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Human augmentation technologies (ATs) are a subset of ubiquitous on-body devices designed to improve cognitive, sensory,
and motor capacities. Although there is a large corpus of knowledge concerning ATs, less is known about societal attitudes
towards them and how they shift over time. To that end, we developed The Society’s Attitudes Towards Human Augmentation
and Performance Enhancement Technologies (SHAPE) Scale, which measures how users of ATs are perceived. To develop
the scale, we first created a list of possible scale items based on past work on how people respond to new technologies. The
items were then reviewed by experts. Next, we performed exploratory factor analysis to reduce the scale to its final length of
thirteen items. Subsequently, we confirmed test-retest validity of our instrument, as well as its construct validity. The SHAPE
scale enables researchers and practitioners to understand elements contributing to attitudes toward augmentation technology
users. The SHAPE scale assists designers of ATs in designing artifacts that will be more universally accepted.
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1 INTRODUCTION
Human augmentation technologies are technologies that aim to improve human performance to a level that
would not have been possible otherwise [3, 39]. These kinds of technologies could change how people interact
with their surroundings and do tasks that require specific physical, mental, or sensory skills [32, 58, 68, 73]. Recent
advances in artificial intelligence (AI) [4, 85], augmented reality (AR) [1, 69, 78], prosthetics [59, 74], robotics
[51, 71], and wearables [61, 65], among other technologies [86], have made the vision of enhancing human skills
tangible. However, a significant portion of this research has been technical in nature, has not addressed the social
implications of these technologies in depth [58, 68], and was often relying on qualitative methods or not validated
questionnaires for evaluation purposes. To allow for systematic research on the social implications of human
augmentation technology, a tool is needed that enables the measurement of attitudes toward augmented humans
(AHs). Consequently, our work aims to introduce a validated scale for assessing attitudes towards AHs, effectively
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addressing this research gap. The scale provides researchers with a standardized and reliable measurement
tool, facilitating the collection of robust quantitative data and enabling comparative analysis across studies and
samples.

Attitudes toward human augmentation play a crucial role in the adoption and socially acceptable development
of performance-enhancing technologies [82]; the lack of social acceptability of augmentation devices could affect
the self-perception of Augmentation Technologies (ATs) users and hinder the adoption of novel technologies [44].
In addition, it can result in stigmatization and unfavorable evaluations, negatively impacting the full realization of
the benefits and potential of ATs, for example [56] discovered that individuals referred to as "cyborg" are perceived
as less warm. In a broader sense, acceptability and perception of technologies have been extensively discussed in
HCI (for a review, see Koelle et al. [42]) and have led to the development of a variety of instruments to measure
dimensions such as Technological Readiness [47], Attitudes Towards Artificial Intelligence [72], Creepiness of
Technology [84], or adaptations of the Technology Acceptance Model (TAM) [53, 60]. Yet, traditional measurement
instruments focus on interfaces or users and fall short in evaluating the perception of integrated systems, such as
human augmentation. Consequently, there is a critical need to establish a systematic approach to gauge attitudes
toward augmented humans.

In an effort to advance research on attitudes toward augmented humans, we introduce the Society’s Attitudes
Towards Human Augmentation and Performance Enhancement Technologies (SHAPE). Following a standardized
procedure [10], we conducted a concept selection for concepts related to augmented humans, followed by a
search for instruments addressing these concepts. After selecting and adapting the items from those instruments
to the scope of human augmentation, we empirically evaluated the consistency and coverage of the items in six
expert interviews with participants with a proven research track record in the field of human augmentation. We
used exploratory factor analysis to reduce the number of items, and confirmatory factor analysis to obtain the
final scale, which was then psychometrically validated.
This manuscript reports the development of SHAPE scale. Comprising 13 items, the final scale measures

social attitudes toward augmented humans. In the development, we identify two factors that determine attitudes
towards augmented humans; Social Threat, attitudes about augmented humans causing harm to individuals and
society, and Agency, an attitude describing whether augmented humans have agency over their own actions. We
show that the SHAPE scale is reliable by showing it is stable over a time of about 2.5 weeks and that it converges
with technology centric-measures, technology readiness index, and stereotype-centric measures, stereotype
content model (SCM) and can predict whether people want to adopt human augmentation technology themselves.
We, thus, provide researchers and practitioners in the domain of human augmentation with a psychometrically
validated and brief measure that can quantify attitudes toward augmented humans.

2 RELATED WORK
To set the stage for our inquiry, we first analyze why considering attitudes towards new technologies and social
acceptance concerning new technologies is crucial for their design. Next, we outline the concept of human
augmentation. Finally, we discuss the interplay between technologies that improve human performance and
societal attitudes and how it differs from the concept of technology acceptance.

2.1 Society’s Influence on Emerging Technologies
Society’s perception of a technology has the power to shape its trajectory. Negative perceptions can inhibit
widespread acceptance and adoption, and the fear of social stigma can prevent early adopters from embracing
new technologies [44]. This can result in a vicious cycle in which the lack of early adopters leads to additional
negative perceptions of a specific technology, which in turn discourages potential adopters [42]. This is a critical
challenge for emerging technologies, as preconceived biases can cloud the objective evaluation of their advantages
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and disadvantages, thereby limiting their potential for positive impact [41]. Emerging technologies such as AI
[76], Robotics [36], and Human augmentation [73], are particularly susceptible to this issue partly due to their
extensive coverage in science fiction literature, movies, the news, and social media [8] as well as because of their
closeness to or their resemblance of the human body [25]. These negative attitudes can be attributed to social
validation, perceived aesthetics, intrinsic motivation, and technology-related stigma [80]. Collectively, these
factors influence an individual’s perception in terms of social acceptability and, ultimately, their willingness to
adopt a new technology. To illustrate this, users often refuse to accept assistive technologies [75], even though
many such tools have been shown to effectively compensate for users’ hearing [49], sight [48], and movement
[22] impairments. Since technology acceptability has been recognized as a key concern in HCI [42], various
instruments for measuring public opinion on technological innovations have been developed. For instance,
measurement scales based on the technology acceptance model [53], The WEAR scale [40], and, more recently,
the creepy technology scale [84], amongst others. Note that these scales often focus on the technology itself and
thus may not apply to cases of human-computer integration, where the lines between technology and the user
blur.

As users are increasingly likely to experience augmented humans in their everyday life, HCI needs to understand
more about the attitudes toward augmented humans. To this end, we present the SHAPE scale to aid in the
development, dissemination and general adoption of the next generation of digital technologies designed to
augment human capabilities.

