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Abstract:

The availability of parallel and distributed processing at a reasonable cost and the diversity of data sources have
contributed to advanced developments in artificial intelligence (AI). These developments in the AI computing
environment are not concomitant with changes in the social, legal, and political environment. While considering
deploying AI, the deployment context and the end goal of human intelligence augmentation for that specific context
have surfaced as significant factors for professionals, organizations, and society. In this research commentary, we
highlight some important socio-technical aspects associated with recent growth in AI systems. We elaborate on the
intricacies of human-machine interaction that form the foundation of augmented intelligence. We also highlight the
ethical considerations that relate to these interactions and explain how augmented intelligence can play a key role in
shaping the future of human work.

Keywords: Intelligence Augmentation, Intelligence, Artificial Intelligence, Human-AI Interaction, AI Ethics, Future of
Work.
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1 Introduction
The artificial intelligence (AI) field emerged in the 1950s with the expectation of emulating and automating
various aspects of human intelligence. Expert systems and initial forms of intelligent systems received
considerable attention in their initial years (Nah et al., 1999; Nah & Benbasat, 2004). The euphoria somehow
became more tempered with the realization that, except for automating routine tasks such as credit approval
and fraud detection, AI could not tap into many other areas of human intelligence. Eventually, the “AI winter”
began in the mid-1990s (Jain et al., 2021). With recent success in machine learning, new hopes and
expectations have resurfaced (Faraj et al., 2018; Kittur et al., 2019). The concept of machine learning was
proposed many decades ago. It enables computers to learn on their own and uses data and algorithms to
emulate human learning processes. One type of machine learning methods is supervised learning, where
machines learn to map labeled outputs to inputs. These methods have been applied in various ways, from
classifying emails to detecting fraudulent transactions. These applications are based on function
approximation in which a task is embodied in a function and the learning process focuses on improving the
function’s accuracy. A major area of supervised learning is deep learning, which refers to a neural network of
three or more layers. Applications of deep learning include intelligent digital assistants and self-driving cars.
Another type of machine learning is unsupervised learning in which unlabeled data is analyzed and
clustered to identify hidden patterns. No human intervention is necessary for these learning methods.
Common applications include social network analysis and market segmentation analysis. A third type is
reinforcement learning in which intelligent agents learn in an interactive manner, using feedback from their
own actions. Reinforcement learning are commonly applied in computer games and robotics.

AI applications are used to improve business efficiency (e.g., recommendation systems, chatbots), assist in
daily lives (e.g., voice command-based digital assistants), and automate complex operations (e.g., autopilot in
vehicles) (Brynjolfsson & Mitchell, 2017; Furman & Seamans, 2019; Kellogg et al., 2020). In recent years, we
have seen tremendous growth in machine learning, which the changing computing environment has
facilitated (Jordan & Mitchell, 2015). Both the availability of parallel and distributed processing at a
reasonable cost and the diversity of data sources have contributed to newer developments in machine
learning. However, changes in the computing environment have not been accompanied by changes in the
social, legal, and political environment. Some have raised concerns about the privacy of data that are used to
train machine learning systems, about trust and biases in machine learning algorithms, and about using AI to
fabricate fake news and deceive the masses (Wang et al., 2018). In this research commentary, we highlight
some important socio-technical aspects that are associated with the recent growth in AI systems.

The recent growth in AI has also raised a debate about augmentation versus automation by machine
intelligence (Raisch & Krakowski, 2021; Lebovitz et al., 2022). Scholars describe human-AI augmentation as
an expansion of expertise or knowledge where humans and machines “combine their complementary
strengths” to “multiply their capabilities” (Raisch & Krakowski, 2021, p. 6). Through this expansion, human-AI
augmentation is expected to positively impact organizations through superior performance or improved
efficiency (e.g., Brynjolfsson & McAfee, 2014; Daugherty & Wilson, 2018; Davenport & Kirby, 2016). In
addressing these views, scholars have highlighted the difference between artificial intelligence and
augmented intelligence (Zhou et al., 2021). Augmented intelligence refers to enhancing and elevating a
human’s ability, intelligence, and performance with help from information technology. A key aspect of
augmenting intelligence involves human-machine collaboration in which “machines perform what they do
best (e.g., computing, recording, and doing routine, repetitive work) to aid humans in doing what humans do
best (e.g., abstract reasoning, creating, and making in-depth discoveries about people and the world)” (Zhou
et al., 2021, p. 245; Jain et al., 2021). The relationship between AI and the augmentation of human
intelligence is dynamic and complex and needs to be investigated and problematized (Raisch & Krakowski,
2021; Lebovit et al., 2022). As tasks are automated with AI, the horizon of human intelligence shifts. Thus, the
question of the augmentation of human intelligence depends on context. Another important issue to
consider is the end goal of intelligence augmentation. In this paper, we elaborate on the context and the end
goal of augmentation as both issues have surfaced as significant for the design, use, and impact of AI on
professionals, organizations, and the future of work. In doing this, we draw on the discussion in a panel at the
Hawaii International Conference on System Sciences (HICSS) in January 2022.

