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Abstract. Based on our observations of Austrian video game software
development (VGSD) practices we identified a lack of systematic pro-
cesses/method support and inefficient collaboration between various
involved disciplines, i.e. engineers and artists. VGSD includes heteroge-
neous disciplines, e.g. creative arts, game/content design, and software.
Nevertheless, improving team collaboration and process support is an
ongoing challenge to enable a comprehensive view on game development
projects. Lessons learned from software engineering practices can help
game developers to increase game development processes within a het-
erogeneous environment. Based on a state of the practice survey in the
Austrian games industry, this paper presents (a) first results with focus
on process/method support and (b) suggests a candidate flexible process
approach based on Scrum to improve VGSD and team collaboration.
Results showed (a) a trend to highly flexible software processes involv-
ing various disciplines and (b) identified the suggested flexible process
approach as feasible and useful for project application.

Keywords: Video games, Software Process Improvement, Flexible Soft-
ware Processes, Scrum, Survey.

1 Introduction

Similar to traditional software engineering projects, video games include pro-
cesses for project planning and control, constructive methods for artifact cre-
ation, and analytical methods for verification and validation purposes [31]. Thus,
lessons learned, best-practices and process improvement approaches, derived
from software engineering, are applicable to video game development. Never-
theless, game development teams have to collaborate in a heterogeneous en-
vironment to enable high-valuable video games [7]. Although video games as
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interactive entertainment software are at the first glance perceived as simplis-
tic, game construction activities include a high level of systems complexity
because of the involvement of various disciplines. Video game software develop-
ment (VGSD) is built on the expertise of computer science fields like computer
graphics, artificial intelligence, systems architecture and interactive systems. In
the last decade VGSD has contributed to the major advancements of high-
performance computing in real-time rendering, propagation of motion-control
in human-computer interaction and the design, development and maintenance
of large-scale cyberworlds. Since video games’ purpose is mainly to amuse and
appeal, their development differs significantly from the construction of typical
utilitarian and engineering-oriented software, i.e. software supporting daily work
(database-supported systems).

Besides technological complexity, VGSD is highly cost-intensive1 and relies on
the involvement of multiple heterogeneous disciplines like arts, engineering and
design. Due to the inherent complexity and isolated domain-specific methodolo-
gies, the games industry suffers from difficulties in workflow integration across
disciplines, requirement elicitation, project scheduling and concurrent develop-
ment for multiple target platforms, i.e. hardware devices. Our previous research
[24] indicates that games industry problems like feature creep and crunch time
(requirements and scheduling issues) are caused by missing underlying structures
like process and applied methodologies. Previous reports, based on a national
survey regarding the state of the practice of video game development in Austria
[24], also indicate that VGSD trends - similar to traditional software development
- to flexible software development approaches [30,28]. Nevertheless, collaboration
of heterogeneous teams is still challenging.

This paper focuses on the analysis of the state of the practice in video game
development in a heterogeneous environment and presents a promising pro-
cess approach for supporting and improving video game development projects.
Additionally, the process promises to increase the support of heterogeneous
teams, frequent changing of requirements, and process and product improvement
approaches.

The remainder of this paper is structured as follows: Section 2 discusses re-
lated work and research areas on VGSD. Section 3 presents the research issues.
We provide a flexible candidate process approach and a first feedback from the
Austrian game development community in section 4. Finally, section 5 concludes
and illustrates future research work.

