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1 Introduction
Currently, there is strong interest in living technology such as robotics as a new kind of assistive
technology in the Danish health-care sector. The reason is that such technologies are assumed to
alleviate sector problems. Robots have been found to compensate for a growing number of people
in need of care and fewer staff to provide the necessary assistance [8, p. 321]. Also, robots have been
shown to increase the quality of life, particularly in the area of rehabilitation [26], and are also
believed to reduce stress and anxiety and to provide a safer environment [10]. In addition, it is
expected that there will be many applicable technologies that will be less costly than, for example,
hospitalization or other intensive personal care [16; 28, p. 2], which will be welcome in times of
demand for public savings. In turn, these positive effects and others may furthermore influence
the way society at large perceives and values living technology and thus speed up the rate of
adoption. Reasons for easy acceptance of living technology are related to the five characteristics
of adoption as identified by Rogers, namely, living technology provides relative advantages, compatibility, low complexity, trialability, and observability [23].
Although the advantages of living technologies are much needed, it is not an easy task to introduce new technology. It has long been known that new technology often meets resistance in the
market [17]. However, it seems that health care in particular lacks successful implementation of new
technology [13]. According to Leonard, research into adoption of new technologies in health care
has been focused on specific topics such as patient records or on physical characteristics related to
slowness and resistance to change. On the topic of resistance to change, this is exacerbated when
no added value is expected from the new technology [15]. Furthermore, in a broad review of the
literature within various disciplines, Leonard [14] found some references to motivational, leadership,
culture, and other management concepts as having an influence on sector implementation, but at
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Abstract This article is a comparative analysis between workers
in health care with high and low degree of readiness for living
technology such as robotics. To explore the differences among
workersʼ readiness, statistical analysis was conducted in a data set
obtained from 200 respondents. The results showed important
differences between high- and low-readiness types on issues such
as staff security, documentation, autonomy, and future challenges.
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the same time no serious progress in widespread deployment of new technologies has been documented throughout the health-care service. Consequently, as stated by Leonard [14], more research
is needed on the issue of robotics in health care.
Furthermore, using health care as the test bed for researching the adoption of robotics may
arguably be relevant for other sectors as well as for society in general. The reason for this is first
that the health-care sector includes some of the most radical innovations in the field and with the
greatest impact on peopleʼs lives (not counting the armaments industry and the military). This is
because it deals with basic human needs for living, which constitute a much wider field than that
of robotics for mere entertainment. Secondly, the permeation of robotics into health care is widespread and increasing, and although the prospects are fascinating and compelling, they are also
controversial (see, e.g., [7, 25]). In health care people are by definition vulnerable, and because of
their weakness they are easily manipulated, which naturally makes them anxious and resistant.
Therefore we are more likely to find stronger opinions and attitudes toward living technology in
health care than in any other field. Thus, this study will provide important knowledge of the
demarcation of the fuzzy boundaries of living technology in areas that demand great sensitivity
and societal attention.
In order to understand the pros and cons of introducing living technology as a new assistive tool in
the Danish health-care system, this article examines health-care workers with various degrees of experience with and attitudes toward new types of robotics. Dividing health-care workers into groups of high
and low readiness for living technology provides a more nuanced analysis of the conditions that favor
or hinder the implementation of robotics in the health-care sector. Not only will such knowledge contribute to an increased understanding of how to support that implementation, but also, when care is
viewed in a service perspective, it will provide knowledge of research interest [3].
Various researchers within the field of technological innovation have applied the concept of readiness as a way of understanding the adoption of new technology. For instance, Parasuraman defines
peopleʼs readiness for technology as their propensity to embrace and use new technologies for
accomplishing professional and private goals [20]. Others have characterized readiness in relation
to innovation as involving peopleʼs beliefs, attitudes, and intentions, according to which they perceived the innovation as both necessary and manageable [1]. And in his diffusion theory, Rogers
argues that people vary in their degree of readiness for innovation, as research continually shows