This research commentary proceeds as follows: In Section 2, we emphasize the importance of intelligence
augmentation (IA) context and end goals. In Section 3, we elaborate on the human-centric approach to AI
(HAI). Effective HAI systems consider human factors and ethical concerns regarding man-machine systems.
We also highlight the ethical considerations that relate to these interactions. In Section 4, we explain how
augmented intelligence can play a major role in shaping the future of human work. In Section 5, we discuss
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research topics for intelligence augmentation and human-AI interaction. Finally, in Section 6, we conclude
the research commentary.

2 Intelligence Augmentation: Context and End Goal

2.1 Augmented Intelligence in Context

We can define augmented intelligence as “enhancing and elevating human ability, intelligence, and
performance with the help of information technology” (Zhou et al., 2021, p. 245). Augmented intelligence
informally means computers and humans working together, by design, to enhance one another such that the
intelligence of the resulting system improves. IA can pool the joint intelligence of humans and computers to
transform individual work, organizations, and society (Jain et al., 2021). From the sociotechnical system
perspective, one can also view augmented intelligence as a sociotechnical extension factor on human
capabilities. Like any other tools that humans have developed and used in history, augmented intelligence
enables individuals to become more capable, while individuals collectively make organizations and
businesses more capable and society a better place. The sociotechnical systems approach recognized the
relationships among people, technology, and the environment (Orlikowski & Scott, 2015). Augmented
intelligence as a sociotechnical extension factor under this approach moves beyond the aspect of
technology and the algorithms behind it. It also involves human and environmental factors such as supply
chain management, human resources, organizational culture, social context, and more.

Taking augmented intelligence out of its application context could yield misinterpretation and technology
misuse (Lebovitz et al., 2021). In many professional contexts, such as radiology, the evaluation of AI tools is
challenging as there is a high degree of uncertainty involved. Many “ground truth” measures are based on
knowledge claims that lack strong external validation (Lebovitz et al., 2021). It is important to investigate in
various contexts how professionals respond to a new technological force that challenges the professional
jurisdiction and knowledge boundaries of an existing profession, such as how professionals enact
professional identity work (Lifshitz-Assaf, 2018; Tripsas, 2009) or knowledge boundary work (Anthony,
2021; Barrett et al., 2012; Levina & Vaast, 2005).

As another example, in the autonomous vehicle context, the first priority while deploying and using such
vehicles is safety. Both human and machine intelligence have benefits and limitations. Under which
conditions human intelligence should rely on machine intelligence and under which conditions human
intelligence needs to be in absolute control depends on the scenario. Machine intelligence may not be
suitable for making decisions in scenarios involving morality. The trolley problem of killing one person to
save five is an example. Facing those scenarios, machine intelligence should only be used to facilitate
human intelligence rather than take control. On the other hand, humans experience physical limitations.
After 10 hours of driving, for instance, human intelligence may be compromised by fatigue. Let the machine
intelligence be in control when humans are not fully alert would potentially avoid catastrophes.

The wide adoption of online platforms has brought up new ways to create and share new ideas, such as
crowdsourcing, super minds, and democratizing innovation (Von Hippel, 2006). The notion of user-centered
innovation has challenged the dominance of the expert model in the innovation and knowledge creation
domain. With rapid advancements in data mining and analytics, machine performance can exceed human
performance in many ways. With the help of machine intelligence, crowdsourcing could generate better
results than when a task is done by experts, which has spurred heated discussions on whether organizations
still need to rely on experts for innovation and problem-solving. However, researchers point out that ideas
favoring one particular model carry an underlying assumption that one model, either crowdsourcing or
expert, is a total substitute for another and, thus, that institutions should choose either experts or crowds.
However, Kittur et al. (2019) revealed that combining all three different roles (i.e., experts, crowds, and AI)
would take advantage of all three parts and overcome each part’s disadvantages in scalability, complexity,
and fixation for better results. Experts can bring the complexity of the thinking, crowds can help with
communication and narrow down the fixation of the domain expert, and AI can help with scalability.

2.2 The Goal of Augmented Intelligence: Automation vs. Augmentation

One may not help but wonder what the end game or goal of augmented intelligence is. Academics and
practitioners have spent much effort on using machines to replicate what humans can do (also known as
automation). Many researchers believe the goal of augmented intelligence, at least for some contexts, is
having machines replace humans. The stage when machine intelligence augments human intelligence is a
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transitive rather than a definite end goal. Considering the context of autonomous vehicles, having complete
self-driving cars (i.e., achieving automation) is the goal. Such automation would free humans from the labor of
driving and eliminate human errors caused by cognitive and physical limitations. Currently, autonomous
vehicles are in the transitive stage of augmenting humans rather than replacing humans due to technological
limitations. We cannot wholly rely on autonomous vehicles for many reasons, such as complex moral
scenarios, which make it challenging to embed ethics into automated systems.