2 Related Work

This section presents related work in video game software development (VGSD)
and identifies research challenges with focus on collaboration in heterogeneous
teams in game development projects.
1 Digital Battle.
http://www.digitalbattle.com/2010/02/20/top-10-most-

expensive-video-games-budgets-ever (last visited 05/31/2010).

http://www.digitalbattle.com/2010/02/20/top-10-most-expensive-video-games-budgets-ever
http://www.digitalbattle.com/2010/02/20/top-10-most-expensive-video-games-budgets-ever
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Fig. 1. VGSD as collaborative activity of various heterogeneous disciplines

2.1 Game Development

Video games are complex and interactive (software+) systems that require signifi-
cant research2 in real-time graphics, artificial intelligence and distributed systems.
Further,videogamesare entertainmentsoftware thatapplymultiplemodes (graph-
ics, audio, interaction, story and collaborative play) with the objective to immerse
users with interactive experiences by specifically blending these modes [12,16,18].
Figure 1 shows that VGSD relies on various heterogeneous disciplines (arts, engi-
neering, visual design and sound design) in order to create these modes [10].

Land et al. [21] report that existing software engineering standards are appli-
cable for VGSD. Robertson [29] states that the efficacy of disciplines like require-
ments engineering remains still unclear in highly inventive/creative domains.
What makes VGSD further complicated is that the created software does not have
a productive purpose in a narrower sense. From an economic view, products can
be distinguished in products for value creation (utilitarian) and products for no
value creation purposes (non-utilitarian) like movies or music with their major
purpose of entertainment and pleasure [14]. Video games as interactive entertain-
ment software can also be regarded as non-utilitarian software products [26] that
have affective, experiential qualities [9,16,15] which are neither captured by cur-
rent non-functional requirements [9,11] nor by any other means [3,13].

Due to the cross-disciplinary complexity of VGSD and the lack of research in
major areas like requirements, the video games industry faces various challenges
[27].

– Technology challenges include first-mover disadvantage in development of
new technology, integration of external components and the concurrent de-
velopment for multiple target platforms [8].

– Project scope challenges are caused by a missing knowledge about affective
requirements and missing elicitation and validation methods that could effi-
ciently address such requirements [8,9].

– Scheduling challenges consist of hard deadlines due to the season-dependent
nature of video games (Christmas) and of insufficient workflow integration/
orchestration of the involved production disciplines (arts, engineering) [8,9].

2 EU GameTools Project. http://www.gametools.org (last visited 05/31/2010).

http://www.gametools.org
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Technological and project scope challenges lead to an effect called crunch time,
which is a games industry term and describes a significant raise of overtime work
over short to medium term periods [10]. The absence of established requirement
elicitation techniques often promotes a behavior called feature creep. Feature
creep is caused by ad-hoc and frequent adding/changing of game functionality
and a mismanagement of remaining time, available resources and desired product
quality [10].

2.2 Collaboration within Heterogeneous Teams

Various disciplines (artists, designers and engineers) are major challenges in
video game development projects because they have to collaborate and interact.
Video games combine smaller parts into a complex system. Game stories drive
the game through individual episodes, visual and audio effects including complex
user interaction mechanisms, game engines for game controlling purposes, and
hardware components (different target platforms) are the major component of
a typical video game [8]. Nevertheless, domain experts elaborate on individual
parts of the video game applying various tools and methods according to their
role and discipline. A major challenge is to get a common view on the video game,
exchange data across disciplines, and enable defect detection across disciplines
and tool-borders. Similar to complex automation systems [6,23], where various
disciplines have to collaborate to construct software-intensive (software+) sys-
tems, e.g. manufacturing systems [4,22,23] involving mechanical, electrical and
software engineers [5,6], VGSD has to handle comparable challenges [9,27].

Figure 1 presents three selected important disciplines and the overlapping ar-
eas in VGSD. Nevertheless, collaboration requires tool-support for interaction
and data exchange, e.g. cross-border versioning systems supporting software
code and 2D/3D assets (Avid Alienbrain), production management software
(Hansoft), lightweight interaction programming frameworks based on end-user
experience prototyping (Adobe Flex, Microsoft XNA), visual scripting systems
(Epic UnrealKismet) and interactive live previews (Crytek Sandbox2 editor).
These tools support artists, designers and software engineers by point-to-point
integration. Nevertheless, there is no comprehensive integration and limitations
to process support with respect to supporting VGSD.

