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Abstract
Based on the recent study of the Third Thumb at the University of Cambridge, one profound question is arising: Do human beings and the human body 

need a Third Thumb? This article introduces brieϐly  motor augmentation and human augmentation emerging in decades compared to human enhancement, 
then focuses on three concerns deriving from the methodology of engineering system design including the relationship of system and part, main function 
and  auxiliary function, and engineering system evolution and human evolution, so as to discuss the coordination between the human body and artiϐicial 
parts generated by wearable interactive technology employed in motor augmentation.
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Mini Review

 Introduction

In the 21st century, discussions on human enhancement 
abound with both excitement and apprehension, alongside 
promising prospects for humanity’s future amidst advancing 
AI and other technologies [1]. Various enhancement methods 
aim to create “better humans” surpassing natural abilities. 
Human 2.0 refers to the integration of cognitive and physical 
improvements into the human body [2]. Concurrently, 
transhuman, characterized by the transformation of humanity 
through technological progress [3], introduces distinct 
dimensions of negativity/positivity and so cietal/individual 
orientation. Endowed with artiϐicially enhanced or extended 
capabilities, Human 2.0 not only promises signiϐicant 
enhancements in quality of life and potential competitive 
advantages but also raises profound ethical questions in 
contemporary applied ethics [4].

Key technologies of Human 2.0, such as motor augmentation, 
human enhancement, and human augmentation [5], involve 
complex interdisciplinary engineering system research. This 
paper, through the lens of Trends of Engineering System 
Evolution (TESE) [6], addresses three fundamental aspects 
derived from engineering system design methodology: the 
relationship between system and component, primary function 

and auxiliary function, and the evolution of engineering 
systems vis-à-vis human evolution. It explores the integration 
of wearable interactive technology in motor augmentation, 
exempliϐied by the recent University of Cambridge project, 
the Third Thumb, posing a profound question to individuals 
and society alike: Do human beings and the human body 
necessitate a Third Thumb?

The Third Thumb from the University of Cambridge

Issued by  the University of Cambridge  [7], The Third 
Thumb, an extra robotic thumb worn on the opposite side of 
the palm to the biological thumb aims at increasing the user’s 
range of movement, enhancing their grasping capability 
and expanding the carrying capacity of the hand by adding  
two freedoms motion-ϐlexion/extension and  adduction/
abduction. 

The Third Thumb is an example of motor augmentation 
which allows the users to perform tasks that might be 
otherwise challenging or impossible to complete with one 
hand or to perform complex multi-handed tasks [8]. Statistic 
results from the experiment that the Third Thumb enables 
98% of 596 participants to successfully wear, operate, and 
perform one of two tasks which involved moving pegs or 
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various foam objects [7]. The training enabled them to 
successfully improve their motor control, dexterity, and hand-
thumb coordination [7,8].

There are the following characteristics of the Third 
Thumb [9]

1. Inclusive wearability, a 3D-printed hand augmentation 
device with two motors mounted on a wrist strap and 
powered by an external battery pack worn on the 
upper arm (Figur e 1a). Easily usability, two freedoms 
motion from the Thumb, which is controlled by a 
pressure sensor placed under each big toe of the foot 
with one controlled pressure from the right toe pulling 
the Thumb across the hand and the other pressure 
exerted with the left toe pulling the Thumb up toward 
the ϐingers. 

2. Simple control, pressure sensors attached to users’ 
feet which are wirelessly connected to the Thumb, the 
Thumb’s movement is proportional to the pressure 
applied, and releasing pressure moves it back to its 
original position.

The Third Thumb can be used not only to boost the 
abilities of able-bodied users but also to aid people with 
diminished manual dexterity. Just like a third arm controlled 
by foot movements for three-tool surgery (Figure 1b) and the 
exoskeletons assisting humans to lift heavier items for manual 
han dling of goods.

However, there are two challenges for the Third Thumb

1. Co-existence: The Third Thumb, as an add itional digit, 
should effectively harmonize and coexist with the 
original ϐive ϐingers.