Taking augmented intelligence out of a specific context and looking at it in human history, we can gain a
different perspective. Let us reflect on human history. During the early 18th century, thanks to new farming
tools and methods, the Neolithic revolution (also called the Agricultural Revolution) increased the production
of food, which resulted in a huge increase in population. Cities emerged, which set the stage for the industrial
revolution. During the industrial age, steam engines replaced hand tools in manufacturing. Mechanization
has significantly improved production but at the cost of millions of workers losing their jobs at factories.
Society adapted to this change. Workers learn how to operate machines and become more specialized. In the
mid-20th century, thanks to the invention of computers and later the Internet, we stepped into the
Information Age. Silicon Valley became the center for high technology and innovation in the world.
Nowadays, having successful online stores has become a requirement for businesses to survive. People
feared that e-commerce would replace brick-and-mortar stores, especially small and local businesses.
However, as technology has developed in the past few decades, we are on our way to achieving a new
balance for both to co-exist.

Similarly, nowadays, augmented intelligence with automation as the goal has spurred the fear of losing jobs to
machines from the public. But if we had learned from history, we would believe that any “new society-in-the-
making” (Castells, 1999) would arrive in a gradual manner along with new relationships among the
economy, state, and society. One change we foresee in the future is the increasing demand for innovative
minds. Augmented intelligence opens the door for more people to have “digital employees”. Everyone can
become a manager. Self-driving cars may cost some taxi drivers their jobs but make others the owner of a
fleet of self-driving taxis.

3 Human AI Collaboration
Many IA technologies have expanded from being merely supportive tools, such as calculators, to having a
more collaborative role. Human-AI collaborations have taken place in many domains. In healthcare, human-AI
collaborations can assist overworked medical professionals and help provide quality healthcare (Lai et al.,
2021). Human-computer vision (CV) collaboration has been employed in remote-sighted assistance to help
visually impaired people (Lee et al., 2022).

Humans and AI have complementary strengths. Tasks that involve complex and equivocal processes may
present challenges to humans with limited cognitive ability. Solving tasks with uncertain outcomes calls for
examining a large volume of historical data, which increases the level of information processing. This may
pose a problem for humans having limited cognitive abilities. On the other hand, tasks that involve intuitive
reasoning and reliance on memory, especially episodic memories, may not be automated effectively using AI
systems. Thus, it is necessary to rely on the complementarity of humans and AI in performing tasks that are
characterized by uncertainty, complexity, and equivocality. AI, with a high level of information processing and
analytical capacity, can help humans to meet the cognitive loads of performing tasks that are complex yet
structured. Humans can offer a more holistic, intuitive approach to dealing with uncertainty and
equivocality in unstructured and semi-structured tasks. Thus, the partnership between humans and AI can
form the foundation of augmented intelligence (Jarrahi, 2018). Table 1 shows how the combination of
humans and AI can address the complexity, uncertainty, and equivocality of organizational tasks.

Closely related to the concept of complementarities of human and machine intelligence is the goal of human-
centered AI (HAI). HAI research strategies focus on AI to enhance humans rather than replace them. Xu
(2019) proposes an extended framework of HAI that has three components:

· Technology that reflects human intelligence, which provides good complementarity of humans
and AI.

· Ethically aligned design, which focuses on providing AI solutions that are fair and that avoid
discrimination. We discuss ethical issues in Section 3.2.
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· Human factors design, which ensures that AI solutions are explainable, comprehensible, useful,
and usable. An explainable AI enables users to understand the parameters and algorithms used to
arrive at AI solutions. For example, based on the medical history of a patient, an AI system may
predict the possibility of having serious health problems (such as heart disease and cancer). An
explainable AI will provide reasoning for the prediction. However, while a domain expert might
understand the reasoning that an AI provides, other users may not. The goal of HAI is to improve
comprehensibility so the common users can understand the solution and the reasoning for arriving at
the solution. Another aspect of human factors design is the usability of AI which implies that an AI
system should be easy to learn and use. This calls for designing an effective user interface.

Table 1. Complementary Human and Machine Intelligence (Adapted from Jarrahi, 2018)

Human
intelligence

Machine
intelligence

Complexity

Select data sources and models to
explore different solutions.
Choose the solution that meets the
objective function.

Curate and process diverse data.
Analyze data.

Uncertainty

Explore the riskiness of
different situations.
Apply intuition to select a
solution that is less risky.

Identify anomalies.

Equivocality

Explore diverse interpretations.
Arrive at a consensus.

Analyze sentiment.
Present diverse interpretations.