2.3 Game Development Processes

To our knowledge there are limitations of systematic video game development
processes. Thus, we conducted an initial web-survey in the Austrian games in-
dustry to identify state of the practice and possible future trends regarding
process and method support [24]. The study included 20 game development
studios (small studios with a predominantly staff size of 4 members: 85%, and
large studios with more than 15 staff members: 15%). The response rate of the
web survey was 65%. Basically, we identified a trend to unstructured and highly
flexible software processes.
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Fig. 2. Simple workflow-oriented process for game development

The trend of the survey showed that 23% of the responses do not use any
software process, but develop games ad-hoc. Additionally, we observed that 77%
of the respondents use some kind of flexible process for project management
(Scrum [30]) and software development (XP [2]). An interesting finding was that
no studio applied a traditional software process, e.g. V-Modell 3 or RUP [19].

All studios applied some kind of sequential process approach aligned with ad-
hoc development or flexible and agile process approaches to address the missing
link of heterogeneous disciplines. See figure 2 for the basic components of the
process key elements. Note that isolated process steps are executed in an agile
way, comparable to Scrum. Nevertheless, Scrum focuses on software develop-
ment in small iterations (Sprints) with respect to constructing high-quality soft-
ware products, with limitations to integrating various disciplines, as required by
VGSD.

Figure 2 presents a basic waterfall-like workflow, based on a simple process
model, to illustrate selected involved stakeholders and the impact of changes,
derived from various disciplines. Based on these observations, we see Scrum [30]
as a promising approach for game development application. There is a need to
include heterogeneous disciplines, e.g.creative arts, game designers and software
engineers, in the process model to enable (a) flexible development of video games,
(b) improved collaboration between disciplines and (c) an improvement of video
game development projects.

3 Research Issues

Based on the related work and the identified research challenges, we will focus
on two major research questions.

RQ1: Identification of an agile game development process that fits better to in-
ventive/creative projects with high uncertainties4.

Our previous work indicates that Scrum and agile processes are rather popu-
lar among game developers [24]. Therefore we use Scrum as a starting point and
3 http://www.v-modell-xt.de (last visited 05/31/2010).
4 Emerging markets, emerging technology, little existing research in target domain.

http://www.v-modell-xt.de
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enhance the regular Scrum process regarding affective/aesthetic (non-functional)
requirements to enable consideration and collaboration of various disciplines. In-
troducing a domain-tailored process we expect a reduction of feature creep be-
havior due to more stable requirements and a structured way to better integrate
changes in later project phases.

RQ2: How can heterogeneous teams be integrated in the proposed process?
A particular problem in game development is the integration of disciplines

from non-engineering domains like graphic design, since their unstructured, op-
portunistic workflow differs considerably from the conservative approaches in en-
gineering. Missing tighter multi-disciplinary workflow integration/orchestration
causes workload irregularities (over-/under-production) which leads to effects
like crunch time. The process has to be flexible enough to concurrently support
different workflow styles and implicitly foster cross-collaborative practice.

4 Proposed Process

In the following section we present a process (figure 3) based on Scrum that
is enriched with further elements in order to allow better discipline integration
and workflow scheduling. Basically, Scrum consists of three phases: Pre-Game
(definition of basic systems architecture and collection of customer requirements
and changes within a product backlog), Sprint (iterative development of sprint
log items, i.e. a manageable sub set of prioritized product backlog items) and
Post-Game (delivery of product increments after sprint completion). See Figure
3.a for a schematic overview of the well-established Scrum process.

The proposed processes is separated into three main areas pre-production,
production and project closure. Pre-production is invention-focused and short-
term oriented, whereby production is sustainability-oriented and suited for long-
term development. Pre-production deals with the prototyping of the key game
elements, risk assessment and project requirements. Production covers the actual
implementation and is subdivided into three process timelines: vision loop, sprint
and validation loop. Project closure covers product distribution and the overall
project warp-up.