there are large differences between the individuals who are innovative and those who lag behind
[23]. The success of an innovation depends on the conditions under which it is introduced, the
people who are exposed to it, and their perception of its usefulness. Rogers categorizes the readiness
of people according to five specific types: innovators, early adopters, early majority, late majority, and
finally laggards [23]. In this study, the construction of the two readiness types is done using attitude
and experience parameters as mentioned above (see Section 3.1 for a detailed description of the
construction of the types).
With reference to Rogers [23], Moore argues that the greatest barrier to the diffusion of innovation is when it has to spread from the early market segment, consisting of the technology-fascinated
and visionary types, to the mainstream market, consisting of conservative and pragmatic types [18].
This is a cultural gap to be crossed, and it coincides with the transition between the two types, early
adopters and early majority, in Rogersʼ diffusion model [23]. According to Moore, this gap is critical
for the spread of an innovation and requires a holistic understanding of the transition to the mainstream market in order to make it a success [18]. In addition, Norman examined the differences
between the early and the mainstream market, and found the innovative and technology enthusiasts
are willing to make a tradeoff between deficiencies, difficulties in use, undesirable design, and high
price of the technology, and their need for new stuff: better technology with more options [19]. In
contrast, the group of people that adopt the innovation later are highly pragmatic and conservative
when it comes to innovation, and they demand convenience, reliability, and low cost, whether or not
the technology offers better technical quality.
In order to assess important differences, the aim of this article is to conduct a comparative
analysis between workers with high and low degrees of readiness for robotics in health care. The
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2 Method
The data collection was conducted at the Health & Rehab fair in Fredericia, from May 12 to 14, 2009.
The method used to collect the data is called the consumer intercept survey: the informants for this study
were selected randomly and asked to fill out a self-explaining questionnaire (see Appendix 1) while
passing by the interviewers. This data collection method has the advantage of the interviewer and the
respondent being present simultaneously, so that it is possible to explain the factors relevant to
completion of the otherwise self-administering questionnaire. This is especially useful when the
target population, as in the case of this study, is not accustomed to filling out questionnaires of
this magnitude and complexity. By providing thorough preliminary explanation to each participant,
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research question is: What differences exist among groups with high and low readiness for living
technology in health care? By exploring attitudes toward new types of technologies in health care,
the aim is to provide critical success factors that may increase the likelihood of successful adoption
of robotics, and thus living technology, in the health-care sector.
As living technology covers many types of needs and concerns many different parts of the care
sector, it is desirable to obtain clarification of what is meant by “living technology.” Living technology is defined as technology that shares fundamental properties with living systems, such as
containing elements of self-organizing, purposeful action, or adapting to changing circumstances
[2]. Examples of such living technology found in health care are the robotics presently used in
operations, transportation, cleaning, and alleviating cognitive impairments.
The reason for categorizing such robots as living technology is that they offer flexibility and
adaptability to their surroundings that are not caused by any external control mechanism, but by
the ability of the robot to autonomously act on self-interest. Based on key features of living systems,
this article defines living technology as robotics that possess the following lifelike elements: (1) the
performance of tasks requiring independent capacities, (2) the presence of a sensory system, which
puts the technology in contact with the surroundings, to inform about both the environment and the
technologyʼs own behavior, and (3) the presence of a feedback mechanism that allows the technology to adapt its future behavior based on past performance—a kind of learning mechanism.
Following Bedau et al. [2], this definition places health-care robotics in the realms of both the
“artificial” and the “natural” in that the technology is created through intentional human activity
as well as having a life of its own.
In order to better understand the concept of living technology, Bedau et al. [2] not only make a
distinction between three main synthetic methodologies in artificial life—chemical (wet), software
(soft), and robotic (hard)—but also between primary and secondary forms of living technologies.
Primary living technology is constructed out of components that were never alive (nor derived only
from living organisms), and therefore are purely artificial. An example of the primary living technology in relation to robotics in health care is the artificial baby seal called PARO. This advanced