2.2 Human Augmentation Technologies
The use of augmentation technologies can improve human senses, human thinking, and human action. Augmenta-
tion technologies can thus be categorized as either sensory, cognitive, or motor augmentations [68]. Initial sensory
enhancements arose from the need to compensate for impairments; however, the adoption of those technologies
by non-impaired individuals resulted in improved skills. For example, see Proulx [67] for the case of improved
hearing or Danilov et al. [21] for the case of improved vision. Motor augmentations, envisioned as technologies
to compensate for limited mobility, evolved in a similar fashion and nowadays can augment the user [46]. Thus,
the origins of human augmentation can be traced back to the creation of aids for people who required assistive
technologies. [32, 37]. Researchers in the field of human augmentation nowadays are interested in exploring
the possibility of augmenting abilities beyond human limitations leveraging the latest developments of digital
technologies [38, 73]. Humans equipped with exoskeletons, for example, would be able to lift significantly more
weight than they could before [14, 15, 54]. New body conceptions combined with technological advancements
can enable humans to move in ways that would not otherwise be possible [59]. Life-logging devices support
memory to allow for remembering experiences more vividly and longer [45]. Firefighters can use the combination
of augmented reality headsets and thermal cameras to allow them to perceive the infrared spectrum which is
helpful when working in high-temperature environments [1, 2]. Thus, human augmentation’s objective is not
only to re-enable users with impairments but also to extend a user’s abilities beyond human limitations.

2.3 Social Attitudes Towards Performance-Enhancing Technologies
Psychology and medicine have extensively studied attitudes towards performance-enhancing non-digital tech-
nologies and found that they vary greatly depending on the context [18]. For instance, the use of performance-
enhancing drugs in sports has been a source of disagreement for many years. It has been reported that society, at
different layers, have markedly different attitudes towards enhancing supplements, depending on their social
affiliations to specific groups [12]. Dijkstra and Schuijff [24] found a widespread attitude of mild disapproval to
strong disapproval of using enhancement technologies for applications other than medical treatment. Moreover,
their findings suggest that the acceptability of enhancement use is dependent on the motivation behind it, with
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socially motivated enhancements being perceived more positively than those used for personal gain. The debate
around doping in sports has greatly contributed to the search of strategies and tools to measure the attitudes
toward performance-enhancing technologies and create an understanding of their impact; reflected in the creation
of tools like the Performance Enhancement Attitudes Scale (PEAS) [64]. Yet a big part of the efforts to measure
attitudes towards performance enhancement from the medical, psychological and sport science domain have
been directed towards predicting doping behavior by connecting the attitudes and the chances that it can be
correlated to the doping behavior intention and use [30].

In contrast, attitudes towards digital technology enhancements bring new challenges compared to non-digital
enhancements. For example, the use of anabolic steroids is generally seen as a punishable behavior [64], while
using exoskeletons to increase strength is seen as something needed in some cases [26]. Or even more, pose
difficult situations with no obvious consensus, such as amputee athletes outperforming their non-amputee peers
[5]. Consequently, there is a need for a tool to measure attitudes towards human augmentation technologies, as
they continue to evolve and shape the trajectory of technological advancements.

3 SCALE FORMATION
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Fig. 1. Study diagram:In the first stage, Scale Formulation, we searched the literature for intersecting instruments and
generated an initial set of items. We then reduced the number of items using expert interviews, and finally, we performed an
exploratory factor analysis to reduce dimensionality and discover the underlying structure of the factors. The construct’s
structure was then assessed using a confirmatory factor analysis. Finally, we ran a series of tests to validate the SHAPE scale
psychometrically to establish and validate its final structure.

The SHAPE scale was developed with the aim of facilitating standardized measurement of attitudes towards
human augmentation and performance-enhancing technologies in the field of human-computer interaction
(HCI). The SHAPE scale will enable HCI designers to create human augmentation and performance-enhancing
technologies that are better aligned with the attitudes and expectations of the general public, thus promoting
wider social acceptance and adoption of ATs.

This study has been approved by the Institutional Review Board of the University of [Anonymized] (approval
number [Anonymized]).

3.1 Item Generation
While several instruments for evaluating perceptions and attitudes towards various technological instances exist
[18, 84], a gap remains in the assessment of attitudes towards technologies that blur the boundaries between
humans and machines [58, 82] as for example Electrical Muscle Stimulation (EMS) to improve reaction times [39],
or the use of wearable robotics to control multiple supernumerary limbs at the same time [71]. To address this
gap, we constructed the SHAPE scale. As a first step, we conducted an analysis of existing studies and measures
in related research fields. This analysis aimed to synthesize the data from instruments with intersecting concepts,
such as the sense of agency [81], or attitudes towards assistive technology users [27], and inform the development
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of the SHAPE scale. The items selected from these instruments were then adapted and grouped to form the
initial pool of items for the SHAPE scale. Here, we describe the concepts and instruments selected to design this
initial pool of items.

3.1.1 Sense of Agency Scale (SoA). The relationship between body and action ownership is fundamental to
the formation of our self-perception and perception of others [58]. With the proliferation of augmentation
technologies, there is an increasing concern that these tools may alter our sense of self and others [58]. Prior
research has shown that SoA is especially important in the context of augmented humans, as ATs may alter an
individual’s SoA and the amount of effort users invest in a task [58, 82].
SoA can be defined as the subjective experience of initiating and controlling one’s own actions [57]. It is

typically measured by means of self-report through the Sense of Agency Scale [81]. The items extracted from the
sense of agency (SoA) scale evaluates an individual’s perceived control over their body and actions, providing
valuable insights into their subjective experience of agency. Given that the items on the SoA scale are framed in
the first person, we modified them to reflect a reference to a third-person perspective, e.g., the item "I am in full
control of what I do" changed to "An augmented human is in control of what they do."

3.1.2 Social Stereotype - Stereotype Content Model (SCM). The SCM is a psychological theory that explains
how individuals develop stereotypes about others. It describes stereotypes regarding distinct social groups along
two broad dimensions: Warmth and Competence [28, 29]. These factors allow for the prediction of a range of
emotions and perceptions, including pride, pity, contempt, and envy towards a distinct social group (in this case
towards augmented humans). In HCI, the SCM has been used to describe labeler bias [33], people stereotypes
for artificial intelligence systems [55]. In line with [55], we adapted the items of [29] to measure how attitudes
vary according to perceptions of competence and warmth for augmented humans. For example, an adapted item
would be phrased as follows "In general, augmented humans are perceived as warm."

3.1.3 Multidimensional Attitudes Scale Toward Persons with Disabilities (MAS). The manner in which an aug-
mented human uses the augmentation technology, the reasons for its use, and whether or not the individual had
a prior disability, are among the factors that can evoke emotions in the observer [82].

The MAS Scale is a validated measure of attitudes toward people with disabilities. It provides a comprehensive
picture of the attitudes of society towards this population. The MAS has been shown to be a valid and reliable
measure of attitudes toward people with disabilities [27]. It can be used to identify areas where attitudes may
need to be altered and to inform the design of interventions aimed at reducing prejudice and promoting the
inclusion of persons with disabilities. The items from the MAS scale provide valuable information about the
observer’s emotions, thoughts, and behaviors towards ATs users.