4.1 Pre-production

The main task of pre-production is to identify possible software project candi-
dates, as well as requirement analysis, risk assessment and general project re-
quirements like financing. Identification of software project candidates is mainly
achieved by applying pragmatic bottom-up approaches like various forms of end-
user oriented prototyping [1] (explorative development, rapid team prototyping
[25]). End-user oriented prototyping provides a mocked version of the possible
end-product sharing almost the same experiential qualities (interaction, graph-
ics, audio). Well crafted experience prototypes are kind of vertical slice through
the intended product that implicitly cover many product subtleties and complex-
ities within comparatively short development time. Combining prototypes with
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Fig. 3. Proposed game development process based on Scrum

formal design and specification methods, e.g. object oriented modeling, can lead
to semi-formal interactive specifications. Such specifications can be used during
implementation to not only cover functional correctness, but also correct end-user
experience. Depending on the project, pre-production can last from few weeks up
to a year and can require up to 25% of the whole development time [10].

4.2 Production

Production receives the complete project package from pre-production and creates
a sellable product within given time, money and quality. The overall production
workflow is based on Scrum, whereby it is separated into the three process time-
lines: vision loop, sprint, and validation loop. Each process has the same sprint
iteration duration. Key stakeholder like lead programmer, creative director or ex-
ecutive producer are not limited to one process, but may be involved in all three.
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Vision Loop

The vision loop is comparable to the product owner in a regular Scrum and
involves technical and creative authorities (lead designer, artists, developers).
It maintains product vision over the project life cycle and manages the prod-
uct backlog. The product backlog resembles a regular Scrum backlog with the
difference that user stories request experience-prototypes in order to clarify am-
biguous affective requirements at early stage. Further, the vision loop receives
test results from the validation loop and maintains them in a change backlog.
Larger product changes are prototyped and carefully evaluated before added to
the backlog. Smaller changes are prioritized and added or discarded. At produc-
tion start up, pre-production hands over the complete project package to the
vision loop which evaluates the project package and creates the product backlog
and preliminary specifications for the validation loop.

Sprint

The sprint sub-process executes a regular Scrum sprint and creates a complete
product increment at the end of a sprint. Integration of heterogeneous disciplines
into a sprint is achieved by inserting discipline-specific sprint workflows which
are run concurrently during a sprint. An example of a sprint workflow for pro-
grammers may be test driven development. Sprint workflows for non-engineering
disciplines like graphic design or level design are harder to create and often in-
volve pull systems [28] or Scrum derivates[17] like Scrum-ban5 [20]. Daily Scrums
are used for coordination across disciplines by involving sprint team members
from all disciplines and to keep the ’big picture’ of all team members updated.
At sprint end a complete product increment has been created. Depending on the
iteration duration of sprint and validation loop, some sprints may pass until the
product is forwarded to the validation loop.

Validation Loop

The validation loop covers product validation, verification and is responsible for
overall quality control and greenlights critical product milestones (public beta ver-
sion, RTM master). Although preliminary testing is already done during sprints,
the complexity of games requires time-intensive testing procedures which would
not fit into a single sprint. Such tests would include: stress tests, balance testing,
user testing, focus group analyses, age rate testing, pre-certification testing, func-
tionality testing, license verification testing. At the end of an iteration, test results
are forwarded to the vision loop for further evaluation and review.

4.3 Project Closure

Project closure is the last process area and covers the distribution of the fi-
nal game as well as retrospective analysis (postmortems), processing of created

5 http://leansoftwareengineering.com/ksse/scrum-ban (last visited 05/31/2010).

http://leansoftwareengineering.com/ksse/scrum-ban
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tools and integration of lessons-learned into the company’s knowledge base. Also,
closing kits are created during this phase. A closing kit is a compilation of final
art/code assets, tools and documentation and is used to create a working version
of the game without assistance from the original development team [10]. Closing
kits are used for patching/modifying an existing game or porting it to another
platform.