interactive robot was developed by the Japanese manufacturer AIST. It provides a kind of animal
therapy to patients in hospitals and other health-care facilities, but is used mainly to stimulate
cognitively impaired elderly persons.
Secondary living technology depends on living components to function. Examples of robotics in
health care that can be categorized as such are various forms of human prostheses such as the robot
suit HAL. HAL is a cyborg device that helps improve a personʼs ability to use limbs by interception
of nerve impulses—weak signals detected on the surface of the skin—sent from the brain to the
muscles. It can be used in various fields, such as rehabilitation support and physical training support
in medicine, and can also be used to support heavy labor.
In this article, however, no distinction is made between the two forms of robotics. Although the
different forms of robotics should continue to be studied on their own terms and within their own
research fields, there is a need to understand the increasing complexity that results from the emergence of new robotics in general.
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3 Data Analysis
A total of 200 respondents participated in the study, out of approximately 7,000 visitors during the
entire fair. There were continuously conducted preparatory data checks for logical errors. Then the
respondentsʼ answers were typed into SPSS for Windows, following a series of descriptive statistical
tests for all variables and, wherever required, also tests of significance (F-tests). The survey data
analysis method will mainly rely on cross-tabulations and tests of variance.
3.1 Development of a Readiness Typology (Independent Variable)
From the definitions of peopleʼs readiness for technology outlined in the introduction section above
[1, 20, 23], the degree of readiness is in this study expressed by a typology consisting of a type
labeled “high readiness” (HR type) and a second type labeled “low readiness” (LR type). In order
to develop this typology, two variables from the questionnaire are used. The first variable is the
attitude toward living technology in health care, and the other is experience with living technology
(e.g., robots). Identifying readiness for innovation in this way is based on two assumptions. First,
individuals who typically are the first to adopt are also inclined to adopt still more innovations [23].
In this study, this translates into the level of experience with living technology. Second, a more
positive attitude toward living technology reflects a fascination with this technology, which particularly characterizes Rogersʼ innovators, but also the category of early adopters (see, e.g., [1]). In
developing the HR type, respondents that fall in the attitude categories “somewhat positive” and
“very positive” toward living technology are selected, which are 93% (n = 183) of the sample. Also
selected for the HR type are respondents belonging to the experience categories “some experience”
and “great experience” with living technology, which represent 17.1% (n = 34) of the sample. By
extracting the subset of the two chosen variables and categories, a total of 31 respondents (16% of
the sample) are finally selected in order to form the HR type. Those respondents not selected for
the HR type are then assigned to the LR type. This second type consists of 167 participants, representing 84.3% of the sample. To sum up the two types, those in the HR type have a positive attitude
as well as being experienced in the use of robotics, whereas those in the LR type hold a negative
attitude and are not experienced in robotics.
Although the classification of two types used in this article does not correspond to Rogersʼ categorization, it can nevertheless be used as a typology of innovation processes, because, as Rogers [23]
points out, innovation is a continuous concept, and discrete types are only conceptual tools in understanding this process. Thus, high-readiness and low-readiness types are in this study identified in a
looser manner, through the theoretical selection of types in the data.
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both verbally by the interviewers and with supporting video examples of the types of robotics in
question, it led to fewer misunderstandings, incomplete forms, and incorrect responses.
The intercept survey method represents a way to get in contact with specific segments of the
target population that would otherwise be difficult to survey. Furthermore, data collected through
intercept surveys have proven to be of good quality [5, 9]. In addition, people feel more anonymous
than in telephone interviews [5]. Although the intercept survey method has great advantages as
outlined above, it should be noted that respondents are not necessarily representative of the given
geographical area, and the data may be skewed because informants may want to impress the
interviewer.
Generalizability is thus limited, but may increase as a larger number of respondents are included
and information on the demographic composition may help determine how generalizable the data
are. Nevertheless, it should be emphasized that in relation to the subsequent data analysis, the
problem of representation was not considered a major one. The reason is that tests are conducted
according to the readiness typology, which has emerged from a priori specified criteria, and are
therefore independent of how the overall population is spread across each type in the typology.

