parts (Expo-
sition, Rising Action, Climax, and Endings), as dictated by the narra-
tive structure. The notations used for the tailored flow charts are:

e Rectangles/Actions represent sequences of actions or events dur-
ing which the player is passive. These sequences are used to set
up the next situation or show the consequences of successful (or
unsuccessful) completion of previous tasks.

e Choice/Fork represent a “free play area” in-side the story, i.e.,
choice. The players can make choices which will impact the un-
folding of the story or other players. As a choice we classify any
action of the player that can alter the flow of events; e.g., solving
apuzzle, can lead to unlocking a completely new path in the game
flow, which would not be revealed to the player, if he/she would
not be able to solve the puzzle or if he/she had lost the battle.

o Filled rectangles/Goals are used to show the goals in the story.

¢ Ovals/Ends denote the endings and starts of the story. The possi-
ble different endings of the story are denoted with white for
“happy ending”, and black for “bad ending”, whereas the start of
the story is denoted with a grey oval. In the special case of games
with only one type of ending (e.g., the game finishes and the
player is provided with a score, so as to compare it with other
players), this end is denoted as a “happy end”. For games that do
not have an obvious ending, e.g., SIMS, there is no ending.

e Arrows are used to show the direction of the flow in the story.

e Swimlanes denote the different parts of the story (Exposition, Ris-
ing Action, and Climax).

The model was supported by a tool, namely UMBRA, which produces

the outcome presented in Fig. 2.
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Figure 2: Designing Game Scenarios in UMBRA

The proposed model is hierarchical and has two levels (see Fig. 3):
the first represents the scenario characteristics described in Section
3.2. The last level corresponds to the metrics that we propose for
quantifying them. At this point it is necessary to clarify that the pro-
posed metrics can be directly calculated from flow charts and charac-
ter models, which according to Section 3.1 are among the most estab-
lished techniques for representing game scenarios. Although, at this
point we do not provide a tool for the calculation of metrics, the auto-
mation of the process is trivial and is included in the authors’ future
research plan. In Fig. 3, quality characteristics are divided into two
categories, with respect to whether they can be quantified by metrics
obtained from flow charts or character models.

Seenario

Figure 3: Scenario Evaluation Model

In particular, quantifiable quality characteristics are denoted with a
transparent rectangle, whereas quality characteristics that cannot be
quantified are denoted with a filled rectangle. In particular, we believe
that Story Coherence cannot be measured from flow charts, in the
sense that it represents the conceptual relevance of game actions and
not their structural interconnection. Therefore, in order for a metric to
be able to capture coherence, a textual representation of game scenar-
ios should have been employed (e.g., through UC descriptions). Sim-
ilarly, Story Originality, which represents the extent to which a story
is different from other stories, cannot be evaluated in isolation. There-
fore, in order for such a metric to be created, data for other stories are
needed, whereas at the same point, again, conceptual information is
needed. Finally, in our point of view, players’ Immersion into a game
is a more high-level characteristic, which is achieved by ensuring
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other properties, for example, in order for a player to be immersed
into the story he must be curious about the outcome of his/her actions,
he/she must be interested in the characters, the narrative structure
must ensure the interest of the player in all parts of the game, etc. To
this end, we believe that a single metric is not able to accurately pre-
dict this aspect of quality. Next, we will present the metrics, which
can be calculated from flow charts and character models. The rest of
the section is organized based on scenario characteristics. Although,
level of narrative is the first quality characteristic in Fig. 3, we discuss
it in the end of the list, since it makes use of all other metrics. As it
can be observed from the following paragraphs, each quality charac-
teristic is associated with multiple metrics.

