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Ubisoft’s game designers successfully used autonomous tools 

to develop an innovative virtual world. The authors discuss 

the reflective practices underlying this success and how 

autonomous tools enable more complex system design.

Designers increasingly use autonomous tools 
while executing design tasks.1-3 These tools 
employ artificial intelligence (AI) and related 
algorithmic methods including machine 

learning, pattern recognition, meta-heuristics, and 
evolutionary algorithms to generate artifacts that can-
not be created by most—or any—humans. The level of 

autonomy varies, from tools that generate results from 
the input of designers that cannot be fully anticipated 
by those designers, to more granular tools that improve 
human performance and learn as they go. Generally, 
autonomous tools let designers explore design spaces 
across a wide range of parameters, enabling them to 
produce complex and complete outcomes. Such tools 
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have given rise to various novel design 
approaches such as procedural gener-
ation,4,5 procedural modeling,6 and 
computational creativity.7

Autonomous tools reshape design 
processes. Tasks formerly conducted by 
human designers are delegated to tools 
that, in turn, redefine those tasks. The 
process is iterative.  To understand how 
to use these tools effectively, designers 
constantly evaluate the outcomes that 
the tools generate. The designers fur-
ther develop and adjust the tools, and 
make new decisions about them. In this 
way, autonomous tools invite design-
ers to steer design processes mindfully 
in their effort to generate novel and 
useful outcomes—what Donald Schön 
calls reflective practice.8 

In this article, we examine a set 
of reflective practices that emerged 
during the creation of a new, large-
scale action adventure game called 
Tom Clancy’s Ghost Recon Wildlands by 
Ubisoft, a major video game developer 
and publishing company. Through-
out the development process, Ubi-
soft’s designers used autonomous 
tools extensively to generate signif-
icant portions of the game’s unusu-
ally large world. The tools, combined 
with human ingenuity and crafts-
manship, created detailed, custom-
ized, and innovative game features, 
allowing the developers to explore 
wider solution spaces. We conclude 
by addressing how organizations and 
designers can embrace new kinds of 
human–machine interactions offered 
by autonomous tools. 

THE PROMISE OF 
AUTONOMOUS TOOLS: 
SCALE, ITERATION, 
CREATIVITY
Designers leverage autonomous tools 
to achieve benefits that accrue from 

scale, iteration, and creativity afforded 
by such tools. 

Autonomous tools can execute large 
volumes of repetitive tasks and scale 
easily when design tasks increase in 
size and scope. Contemporary video 
games need to provide large amounts 
of content within open world settings, 
across which the game is played. Such 
large-scale virtual environments can-
not be developed without autonomous 
tools, given the resource constraints 
under which commercial game devel-
opers operate. Autonomous tools render 
development processes more efficient 
and encourage the exploration of larger 
design spaces, which in turns leads to 

the generation of new kinds of design 
outcomes at unprecedented scales. 

Autonomous tools also allow for an 
increased number of iterations. They 
generate and test a larger scope of 
design alternatives than is otherwise 
possible. Iteration forms an essen-
tial feature in designs where creativ-
ity matters and multiple potential 
solutions to a given problem need to 
be explored. Designers use autono-
mous tools to experiment with new 
versions of the game, test numerous 
combinations of suggested game ele-
ments, and explore varying aspects of 
the design space. 

Finally, by off-loading repeti-
tive tasks onto autonomous tools, 

designers can shift their focus toward 
the creativity needed for aspects of the 
design that demand human judgment 
and sensibility as well as customized 
solutions. As autonomous tools gen-
erate additional content by actively 
participating in the design process, 
designers can choose different evalu-
ation criteria and introduce additional 
dimensions to the design—often 
resulting in surprisingly creative out-
comes. In video games, for instance, 
they can create more immersive user 
experiences by aligning narratives, 
visuals, environmental settings, 
and the overall tone of a particular 
scene or situation. Designers can thus 

focus their attention on those fac-
ets of the game where their creativity 
will achieve the highest impact with 
regard to developing richer user expe-
riences, such as detailing the settings 
where players will spend large propor-
tions of their time. 

These three characteristics are 
complementary and mutually rein-
forcing, promoting superior design 
outcomes. Such benefits, however, are 
not guaranteed. To be successful using 
autonomous tools, designers must 
revamp their understanding of system 
design and revisit assumptions about 
essential capabilities. They also must 
change how they organize and coordi-
nate design projects. 