There has been considerable interest in explainable and interpretable AI. Contemporary AI tools, such as
deep-learning algorithms, are often designed as “black boxes” to users, which makes it very difficult or even
impossible to examine how the algorithm arrived at a particular output (Christin, 2020; Diakopoulos, 2020;
Pasquale & Cashwell, 2015). While experiencing opacity and using “black box” technologies (e.g., cars or
computers) is ubiquitous (Anthony, 2021), problems arise when one needs to integrate diverse knowledge
claims into a single decision that a human expert can stand behind. This is the case for many scenarios of AI
use for critical decisions, such as in medicine (Lebovitz et al., 2022), human resource management, and
criminal justice, where opacity associated with AI use is particularly problematic (Christin, 2020; Van Den
Broek et al., 2021; Waardenburg et al., 2018). The topic of black boxed AI and its implications is creating a
heated debate in the field these days. While many researchers focus on developing “explainable AI” or
“interpretable AI” (e.g., Barredo Arrieta & Del Ser, 2020; Hooker & Kim, 2019; Rudin & Radin, 2019; Samek &
Müller, 2019; Teodorescu et al., 2021), some leading scholars (Cukier, 2021; Simonite, 2018) and AI
designers believe there is no need for explanations. Some argue that explainable AI represents the lowest
level of ‘bi-directional’ human-AI collaboration (van den Bosch & Bronkhorst, 2018). It does not elicit how AI
initiates and sustains effective interactions, which involves detecting the conditions of interactions and
triggering appropriate actions. This line of research suggests that at the next level, HAI should be able to
reason human actions and intentions so that it can act in an adaptive, intelligent manner (van den Bosch &
Bronkhorst, 2018). Trust in AI will evolve as the system becomes adaptive and intelligent. A recent line of
research brings issues of opacity into use and shifts the analytical focus from what appears as an innate and
fixed property of technology to the broad socio-material practice that produces opacity as a specific
technology is used in a particular context (Lebovitz et al., 2022). This line of research focuses on the process of
how AI opacity emerges in practice and how, in some cases, professionals can deal with it.

3.1 Trust in Human-AI Interactions

While HAI focuses on emulating and augmenting human intelligence, its success depends largely on
effective human-AI interaction (HAII). Humans demonstrate different personalities while facing AI (Mou &
Xu, 2017). Research has found users to be less open, agreeable, extroverted, and conscientious when
interacting with AI than when interacting with other humans (Mou & Xu, 2017). Explanations help to increase
trust in AI (Meske & Bunde, 2020; Zhang et al., 2021). The use of AI-based virtual assistants by human
resources in organizations can engage employees at a very personalized level and enhance the climate of
trust and fairness (Dutta & Mishra, 2021). Trust in human-AI systems is an important aspect of sustained
HAII. Lee and Moray (1992) suggest four dimensions of trust in man-machine systems: 1) foundation, 2)
performance, 3) process, and 4) purpose of the man-machine system. Foundation is the assumption of the
natural and social order that makes other dimensions possible. Performance is the “expectation of
consistent, stable, and desirable performance” (p. 124) of the system. The process is the underlying
characteristic that governs performance. The purpose is the motive or intent of using the man-machine
system. Later, Lee and See (2004) focused on automation and elaborated on the dimensions of
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performance, process, and purpose. We draw on this literature to present the dimensions that are relevant
for trust in HAI in Table 2.

Table 2. Dimensions of HAI Trust

HAI trust dimensions

Performance

Process

Purpose

Trust elements

· Competence of HAI
o Functional
o Human-AI interaction

· Timeliness of solution in real-time HAI
· Reliability

o Context-specific reliability

· Openness
· Consistency
· Understandability
· Predictability
· Data integrity
· Accessibility

· Authorized responsibility for administering and using HAI
· Intention of machines and users in HAII
· Faith in HAII

Lee and See (2004) also discuss the importance of calibration of trust, which is the “correspondence
between a person’s trust in the automation and the automation’s capabilities” (Lee & See, 2004, p. 55).
Ideally, trust in HAI should match the capabilities of AI, which will help to achieve the optimum use of HAI.
Neither over-trust (i.e., trust exceeding the capabilities of AI) nor distrust (i.e., trust falling short of the
capabilities of AI) are desirable. Over-trust leads to abuse of AI and distrust will result in the underuse of AI.
Trust calibration becomes necessary as AI is pushed towards higher levels of human-AI collaboration. When a
system shows adaptive behavior, trust should evolve with it. HAII facilitates the dynamic process of trust
calibration as it enables humans to “continuously experience, interrogate, and judge the functioning of the AI”
(Van den Bosch & Bronkhorst, 2018, p. 9).

Another important consideration in HAII is the concept of situation awareness (SA), especially in time critical
decision-making (Wei et al., 2020). SA refers to “the perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning, and the projection of their status in the near
future” (Endsley, 1987, 1988). Jiang et al. (2002) suggest that users’ enactment of SA will mitigate some
negative impacts of AI systems on user experience, improve human agency during AI system use, and
promote more efficient and effective in-situ decision-making. Endsley elaborates the definition of SA by
suggesting three hierarchical phases, which are: perception of the elements of the environment (Phase 1),
comprehension of the current situation (Phase 2), and projection of future status (Phase 3). Intelligent
agents are aimed at meeting the requirements of SA. Jiang et al. (2022) suggest how considerations of the SA
perspective in designing HAII can help in alleviating tensions between 1) automation and human agency, 2) AI
system uncertainty and user confidence, and 3) the system’s objective complexity and users’ perceived
complexity. To overcome these tensions, it is necessary to increase users’ sense of control, boost users’
confidence by presenting relevant plans and projections of HAII, and reduce users’ perceived complexity in
the system (Jiang et al., 2022).