Re-playability: Based on the definition of the re-playable characteris-
tic, we assume that a gamer would be willing to play a game for a
second time, if the game provides multiple choices and multiple end-
ings. In particular, we assume that games whose outcome is not heav-
ily based on players’ input will not make sense to be played for a sec-
ond time. On the other hand, a game which offers various alternatives
can be considered re-playable, in the sense that the gamer might be
interested in exploring all possible endings of the game. To this end,
we base the evaluation of the re-playability quality characteristic on
two metrics, defined as follows:

Number of Choices, NoC = Cardinality (Choices)
Number of Ends, NoE = Cardinality (Ends)

Interactivity is a quality characteristic related to the response of a
game as a reaction to the movements/actions of the players, i.e., the
sense of control that the player has inside the game. Obviously, this is
an attractive feature for the gamer and can lead to high engagement.
In contrast, the absence of this attribute could make the gamers feel
demotivated for playing the game. By taking the above into consider-
ation we evaluate the interactivity characteristic with the usage of
three metrics, related to choices. The metrics are defined as follows:

Number of Important Choices, NIC = Cardinality(Choic-
esWeight =5)
AVG Choice Importance, ACI = AVG(ChoicesWeight)

AVG Paths after Important Choices, APIC = AVG(Out De-
gree (ChoicesWeight =5))

Characters’ Interaction: Isolated characters cannot play an important
role in the plot of a game. On the other hand, characters that are con-
nected and heavily interact with each other are expected to make the
game more interesting and facilitate user satisfaction. The proposed
metric) for quantifying characters’ interaction is based on the object-
oriented coupling factor (CF) metric, calculated as follows:

Characters CF, CCF = Cardinality (Edges) / (Nozdes)

Content: The content is an important aspect of the game’s story. In
order for a story to provide a rich content to the gamer, it must provide
him/her many possible actions, choices and goals. We evaluate the
content with three metrics, which are defined as follows:

Number of Actions, NoA = Cardinality (Actions)

Number of Choices, NoC = Cardinality (Choices)

Number of Goals, NoG = Cardinality (Goals)

Achieved Curiosity: To ensure that the curiosity of the gamer, and
provided suspense, is safeguarded during the game, we linked this
quality characteristic with metrics related to the possible endings of
the game and the number of choices. In addition to that, we believe

that the number of paths from which a happy ending can be reached
are increasing the suspense of a game, in the sense that a wrong action
does not necessarily lead to a bad ending. The fact that two of the used
metrics for assessing the achieved curiosity overlap with those of re-
playability is due to the relationship between the two quality charac-
teristics, i.e. a game that raises the curiosity of the user is more prob-
able to be played again. Specifically, we linked the degree to which
curiosity is achieved are defined as follows:

Number of Choices, NoC = Cardinality (Choices

Number of Ends, NoE = Cardinality (Ends)

AVG Paths to Happy Endings, APHE = AVG(In Degree (End-
shappy) ) B

Desirability is dealing with the reasons that can make the player to
desire to continue playing the game. In order for a gamer to play a
game for long periods it must offer many actions, and have a large
duration. In addition to that, we believe that also the possible different
paths that the game can take are also related with the will of the gamer
to continue playing the game, as well as the frequency of choices (im-
portant or not). Therefore, in order to assess the desirability quality
characteristics, we use three metrics, which are defined as follows:

Number of Actions, NoA = Cardinality (Actions
AVG Paths after Choices, APC = AVG(Out_Degree (Choices))

AVG Distance between Choices, ADbC = AVG(Distance
(Choices[i], Choices[i+1])), % Choices

Level of Narrative: In order to investigate if the game scenario fol-
lows the desired narrative structure as described by the Freytag’s pyr-
amid (see Section 3.1), we need to take into account all the aforemen-
tioned metric scores in the five phases of the scenario (i.e., Exposition,
Rising Action, Climax, Falling Action, and Conclusion). In particular,
all metrics are expecting to increase between: (a) the Exposition and
the Rising Action phase, (b) the Rising Action and the Climax phase,
and decrease between the Climax and the Falling Action phase.
Therefore, for each metric, we count how many transitions conform
to the aforementioned rules. The idea of calculating a metric, based
on a set of other metrics has been inspired by the reliability property,
as introduced in the 1061 IEEE Standard for Software Quality [1].