3.1.4 Social Distance Scale (SDS). The SDS [11] is constructed to measure stigma and is a routine measure in
stigma research [19]. As Augmented individuals may face stigma and discrimination, we adapted these items to
study how social stigma may affect augmented humans. The original SDS Scale measures how far away from
a group (such as people with a specific disease) an individual would like to remain. We adapted the SDS items
to fit into the human augmentation context, resulting in items with the following structure "I would have an
augmented human as citizens in my country"

3.1.5 Performance Enhancement Attitudes Scale (PeaS). PeaS [30]focuses on measuring attitudes toward per-
formance enhancement via non-technological means, such as doping. Given the similarities between human
augmentation and performance enhancement, this group of items adapts key PEAS components to the context
of human augmentation. Items such as "Doping is necessary to be competitive." were adapted to the human
augmentation context, resulting in "An augmented human is more competitive."
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3.1.6 Moral Foundations Questionnaire (MFQ). Numerous factors, such as sociocultural context and individual
personality traits influence the perceptions of morality. We adapted the MFQ [31] to evaluate how the observer
integrates the concept of human augmentation into their personal values, cultural norms, and political ideologies.
The MFQ quantifies moral convictions. It assesses an individual’s moral sensitivity across five theoretical
dimensions, including Harm/Care, Fairness/Reciprocity, Ingroup/Loyalty, Authority/Respect, and Purity/Sanctity.
We extracted and adapted the items relevant to human augmentation. e.g., the item "Whether or not someone
violated standards of purity and decency" from the MFQ is reflected in the initial pool of items as " An augmented
human would violate standards of purity and decency."

3.1.7 Cross-Sectional Studies in Human Augmentations (CS). Recent research in human-augmentation and
integration technologies has uncovered a variety of factors that influence society’s evaluation of adopters of
these technologies [58, 70, 82]. To better understand how people perceive human augmentation technologies
and the reasons behind their assessment, Villa et al. [82] conducted a mixed-method cross-sectional study.
They discovered that seven factors influenced people’s opinions of human-augmentation users: Privacy, Peril,
Ownership, Motivation, Perception of Achievements, and Personal Preference. We added and modified these
items to the original set of SHAPE scale items. e.g, the item "I think this person has to disclose the presence of
this augmentation in their body to other people." was adapted to be depersonalized as follows "An augmented
human has to disclose his augmentation."

3.1.8 Item Reduction. To construct a coherent and consistent initial item set based on the instruments described
above, the authors have put forth a set of criteria that would inform the wording and selection of the items. In
detail, it was prioritized the use of positive, unambiguous and concise phrasing, the use of depersonalized and
hypothetical language whenever possible [10], the use of unemotional language, avoidance of abbreviations and
that no prior knowledge is needed for the respondent.

One researcher initially reformulated the initial items according to the established criteria. Subsequently, two
researchers separately evaluated the wording of the items independently. A final discussion was then held to
address and resolve any disagreements regarding the wording of the items. For all items, a seven-point Likert
scale was used to measure agreement (7. Very Much) or disagreement (1. Not at all). In this step, we obtained a
total of 120 items

3.2 Expert Review
In the subsequent phase, we obtained feedback from six experts who have a record of publication in the domain
of human augmentation. The experts provided feedback on each item and suggested eliminating/adding items.
Following the expert review, two researchers consolidated and integrated their feedback.

3.2.1 Participants. We invited six experts in human augmentation to participate in the study. Table 1 presents
the demographic information of the participants. Experts were selected based on publication-record in the field
of human augmentation in the Conference on Human Factors in Computing Systems (CHI) and the Augmented
Humans (AHs) conference. A total of seven experts were contacted via email, from whom six accepted the call
for participation. The interviews and analysis were performed by two researchers, each researcher interviewed
three experts. The interviews took place in a period of approximately one month given the availability of the
experts. The experts’ participation in the study was strictly voluntary and without financial compensation.

3.2.2 Procedure. Prior to the interview, the experts were provided with a document containing the initial pool of
items to become familiar with the content of the scale. During the interview process, the experts were requested
to give feedback on the current set of items, propose new items, and modifications or removal. The interviewers
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Table 1. Participants’ demographic information: Expert review

Expert Research Background

E1 Virtual Reality Computer Science
E2 Information Transfer Psychology
E3 Physiological Sensing Computer Science
E4 Thermal Imaging Human-computer Interaction
E5 Physiological-based Systems Computer Science
E6 Neuroscience Cognitive Science

went through each of the 120 items and asked the experts to provide verbal feedback and annotations on the
provided document. The annotated documents and interviewer notes were then collected for further analysis.

3.2.3 Analysis. Two researchers participated in the analysis; first, the items suggested for removal by at least one
expert were excluded, and the remaining set of items, including those suggested for rephrasing, were discussed.
Afterward, the interviewers assessed each item individually and rated the item quality based on the expert
feedback on a scale of 1 to 10. Items with high scores (above 6) were retained, items with scores below 3 were
excluded, while items with scores between 3 and 6 or were discussed and kept or removed after reaching a
consensus.

The expert review started with an initial pool of 120 items sourced from the previously described instruments.
The integration of the expert feedback resulted in a reduction of the item pool to 67 partly reformulated items.

3.3 Survey #1
In the next stage of our scale development process, we designed a Qualtrics-based online survey to collect data
from participants and conducted an exploratory factor analysis and item reduction. Boateng et al. [10], referring
to Comrey [17], recommends a sample size of a minimum of 200 participants for studies of this kind and we
exceeded this minimal sample size recommendation with a sample size of 𝑛 = 302 participants.

3.3.1 Participants. The sample was composed of 149 female and 153 male participants with a mean age of
44.4 years (𝑆𝐷=13.0). No participants chose not to reveal their identity, and no participant self-identified as
non-binary or other. Participants were recruited through the UK-based platform Prolific, with the sample being
drawn from the United Kingdom and the United States. All participants reported English as being their mother
tongue. Participation was voluntary and compensated by 9 GBP per hour. The participants were informed that
the collected data would be anonymized prior to processing. The survey was distributed in an online format and
took participants an average of eight minutes to complete (𝑀 = 8.02, 𝑆𝐷 = 4.24).

3.3.2 Survey Structure. The survey started with an informed consent form, and after participants gave their
consent, they read a scenario depicting the journey of an augmented human interacting with a group of people.
The scenario was developed based on Findler et al. [27] and Villa et al. [82] work. This scenario was designed to
elicit a range of attitudes towards augmentations by incorporating all possible permutations of cognitive, sensory,
and motor augmentations. The following is the scenario:

Michael went out for lunchwith friends to a coffee shop. Amanwith some technological modifications,
withwhomMichael is not acquainted, enters the coffee shop and joins the group.Michael is introduced
to this person. During the chat, the man tells them that he replaced some of his healthy body parts
and replaced them with improved artificial ones: an artificial eye to augment his vision beyond the
normal range. Artificial legs to run faster and jump higher than ordinary humans. Additionally, he
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got a brain implant to think faster and have more memory than ordinary humans. Shortly after that,
everyone else leaves, with only Michael and the man with the technological modifications remaining
alone together at the table. Michael has 15 minutes to wait for his ride home.