2. Co-function: The third Thumb, as an additional digit, 
should efϐiciently collaborate with the original ϐive 
ϐingers to enhance the hand’s capabilities.

Three concerns from the methodology of engineering 
system design

The ϐirst  concern deriving from the methodology of 
engineering system design is the relationship between system 
and part. Obviously, the ability to successfully coordinate 
between the Thumb (additional part) and the biological hand 
(original system) across diverse task demands is crucial for the 
successful adoption of augmentation devices. The additional 
parts should increase the value of the whole system rooted in 
the improving functions. 

The second concern deriving from the methodology of 
engineering system design is the relationship between the 
main function and auxiliary function. Importantly, a further 
challenge for augmentation is to ensure that the device usage 
will not impact users’ basic and primary ability to control their 
biological body, especially while the augmentative device is 
not being used or even worn. 

The third concern deriving from the methodology of 
engineering system design is the relationship between the 
evolution of engineering systems and human evolution. The 
evolution and development of any engineering system must 
not contradict the evolution of humanity. 

Motor augm e ntation, Human augmentation, and Human 
enhancement 

In the paradigm of motor augmentation, the third thumb 
is a supernumerary effector (SE) in the form of a wearable 
limb with artiϐicial supernumer a ry DoFs (sDoFs) compared 
to natural DoFs of the hand. The goal of human motor 
augme ntation is to extend a person’s movement abilities. 
When this augmentation increases the number of movement 
degrees-of-freedom (DoFs+sDoFs), it can enable a person to 
perform tasks beyond their  biological constraints [10]. 

The  third co ncern deriving from the methodology of 
engineering system design starts from the evolution of the 
engineering system. Following the development path of 
engineering systems from actuation augmentation (DoF 
and material) to transmission augmentation, then power 
augmentation, and ϐinally control augmentation, motor 
augmentation can be classiϐied based on the speciϐic aspects 
of motor action that are enhanced including: (1) Power 
augmentation  which increases the user’s forces or speed; 
(2) Workspace augmentation  (transmission augmentation) 
which extends the spatial reach of natural limbs with tools 
or through teleoperation or outer space manipulation; (3) 
Control augmentation which addresses the limitations of 
the motor system by processing the user’s command signal. 
While being one type of (4) actuation augmentation, DoF 
augmentation ideally provides independent and coordinated 
control of sDoFs with respect to one’s own natural DoFs. DoF 
augmentation could potentially reshape human-environment 
interaction [10]. 

a b
Figure 1: a: The third Thumb of Cambridge University [8]; b: Extra hand for assembly 
tasks[10]. DoF augmentation concepts for motor augmentation.
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Human augmentat ion is an interdisciplinary ϐield that 
addresses methods, technologies, and their applications 
for enhancing sensing, action, and/or cognitive abilities of 
a human, and therefore enhancing human productivity or 
capability. This is achieved through sensing and actuation 
technologies, fusion and ϐission of information, and artiϐicial 
intelligence (AI) methods [11,12]. There are examp les that 
focus on the physical, cognitive, and perceptual augmentation 
of humans through digital technologies can be found in The 
Augmented Humans (AHs) International Conference 2024. 

Human augmentation can be divided into three main 
categories of augmentation [11]: (1) Sense augmentation 
(high level of  transmission augmentation) is achieved 
by interpreting available multisensory information and 
presenting content to the human through selected human 
senses. Sub-classes include augmented vision, hearing, 
haptic sensation, smell, and taste. (2) Action augmentation 
(high level of actuation augmentation) is achieved by 
sensing human actions and mapping them to actions in local, 
remote, or virtual environments. Sub-classes include motor 
augmentation, ampliϐied force, and movement, speech input, 
gaze-based controls, teleoperation, remote presence, and 
others. (3) Cognition augmentation (high level of control 
augmentation) is achieved by detecting the human cognitive 
state, using analytical tools to make a correct interpretation of 
it, and the decision to match the current and predictive needs 
of the user. 