J.-P. Peronard

Readiness for Living Technology

3.2 Developing Categories of Major Challenges
The data were assessed concerning the open response options: “In your opinion, what are the three
most important challenges for applying new technologies?” in which people could list major challenges associated with robot technology in health care. A classification scheme was developed with
16 non-overlapping categories for a total of 412 answers (see Appendix 2). However, to strengthen
the reliability of this categorization further, researchers might make a classification of answers to see
if it matched the categories developed in this study. This would allow calculating the statistical
compliance rate (percentage agreement statistic) for the coding of major challenges [21].

Table 1. Care types.
Typology (n=)

Elder care

High readiness

Low readiness

Total

50% (13)

32% (41)

35% (54)

9% (12)

8% (12)

Home care
Handicap

12% (3)

12% (15)

12% (18)

Youth

19% (5)

7% (9)

9% (14)

4% (1)

14% (18)

12% (19)

15% (4)

25% (32)

24% (36)

100% (26)

100% (127)

100% (153)

Assistive technology
Specialist
Total

Note: Item labels are grouped occupational areas. m2 = 10.592, p < 0.06.
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3.3 Characteristics of the Sample
This section describes and compares the two types in the typology with respect to demographic
characteristics. First, descriptive analysis of informantsʼ relations to the various care areas was carried
out. As seen in Table 1, the two types have different composition of care areas. The HR type
includes more respondents from elder care (+18%) and youth care (+12%), and the LR type has
a larger percentage of consultants in assistive technology (+10%), specialties (+10%), and elder care
in the home (+9%).
Differences between the two types are found in the composition of roles (see Table 2). The HR
type has a higher proportion of managers (29%) than the LR type (9%). In contrast, the LR type has
a larger proportion of consultants (51%) than the HR type (39%). The proportionally greater
distribution of managers in the HR type than in the LR type is consistent with studies showing
that early adopters typically have a higher job position in the organizational hierarchy [23]. The
LR type is further differentiated from the HR type by containing users (8%).
Turning to the distribution of age between the two types (Table 3), it is worth noting that the
older caregivers are more innovative, since there are significantly higher percentages of HR type over
50 years than of the LR type. This is not unexpected, as research has been unable to demonstrate
that readiness for change increases or decreases as a result of aging [23]. However, what is in particularly interesting in relation to age is that both types, with high mean values of 5.39 for the HR
type and 5.28 for the LR type, indicate that younger workers have a more positive attitude to
robotics than older ones. This suggests that there exists a myth about youth and readiness for
new technologies. More specifically, the informantsʼ age for the HR type had a mean of 46.3 years
and a median of 48.5 years, and for the LR type a mean of 42.4 years and a median of 43 years.
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Table 2. Occupation distributed over readiness categories.
Typology (n=)
High readiness
Care receivers

Low readiness

Total

8% (12)

6% (12)

32% (10)

33% (52)

33% (62)

Managers

29% (9)

9% (14)

12% (23)

Consultants

39% (12)

51% (81)

49% (93)

Total

100% (31)

100% (159)

100% (190)

Note: Item labels are categorization of care function. m = 4.559, p < 0.008.
2

The respondentsʼ gender and educational background do not differ between the two types of
readiness. Women account for approximately 90% and men for approximately 10% of the sample.
That there is no difference in educational level is atypical, since studies suggest that education is
typically higher for the early adopters [23].

3.4 Critical Factors for Adoption
Table 4 presents mean scores and statistical differences segmented by readiness types. As can be
seen from the table, only variables with statistical differences are included (see Appendix 1 for a
complete list of variables in the survey), and they are remarkably few. There may be several explanations for this. First, widespread rational discourse may exist in health care due to its subjection to
strong performance control, and such discourse may be used to flesh out quantitative goals in a
language that favors a practical-functional perspective, rather than more subjective attitudes and norms.
Second, when robotics in health care is debated, societal discourse of an economic and rational
nature is often used, which may affect the perception of what is relevant in connection with these
technologies. Third, the reason for the scarcity of differences may be sample bias, which translates
into an overall more positive attitude to living technology than among the target population.
Overall, the HR type differs from the LR type on seven critical factors. First, with a mean of 4.74
( p < 0.044), the HR type attaches more importance to the interests of securing public safety when
implementing robotics in the health-care sector than does the LR type, with a mean of 4.62. This is
an important result, since it is generally believed that innovators and technology enthusiasts, that is,
types involved in the early phase of the adoption process and similar to the HR type, are willing to
take more risks and thus may compromise more on safety issues than types involved in later phases

Table 3. Age distribution on readiness categories.
Typology (n=)
Age (yr )

High readiness

Low readiness

Total

<50

50% (15)

70% (112)

67% (127)

>50

50% (15)

30% (48)

33% (63)

Total

100% (30)

100% (160)

100% (190)

Note: Item labels are age data grouped into age intervals, m2 = 17.462, p < 0.033.
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Table 4. Summary for statistical differences between readiness types.
Low readiness

Variable

Mean

S.d.

Mean

S.d.

F

Significance

Concern for public safety.

4.74

0.445

4.62

0.557

4.121

0.044

The newest technology has improved the
working environment.

6.06

0.854

5.55

1.437

10.498

0.001

The newest technology provides ability
to take care of oneself.

4.60

1.380

4.15

1.126

4.390

0.038

The effect of the newest technology is well
documented among the best care organizations.

5.32

1.661

5.01

1.341

3.597

0.059

The newest technology is very important for the
best care organizations' image and reputation.

4.29

1.918

4.36

1.473

5.102

0.025

The staff at the best care organizations explains
exactly how the newest technology works.

4.55

2.030

4.61

1.397

10.967

0.001

You have contributed to the selection
of the newest technology.