After this scenario, the participants were presented with a quasi-randomized set of 67 items. Once the par-
ticipants had responded to all of the questions, their demographic information was collected and the survey
concluded.

3.4 Exploratory Factor Analysis
For the item analysis, we inverted the negatively worded items, then we examined the densities of all items and
eliminated those with high skew and kurtosis. Then, we conducted a Kaiser-Meyer-Olkin (KMO) factor adequacy
test, which evaluates the data’s suitability for factor analysis. In a KMO test, values close to 1.0 are desired, and
our dataset produced KMOMeasure of Sampling Adequacy (MSA) = 0.95. Subsequently, we conducted a Bartlett’s
Test of Sphericity to evaluate the null hypothesis that the inter-correlations among the variables in the dataset
are equal to zero, thereby eliminating the possibility of an identity matrix and ensuring that the variables are
suitable for factor analysis (𝜒2 (741) = 9953.585 ).
We then performed an exploratory factor analysis. The exploratory factor analysis is a statistical procedure

that allows determining the number of underlying factors that explain the pattern of correlation of items [79].
Then, we employed parallel analysis [35] and scree plot analysis [16] to determine the optimal number of

underlying factors in the data. The inspection of the scree plot indicated that a two-factor solution was the
optimal solution which amounts to extracting factors with an eigenvalue > 1.83.

We then used varimax rotation similar to Woźniak et al. [84]. A varimax rotation produces independent factors;
it is an orthogonal rotation method used in factor analysis to maximize the variance of the variable factor loadings
while minimizing the number of variables with high factor loadings [87].

From this model, we eliminated all items with loadings below 0.40 and those that were loaded on multiple
factors. We merged items with high similarity as a final step. The scale encompassed fourteen items distributed in
two factors; seven items per factor. The model had a good fit, KMO𝑀𝑆𝐴 = 0.85, Tucker Lewis Index of factoring
reliability 𝑇𝐿𝐼 = 0.842, and, 𝑅𝑀𝑆𝐸𝐴 = 0.104. Table 2 presents the results of exploratory factor analysis. The
first factor is related to Social Threat (ST) [6], indicating that augmented humans will pose a threat to oneself
and society. The second factor, Agency (AG), is characterized by a focus on control and includes items that
assess the perceived agency of the augmented human over their augmentation. Internal consistency as indicated
by Cronbach’s alpha was 𝛼 = 0.852 for ST and 𝛼 = 0.834 for AG and thus can be regarded as good internal
consistency of the scales [20].

3.5 Content Validity
Warmth and competence have been used to structure stereotypical attitudes towards human augmentation [56].
To establish that our novel measure relates to an established measure, we have correlated the ST-scale and the
AG-scale to each warmth and competence of the SCM. We observed that the perceived warmth correlates with
both SHAPE factors, meaning that a decrease in perceived threat and an increase in control of ATs users increase
the perceived warmth. Similarly, we found that competence correlates with both ST-scale and AG-scale control
factor, see Table 3. This indicates that an increase in the perceived control over the augmentation and a decrease
in the perceived threat increases the perceived competence. These results are consistent with the findings of
Meyer and Asbrock [56].
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Table 2. The revised version of the SHAPE scale consisted of fourteen items grouped in two factors: Social Threat (ST) and
Agency (AG), with item loadings and their respective sources reported.

Item ID Source Factor

ST AG

An augmented human is a threat to society. I1 CS 0.85

An augmented human would be dangerous. I2 CS 0.84

An augmented human is intimidating. I3 MAS 0.64

An augmented human would conform to the traditions of society. I4 MFQ 0.58

An augmented human has to disclose their augmentation. I5 CS 0.58

An augmented human would do something cruel I6 MFQ 0.55

An augmented human is more competitive than a non-augmented human. I7 PeaS 0.53

The actions of the augmented human do not match their intentions. I8 SoA 0.70

An augmented human is not the author of their own actions. I9 SoA 0.68

An augmented human is just an instrument of something or somebody else. I10 SoA 0.66

An augmented human does things without any intention. I11 SoA 0.66

An augmented human suffering through their augmentation should get help. I12 MFQ 0.50

If an augmented human were to suffer through their augmentation, I would have compassion. I13 MFQ 0.48

An augmented human is in full control of what they do. I14 SoA 0.47

Table 3. Correlations between the SHAPE scale factors, Social Threat (ST) and Agency (AG), and theWarmth and Competence
scale. degrees of freedom for all the tests are 𝑑 𝑓 = 300

Factor ST AG

𝑟 𝑡 𝑝 𝑟 𝑡 𝑝

Warmth -0.581 -12.392 < .005 -0.491 -9.766 < .005
Competence -0.205 -3.634 < .005 -0.392 -7.380 < .005

4 SCALE VALIDATION
After building the factor structure of the scale, we continued with the evaluation of the SHAPE scale. We
performed a confirmatory factor analysis to test the fit of the structure to novel data. Subsequently, various
correlational tests were conducted to assess the scale’s content validity and reliability. In this section, we report
the first version of the SHAPE scale and evaluate its consistency. We then refine the scale and construct its final
version.

4.1 Survey #2
We designed a Qualtrics-based online survey to collect data from participants and conducted a confirmatory factor
analysis (CFA) during this phase of the research. It is important to note that the structure of the questionnaire
at this stage is identical to that described in subsection 3.3, with the exception that the set of items has been
replaced with those obtained from the exploratory factor analysis described in subsection 3.4.
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4.1.1 Participants. For this stage, we recruited a sample of 𝑛 = 297 participants, in accordance with the recom-
mendations by Comrey [17] that posit confirmatory factor analysis requires at least 200 participants. The sample
consisted of 150 females and 147 males with a mean age of 44.4 (𝑆𝐷 = 13.9) years. No participants chose not
to reveal their identity, and no participant self-identified as non-binary or other. The sample was composed of
individuals from the United Kingdom and the United States who were recruited through the British platform
Prolific. All participants were native English speakers. The participants were compensated with 9 GBP per
hour. All participants were informed of the voluntary nature of their participation and provided with the option
to withdraw at any time if they felt uneasy. Participants were also informed that the collected data would be
anonymized prior to processing. The survey was distributed online and took respondents an average time of
three minutes to complete (𝑀 = 3.45, 𝑆𝐷 = 1.86).

4.2 Confirmatory Factor Analysis (CFA)

Social Control

I1 I2 I3 I4 I5 I6 I7 I10I8 I9 I11 I12 I13

SHAPE

Fig. 2. The findings of the confirmatory factor analysis indicated a two-factor model for the SHAPE scale, comprising two
inter-correlated subscales.