5. Empirical Validation

In this section we present the design of the case study [31] that we
have performed for investigating the accuracy of the proposed map-
ping between metrics and quality characteristics. In particular, we
used three interactive scenarios, in the form of interactive books (or
game books), so as to ensure that the rest game satisfaction factors
(e.g., graphics, sound, etc.) do not confound the evaluation. The term
interactive book is used for books that allow the reader to participate
in the story by making effective choices. The narrative branches along
various paths through the use of numbered paragraphs or pages. The
main reason that we performed a case study rather than another type
of empirical evaluation (e.g., survey [23] or experiment [39]) is that
we wanted to test our model in practice, using real scenarios and eval-
uators. In addition, although we have filtered out as many confound-
ing factors as possible, we cannot argue that this study offers the level
of control required by experiments.

Objectives and Research Questions. The goal of this case study is to
evaluate the validity of the proposed model. To achieve this goal, we
decompose it to two research questions:



[RQ1] What is the rate of agreement of interactive scenarios’ evalu-
ators, with respect to the seven scenario characteristics (level
of narrative, re-playability, interactivity, characters’ interac-
tion, Content, achieved curiosity, and desirability) involved in
the proposed model?

Answering RQ1 will allow us to understand which scenario character-
istics are uniformly assessed by independent evaluators. A positive
answer to this question will mean that the specific quality character-
istic is perceived in a similar way by the majority of evaluators, and
therefore an accurate prediction is possible. On the other hand, if eval-
uators do not agree on their evaluation on a specific characteristic, this
will automatically mean that any possible metric cannot achieve a de-
cent accuracy while trying to predict this. Therefore, the answer to
this question can validate if the proposed model has correctly identi-
fied and defined scenario quality characteristics.

[RQ2] What is the accuracy of the proposed metrics in predicting the
satisfaction that a user gets from an interactive scenario, with
respect to the seven scenario characteristics (level of narrative,
re-playability, interactivity, characters’ interaction, content,
achieved curiosity, and desirability) of the proposed model?

Answering RQ2 will lead to either confirming or rejecting the map-
ping between metrics and quality characteristics. A positive answer
for a pair of metrics and quality characteristics will mean that using
these metrics it is possible, at design-time, to predict the user satisfac-
tion that a wide audience will get from a specific scenario. On the
other hand, a negative answer will mean that this quality characteristic
needs further investigation so as to extract other metrics that can pre-
dict its value at design-time.

Case Selection and Unit Analysis. This study is a holistic multi-case
study, in which each interactive scenario is both a case and a unit
analysis. In particular, as cases we selected three interactive books of
small size, namely: “Journey Under the Sea”, “Underground King-
dom”, and “The Cavern of Doom”. The books are part of the same
interactive book family (i.e., Choose your own adventure) and there-
fore we expect that they do not have major differences in the writing
quality, style, and theme. Each book has been read by twenty (20)
subjects in a timeframe of 15-20 minutes (i.e., one hour for the whole
case study). Next, each participant was given a data collection form
in which he/she filled in his/her opinion about the books, as described
in Section 5.3. The subjects have been randomly selected and were of
different ages, nationalities and educational level.

Data Collection & Analysis. For each investigated scenario quality
characteristic (i.e., level of narrative, re-playability, interactivity,
characters’ interaction, Content, achieved curiosity, and desirability)
the subjects have been asked to rank the three stories from the one that
was the most satisfying to the least satisfying. We clarify that subjects
were introduced to the investigated concepts prior to filling the forms
through a presentation given by the first author. The final dataset was
consisted of twenty (20) lines—one for each subject, and fifteen (15)
columns/variables, characterized through an id [V1] as shown below:

Ranking of stories with respect to:
[V2] the level of narrative
[V3] their re-playability
[V4] their interactivity
[V5] the level of interaction between their characters