DESIGNERS LEVERAGE AUTONOMOUS 
TOOLS TO ACHIEVE BENEFITS THAT 

ACCRUE FROM SCALE, ITERATION, AND 
CREATIVITY AFFORDED BY SUCH TOOLS.
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DESIGNING GHOST 
RECON WILDLANDS WITH 
AUTONOMOUS TOOLS
In 2012, a small team at Ubisoft Paris 
was tasked with developing a new 
video game for the highly success-
ful Tom Clancy’s Ghost Recon tactical 
shooter franchise. Ghost Recon Wild-
lands was to feature an unusually 
large game world, modeled on real-
world Bolivia, within which the user 
could freely move and explore. The 
world-building design team eventu-
ally grew to more than 50 people, but 
this was still relatively small com-
pared to the industry practice for this 
type of game. It was the first major 
Ubisoft project to extensively leverage 
autonomous tools. 

Designers handcrafted detailed ele-
ments in the game world while algo-
rithms procedurally generated most of 
the background content. This arrange-
ment permitted the team to focus on 
creative tasks in lieu of mechanical, 
repetitive tasks. The tools would, for 
instance, generate large amounts of 
detailed terrain; then the designers 
would modify the terrain further and 
generate additional detail for each set-
ting. The Ghost Recon Wildlands design-
ers were not excluded from the creative 
design process, but their role changed. 
The design effort now included under-
standing how tools could be used in 
terms of what parameter settings were 
available, and experimenting with 
the tools until a satisfactory outcome 
was achieved. These activities had to 
be integrated with traditional man-
ual design activities, which evolved in 
parallel because many key areas of the 
game world continued to be designed 
manually.

The development process inte-
grated autonomous tools and human 
craftsmanship, and called for selecting 

and developing appropriate tools and 
models that would align with the game 
concept. To this end the design team 
built an infrastructure model that 
included systems for terrain erosion, 
roads and railway lines, vegetation, 
placement of rocks, rivers and streams, 
cave networks, villages, traffic signs, 
and power lines—each associated with 
a specific set of modeling rules. These 
tools were built primarily with the pop-
ular 3D modeling software Houdini,9 
complemented by several proprietary 
in-house tools. The autonomous tools 
used a variety of intelligent methods 
such as pathfinding, fluid dynamics, 
and packing algorithms.

A key challenge in this step was 
figuring out how to manage interde-
pendencies among various tools. 3D 
games involve a multitude of inter-
connected game elements—visual 
elements including terrain, vegeta-
tion, roads, and so on but also logic 
elements such as probabilistic, con-
ditional trajectories for AI vehicles 
or non-playable characters (NPCs), 
among others. To address this chal-
lenge, Ubisoft introduced subtractive 
workflow, where those parts of the 
game world not affected by a change 
were automatically excluded from 
design activity. Designers could focus 
on selected elements and then, over-
night, the automated tools would col-
lect information about related assets 
such as rocks and vegetation, check for 
interdependencies, exclude irrelevant 
parts, and update the changes to ren-
der the entire game world anew.

The autonomous generation of 
the road network within the game 
world provides a good illustration of 
how autonomous tools were used to 
design content essential for playing 
Ghost Recon Wildlands, but that did 
not require the creativity of human 

designers. Having the road network 
built by an autonomous tool freed up 
development resources to focus on 
other parts of the game, such as vil-
lages connected by those roads. At the 
same time, roads had to meet criteria 
such as not exceeding a certain steep-
ness. After some experimentation, the 
design team used a tool to compute 
the trajectories of roads and associ-
ated terraforming. Figure 1 shows how 
the terrain evolved as a road network 
was added algorithmically based on a 
select set of defined waypoints across 
the terrain. Similar autonomous pro-
cesses were used to generate other 
basic game elements such as vegeta-
tion, as well as more complex elements 
such as villages. 