In order to assess the validity of the SHAPE scale’s structure, we conducted a Confirmatory Factor Analysis
(CFA). This statistical procedure allowed us to confirm the dimensionality of our proposed factor model. The
solution had two factors, see again Table 2. The results of the model fit assessment indicated a sub-optimal fit, as
evidenced by the Root Mean Square Error of Approximation (RMSEA) value of greater than 0.1, a Comparative
Fit Index (CFI) of 0.93, and a Standardized Root Mean Square Residual (SRMR) of 0.08. Detailed examination of
the data revealed high correlations between two items in the Agency factor (items I12 and I13). Also, item I13 was
identified as dissimilar due to its wording and was removed to improve the coherence of the SHAPE construct.
We conducted another CFA using the reduced set of items. The confirmatory factor analysis revealed an

RMSEA of 0.08, which falls within the acceptable range. Additionally, the CFI was calculated to be 0.97 and the
SRMR was determined to be 0.063. Both values are within the desirable bounds, with CFI values above 0.95 and
SRMR values below 0.08 being considered indicative of a good fit of the data to the model. Again Cronbach’s
Alpha for ST was 𝛼 = 0.808 and for AG was 𝛼 = 0.809 can be deemed a good level of internal consistency.

The final compositions of the factors is reported in Table 4 and visualized in Figure 2; A two-factor model
consisting of thirteen item; 6 for ST, 7 for AG.
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Table 4. The final version of the SHAPE scale consisting of thirteen items. Internal consistency Cronbach’s alpha values are
displayed on top of their respective item group. Each item is answered in a 7 point Likert scale ranging from (1) Not at all to
(7) Very Much. (*) denotes that the item is inverted.

Item ID Source

Social Threat 𝛼 = 0.808

An augmented human is a threat to society. S1 CS

An augmented human would be dangerous. S2 CS

An augmented human is intimidating. S3 MAS

(*) An augmented human would conform to the traditions of society. S4 MFQ

An augmented human has to disclose their augmentation. S5 CS

An augmented human would do something cruel S6 MFQ

(*) An augmented human is more competitive than a non-augmented human. S7 PeaS

Agency 𝛼 = 0.809

The actions of the augmented human do not match their intentions. S8 SoA

An augmented human is not the author of their own actions. S9 SoA

An augmented human is just an instrument of something or somebody else. S10 SoA

An augmented human does things without any intention. S11 SoA

An augmented human suffering through their augmentation should get help. S12 MFQ

(*)An augmented human is in full control of what they do. S13 SoA

5 TEST-RETEST RELIABILITY AND CONSTRUCT VALIDITY
In this step, we evaluated the construct validity of the SHAPE scale through three methods: (1) Reliability:
conducting a test-retest reliability study. (2) Content validity: analyzing the correlation between the SHAPE scale
and the willingness to acquire an augmentation, and (3) Convergent validity and discriminant validity: examining
the correlation between the SHAPE factors and subscales of the Technology Readiness Index (TRI) that bears
subscales that conceptually relate to our measure and subscales that do not [72].

5.1 Data Collection
To gather data and evaluate the three aforementioned points, we developed two online surveys using Qualtrics
software. The surveys included the final thirteen items of the SHAPE scale and were completed by a total of n =
103 participants in the first round and n = 78 participants in the second round. The surveys were distributed with
a minimum interval of 15 days between assessments (𝑀 = 16.52, 𝑆𝐷 = 0.63,𝑚𝑖𝑛 = 15.66,𝑚𝑎𝑥 = 18.31).

5.1.1 Survey #3: Test-Retest first sample, Technology Readiness Index (TRI), and Willingness to acquire an augmenta-
tion. The survey started with an informed consent process; following this, participants viewed the same scenario
from the first survey (see subsection 3.3 for details). Participants were then presented with the thirteen-item
SHAPE scale, and upon completion, participants were asked a binary question regarding their willingness to
acquire an augmentation, "I would like to get an augmentation for myself," with response options of "Yes" or
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"No." Finally, we administered the Technology Readiness Index (TRI) before concluding the survey by collecting
demographic data.

5.1.2 Participants. For this stage, we recruited a sample of n = 103 participants using Prolific, The sample
consisted of 51 females and 52 males with a mean age of 45.5 (SD = 13.1) years. No participants chose not to reveal
their identity, and no participant self-identified as non-binary or other. The recruiting, compensation and consent
scheme were similar to the previous two studies. The survey was distributed online and took respondents almost
six minutes to complete (𝑀 = 5.88, 𝑆𝐷 = 3.15).

5.1.3 Survey #4: Test-retest second sample. Most of the questions from Survey #3 were re-invited to Survey #4,
with the Technology Readiness Index (TRI) being the only exception.

5.1.4 Participants. About 80% responded again, n = 78, using Prolific. The sample consisted of 44 females and
34 males with a mean age of 47.3 (SD = 13.9) years. No participants chose not to reveal their identity, and no
participant self-identified as non-binary or other. The compensation and consent scheme was the same as in the
previous study. The survey was distributed online and took respondents an average of four minutes to complete
(𝑀 = 4.19, 𝑆𝐷 = 6.80).

5.2 Test-retest Reliability
Temporal stability refers to the ability of a scale to produce consistent results when administered to the same
participants at different time points [10]. We conducted a test-retest reliability evaluation to assess the temporal
stability of the SHAPE scale construct. This psychometric evaluation is commonly used in the scale development
process (e.g. Bentvelzen et al. [7], Woźniak et al. [84]) to estimate reliability based on temporal stability.

Similar to Woźniak et al. [84], we calculated calculated a two-way Single-measurement intraclass correlation
coefficient (ICC) for consistency and agreement. The ICC quantifies the degree of agreement between two or
more continuous measures, values close to 1 indicate a perfect agreement whilst values close to 0 indicates no
agreement at all. The ICC, for each subscale1, indicated good reliability for ST and AG in terms of consistency (ST
𝜅 = 0.735, AG 𝜅 = 0.715) and agreement (ST 𝜅 = 0.736, AG 𝜅 = 0.709), see also Table 5. Additionally we computed
Spearman correlations for each subscale, indicating a high correlation between samples; namely for AG we found
that 𝑟𝑠 = 0.68, 𝑝 < .005, and for ST 𝑟𝑠 = 0.707, 𝑝 < .005.

Table 5. The two-way single-measurement intraclass correlation coefficients (ICC) calculated for both the Social Threat (ST)
and Agency (AG) factors of the SHAPE scale.

Factor ST AG

𝜅 𝐹 𝑝 𝜅 𝐹 𝑝

Consistency 0.735 𝐹 (76,76) = 6.54 < .005 0.715 𝐹 (76,76) = 6.02 < .005
Agreement 0.736 𝐹 (76,76.8) = 6.54 < .005 0.709 𝐹 (76,74.2) = 6.02 < .005

To further determine the absolute reliability of the SHAPE scale, we analyzed the data using the Bland and
Altman method [9]. Each participant’s mean difference between the initial test and the retest was plotted as
a function of the means of both test sessions using Bland-Altman plots. The dashed horizontal lines in the
plots represent the limits of agreement, which correspond to the 95% confidence interval surrounding the mean

1We calculated the Intraclass Correlation Coefficient (ICC) for each subscale by averaging the responses of the Likert items on the subscale.
Therefore it is important to note that this computation was performed on interval data, as opposed to ordinal data.