[V6] the level of content

[V7] the level of achieved curiosity

[V8] their desirability
Predicted ranking of stories with respect to:

[V9] their level of narrative

[V10] their re-playability

[V11] their interactivity

[V12] the level of interaction between their characters

[V13] the level of Content

[V14] the level of achieved curiosity

[V15] their desirability
Variables [V2] — [V8] represent the ranking of stories as provided by
the evaluator, whereas variables [\V9] — [V15] represent the predicted
ranking, based on metrics. To obtain the predicted ranking the three
scenarios must be compared in pairs, with respect to the given quality
characteristic. To compare two scenarios with respect to one quality
characteristic the following steps have to be performed:

e Calculate all metrics associated to the quality characteristic under
study, for both scenarios.

e Identify which scenario excels with respect to each metric.

o Select as optimal the scenario that excels for the majority of met-
rics. In case of tie we consider the two scenarios as equivalent
with respect to the specific quality characteristic.

We selected to use the aforementioned process for combining metrics,
rather than a weighted sum or another mathematical aggregation func-
tion, due to the diversity of the examined metrics. To answer the re-
search questions stated in Section 5.1, we followed the process below:

Agreement between subjects. To check the agreement among the rat-
ings obtained from all subjects, we performed the inter-rater reliabil-
ity analysis. We calculated the average ICC, which represents the av-
erage correlation among all raters, for variables [V1] — [V8].

Metrics prediction accuracy. In order to quantify the accuracy of the
proposed metrics in predicting the satisfaction obtained from interac-
tive scenarios, we used correlation analysis [Field]. The decision to
apply a correlation analysis (Kendall’s tau rank correlation) is based
on the 1061 IEEE Standard for Software Quality Metrics Methodol-
ogy [1], which suggests that a sufficiently strong correlation “deter-
mines whether a metric can accurately rank, by quality, a set of prod-
ucts or processes (in the case of this study: a set of methods)”. Ken-
dall's Tau Distance is used to quantify the similarity between re-
sponses by taking into account the distance between two orderings.
The distance between orderings is calculated as the pair-wise differ-
ences between the two lists. When comparing two orderings of length
3, the minimum distance is zero (0)—both orderings are exactly the
same, whereas the maximum is three (3)—one ordering is the reverse
of the other. For example, the distance between {A B C} and {C B
A} is 3, because the pairs {A B}, {A C}, {B C} are inverted in the
second ordering. Kendall’s tau rank correlation coefficient (y) is used
to measure the association between multiple rankings:

_ numberofconcordantpairs — numberofdiscorantpairs
B 05xnx(n—1)*N

For our study, n = 3 (number of items in the list) and N = 20 (number
of raters). The process is applied to pairs of variables that correspond
to the same scenario characteristic (e.g., [V2] / [V9], [V3]/ [V10]).


https://www.amazon.com/Journey-Under-Choose-Your-Adventure/dp/1933390026/ref=sr_1_1?keywords=journey+under+the+sea&qid=1569744823&s=books&sr=1-1
https://www.amazon.com/Edward-Packard-UNDERGROUND-Adventure-1983-02-16/dp/B001J9UUU6/ref=sr_1_1?keywords=underground+kingdom&qid=1569744847&s=books&sr=1-1
https://www.amazon.com/Edward-Packard-UNDERGROUND-Adventure-1983-02-16/dp/B001J9UUU6/ref=sr_1_1?keywords=underground+kingdom&qid=1569744847&s=books&sr=1-1
https://www.amazon.com/Cavern-Doom-Zork-No-3/dp/0812579852/ref=sr_1_3?qid=1569744708&refinements=p_27%3AS.+Eric+Meretzky&s=books&sr=1-3&text=S.+Eric+Meretzky

6. RESULTS

To facilitate the readability of the case study results, in this introduc-
tory section, we present the metrics calculated from for every story
(see Table 2). The flow charts and character models for all evaluated
stories are presented online. The rest of the section is organized by
research question. We note that due to the fact that this is the first
study that proposes metrics for the quantification of game scenario
quality characteristics, we do not have an extensive comparison to re-
lated work. For the rest of this section we prefer to use the term ‘game
scenario’ rather than the term ‘book scenario’ for referring to the units
of analysis of our case study, so that discussions match the target con-
text, i.e., game development.