3.2 The Ethics of Using AI Technology

Robots are a common embodiment of AI technology. The ethical and unethical use of robots is a key
challenge. To be clear, the use of automation to replace humans is not new. What is unique about robots is
that they are not necessarily eliminating roles done by humans but instead filling those roles. When this
occurs, previous human-to-human interactions in the workplace are transformed into human-to-robot
interactions. In essence, replacing the role with a robot rather than eliminating it necessitates the need to
design a robot that can engage in social interactions with humans (You & Robert, 2022). To accomplish
this, humanoid robots are being designed to encourage humans to anthropomorphize them in order to
promote social interactions. For example, in healthcare settings, robots are being developed and deployed as
care providers in the home and in hospitals to fill both medical and social interaction roles (Esterwood &
Robert, 2021).
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Questions about the ethical use of robots to fill in for humans have been largely avoided. An important
question to ask is whether it is ethical or unethical to replace humans with robots. There is an ongoing
debate about the benefits and cost of robots to our society but typically this debate concerns the fear of job
loss (Eglash et al., 2020). There are clear and legit concerns about the ethics associated with displacing
workers. However, another less studied problem is the implications associated with the dehumanization of
our society. Dehumanization of our society occurs when we replace meaningful relationships between
humans and humans with humans and robots. Ethically, the cost to replace human-to-human interactions
with human-to-robot interactions in our society remains unclear. Is it ethical to encourage humans to build
relationships with technology in the way they have become accustomed to building relationships with
humans? Several scholars are beginning to express concerns and, in some cases, outrage at some actions
(Liang et al., 2021; Shneiderman, 2020).

Ethical concerns around the dehumanization of our society are of particular importance for organizations.
Relationships between humans in organizations can be characterized as one of two types of relationships: 1)
work related and 2) non-work related or social. Yet, research in organizations has repeatedly
demonstrated that social relationships are often the best predictor of employee outcomes (e.g., see
Lykourentzou et al., 2021). Therefore, replacing robots with humans requires us to understand the cost of
replacing human-to-human social interactions with human-to-robot interactions in our society.

3.3 Embedding Ethics in Technology to Complement Humans

The second ethical challenge is the embedding of ethics within technology. The idea is to develop robots that
can make or help humans make ethical decisions. On the one hand, issues with totally relying on such
systems to make ethical decisions independently of humans have drawn increasing attention. For example,
questions about ethical driving decisions by autonomous vehicles have received increased attention
(Robert, 2019). On the other hand, questions about whose ethics are to be embedded into such a system
have not received the same attention (Robert et al., 2020a). Finally, it is very difficult at times to technically
embed ethics into such systems.

One solution is to design hybrid systems that rely on both the robot and the human. These hybrid systems can
be designed to allow both agents to complement one another (You & Robert, 2018). Although such systems
help to address the technical problems of embedded ethics within the system, they do little to address
whose ethics should be the normative standard. Relying on the human in the human-robot hybrid system to
make the ethical decision ignores the role the robot has in helping the human make such ethical decisions and
carrying out their corresponding actions. More specifically, a robot designed to help humans make and carry
out fair actions defined by equality is likely to differ from a robot designed to be fair and defined by equity.

Nonetheless, such hybrid systems are rarely the end game. For example, the end game in the development of
autonomous vehicles is not to have the human and the vehicle drive together but instead to develop
autonomous vehicles that can eventually drive without human input or supervision. Therefore, the hybrid in
the human-robot hybrid system will rarely be the goal and is always going to be a transitive situation. In
many cases, the hybrid system is designed as a stop-gap approach to allow the human and the robot to
work together long enough to figure out how to design a robot to work without the human. Ethical questions
about when the robot is likely to be much more capable than the human persist and are not easily addressed
(Liang et al., 2021; Robert et al., 2020a). For example, when do human’s ad hoc problem-solving skills
outweigh the robot’s reliability and precision? Determining this handoff point is likely to be plagued by ethical
questions.

3.4 Mitigating Bias in Human-AI Interaction

Organizations are increasingly employing AI systems to manage their workforce which has the potential to
manage their employees efficiently and effectively. Unfortunately, these systems have been shown to be
biased and may not be fair to their employees (Harini, 2018). AI bias often results from human biases
encoded directly into the AI system or can result from learned behavior over time. Therefore, finding ways to
mitigate those biases has become one of the most pressing issues in our society (Robert et al., 2020b).
Below, we present a framework for mitigating bias in human-AI interaction based on Robert et al.’s (2020b)
framework.