Proc. ACM Interact. Mob. Wearable Ubiquitous Technol., Vol. 7, No. 3, Article 128. Publication date: September 2023.



Society’s Attitudes Towards Human Augmentation and Performance Enhancement Technologies (SHAPE) Scale • 128:13

difference between the test sessions. These limits indicate the range within which 95% of the values are likely to
fall [9, 83].
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Fig. 3. Bland and Altman plots: difference in SHAPE scores obtained from two surveys (Described at the beginning of this
section) as a function of the average score of both test sessions for individual participants, the data is segregated based on ST
and AG categories. The mean bias is indicated by the black line, while the 95% limits of agreement are represented by the
gray lines.

In the plot (see Figure 3), the mean difference close to zero, (dotted line) indicates that the SHAPE scale has
absolute temporal stability on average and the distribution around zero is indicative of reliability not being related
to the mean score, thus, demonstrating that it can be reliably administered at different time points and is suitable
for use in between-groups or repeated-measures designs.

5.3 Concurrent Validity
In this step, we wanted to investigate the extent to which the factors of the SHAPE scale could predict an
individual’s inclination to obtain ATs to show concurrent validity. We measured this inclination in Survey one
with the response options of "yes" or "no" to the question "I would like to get an augmentation for myself.". We
calculated Spearman correlation, for the ST and AG and the above-mentioned question. We found a negative
association for the ST, 𝑟𝑠 = -.40, p < .001, and AG, 𝑟𝑠 = -.31, p = .001, concerning their indication of willingness to
acquire an AT. The less threat and the more control they attribute to augmented humans in general, the more
likely participants are to indicate they would want to use an AT themselves.

5.4 Convergent & Divergent Validity
Utilizing a methodology similar to that of Schepman and Rodway [72], we assessed the convergent validity of
the SHAPE scale by applying the Technology Readiness Index (TRI). The TRI scale comprises 18 items and is
frequently used due to its sound psychometric properties [47]. The TRI scale has four subscales: Innovativeness,
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Optimism, Discomfort, and Insecurity. The scale has demonstrated the ability to predict user interactions with
technology products [72]. The Innovativeness sub-scale is correlated with the tendency to be a thought leader,
Optimismwith a positive view about technology, discomfort, with the feeling of being overwhelmed by technology
and Insecurity, with distrust in technology. We expect Innovativeness to be conceptually independent of ST and
AG and discomfort and insecurity to overlap with ST and AG .

To evaluate the internal consistency of the TRI, we determined the Cronbach alpha for each sub-scale. The
resulting alpha coefficients were 𝛼 = 0.813 for Innovativeness, 𝛼 = 0.698 for Optimism, 𝛼 = 0.725 for Discomfort,
and, 𝛼 = 0.792 for Insecurity. The obtained metrics reflect an acceptable to good performance for each sub-scale.
We then obtained the sub-scale values by computing the average of the corresponding items.

The correlations of the SHAPE scale and the TRI factors are presented in Table 6. The correlation analysis
indicated that the Social Threat and Agency factors of the SHAPE scale were strongly correlated with the
Discomfort and Insecurity scales of the TRI. The less Discomfort and Insecurity experienced in response to
technological advancement, the less they perceived augmented humans as threatening and the more control they
attributed to them. Thus, we can show convergent validity to negative aspects of technology readiness concepts.

Table 6. Correlation with Technology Readiness Index. degrees of freedom for all the test are 𝑑 𝑓 = 101

Factor ST AG

𝑟 𝑡 𝑝 𝑟 𝑡 𝑝

Innovativeness -0.119 -1.206 0.230 -0.132 -1.340 0.183
Optimism -0.153 -1.559 0.122 -0.272 - 2.848 < 0.01

Discomfort 0.277 2.902 < 0.005 0.410 4.523 < 0.005
Insecurity 0.213 2.197 < 0.05 0.468 5.326 < 0.005

6 VALIDATION OF SHAPE SCALE IN THE CONTEXT OF DISABILITIES
As a final step, we further explored the fit of the two-factor thirteen item structure of the SHAPE scale to the
assessment of augmentation technologies when the user of such technology is an individual with a previous
disability condition. We conducted a new Confirmatory Factor Analysis with a modified vignette to reflect a
scenario where the technology user is enhancing their skills to compensate for a disability.

6.1 Survey #5
We developed a new online survey using Qualtrics software. The survey included the final structure of the SHAPE
scale and was completed by a total of 𝑛 = 216 participants, in accordance to Comrey [17]. The sample consisted
of 123 females 91 males and 2 individuals that preferred not to disclose their gender, the mean age of participants
was 43.9 (𝑆𝐷 = 11.66) years. No participants self-identified as non-binary or other. The sample was comprised of
individuals from the United Kingdom and the United States who were recruited through the platform Prolific. All
participants were native English speakers. Participants were compensated with 9GBP per hour. All participants
were informed of the voluntary nature of their participation and provided with the option to withdraw at any
time without the need for further explanation. Participants were informed about the data collection and the
anonymization policy prior to processing. The survey was distributed online and took respondents an average
time of three minutes to complete (𝑀 = 3.55, 𝑆𝐷 = 1.82).
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6.2 Confirmatory Factor Analysis for the Disabilities Context
We performed a new Confirmatory Factor Analysis utilizing a modified vignette that accounts for a scenario
where users are augmenting their skills to offset disability-related impairments instead of augmenting to increase
their skills. The original two-factor thirteen items model revealed a sub-optimal fit to this new scenario; the
Root Mean Square Error of Approximation (RMSEA) value was greater than 0.1 and the Comparative Fit Index
(CFI) had a value of 0.96 with a Standardized Root Mean Square Residual (SRMR) of 0.06. Given these values, we
examined the correlations between items using modification indices [50] , which indicate a potential change in
𝜒2 when adding or removing items, We subsequently deleted S2, S11, and, S12 which were highly skewed and
thus had a reduced variance for a disabilities context (more positively valenced responding patterns).

We then performed a CFA with these three items removed. The new analysis revealed an RMSEA of 0.07 which
can be considered as a reasonably good fit. For the CFI, we found a value of 0.98, with a SRMR value of 0.043.
Both values being considered as a good fit of the data to the model. The Cronbach’s Alpha for ST 𝛼 = 0.773 and
for AG 𝛼 = 0.802 which can be interpreted as a good level of internal consistency.
In addition, we compared the reduced scores of Survey 5 (validation for disability scenarios) and Survey 3

(test-retest on the initial sample) for both subscales using an unpaired t-test. The results indicated that the score
for the non-disability scenario was significantly higher overall (𝑀𝑛𝑑 = 3.87, 𝑆𝐷𝑛𝑑 = 0.76) than the disability
scenario (𝑀𝑑 = 3.40, 𝑆𝐷𝑑 = 0.74, 𝑡 (192.21) = 5.10, 𝑝 < 0.005). In addition, the subscales exhibited a similar
pattern, for example for Social Threat we found (𝑀𝑆𝑇−𝑛𝑑 = 4.19, 𝑆𝐷𝑆𝑇−𝑛𝑑 = 0.91) and (𝑀𝑆𝑇−𝑑 = 3.63, 𝑆𝐷𝑆𝑇−𝑑 =
0.90, 𝑡 (196.91) = 5.25, 𝑝 < 0.005), while for Agency we found (𝑀𝐴𝐺−𝑛𝑑 = 3.54, 𝑆𝐷𝐴𝐺−𝑛𝑑 = 0.83) and (𝑀𝐴𝐺−𝑑 =
3.18, 𝑆𝐷𝐴𝐺−𝑑 = 0.82, 𝑡 (194.31) = 3.57, 𝑝 < 0.005).