The illustration highlights how the 
design team integrated manual and 
automated design, and balanced auto-
mation with design craftsmanship. It 
also highlights how scale, iteration, 
and creativity are interconnected 
characteristics of using autonomous 
tools—such tools allowed for the build-
ing of a large network of major and 
minor roads (scale), but this genera-
tion required the designers to run mul-
tiple tests and modify the algorithms 
used (iteration), while the largely auto-
mated process let the designers focus 
on creating immersive user experi-
ences elsewhere (creativity). Gener-
ally, the designers handcrafted those 
elements of the game that involved 
intensive user interaction and immer-
sion. Repetitive and mechanical tasks, 
such as the generation of generic con-
tent in backgrounds, were automated. 
In such a hybrid model of design, tools 
and designers jointly generate the out-
come for a given problem space. The 
success of this process depends on 
implementing new, reflective design 
practices that can support each specific 
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task that emerges within the hybrid-
ized form of design.

REFLECTIVE DESIGN 
PRACTICE
Great designs involve a form of reflec-
tive practice8 where the designers 
engage in an iterative conversation 
between themselves and the different 
ways in which they represent poten-
tial solutions. Designers continually 

reflect on their experiences, advance 
different formulations of the problem, 
and explore alternative avenues to 
solve them through novel designs. This 
reflective practice takes different forms 
when using autonomous tools, requir-
ing the confluence of

›› choosing and developing tools,
›› using tools to iteratively develop 
design outcomes, and

›› constantly reflecting on both 
the outcomes of the tool and the 
capabilities and adequacy of the 
underlying infrastructure of 
tools.

Autonomous tools act, at least par-
tially, independently of the designer, 
and reflection occurs in relation to 
both the designer’s activities and the 
tools used—for example, reflectively 

FIGURE 1. Algorithmic generation of a road network based on a set of defined waypoints in Tom Clancy’s Ghost Recon Wildlands. Sim-
ilar autonomous processes were used to generate other basic game elements such as vegetation, as well as more complex elements 
such as villages. (Image: Ubisoft)
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constructing local theories of the 
tools’ behavior. Table 1 summarizes 
key activities that occur in reflective 
design practice using autonomous 
tools, exemplified by illustrations 
from Ghost Recon Wildlands.

The use of autonomous tools in sys-
tem design involves a shift from man-
ual craftsmanship toward tool design 
and orchestration: selecting, designing, 
configuring, and administrating these 
tools. Designers who can use, evalu-
ate, and create such tools are in high 
demand. This does not necessarily 
mean that designers must understand 
a tool’s inner workings (for example, 
the machine learning algorithms), but 
they have to understand what the tool 
does and what input is transformed 
into what output. As tools autono-
mously develop design elements that 
are then combined with manually 
generated elements, multiple manual 

and autonomous tools must be orches-
trated. This orchestration involves 
conceptual aspects such as assessing 
interdependencies among design ele-
ments, as well as technical aspects 
related to input and output formats 
of content generated by the tools. At 
Ubisoft, a small team developed and 
orchestrated an entire infrastructure 
of tools that allowed the team to build 
a complex game.

As the focus shifts away from man-
ual design work, designers must excel 
in using autonomous tools. Specifi-
cally, they must understand how vary-
ing parameter settings lead to differ-
ent results, and how those results can 
be integrated with other elements of 
the final product. Parametrization, exe-
cution, and evaluation are interrelated 
activities that replace manual crafts-
manship for separate design tasks. 
Designers can influence the design 

process through setting parameters, 
instead of handcrafting elements of 
the design artifact, and can exper-
iment quickly with multiple alter-
native settings. This represents an 
alternative approach to traditional, 
manual design tasks. Experimentation 
involves testing how different param-
eter settings impact the design out-
come, and therefore the designer needs 
new skills to evaluate intermediate 
outcomes across the design process. 
Traditionally, designers evaluate the 
outcomes of their own manual activ-
ity; now, they must evaluate what the 
tool has generated. In the case of Ghost 
Recon Wildlands, the designers evalu-
ated multiple game elements such as 
road networks, but such road networks 
were then combined with other game 
elements, and the emergent game 
world was also evaluated holistically 
by each designer. Moreover, given the 

TABLE 1. Reflective design practice for succeeding with autonomous tools.

Design activities Description Illustration from Ghost Recon Wildlands

Tool design and 
orchestration

Design teams shift the focus toward developing and integrating 
autonomous tools to contribute synergistically to the design product.

Autonomous tools generated different elements 
of the game world and had to be orchestrated. 
A “subtractive workflow” allowed individual 
designers to focus on their individual tasks while 
providing for the integration of various tools as 
well as rendering the whole game world and 
associated interdependencies.