The first step in mitigating bias in human-AI interaction is to identify the bias. It begins with clear definitions
of AI bias. Generally, AI bias can be viewed as decisions and/or actions that are an “unfair assessment in
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favor of or against some person or group” (Robert et al., 2020a, p. 100). Robert et al. (2020b) identified
three types of biases: distributive, procedural, and interactional bias. Distributive AI bias is the unfair
allocation of outcomes such as pay and other resources. Procedural AI bias is the unfairness associated
with a process employed to reach or decide the outcome. Interactional AI bias is unfairness in the degree of
respect, dignity, and information shared.

The second step is drawing attention to AI bias. It requires the aid of systems designed to specifically identify
and draw attention to biases, which could be accomplished through interfaces that can highlight potential
problems (e.g., an interface that could alert the user when an AI hiring system’s selection criteria produces a
list of applicants with no women or minorities). More sophisticated systems can work to make bias
transparent through explainability. On the one hand, transparency helps to make the underlying AI
mechanics visible and known to the employee, while explainability helps to describe the AI’s
decisions/actions to the user in terms that they can understand. The third step would be to allow users a
voice in the AI process. According to Robert et al. (2020b), voice provides users with an opportunity to
communicate and provide feedback to the AI and is measured by input influence. Voice empowers users,
allowing them to push back against the system. Finally, if harm is done, there should be a way to redress
biased actions. Redressing AI bias focuses on taking actions needed to remedy or set right unfairness.
Taken together, these steps help provide a framework for mitigating bias in human-AI interaction.

4 Impact of Artificial Intelligence and Intelligence Augmentation on
Future of Work

There have been rapid advances in AI technology aided by significant improvements in processing and
storage technologies, the availability of huge amounts of data, and advances in algorithms such as deep
learning algorithms and reinforcement learning. These developments are starting to impact businesses in a
significant way (e.g., Agrawal et al., 2018) and have significantly increased anxiety related to the number of job
losses. The estimates vary from 10 to more than 50 percent of jobs lost due to the implementation of AI and
related technologies. Specifically, these losses are expected to impact white-collar work and middle
management. Frey and Osborne (2017) categorized tasks by their susceptibility to automation; linked these
tasks to occupation, employment, and wage data; and found that 47 percent of US employment was at high
risk of automation. One assumption embedded in the Frey and Osborne model is that all workers in the
same occupational category face the same threat of automation. On the other hand, an OECD Report (Arntz et
al., 2016) argued that there might be task variation between individuals within the same occupation. For
example, managers of different firms may treat shop floor labor differently depending on the company
culture. Thus, the OECD Report used individual-level data to predict how susceptible occupations may be to
automation and found that only nine percent of jobs in the United States and across OECD countries will be
highly susceptible to automation.

Thus, there has been significant disagreement on the true impact of AI on jobs. Acemoglu et al. (2022)
studied the impact of AI on labor markets using online vacancies in the United States from 2010 onwards.
They concluded that “while visible at the establishment level, the aggregate impacts of AI-labor substitution on
employment and wage growth in more exposed occupations and industries is currently too small to be
detectable” (p. 293). Other researchers have reached a similar conclusion; namely, that although AI will
have a potentially huge impact on job losses, the impact so far has been minimal.

The actual impact of AI on jobs may depend on how and where the technology is implemented, its cost, and
overall economics. The situation presents a golden opportunity for researchers and other industry leaders to
guide AI and Augmented AI development for the benefit of society. We can draw some lessons regarding job
displacement from the vast literature on automation and its impact on jobs. Acemoglu and Restrepo (2019)
presented a task-based framework related to the impact of automation. Their framework considered that
production requires various tasks that can be either allocated to capital or labor. The development of new
automation technology potentially changes the allocation of tasks to factors of production, from labor to
capital, thus impacting labor demand and productivity. The allocation decision is generally based on
economics and potentially productivity and quality gains. The result of this trend has been the sharp
slowdown of U.S. wage growth, especially in blue-collar work, in the last three decades (Acemoglu &
Restrepo, 2019).

The impact of AI on jobs can be partly understood by its automation potential. Agrawal et al. (2019) argue that
understanding the impact of AI requires comprehending the capabilities of the technology. However, the
capabilities of AI technologies are a moving target. These capabilities change with every new
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development. For example, most of the recent achievements in AI are the results of advances in machine
learning. However, machine learning does not represent an increase in artificial general-purpose
intelligence, which could substitute machines for all aspects of human cognition, but generally addresses
one aspect of intelligence (i.e., prediction) (Agrawal et al., 2018). Based on a task-based framework,
advances in prediction technology may affect labor in four ways: 1) substituting capital for labor in the
prediction task; 2) automating the decision task, which may increase relative return on capital; 3) enhancing
the labor where automating the routine prediction may enhance productivity in related decision tasks; and 4)
creating new decision tasks since automation of prediction significantly reduces uncertainty, which may
enable new decisions that were not feasible previously (Agrawal et al., 2019). Thus, in the longer term,
automating prediction can make it more attractive to automate complementary decision tasks resulting in
complete automation possibly because machines may be faster than humans. For example, machines may
predict potential car accidents faster than human reaction time, which may make it more attractive to employ
automated breaking in cars.