Based on the findings of this confirmatory factor analysis, the scoring system for the context of disabilities is
described more in detail in subsection 7.1.

7 DISCUSSION
In this section, we provide an overview of our approach, the necessary details for administering the SHAPE scale
as well as information on how to use it. In addition, we discuss the limitations of our approach and opportunities
for further developments.
In this paper, we introduce the development and validation process of a brief 13-item measure, the SHAPE

scale, which was designed to measure attitudes towards humans using digital technologies that enhance human
abilities.
We identified a two factorial structure that encompassed attitudes that we summarized under the Social

Threat factor, which measures threat to oneself and others, as well as a factor that we summarized under the
Agency factor, which describes agency and support for augmented humans. The SHAPE sub-scales were validated
and refined in confirmatory factor analysis, showing a good fit based on several fit indices, excellent internal
consistency and good test-retest reliability. Also, medium test-retest reliability indicates that attitudes toward
augmented humans might be susceptible to changes over time and can thus be used to investigate how attitudes
toward augmented humans evolve in the future.
We have evaluated the validity of SHAPE across studies. In Survey #1, we could show that threat and

competence relate to the Stereotype-content model; people that attribute low threat to augmented humans
perceived them as warmer, while competence of augmented humans was increased for low social threat and
more control. This aligns with the findings of Meyer and Asbrock [56], who discovered that individuals with
bionic prostheses were perceived as competent without a reduction in perceived warmth.

On the other hand, in Survey #3, we demonstrated construct validity. There is convergent validity in terms of
correlation with the technology readiness index that addresses discomfort and insecurity about technological
developments but discriminant validity in terms of innovativeness. Therefore, the scale covers both stereotypes’
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attributes on the perception of augmented humans and technological attributes. In Survey #3, we could also
show concurrent validity in that attitudes toward augmented humans can predict whether participants are
willing to use augmentation technologies themselves. Therefore, positive attitudes regarding threat and control
in augmented humans are associated with acceptance of the technology. This mirrors the recent call in HCI [43]
to integrate negative aspects of social acceptability into technological acceptance models.
So far, research in the area of social attitudes toward augmented humans has been limited due to the lack

of assessment tools. Work that considered attitudes towards augmented humans was mainly conducted using
qualitative methods [77, 82]. Quantitative studies in the domain have adapted conventional scales ,e.g. from the
SCM [13, 52, 56], at the expense of interoperability and specificity to the domain of human augmentation. SHAPE
now gives researchers in the domain of human augmentation a tool to quantify attitudes in terms of Social Threat
and Agency, which adds a quantitative tool to the repertoire of researchers in the domain of human augmentation.
We envision that the scale can meaningfully complement qualitative approaches and thereby enable holistic and
impactful insights into the field of human augmentations. In this respect, the scale can be a particularly valuable
addition when it comes to comparative long-term studies and studies that are concerned with the attitudes of
different samples towards human augmentation technologies (e.g., users from different countries).

According to Villa et al. [82], new augmentation devices should be designed with a focus not only on the artifact
itself but on the human that would be integrating it into their life/body and their social environment. Our scale
development process showed that the assessment of the social human factor is comprised of two aspects: Social
Threat and Agency, which should be considered when evaluating ATs and other types of performance-enhancing
technologies.

In the final set of items of SHAPE , there is no explicit reference to privacy threats, which is interesting given
that only one item related to privacy was removed, while the remaining items underwent filtering in the EFA. The
absence of explicit representation of privacy concerns among the filtered items may suggest that we considered
them to be less relevant compared to other factors, such as the agency of the augmented human or the perceived
threat it poses to the observer. Furthermore, we acknowledge that the subscale "Social Threat" may not specifically
target any particular type of threat, including privacy threats. Therefore, it is possible that this subscale captures
certain aspects of privacy concerns, even in the absence of explicit references to privacy threats.

Our study provides valuable information on the social perception of augmented humans. In the initial item pool,
we had a sizable number of items that corresponded to a benevolent or positive view of augmented humans,e.g.,
"An augmented human is interesting." or "An augmented human is friendly." from the MAS scale. However, none
of these items surfaced in the exploratory factor analysis to correspond to a factor. We thus suggest that in
our sample, attitudes mainly revolved around a negative view of augmented humans. This aligns with recent
scale developments such as the Creepiness of Technology Scale (PCTS) [84] where the authors reported three
subscales, all of them negatively valenced. Nevertheless, it will be important for future research to investigate
measurement invariance of the SHAPE scale as attitudes differ across cultures [82]. This resonates with the fact
that beliefs and attitudes toward innovative technologies are ever-evolving. To illustrate this point, the TRI was
updated after only a little more than a decade [62, 63] to cover novel aspects of technology readiness. Likely
SHAPE might need to be revised when augmentation technologies are more broadly used. This limitation also
points to the research opportunity to investigate with the SHAPE scale how attitudes evolve and change over
time. The SHAPE scale was built to be unspecific concerning the disability status and the type of augmentation,
covering sensory, motor and cognitive augmentations alike; future studies may piece apart how attitudes differ
as a function of augmentation characteristics and person characteristics. In order to enable this, we validated the
disabilities scenario and discovered that SHAPE can also be utilized effectively in the context of disabilities by
ignoring the non-descriptive items. The three non-descriptive items for the disability case pertain to situations
that may have been affected by the observer’s forgiveness of individuals with prior disabilities. This aligns with
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previous work that has found that observers find more acceptable the use of some technologies when the user
has a disability condition [23, 34, 66]. In subsection 7.1 we provide a tailored scoring system for this specific case.
The final version of the SHAPE scale is available at Anonymized.com. This website has long-term support

planned and is available to distribute the scale easily. The website is planned to serve as a reference point to
evaluate the evolution of the attitudes toward human augmentation and performance-enhancement technologies.
The anonymized collected data in the website along with translated versions of the SHAPE scale will be made
available for researchers to further advance the field.

7.1 Scoring
The SHAPE scale is scored on a seven-point Likert scale from Not at All (1) to Very Much (7). Items S4, S7 and
S13 are reverse-scored. Higher scores indicate higher aversion towards AT’s users:

7.1.1 Full Scoring System. In the full scoring system of the SHAPE scale, it is advisable to calculate the arithmetic
mean of all the items to obtain the overall score, or to compute the mean of the items corresponding to each
subscale if the reader seeks insights into specific dimensions. This approach is feasible because both subscales
possess equal valence; higher scores indicate a greater degree of aversion towards Augmented Humans or
Performance Enhancing technology users.