Human enhanceme nt refers to the deliberate use of 
technologies and science-based interventions in the body, 
brain, or genes to improve the traits, abilities, or well-being of 
healthy and normal individuals [13]. So, Human enhancement 
is a broader ϐield covering several disciplines from electrical 
or mechanical to genetic engineering [14]. Three main 
classiϐications of human enhancement currently exist: 
reproductive (creature-transmission), physical (creature-
action), and mental (creature-contr ol). Many different 
forms of human-enhancing technologies are either on the 
way or are currently being tested and trialed which include 
human genetic engineering (gene therapy), neurotechnology 
(neural implants and brain-computer interfaces), cyberware, 
strategies for engineered negligible senescence, nanomedicine, 
3D bioprinting, and the coming mind uploading, exocortex, 
and endogenous artiϐicial nutrition, etc. 

Undoubtedly, there are two common traits for 
motor augmentation, human augmentation and Human 
enhancement. Firstly, they all follow the general evolution 
principles from the actuation part to the transmission part 
to the power part, and ϐinally to the control part. Usually, the 
actuation part is combined with the power part or power 
part involved in the actuation part. Secondly, they are all 
merging with technological innovation that will advance post-

humanism. Hence, there are always ethical issues related to 
the availability and use of such technologies, social concerns 
for equality, misuse, unfair competitive advantage, privacy, 
social manipulation, autonomy and side effects, accessibility, 
safety, unpredictable future, etc. 

Human-machine harmony in engineering system 
evolution and human evolution

In the extensive methodology of engineering system 
design, the Trends of Engineering System Evolution (TESE) 
occupy a very special place: they provide an unprecedented 
view into the usually obscure window of the technological 
future.

Body enhancemen t emphasizes systematic function 
enhancement but one piece of function improvement. At the 
time being, motor augmentation focuses on speciϐic function 
advancements, like the third thumb having more grasping 
space and more force-supporting. In daily life, the systematic 
coordination control between the ϐive biological ϐingers and 
one 3D-printed ϐinger should be more important for one hand 
and for humans. Here, one more question coming from the 
system structure or conϐiguration, is 6-ϐingers of one hand 
better than 5-ϐingers one? Or in the other way, for a normal 
all-ability human, do we need a third thumb? 

The third concern deriving from the methodology of 
engineering system design would land on the relationship 
between engineering system evolution and h uman evolution. 
Compared to the engineering system evolution, human is the 
pe rfect result of a huge time-scale evolution. 

The evolution of one engineering system usually starts 
from the actuation part connecting to the transmission part, 
then to the power part, and ϐinally to the control part. Anyway 
for human beings, the entirely end customers, the engineering 
system should be evolved from more complicated to be 
trimmed into a smart one for more agreeable and accessibility. 

Meanwhile, the human ϐigure evolves over millions of 
years which is suitable for the 3-dimentional real physical 
world. One body and one head with two arms, two legs, two 
hands, and two feet, such a conϐiguration with a dual system 
is optimal for the body balance and functions’ reliability.The 
future will  see that humans can be loaded into transformers 
for  motor augmentation, human augmentation, and human 
enhancement. The harmonious control is the pivot of the 
multi-function improvement of such transformers. So, do we 
need a third thumb? Maybe yes! Does our body need it? Maybe 
no!

Summary

Regardless of ongoing research into the transition from 
human to transhuman or posthuman, the question of who we 
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believe ourselves to be is swiftly being overshadowed by who 
we are evolving into, empowered by advanced technologies. 
Typically, our identity comprises three layers: our social 
identity in terms of interpersonal relationships, our external 
individual characteristics, and our internal personalities. The 
evolution of who we are becoming as Human2.0 manifests 
in sophisticated ways across physiology, psychology, and 
philosophy. Nonetheless, technologies and engineering 
should ultimately enhance human existence, ensuring a more 
 harmonious and manageable life rather than merely a better 
one.
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