There are a few tangible examples where machine learning-based prediction enhances complementary
tasks not feasible without machine learning-based prediction. For example, in brain cancer surgery, to
ensure that all cancerous tissues are removed, surgeons frequently end up removing more brain matter
than necessary. An ODS medical device, which resembles a connected pen-like camera, uses artificial
intelligence to predict whether an area of brain tissue has cancer cells or not, which helps surgeons in real
time to decide which area should be removed. By predicting with more than 90 percent accuracy whether a
cell is cancerous, the device enables the surgeon to reduce both type I errors (removing non-cancerous
tissue) and type II errors (leaving cancerous tissue). The effect is to augment human capabilities to improve
the overall outcome (Agrawal et al., 2019). Thus, it is difficult to assess the net effect of AI on labor even in the
short run since multiple factors impact jobs that both increase and decrease demand. The net effect will vary
across countries, industries, and applications. There is general agreement that it takes significant efforts
to adopt technologies. Entrepreneurs and innovators take time to adopt new technologies, reconfigure
existing work, discover new business processes, and co-invent complementary technologies (Bresnahan et
al., 1996).

Brynjolfsson et al. (2018) argued that unleashing the full potential of AI will require unbundling of tasks in
jobs and a significant redesign of the task content of jobs. They found that the focus needs to shift from full
automation in most cases to redesign of jobs and reengineering of business processes. For example, to
understand how drafting emails might affect different types of jobs differently, one can use the O*NET
database, which offers detailed descriptions of the tasks involved in almost 1,000 occupations
(https://www.onetcenter.org). This data includes a task described as “prepare responses to correspondence
containing routine inquiries”. The executive assistant role (along with eight other occupations such as clerks,
tellers, receptionists, and so on) includes this task. Executive assistants would typically draft possible
responses for someone else to decide whether to send them, so a system such as Gmail’s smart reply can
potentially fully automate the executive assistant’s decision. On the other hand, the executive assistant
might use this technology but still retain the decision task of what to ultimately send to the senior manager for
review. So, in the former case, AI replaces labor, while, in the latter case, it enhances labor. While the current
level of technology suggests a human should remain in the loop for many jobs, it is plausible that, over time,
artificial intelligence will improve, lead to full automation, and, thus, reduce the demand for labor (Agrawal et
al., 2019).

Babina et al. (2021) studied the impact of a firm’s investment in AI technologies on product innovation and
growth. They found a significant increase in investment in AI technologies, especially by larger firms. Their
study reveals that AI investing firms see increased product innovations, sales, employment, and valuation of
firms. Babina et al. (2022) found a change in the workforce composition of firms using AI technologies. The
firms investing in AI technologies tend to move to the highly educated workforce with undergraduate and
graduate degrees in STEM disciplines. Additionally, the organization tends to become flat with a larger
number of junior workers and fewer workers in middle management and senior roles. Felten et al. (2021)
linked advancement in different categories of AI to different types of abilities and used it to correlate
advances in AI to actual changes to occupational descriptions.

Another major factor that will moderate the impact of AI on jobs is an increased movement toward
augmented intelligence. In their editorial to a special section of Information Systems Research on
augmented intelligence and the future of work, Jain et al. (2021) argue that humans always have the desire to
overcome their physical and intellectual limitations by developing technologies and infrastructure, such as
transportation systems to overcome limitations in travel speed and communication infrastructure to
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overcome long-distance communications limitations. They argue that developments in AI should be guided by
a desire to overcome the intellectual limitations of humans and not to replace human intelligence with
machines. They suggest that intelligence augmentation infrastructure has the potential to pool the
intelligence of human beings and computers to transform individual work, businesses, institutions, and even
society in an unprecedented manner and at scale. Since the capabilities of computers and human brains are
different, the best of these abilities can be combined to optimize the system. To understand the impact of
augmented intelligence, we need to focus on the ability of humans and the ability of AI. Peterson et al. (2001)
describe the core concept of human abilities. They propose a job classification system called O*Net that
basically divides human abilities into 52 distinct groups and then groups them broadly into four
categories: cognitive, psychomotor, physical, and sensory. The O*Net framework can be used to develop a
conceptual model to study the complementary nature of human and AI capabilities and guide the
augmentation of humans’ intellectual capabilities. Figure 1 shows a framework for conceptualizing the future of
work in an augmented intelligence world.