Table 2: Story Evaluation
Story | NoC | NoE NIC ACI APIC CCF
1 46,0 | 42,0 019 | 3,28 | 2,06 0,40
2 22,0 21,0 0,05 2,95 2,11 0,52
3 18,0 17,0 0,06 2,77 2,15 0,43

Story | NoG | APHE | NOA | APC | ADbC

1 50 6,0 9,0 2,0 0,2
2 9,0 2,0 47,0 2,0 13
3 9,0 1,0 60,0 2,2 2,0

6.1 Inter-rater Agreement

Regarding RQ1, we calculated the average ICC correlation among the
ratings of the 20 evaluators, by scenario quality characteristic. The
results are summarized in Table 3. In order to interpret the values ob-
tained by the correlation analysis, we use the threshold provided by
Marg et al. [16] (e.g., correlation coefficients between 0.7 and 0.9,
characterize very strong correlations). To visualize the strength of
correlation, in Table 3, very strong correlations are denoted with dark
grey cell shading, whereas strong correlations with light grey shading.

Table 3: Inter-rater Agreement

Characteristic ICC
Level of narrative 0.47
Re-playability 0.92
Interactivity 0.78
Characters’ interaction 0.72
Content 0.64
Achieved curiosity 0.87
Desirability -1.81

Based on the results of Table 3, we can claim that the re-playability,
interactivity, characters’ interaction, and achieved curiosity charac-
teristics are uniformly evaluated in game scenarios by all evaluators,
in the sense that individual ratings are strongly correlated. Addition-
ally, concerning Content and level of narrative the ICC is strong and
therefore, there is enough agreement between raters, so as to assume
that a model is able to adequately predict user preferences. On the
other hand, desirability is having a strong negative correlation among
raters. Therefore, we believe that no model is able to reach adequate

prediction accuracy. Thus, any results concerning desirability should
be treated with caution.

The levels of inter-rater agreement are expected to be influenced by
two main parameters: (a) the abstractness of the concept, and (b) the
accuracy with which we explained the participants each concept. Alt-
hough the first parameter can be characterized as subjective, we be-
lieve that some quality characteristics are by nature concrete and easy
to perceive—e.g., Would you like to play the game again (re-playa-
bility)?—whereas others more obscure—e.g., discrimination of game
scenario phases (Exposition, Rising Action, Climax, Falling Action,
and Conclusion) needed to assess the narrative structure. Concerning
the second parameter, an objective measure of how established a con-
cept is expected to be, is the number of primary studies in which the
concept is explained. For instance, a concept that is highly studied
(e.g., Interactivity) has provided us with more examples of its mean-
ing, and thus it was easier for us to explain it to the subjects. There-
fore, we would expect the frequency of quality characteristics in Ta-
ble 1 (see Section 3) and the Inter-rater agreement (see Table 3) to be
related. However, some quality characteristics like re-playability or
achieved curiosity, although discussed only in 1 study, they exhibit a
high inter-rater correlation. A possible explanation of that is their ease
of perception (see first parameter). The rest quality characteristics are
more or less ranked in a similar order. Thus, this second parameter
can be a solid explanation of our failure to explain the term desirabil-
ity to subjects, i.e., it is discussed only in one study. The most com-
mon reason of misinterpretation was its conceptual relevance to re-
playability, which describes the will to play/read the game/book again
after you close it ones, whereas desirability describes the will to not
close the game/book.

All scenario characteristics, except desirability, present an adequate
level of agreement between raters, and consequently the accuracy of
the proposed model can be evaluated on them. Desirability needs to
be redefined as a quality characteristic, because it is not uniformly
perceived from independent raters.

