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1. Introduction and Background 

Adapting to technology is becoming more difficult as technology advances more 
and more quickly. As technology advances, human behavior and cognition change 
to best make use of the new technologies. For example, remembering facts and 
procedures often used to be the responsibility of the individual human brain. Paper 
documents provided an additional option for slow-access information retrieval 
when necessary, but for a quick answer, human memorization was key. With the 
dawn of the Internet and search engines, humans have offloaded much of this effort 
to machines. We now spend our mental energy less on knowing what the answer is 
and more on how to quickly find and access the answer. It is no longer about what 
you know; it is about whether you know Google-fu.* This represents a significant 
transformation in human thinking—an adaptation to a new human–technology 
landscape. As a result, this collective human–machine system can answer orders of 
magnitude more questions in a fraction of the time versus what a system or a human 
could alone. Achieving these leaps does not just require good technology, it 
requires that humans learn and adapt to that technology.  

Technology adaptation has been with us since the earliest days of human ingenuity. 
The invention of the wheel fundamentally changed the way we think about 
movement and weight. The invention of the car fundamentally changed the way we 
think about distance, time, and work. Those who could adapt and think in these new 
ways were able to reap incredible benefits. Those who could not were left behind. 
Just as humans had to fundamentally adapt their thinking to wheels, the automobile, 
and the computer, we must soon adapt to advanced artificial intelligence (AI), fully 
autonomous systems, neuroprosthetics, brain–machine interfaces, and other 
technologies that we cannot even imagine yet. We will need to adapt to maximize 
the benefits and stay ahead in a competitive world. 

However, adaptation is becoming more difficult because technology is advancing 
faster than ever before. Consider how much time an ancient farmer had to adapt to 
a new design of hand plow versus how much time a modern Soldier has to adapt to 
a new operating system interface for an AI-enabled, cutting-edge unmanned 
vehicle. The risk of taking too long to adapt clearly differs as well. Some modern 
intelligent technologies even react to new data and change their behavior in real 
time, requiring users to adapt on the fly. The system you are using may be more 
advanced than it was just 5 min before. The rate of technological evolution is faster 

 
* Google-Fu is a term referencing a person’s skill in using search engines to efficiently find desired 
information. 
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than ever, it is accelerating, and breakthroughs are becoming more unpredictable 
(Cronin 2020). How can we keep up? 

2. Traditional Methods 

The traditional method of adaptation is for humans to learn each new technology 
as we go. This can be self-taught and exploratory, or it can involve targeted training 
designed for specific technologies. For example, we might get a new cell phone and 
then figure out how to use its functions one by one. It might take months or even 
years before we make full use of the phone’s potential. By that time, there is a new 
phone model out with different controls that now must be learned. 

When the new technology is job-related or highly specialized, leisurely learning-
as-we-go may not be a viable option. In this case, specialized training programs 
step in. Seminars, training simulations, videos, manuals, and course curricula are 
produced, each specifically designed to aid a user in adapting to a single new piece 
of software, a particular new gadget, or one new information system. The next new 
piece of technology then starts this cycle again, spawning a new wave of training 
products geared to train users on this one specific new item. An approach like this 
is piecemeal and reactive; it will always lag significantly behind the technology it 
endeavors to train. Despite this lag, these methods have been generally effective for 
most of human history. The benefits of new technologies often justify the extensive 
training time investment. This has been true even in fast-paced competitive 
domains (e.g., if a new technology is 5 years ahead of your competitor’s, you could 
spend years in training to use it and still come out ahead). However, as the pace of 
technological advancement accelerates and becomes increasingly globalized, this 
reactive approach will not be fast enough to keep up. This is particularly of concern 
in high-stakes, fast-paced fields where falling behind could mean losing a customer, 
losing a patient, or losing a battle. 

One alternative would be to anticipate future technologies, identify task domains in 
which they are relevant, and pretrain users before the specific technology arrives. 
This could be achieved in various simulation contexts. However, prognosticating 
about future technology can be error prone, and simulations may be difficult to 
generate depending on the capabilities needed. Pretraining for specific systems is 
difficult for technologies that do not yet exist, but it is virtually impossible for 
technologies we have not yet imagined. What can we do? 
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3. Adaptability is Key 

The common thread linking past and present examples of technology adaptation is 
the users’ ability to flexibly change their fundamental ways of thinking. 
Adaptability is the core of what we need, so why not train adaptability itself? We 
should train people on fundamental, generalizable skills that will help them adapt 
to new technologies regardless of what forms those technologies take. 