Parameterization, 
execution, and 
evaluation

Designers must understand how to specify parameter inputs, run the 
tool, evaluate the output, and make decisions on subsequent parameter 
settings and experiments based on reflection and learning.

Designers working with an autonomous tool for 
generating vegetation had to understand how 
input parameters of different kinds of shrubbery 
and foliage match with the surrounding terrain.

Reflection and 
learning

Two basic types of reflection address (a) use of the tool and (b) tool 
design and orchestration:
Designers reflect on the results of the tool in-design—this process can 
result in changes to the design process, for instance, in the levels of 
various parameters set in the autonomous tool.
Designers learn about the tool design, including the assumptions that 
are embedded in the tool—this process can result in changes to the tool.

Designers learned how to use a variety of tools, 
for instance, to generate vegetation (what 
combinations of parameters lead to successful 
outcomes).
Tools were adjusted and further developed in 
accordance with what designers expected.
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large number of possible variations, 
automated evaluation that eliminates 
infeasible designs and promotes feasi-
ble and novel designs streamlines the 
evaluation task. 

Such iterative parameteriza-
tion, experimentation, and evalu-
ation requires designers to embark 
on reflection and learning that occurs 
at two levels: learning about the tool 
in-design and learning about the tool 
design and orchestration. Based on 
the evaluation of the results of using 
autonomous tools, designers learn 
about the process of using the tools, 
thereby gaining an improved under-
standing of what parameter settings 
lead to what results, and how these 
results align (or not) with other design 
elements. While learning about the 
tool in-design can solve specific design 
issues through making specific design 
decisions, and help individual design-
ers as well as the design team to iter-
atively develop solutions, there are 
occasions where the design team is 
confronted with novel constraints—
that is, the tools cannot realize the 
design vision. The team can then 
change the tool design, and revise 
the assumptions embedded in the 
tool. In the case of Ghost Recon Wild-
lands, the design team started with no 
autonomous tools, but over time they 
developed an entire infrastructure 
of such tools including tools not for-
merly autonomous but enhanced with 
autonomous capabilities during devel-
opment. This resulted in a new form 
of hybrid human–machine learning10 
that requires tools to continually be 
aligned and realigned with the design 
team’s mental models.

Figure 2 illustrates the confluence 
of key activities in reflective design 
practice when autonomous tools are 
used. First, designers chose, develop, 

and orchestrate tools. These tools then 
need to be parameterized to run multi-
ple experiments. As designers reflect 
on use of the tools, they may change 
how they use them (what parameters 
they set) or even go back to tool design 
and orchestration. Together, these 
activities allow for large-scale projects 
as the tools generate content through 
multiple, parallel experiments, even-
tually freeing up designers to focus on 
creativity-intensive work.

BROADER IMPLICATIONS—
WHO WINS AND WHO 
LOSES?
The interaction of human craftsman-
ship and autonomous tools offers 
novel opportunities in terms of scale, 
iteration, and creativity for design 
with important implications for both 
designers and the users of the result-
ing systems. Designers can explore 
larger spaces and generate solutions 
that would not have been possible with-
out the use of autonomous tools. More-
over, they can do so at a rapid pace. 
Users can enjoy designs of unprece-
dented scale. In the case of video games, 
they can immerse themselves in worlds 
characterized by vastness (enabled 
by the generation of content through 

autonomous tools) and a rich user expe-
rience (enabled by the increased cre-
ativity of human designers).

These results do not come free. They 
require changes to how designers and 
design teams approach design, and 
therefore require that designers build 
new capabilities. Further, a good deal 
of activity can now be carried out by 
autonomous tools and remains largely 
black-boxed. In this setting human 
designers still play a primary, leading 
role. This hybrid model of human–
machine system design also comes 
with several challenges related to

›› finding an appropriate bal-
ance between automation and 
craftsmanship,

›› the training and capabilities of 
designers, and

›› the organization of design work.

