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Abstract—This work explores the problem of Macgyvering
in robotic systems. “MacGyvering” is defined as creating or
repairing something in an inventive or improvised way by
utilizing objects that are available at hand. Macgyvering poses
a significant challenge since it requires robots that can simultaneously reason about the environment, objects, task goals and
the robot’s own capabilities. In this paper, we propose 6 levels of
Macgyvering that outline a spectrum of complexity within this
problem domain. We further discuss a computational framework
for Level 1 of the spectrum which involves the creation of tools
from available object parts. We implement our approach on a
robotic platform and present our preliminary results.

I. I NTRODUCTION
Intelligence is often best expressed through ingenious problem solving, which has been a challenge for robots, but a
skill that humans depend on, especially in high-stress or
time constrained scenarios. The Apollo 13 incident of 1970
provides numerous examples of how human resourcefulness
and creativity helped save the lives of the 3 astronauts on board
[9]. To combat the increasing carbon dioxide levels within the
cabin, the crew fashioned a contraption for filtering carbon
dioxide out of a sock, a plastic bag, book covers and duct tape,
knowing only the properties of the available parts and the goal.
Our work envisions a robot that is co-located with humans like
these astronauts, capable of providing assistance with similarly
imaginative solutions. In our work, we explore the problem
of robot tool creation for the purpose of problem solving, or
Macgyvering. While tool-use is a widely explored problem
within robotics, tool creation has received much less attention.
To the best of our knowledge, this is the first work that
proposes a computational framework for tool Macgyvering
with its implementation on a robotic platform.
Tools are defined as objects that extend the physical influence of the agent or considered as extensions of the agent
[18]. Existing work in Psychology has shown that tool creation
emerges relatively late in children as compared to tool-use [6].
Their work posits that the actual tool creation in children is
preceded by the step of analyzing the problem and imagining
the tool suitable for the task. On this basis, we propose the
following high-level steps involved in Macgyvering:
• Problem Identification: This involves identifying the
problem and the desired effect the agent would like to
accomplish - for example, a screw needs to be tightened;
• Reference Tool Identification: Identifying a suitable
tool for accomplishing the desired effect - for example,

Fig. 1: Affordances described as a relation between objects,
actions and effects.

screwdriver;
Tool Macgyvering: If the reference tool is unavailable, a
tool that accomplishes the same effect needs to be created
from available parts
• Tool Evaluation: This involves attempting to solve the
problem with the Macgyvered tool and in case of failures,
iterating over the process to create the next best tool.
The steps detailed above indicate the importance of affordances in Macgyvering. Affordances are the action possibilities available to the agent for a given object [16]; affordances
function by priming specific actions for the user by virtue of
the object’s physical properties. We seek to combine objects
and create tools that have certain affordances/produce certain
effects. The Macgyvered tool can act as a replacement for a
known item (eg. Macgyver a hammering object if hammer
is unavailable) or can be an entirely new combination of
items (eg. the contraption used on Apollo 13). Combinations
of such items can be decomposed into their individual parts,
each acting as a replacement for a known item eg. spacesuit
tubes serve as replacement for pipes. In this manner, the latter
problem can be decomposed to that of combining replacements
for known items.
In the following sections, we discuss the different levels of
Macgyvering and position our work with respect to existing
literature. We then provide a detailed discussion of our approach and conclude with the results and future directions for
our work.
•

II. L EVELS OF M ACGYVERING
Affordances are often computationally defined as a relationship between objects, actions and effects [20] (Figure 1). We