We can start by examining what makes some people more proficient than others at 
learning new technologies. This may seem like a hard thing to define, but research 
from different disciplines has identified some skills that improve a person’s ability 
to learn new technologies.  

4. Fundamental Skills and Characteristics 

For example, people with high levels of openness to experience, creativity, and 
flexible thinking have been found to display more technological proficiency, use 
more of a given technology’s capabilities, and are quicker and more accurate when 
accessing information with technology (Kim and Jeong 2015; Barak 2018; 
Hölscher and Strube 2000). Distraction and distractibility are consistently a 
hindrance to tech adaptation (Ford et al. 2001; Lei et al. 2015), as are anxiety, fear 
of failure, or fear of the technology (Ford et al. 2001). Graph literacy (i.e., the ability 
to interpret charts and data visualizations) and the ability to process uncertain 
information can help people employ more effective human–technology thinking 
with a variety of computer and information systems (Padilla et al. 2018). Spatial 
skills correlate with improved human–autonomy interaction (Chen and Barnes 
2014) and may facilitate perspective-taking. In general, a better understanding of 
how the technology or AI agent takes in information, stores it, and processes it can 
greatly improve interaction with the technology and enhance performance. We 
might consider this type of understanding to be analogous to perspective-taking or 
theory of mind employed to understand other humans and work with them more 
effectively (Cuzzolin et al. 2020). Crouser and Chang (2012) suggest additional 
human skills and characteristics that may affect human–computer interactions to 
facilitate greater collaborative problem solving. These include visual perception, 
audiolinguistic ability, visuospatial thinking, and creativity. Shared mental models 
can facilitate human–technology teaming (Nikolaidis and Shah 2012), and humans’ 
mental models of systems evolve with use (Westbrook 2006; Han et al. 2020). 
Many other promising candidates remain to be identified and tested and may 
include skills such as numeracy (i.e., facility with math and numbers), pattern 
recognition, field dependence/independence (i.e., tendency to see broader patterns 
versus details), and trust calibration.  
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Figure 1 summarizes some of these skills and characteristics as well as how they 
might fill the anticipated needs of technology adaptation. Many of these skills and 
characteristics have standardized or validated metrics to measure them (e.g., 
personality questionnaires, spatial ability tests), but others do not. Assessing some 
of these skills and characteristics will thus require the development of novel 
testbeds and measurement tools.  

 

Fig. 1 Column 1 lists examples of candidate skills and characteristics that we believe may 
fundamentally contribute to a person’s ability to adapt to technology. Column 2 lists specific 
adaptive behaviors—which may be thought of as higher order composite skills—that we 
believe may be critical for rapid adaptation to many technologies, including anticipated future 
technologies. Column 3 lists a broad range of technological tasks that target different 
composite skills, which when incorporated into testbeds could be used to assess technology 
adaptation performance. 

5. Improving These Abilities 

Creativity, openness, flexible thinking, spatial ability, perspective taking, and so 
forth—these cognitive skills may at first glance seem more like immutable 
personality traits than trainable skills. However, a broad body of literature suggests 
that many of these core cognitive skills and characteristics can, in fact, be trained 
or influenced. This is counter to the popular outlook that such skills are set in stone 
or “just something you’re born with.” Creativity, spatial skills, numeracy, theory of 
mind, and even some aspects of personality can be altered, temporarily or 
permanently, to influence behavior (Uttal et al. 2013; Newcombe and Shipley 
2015). For example, a variety of interventions have been demonstrated to enhance 
creativity and openness to experience. These include nostalgia priming (van 
Tilburg et al. 2015), semantic priming with achievement words (Dennis et al. 2013), 
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growth mindset induction (Porter and Schumann 2018), and meditation (Ding et al. 
2014). Theory of mind capability development is typically studied in young 
children, but evidence indicates that training can improve theory of mind skills in 
those outside the critical development window (Goldstein and Winner 2012). 
Openness and theory of mind capabilities may be enhanced by mindfulness, a skill 
that can also be trained (Kaviani and Hatami 2016). Perspective-taking ability has 
been enhanced using imitation–inhibition training (Santiesteban et al. 2012) and 
social false belief task training (Ereira et al. 2020).  

Knowing about these fundamental cognitive skills and characteristics is valuable 
for personnel selection and team formation. It can inform decisions on which person 
to assign to which group or to which given technology-based task to achieve the 
best results. Furthermore, many of these characteristics and skills can be influenced 
by training or other interventions. In short, we have the means to turn the tech-
struggler into a confident, rapid adopter. And we have the means to make the rapid 
adopter even more adept. 