4.4 Expected Benefits and Feedback from Game Developers

The proposed flexible process approach, based on Scrum, has been preliminary
evaluated through lively discussions within a national game developer commu-
nity meeting and a set of informal reviews in the local games industry. The
feedback from the meeting and the reviews showed that the proposed process
approach was found reasonable and useful and was classified as a promising pro-
cess for video game development projects. Main expected benefits derived from
the community were:

– The solution approach promise to reduce crunch time due to the concept of
project timeliness.

– The pre-production phase provides sufficient space to teams to elaborate
on potential ideas and takes into account bottom-up approaches like
concept-/prototype-driven design. Such approaches are confirmed by game
developers, and by our own experience, leading to good end-user focused re-
quirements approximation [1] (thus reducing feature creep) at early project
phases [25], but requires seasoned rapid prototypes.

– Game design is not as a single step within a sprint but as a concurrently
running process. This process approach enables frequent changes, continuous
change inclusion and resembles process structures of industries which have
already mastered aesthetics in engineering, like BMW designworksUSA6.
Concurrent running end-user experience centered game evaluation is already
practiced by Microsoft on a large scale for eight years with promising results7.

Observations of the trends in the international games industry8,9 suggest that
the proposed process could be a promising way for future work.

5 Discussion and Conclusion

The previous section demonstrates a game development tailored-process based
on Scrum that can be used to improve workflow integration and collaboration
6 http://www.designworksusa.com/vision/process (last visited 05/31/2010).
7 http://www.mgsuserresearch.com/publications (last visited 05/31/2010).
8 Stanford University’s Entrepreneurship Corner lectures - Electronic Arts.
http://ecorner.stanford.edu/search.html?keywords=EA

(last visited 05/31/2010).
9 IGDA Leadership Forum. http://www.igda.org/leadership/ (last visited 05/31/

2010, coverage temporarily offline. Videos can be made available by the authors at
request).

http://www.designworksusa.com/vision/process
http://www.mgsuserresearch.com/publications
http://ecorner.stanford.edu/search.html?keywords=EA
http://www.igda.org/leadership/
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of heterogeneous game development teams. Separating pre-production and pro-
duction steps can decouple pragmatic invention-focused bottom-up approaches
from a conservative production approach that is suitable for long-term project
cycles. Integration of heterogeneous disciplines is achieved by executing multi-
ple discipline-specific workflows during one production sprint iteration that are
adjusted by daily Scrums. Such an approach enables each discipline to apply
workflows within they are most proficient by concurrently producing in accor-
dance to the pace and demand of all other disciplines. The overall quality of
the created product snapshot is validated within a separated process (valida-
tion loop), optimized for qualitative and quantitative evaluation of multimodal
software. Results are fed back into a synthesis process (vision loop) where the
findings are evaluated and probably lead to artistic, technical and interaction
design changes in the product backlog. Its is important to be aware, that al-
though there are three concurrent timelines, some key stakeholders (e.g. creative
director, art director, executive producers) will be involved in all processes in
order to maintain the ’big picture’.

Preliminary evaluation results derived from discussions within a game com-
munity meeting and selected reviews of game development experts confirmed
feasibility and usefulness of the proposed approach as a promising candidate pro-
cess approach for video game development practices. These first informal results
showed that an extended Scrum approach can increase video game development
practice involving stakeholders from different disciplines.

Nevertheless, future research work is required to (a) elaborate on the pro-
posed process approach in more detail, (b) investigate the effects of integrating
heterogeneous environments in video game development in a prototype study,
(c) evaluate the process approach in a controlled environment and industry to
verify/validate expected benefits more systematically, (d) broaden to the scope
of the survey in a larger context, (e) examination of different cycle times for
vision, sprint and validation loop.
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