𝑆𝐻𝐴𝑃𝐸 =
𝜇𝑆𝑇 + 𝜇𝐴𝐺

2
𝑤𝑖𝑡ℎ 𝜇𝑆𝑇 =𝑚𝑒𝑎𝑛(𝑆1 + 𝑆2 + 𝑆3 + 𝑆4𝑅 + 𝑆5 + 𝑆6 + 𝑆7𝑅),
𝑎𝑛𝑑 𝜇𝐴𝐺 =𝑚𝑒𝑎𝑛(𝑆8 + 𝑆9 + 𝑆10 + 𝑆11 + 𝑆12 + 𝑆13𝑅)

7.1.2 Disability Scenarios Scoring System. In the context of disability scenarios, we suggest using a scoring system
similar to the full scoring system. However, instead of utilizing the entire set of items, we suggest excluding
the items that exhibit a pronounced skew in opinions toward individuals with disabilities. This adjustment is
intended to improve the reliability and validity of the scoring procedure.

𝑆𝐻𝐴𝑃𝐸 =
𝜇𝑆𝑇 + 𝜇𝐴𝐺

2
𝑤𝑖𝑡ℎ 𝜇𝑆𝑇 =𝑚𝑒𝑎𝑛(𝑆1 + 𝑆3 + 𝑆4𝑅 + 𝑆5 + 𝑆6 + 𝑆7𝑅),
𝑎𝑛𝑑 𝜇𝐴𝐺 =𝑚𝑒𝑎𝑛(𝑆8 + 𝑆9 + 𝑆10 + 𝑆13𝑅)

8 CONCLUSION
We present a measure for assessing attitudes toward augmented humans. The SHAPE scale presented high
internal consistency, reliability and high Concurrent, Convergent and Divergent validity. The SHAPE scale is a
useful tool to systematically investigate and analyze social attitudes during the design of digital technologies that
aim to enhance human performance.
The SHAPE scale also aims to facilitate the integration of a user-centered approach in this field, which was

previously characterized by focusing on technical developments and exploratory qualitative methods. With this,
the ultimate goal is to enable the development of functional human augmentation technologies that meet the
needs and preferences in terms of the user and their social environment. Importantly, it is crucial to emphasize
that the development of the SHAPE scale does not intend to assert a hierarchical judgment regarding the merits
of qualitative versus quantitative data collection methodologies, but rather aims to enhance the methodological
comprehensiveness and rigor of AHs research within the HCI domain.
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The SHAPE scale is a suitable and brief instrument for studying the evolution of attitudes toward human
augmentation over time. In order to facilitate this goal, we also developed a long-term support website (shape.
medien.ifi.lmu.de) to sample these attitudes over time and enable academics and designers to better understand
the societal dynamics surrounding ATs.

9 OPEN SCIENCE
This research adheres to the principles of open science and research transparency; The data and materials used in
this study, including the protocol, survey data, and statistical code, are publicly available at https://osf.io/9fjvh/.
We believe that it is important that other researchers are able to verify and expand our findings, and we encourage
others to use our data and methods in their studies.
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A THE SHAPE SCALE AND SCORING SYSTEM

Table 7. The final version of the SHAPE scale consisting of thirteen items. Internal consistency Cronbach’s alpha values are
displayed on top of their respective item group. Each item is answered in a 7 point Likert scale ranging from (1) Not at all to
(7) Very Much. (*) denotes that the item is inverted.

Item ID Source

Social Threat 𝛼 = 0.808

An augmented human is a threat to society. S1 CS

An augmented human would be dangerous. S2 CS

An augmented human is intimidating. S3 MAS

(*) An augmented human would conform to the traditions of society. S4 MFQ

An augmented human has to disclose their augmentation. S5 CS

An augmented human would do something cruel S6 MFQ

(*) An augmented human is more competitive than a non-augmented human. S7 PeaS

Agency 𝛼 = 0.809

The actions of the augmented human do not match their intentions. S8 SoA

An augmented human is not the author of their own actions. S9 SoA

An augmented human is just an instrument of something or somebody else. S10 SoA

An augmented human does things without any intention. S11 SoA

An augmented human suffering through their augmentation should get help. S12 MFQ

(*)An augmented human is in full control of what they do. S13 SoA
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A.1 Full scoring system
In the full scoring system of the SHAPE scale, it is advisable to calculate the arithmetic mean of all the items to
obtain the overall score, or to compute the mean of the items corresponding to each subscale if the reader seeks
insights into specific dimensions. This approach is feasible because both subscales possess equal valence; higher
scores indicate a greater degree of aversion towards Augmented Humans or Performance Enhancing
technology users.

𝑆𝐻𝐴𝑃𝐸 =
𝜇𝑆𝑇 + 𝜇𝐴𝐺

2
𝑤𝑖𝑡ℎ (𝑆𝑜𝑐𝑖𝑎𝑙𝑇ℎ𝑟𝑒𝑎𝑡 𝑆𝑢𝑏𝑠𝑐𝑎𝑙𝑒)𝜇𝑆𝑇 =𝑚𝑒𝑎𝑛(𝑆1 + 𝑆2 + 𝑆3 + 𝑆4𝑅 + 𝑆5 + 𝑆6 + 𝑆7𝑅),

𝑎𝑛𝑑 (𝐴𝑔𝑒𝑛𝑐𝑦 𝑆𝑢𝑏𝑠𝑐𝑎𝑙𝑒)𝜇𝐴𝐺 =𝑚𝑒𝑎𝑛(𝑆8 + 𝑆9 + 𝑆10 + 𝑆11 + 𝑆12 + 𝑆13𝑅)

A.2 Disability Scenarios Scoring System
In the context of disability scenarios, we suggest using a scoring system similar to the full scoring system.
However, instead of utilizing the entire set of items, we suggest excluding the items that exhibit a pronounced
skew in opinions toward individuals with disabilities. This adjustment is intended to improve the reliability and
validity of the scoring procedure.

𝑆𝐻𝐴𝑃𝐸 =
𝜇𝑆𝑇 + 𝜇𝐴𝐺

2
𝑤𝑖𝑡ℎ (𝑆𝑜𝑐𝑖𝑎𝑙𝑇ℎ𝑟𝑒𝑎𝑡 𝑆𝑢𝑏𝑠𝑐𝑎𝑙𝑒)𝜇𝑆𝑇 =𝑚𝑒𝑎𝑛(𝑆1 + 𝑆3 + 𝑆4𝑅 + 𝑆5 + 𝑆6 + 𝑆7𝑅),

𝑎𝑛𝑑 (𝐴𝑔𝑒𝑛𝑐𝑦 𝑆𝑢𝑏𝑠𝑐𝑎𝑙𝑒)𝜇𝐴𝐺 =𝑚𝑒𝑎𝑛(𝑆8 + 𝑆9 + 𝑆10 + 𝑆13𝑅)
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