6. A Place for Adaptability Training 

Training these core adaptability skills should enable users to rapidly adapt to 
emerging and far future technologies even without explicit training on the actual 
system. This should lessen the need for traditional system-specific forms of training 
and should make the learning process faster when specific training does occur. 

Perhaps most importantly, such training is uniquely proactive and future proof. 
Because these fundamental cognitive skills enhance adaptation itself, users should 
more readily attain proficiency with any new technology, regardless of its exact 
nature. Training fundamental skills eliminates the need to prognosticate about 
future technological designs, and it does not require playing catch-up with written 
manuals and curricula. 

This is not to say that we should abandon system-specific training. On the contrary, 
existing training can be highly effective, albeit sometimes slower than desired. The 
training of fundamental adaptability skills can be embedded into existing curricula 
and/or performed using existing simulators and existing training technology. 
Spatial skills or perspective-taking training, for example, can fit easily into existing 
virtual-environment or simulated-interface training systems. System-specific 
focused training can still be conducted as needed, but we should be able to reduce 
this need and speed up focused training once users have enhanced adaptability 
skills. 
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7. Conclusion: Making It Work 

Ensuring users can rapidly adapt to new and changing technologies will require 
several steps. First, we must evaluate candidate skills and characteristics (pulled 
from literature, prior work, and theory) against a battery of human–technology 
adaptation tasks. This will help to determine which skills are most generalizable 
and transferrable. Second, we must identify which skills or characteristics can be 
affected by training or other interventions and develop effective ways to enhance 
these skills. Third, we must demonstrate that we can improve a person’s adaptation 
to a range of new technologies by training them in one or more of these skills.  

For the first step (i.e., evaluate candidate skills for generalizability), we must 
consider that the list of candidate skills and characteristics is long, and these must 
be tested against a broad selection of human–technology tasks to determine which 
skills/characteristics are relevant to the broadest range of human–technology 
interaction contexts. These tests will also need to involve a broad enough sample 
of study participants so that we can capture the variability in these characteristics. 
The resulting list of key skills and characteristics can be harnessed straightaway for 
use in workforce selection and team composition decisions. For the second step 
(i.e., identify effective training interventions), we will need to draw from lessons 
learned in the training, simulation, and learning research fields. We will need to 
explore a range of options available in modern training technologies, likely 
including individualized adaptive training, gamified or other motivational 
elements, immersive virtual or augmented reality training, and other simulations. 
Wearables, neurostimulation, or pharmacological interventions could also be 
considered. For the third step (i.e., demonstrate successful transfer to a new human–
technology context), study participants will need to be challenged with a human–
technology task that is unfamiliar to them to assess how quickly they adapt as a 
result of their training. This step requires identifying existing testbeds or developing 
new ones to assess a user’s adaptation to technology. The testbeds could employ 
existing technologies that are specialized, obscure, or highly advanced and thus not 
popularly used. Examples could be as intensive as having a participant interact with 
a complex machine-learning algorithm that updates its own behavior in real time, 
or they could be as straightforward as sitting a person in front of a commercial-off-
the-shelf software package or device they have never used before and observing 
how quickly they adapt to working with it. Testbeds could also include simulations 
of advanced technologies that are not yet in existence. These can be simulated using 
Wizard of Oz methods* or using machine algorithms that appear to have advanced 

 
* In Wizard of Oz methodology, a concealed human confederate guides the behavior of the simulated 
technology, unbeknownst to the user who believes they are interacting with a machine. 
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intelligence but are actually following a predefined script, rail movement, and so 
on. Figure 2 diagrams these three critical research steps. Appendix A summarizes 
this research approach and rationale. 

This work will require pulling together knowledge and approaches from diverse 
fields of study. The efforts will pay off in allowing users to adopt new technologies 
more readily, enjoy speedier times to proficiency, and enable more extensive use 
of each human–technology system’s capabilities. By enhancing adaptability itself, 
we can enable users to adapt rapidly to whatever new technology they need—even 
emerging, unknown, and as-yet-unimagined technologies. 

 

 

Fig. 2 Three key research steps for adaptation training: First, candidate skills and 
characteristics are tested against a broad array of technologies in different testbeds. Second, 
a down-selected pool of skills and characteristics is tested as the target of training or other 
intervention techniques. Third, successful interventions are employed to determine whether 
they improve adaption to a novel set of technology testbeds via enhancing the targeted 
skills/characteristics. 
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Appendix. Summary Image of Rationale and Approach 
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Fig. A-1 Summary image of rationale and approach 
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