6.2 Metrics Prediction Accuracy

Concerning RQ2, we first present some descriptive statistics on the
distance between the rating of evaluators and the metrics outcome. In
particular, in Fig. 3.a — 3.g, we present the bar charts for every sce-
nario characteristic: in the x-axis we present all possible values of the
Kendall’s Tau Distance (ranging from 0—absolute agreement to 3—
absolute disagreement), whereas in the y-axis the percentage of their
frequency over the total number of evaluators.

m

H

Frequency
Frequency

1 2 3 "
Distance from Prediction ! :
Distance from Prediction

(a)- Level of narrative (b)- Re-playability



&

Prequency
.
]

Frequency

]

Distance from Prediction

Distance from Prediction

(c)- Interactivity (d)- Characters’ interaction

an

¥
£
H
I l »
w . . . .
o ; 2 s

Distance from Prediction

(e) —Content

H
5

Frequency

¥

' f 3

Distance fran Prediction

(f) — Achieved Curiosity

Frequency

E

I)ista;n:a from I’reﬂi‘ctioﬂ
(9) - Desirability

Figure 3: Descriptive Statistics on Prediction Accuracy per Scenario
Characteristic

The results of Table 4 provide a more fine-grained assessment. Spe-
cifically, in Table 4, for each scenario characteristic, we present the
concordant pairs, the discordant pairs, and the Kendall’s tau rank cor-
relation coefficient for all books. In order to ease the parsing of Table
3, we highlight with dark grey color the strong correlations, whereas
with light grey the moderate correlations. We note that since the pre-
diction that is attempted through this study is considered as highly
ambitious (i.e., assess a purely subjective variable—user satisfac-
tion—from objective ones), we consider correlations > 0.4 as ade-
quate. From the results of Table 4 we can observe that the proposed
metrics are having a strong predictive power (i.e., correlation higher
than 0.4) on scenarios’ re-playability, achieved curiosity, and interac-
tivity. These quality characteristics are among the four quality char-
acteristics for which the assessors had a very strong rate of agreement.
This is a rather intuitive finding in the sense that concerning charac-
teristics for which the opinion of evaluators is not uniform, any model
is highly unlikely to present a strong predictive power. The most evi-
dent example of this category is scenarios’ desirability for which eval-
uators had very diverse opinions (correlation coefficient: -1.81), and

the predictive power of our metrics was almost zero (correlation co-
efficient: -0.06). Another interesting finding by opposing the results
of Table 3 and Table 4 is that the proposed metrics for narrative struc-
ture are the 4th more strongly correlated ones to experts’ opinion, re-
gardless the fact that with respect to the correlation among evaluators,
it was ranked 6th. This fact implies that the predictive power of the
proposed metrics is lowered due to the inherent diversity of the aspect
that we aim at predicting.

Table 4: Metrics Predictive Power

Concordant | Discordant | Kendall’s
Characteristic pairs pairs Tau
Level of Narrative 41 19 0.37
Re-playability 47 13 0.56
Interactivity 42 18 0.40
Characters’ Interaction | 41 19 0.36
Content 39 21 0.30
Achieved Curiosity 45 15 0.50
Desirability 28 32 -0.06

In order to present the extent to which the predictive power of the
metrics is close to the highest possible predictive power, in Table 5
we present: (a) the name of the quality characteristics, (b) the pre-
dicted ordering of stories, and (c) the most frequent ordering of stories
based on evaluators’ opinion. For (b) and (c) we present the percent-
age of evaluators that selected the corresponding ordering of stories
and the Kendall’s tau rank correlation coefficient for this ordering.
The results of Table 5 suggest that for all quality characteristics, apart
from desirability, our metrics pointed out to the most popular story
ordering. Nevertheless, in none of the cases more than 50% of the
evaluators had a common perception of the ranking.

Table 5: Metrics Predictive Power

Predicted Ordering
of Stories

Most Frequent Or-
dering of Stories

Stories K.
Order | Pct. | Tau

Stories K.