To be successful with autonomous 
tools, designers and design teams 
must identify what types of work can 
be effectively automated, as well as 
whether the results meet expectations 
set at the outset of the design process. 
It is likely that design activities where 
intuition, creativity, and unexpected 
associations are crucial will be carried 

EvaluationExecutionParameterizationTool design and
orchestration

Re�ection and
learning about tool design

Re�ection and
learning about tool in-design

FIGURE 2. Activities of reflective practice in designing with autonomous tools. The 
confluence of these activities allows for large-scale projects as the tools generate content 
through multiple, parallel experiments, eventually freeing up designers to focus on 
creativity-intensive work.
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out by human designers, while repet-
itive activities characterized by scant 
creativity are increasingly automated. 
Usually the few elements most import-
ant for user experience and immer-
sion must be handcrafted while the 
generation of peripheral content can 
be automated. Design teams must 
continuously make decisions about 
what elements need to be handcrafted 
and what elements can be automati-
cally generated. These decisions have 
far-reaching consequences for both 
the design of autonomous tools as well 
as the final outcome of the design pro-
cesses themselves.

The role of designers—and thus 
their training and capabilities—is also 
changing. Designers envisioning arti-
facts must interact with autonomous 
tools in ways that help them realize 
increasingly ambitious design visions. 
In some cases the designers may 
become further removed from manip-
ulating actual artifacts, but this also 
enables them to create new artifacts. 
Designers need the skills to evaluate 
complex results generated by a tool to 
understand how the outcome relates 
to the tool’s input parameters and 
setup. Organizations are challenged to 
provide ample opportunities to adopt 
and develop new design practices, 
and those that appreciate the careful 
balance between human craftsman-
ship and technology innovation will 
succeed. At the same time, univer-
sities must attend to these forms of 
design across various fields, includ-
ing software development and many 
other design disciplines. The amount 
of design work carried out by humans 
in cooperation with autonomous tools 
will only increase. 

Finally, use of autonomous tools 
requires rethinking how design activ-
ities are organized. Successful design 

teams will shift attention toward build-
ing and orchestrating tools, but this 
process must be aligned with the pri-
mary design process, leading to new 
learning processes centered on the 
tools. New types of iterations between 
building tools and carrying out proper 
design work will emerge. Companies 
that do not use autonomous tools will 
lose out to better-prepared competitors, 
while organizations that blindly trust 
tools and do not continuously reeval-
uate tool interactions with human 
designers will fail. Organizations 
must not only build strong tools but 
also encourage exploratory learning 
by designers with regard to tool design 
and how to use tools in-design. 

THE ROAD AHEAD:  
MACHINE LEARNING AND 
INCREASED AUTONOMY
Autonomous tools provide unprec-
edented opportunities for creative 
problem solving in multiple design 
domains ranging from game design, 
architecture, and mechanical engi-
neering to semiconductor chip design. 
Succeeding with autonomous tools in 
system design calls for new compe-
tencies in building and orchestrating 
tools and a reorganization of design 
processes, as well as a good under-
standing of where autonomous tools 
can be used and where they should 
not be used. In sum, the integration 
of autonomous tools into design pro-
cesses leads to questioning long-held 
assumptions about design as a process 
of manual craftsmanship.11 Future 
designers must rethink their role in 
the design process that used to center 
on them but is now increasingly cen-
tered on the use of autonomous tools. 

While important elements of a 
design artifact can be generated using 
autonomous tools, it is clear that the 

role of the human designer will not 
disappear, but rather is changing. 
Elements of manual craftsmanship 
remain important as designers can 
now focus on high-impact aspects of 
design that require intuitive capacities 
such as how to shape and understand 
user experiences.

The autonomy of tools can vary and 
largely depends on the tool’s ability 
to learn. In the Ghost Recon Wildlands 
project, tools were mainly used to gen-
erate content such as using a pathfind-
ing algorithm to create a road network. 
The next step is to make use of machine 
learning as an approach to learn from 
existing datasets, thereby increasing 
the tools’ autonomy. Machine learning 
will open new perspectives for system 
design, as the results are expected to 
compete with the quality of content 
that has been created manually or pro-
cedurally with current tools. Interface 
designs already use machine learn-
ing extensively,12 and machine learn-
ing has also been used to generate 
new solutions to play video games.13 
As humans and machines interact in 
design they combine multiple forms 
of human learning, machine learn-
ing, and joint human–machine learn-
ing, leading to an entirely new breed of 
design processes.

It will be exciting to follow how design 
professions embrace new forms of 
digitization that come from the use 

of autonomous tools. Neither sticking 
to long-held assumptions about design 
as human craftsmanship nor expecting 
autonomous tools to solve every design 
problem is warranted. Rather, we must 
reflect deeply and deliberately on the 
new opportunities that autonomous 
tools provide across design professions 
and tasks.  
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