Societal-level impact on jobs

Augmentation-enabled business models and market and platform innovations

Firm-level impact based on redesigned work and processes due to intelligence augmentations

Enhancing collective intelligence of organizational units, teams, and individuals

Automation of routine tasks
Enhancement of human tasks with

augmentation
Coordination of tasks through
human and AI collaboration

Foundational technologies

Sensory, language, inference, and
movement augmentation

Augmenting human abilities in
individual/organizational tasks

through foundational technologies

Figure 1. Conceptualizing the Future of Work in an Augmented Intelligence World

The foundation of augmented technologies, which are available in the computer area now, is that there are
sensor technologies that essentially can sense what humans cannot sense. We have language technology,
inference technology, and movement augmentation using robotic technology. These technologies, which
we call foundational technologies, can be combined with human abilities (cognitive, psychomotor, physical,
and sensory abilities) to redesign tasks at the firm level. Some of the routine tasks can be completely
automated while some other tasks may be enhanced, and new tasks may be created which are done by
augmented human capabilities. The coordination of automated and enhanced human tasks can be
performed through human and AI collaboration. This will result in a firm-level impact on jobs based on
redesigned work and processes. The aggregation of all firm-level impacts on jobs may help us arrive at the
societal-level impacts on jobs.

5 Future Research Directions
In this paper, we discuss the augmentation of HAI, human factors and ethical considerations in HAII, and the
future of work in the realm of augmented intelligence. Several research topics may be pursued in each of
these areas. We list some topics in Table 3. This list is not comprehensive. It highlights some research topics
that emanate from the discussions in the paper.
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Table 3. Sample IA Research Areas and Topics

HAI research: sociotechnical areas

Augmentation: context and goal

AI scalability and empowerment

Human factors in HAII

Trust in HAII

Bias in HAII

Future of work

AI and crowdwork

Skill and augmented intelligence

Sample research topics

Performances measurements in various contexts, human perception
toward AI

Human-in-the-loop AI, computing, algorithm design

Roles of human intelligence and machine intelligence in group settings and
organizational settings
Relationship between situation awareness and trust in HAII
Relationship between situation awareness and privacy concerns

Factors lead to trust/distrust
Trust calibration and levels of HAII

Discrimination (e.g., racial, gender) toward AI agents
Bias in distinct levels of HAI and mitigation of bias

The structure of work
Allocation of tasks between AI and humans
How allocation of tasks gets impacted by local economic and social
conditions
Collaboration between AI and humans
Issue of ultimate control
Ethics of using AI
Training humans to work with AI systems
Developing AI systems that can seamlessly work with humans
AI with metaverse

AI trends on crowdwork platforms

Reforms in education to manage AI

Additionally, if there is to be a science of intelligence augmentation (IA), then what would it primarily
measure? One candidate measurement is the so-called "socio-technical extension factor” (Kline, 1995). For
example, the distance at which two people can communicate simultaneously using spoken language was at
most a few hundred feet throughout most of human history. However, with the technology of satellites and
telephones, now two people can communicate easily using spoken language even if separated by
thousands of miles. The socio-technical extension factor for this communication task has increased by more
than six orders of magnitude along the spatial dimension of distance. Kline (1995) shows the exponential
improvement of human socio-technical systems for tasks such as communications, transportation, the
radius of destruction, and others. For example, the number of computation steps that a computer can
perform per second has been increasing exponentially, which relates to Moore's Law, and has recently been
increasing a million-fold every 20 years. It is a socio-technical extension factor that has been directly related to
the potential for intelligence augmentation with respect to the speed of symbolic processing of information
(Engelbart, 1962).

A fundamentally important cognitive task is learning, so exploring the socio-technical extension factor for
learning would be a foundational contribution to an emerging science of intelligence augmentation. The
challenge of individual learning to perform a task like a human expert or the challenge of a team of people
learning to perform a task at the performance of an expert team is of great scientific interest and economic
significance. Reducing the amount of time it takes individuals and teams to learn to perform more like
experts and less like novices is important for economic progress. Technology is not the only factor that
contributes to socio-technical extension factors; organizations are another way to extend the capabilities of an
individual (Norman, 1994). Ultimately, reducing the amount of time and energy that are required in a variety
of contexts to accomplish a type of beneficial outcome as measured with respect to socio-technical extension
factors is relevant to the science of intelligence augmentation.

6 Conclusion
The evaluations of AI technologies depend on the context they are used in. Incorporating discussions from the
autonomous vehicles, healthcare, and innovation contexts, we believe putting AI back in context would
benefit researchers to better answer the question of whether, when, and how to apply AI technology. Along
with technology development, the question of what the end goal of AI emerges. Is automation, fully replacing
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human intelligence with machine intelligence, the end goal of AI? In this paper, we emphasize a human-
centric approach to AI (HAI) that considers human factors and ethical concerns regarding man-machine
systems. Through our elaboration on the intricacies of human-machine interaction that form the foundation of
augmented intelligence, we discuss how AI would impact the future of work, the challenges of embedding
ethics in developing AI, and how to build trust in HAII. We believe the AI area has abundant research
opportunities and issues in refining and shaping the future of human work that invite cross-disciplinary
collaboration.
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