Characteristic | Order | Pct. | Tau

Level of C-B-A | 40% | 0.37 | C-B-A | 40% | 0.37
Narrative
Re-playability | A-B-C | 50% | 0.56 | A-B-C | 50% | 0.56

Interactivity A-C-B | 45% | 0.40 | A-C-B | 45% | 0.40

Characters’ B-C-A | 50% | 0.36 | B-C-A | 50% | 0.36
Interaction
Content B-C-A | 35% | 0.30 | B-C-A | 35% | 0.30
Achieved A-B-C | 50% | 0.50 | A-B-C | 50% | 0.50
Curiosity
Desirability C-B-A | 15% | -0.06 | A-B-C | 20% | 0.07
B-A-C
B-C-A

The metrics proposed for Re-playability, Interactivity, and Achieved
Curiosity are strongly correlated to the corresponding quality



characteristics. Metrics for Level of Narrative, Characters’ Interaction
and Content are still in need of improvement (moderate correlation).
As expected, Desirability is not possible to be predicted by any met-
ric, since the raters had a different understanding of the concept.

7. Discussion

The results described in this paper can be considered important for
both game researchers and practitioners. Concerning practitioners, we
expect that the proposed model (see Section 4) will help them to im-
prove the game design process by:

e Evaluating the quality of the game scenario in early develop-
ment stages. Similarly, to software quality assessment, early qual-
ity indicators are cost-efficient for software development compa-
nies. Therefore, the use of metrics that assess re-playability and
achieved curiosity (the quality characteristic that are more accu-
rately assessed by the proposed model) can lead the game design
team to changes in the scenario (e.g., more choices and endings)
that can potentially increase game popularity, with minimized
cost. In particular, the fact that the proposed evaluation is per-
formed on the design phase (i.e., before the start of the implemen-
tation) can help in avoiding changes after the usability testing
phase, which would be costlier for the company.

¢ Providing useful design modeling notations. According to the lit-
erature, the game development processes are usually agile (i.e., in
many cases no analysis or design artifacts are being produced),
and in many cases, no specific development processes are fol-
lowed. The results of this study indicated that some design arti-
facts (i.e., flow charts and character models) can be useful, not
only for designing purposes, but also for quality assessment ones.
Therefore, based on this, we highly encourage game designers to
develop such artifacts, since the obtained benefits are two-fold.

On the one hand, based on the results of this study we have been able
to extract important implications for researchers and identify interest-
ing future work directions, as follows:

e Assessing external quality attributes from internal ones. Despite
the fact that the prediction of external quality attributes (i.e., user
satisfaction) from internal ones is in general an ambitious goal,
the results of our study suggest that is a feasible target for moder-
ate to strong correlations. Therefore, we consider the further ex-
ploration of this field as an interesting direction.

e Improvement of existing model. Although the majority of the ex-
amined quality characteristics have been sufficiently predicted by
metrics, in some of the cases the proposed model needs refine-
ments. In particular, the definition of the desirability characteristic
should be revisited, since it was not uniformly perceived by the
evaluators of our study (very low intra-class correlation, see Table
4). Also, since the achieved predictive power for some quality at-
tributes is only moderate (e.g., Level of Narrative, Characters’ In-
teraction and Content—see Table 5) further investigation in the
selection and aggregation of the associated metrics is needed.

e Replication of the study. As in any empirical study, so as to in-
crease the validity of the results, a replication of the process is
required, especially with respect to the application on real games.
Therefore, we encourage the repetition of the case study with a
higher number of evaluators and scenarios.

e Development of similar models for other quality characteristics.
Scenario is not the only factor that is related to user satisfaction.
Therefore, we highly recommend researchers to build and validate
similar models for other satisfaction factors (e.g., graphics, con-
trols, etc.)

8. Threats to Validity

In this section, we present construct, reliability, external, and internal
validity threats for this study. Construct validity reflects the extent to
which a phenomenon under study is represented by the research setup.
Reliability is associated to the ability of others researchers to repeat
the same process, collect data and reach the same results. External
validity deals with issues rose while generalizing the findings of the
study. Finally, internal validity is related to the identification of con-
founding factors, i.e., factors other than the independent variables that
might influence the value of the dependent variable.

Internal Validity. The proposed study attempted an association be-
tween high level quality characteristics (such as re-playability and in-
teractivity) and particular metrics extracted from game flow chart rep-
resentations (such as number of choices or endings). Obviously, one
cannot claim that the characteristics of interest have a one-to-one
mapping with the selected metrics, a fact which might raise threats to
the internal validity of the study, as other, possibly omitted metrics
might affect the investigated relations.

Construct Validity. Despite the fact that the goal of the study is to
develop a method for assessing game scenarios, the objects used in
this case study have been interactive books and not computer games.
This choice poses a threat to validity in the sense that the intended
context is slightly different than the one used in the research setup.
However, we believe that the choice of interactive books brought an
important benefit to this case study, since it eliminated other con-
founding factors, such as graphics, controls, etc., that could bias the
subjects. In addition to that, we believe that a scenario of a game and
a scenario of interactive book are very close in their nature, and there-
fore any possible bias from this is limited. An additional threat to con-
struct validity was that although the stories belong to the same series,
they have been written by different authors (implying changes in writ-
ing style) and have a different plot. Therefore, some authors might
rank the books, not based on their technical quality, but on their per-
sonal interest in the topic. Nevertheless, we believe that books of the
same series cannot be considerably different, and therefore this cannot
hugely influence the results. Finally, to decrease possible bias in favor
of the last book that evaluators have read, we shuffled the order with
which they were provided the books. Additionally, the selection of
smaller books, would not guarantee its similarity to a complex game,
and therefore would raise additional threats to validity.

Reliability. The process that has been followed in this case study has
been documented in detail in the case study protocol, presented in
Section 5. Therefore, the execution of the case study is reproducible
by any interested researcher. However, a possible threat to reliability
is related to the observed lack of agreement among the participants.
This means, that different evaluators might lead to different scenario
rankings, and therefore different results. Nevertheless, despite the ac-
tual predictive power scoring, the proposed metrics are always
achieving top predictability (see Table 5).

External. Concerning external validity, the generalizability of our re-
sults from the sample to the population is threatened by the small
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sample size of this case study, in terms of evaluators, and books.
Therefore, the replication of this study with a larger number of eval-
uators, scenarios, and in a more realistic context (see implications to
researchers—Section 7) would be valuable.

9. Conclusions

Game Scenario has been reported as one of the most important user
satisfaction factors in computer games. However, current literature
lacks approach for quantifying the satisfaction that users get from
playing games. In this path we developed a model that assesses qual-
ity characteristics of interactive game scenarios through metrics cal-
culated from design documentation. To validate the proposed model,
we conducted a case study on three interactive scenarios, which have
been evaluated by 25 participants. From the aforementioned process
we have validated that the proposed metrics are able to accurately as-
sess the level of quality for three scenario characteristics (i.e., Re-
playability, Interactivity, and Achieved Curiosity), and adequately
predict it for three more (i.e., Level of Narrative, Characters’ Interac-
tion and Content). However, our model was not able to predict the
Desirability characteristic, and therefore either its definition or met-
rics associated with it should be reconsidered. Nevertheless, we need
to note that the task of predicting user satisfaction from design arti-
facts is a hard task, in the sense that in some cases (3 out of 7), even
the assessments of evaluators were not in accordance. Based on the
results of this study we have been able to provide some useful impli-
cations for researchers and practitioners. For example, the proposed
model can be used by practitioners in achieving early assessments of
their game scenarios (through artifacts produced in the design docu-
ments), leading to cost-efficient revisions of games that are not ex-
pected to achieve user satisfaction. On the other hand, researchers are
provided with various potential future research directions.
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