4.28

1.162

2.97

1.571

8.948

0.003

New technologies create insecurity
among the nursing staff.*

4.35

1.959

3.68

1.439

8.026

0.005

Note: All mean values are on a 7-point scale (1 = absolutely disagree to 7 = absolutely agree) except in the last row.
*Here the mean is on a 6-point scale (1 = not at all, 2 = to a low degree, 3 = to a lesser degree, 4 = to some degree,
5 = to a high degree, 6 = to a very high degree). All variables in the questionnaire (see Appendix 1) that are not significantly different are omitted from the table.

in the adoption process [19, 23]. This result shows that people in general (especially the HR type) are
taking the safety measures quite seriously and are not willing to take chances.
Second, in connection with safety, the HR type pay greater attention to robot technology that
creates improved working conditions for caregivers. Thus, the HR type attributes (mean = 6.06)
significantly ( p < 0.001) more importance to the work environment than the LR type (mean =
5.55). However, it is not only individual users and staff safety that are more important to the
HR type; when it comes to robotics, providing better ability for care recipients to take care of
themselves also matters significantly more ( p < 0.038) to the HR type (mean = 4.60) than to the
LR type (mean = 4.15).
Third, a weak statistical difference ( p < 0.059) exists between the HR type (mean = 5.32) and
the LR type (mean = 5.01) with regard to whether “the effect of the newest technology is well
documented among the best care organizations.” This fact seems to support the hypothesis that
the HR type is focusing to a greater extent than the LR type on quality factors in relation to robot
technology. A possible explanation for this difference is that the HR type, to a greater extent than
the LR type, is involved in a decision-making process connected to robot technology and thus has a
greater insight into the legal requirements.
Fourth, the LR type (mean = 4.36) is significantly ( p < 0.025) more inclined than the HR type
(mean = 4.29) to believe that robot technology has great importance for the image and reputation of
the best care organizations. This may be due to a combination of an unclear understanding of technologyʼs possibilities by the lesser experienced and submission to a discourse that favors new technology. Robot technology is, in other words, a signal of status and development.
Artificial Life Volume 19, Number 3 & 4
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3.5 Sources of Information for Living Technology
When an innovation is going to be implemented in an organization, research shows the importance
of how information about initial experiences is spread throughout the population [4, p. 321]. Therefore, this study examines various types of sources favored by the respondents when learning new
technologies such as robotics (see Table 5). The respondents were asked the following question:
“Where do you get your knowledge of new technical devices for health care?” The respondents
could check one or more sources from a list containing mass media, branch letters, education, management, users, coworkers, and others. The most important source of information for both types is
mass media (e.g., TV, WWW), with 58% for the HR and 61% for LR. However, the HR type view
education (58%) as equally important, and for the LR type colleagues are almost as important (60%)
as mass media. A notable difference (12%), though not statistically significant, between the two
types is in relation to trade magazines, where 55% of the HR type as opposed to 43% of the LR
type indicated that they used this source for new information on robot technology. In the overall
assessment of information sources, attention should be paid to the relatively limited role of management, users, and caregivers in the spread of knowledge, although a m2 test of the two readiness types
and the use of several information channels revealed that the HR type make significantly (m2 = 6.712,
p < 0.01) more use of their access to management than do the LR type.
Table 5. Sources of information about robotics.
Typology (n=)
Information channel

High readiness

Low readiness

Total

Mass media (TV, Internet)

58% (18)

61% (102)

61% (120)

Trade magazines

55% (17)

43% (72)

45% (89)

Courses and education

58% (18)

55% (91)

55% (109)

Management*

29% (9)

11% (19)

14% (28)

Care receivers/relatives

19% (6)

19% (32)

19% (38)

Colleagues

55% (17)

60% (100)

59% (117)

Note: Item labels are communication channels people use to acquire knowledge of new types of technologies in health care,
such as robotics.
*The two types are significantly different at m2 = 6.712, p < 0.01.
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Fifth, the LR type (mean = 4.61) is significantly ( p < 0.001) different from the HR type (mean =
4.29) with regard to the belief that the staff in the best care organizations explain exactly the functioning of robot technology. This may be taken as an expression of the idea that innovation and
training go together in the ideal situation.
Sixth, the HR type (mean = 4.28) participate significantly more ( p < 0.003) in decision making
connected with the selection of robot technology than the LR type (mean = 2.97). The fact that
people of the LR type play a minor role in the introduction of robot technology may have a negative
effect on their motivation for new technical solutions.
Finally, a statistical difference ( p < 0.005) exists between the HR type (mean = 4.35) and LR type
(mean = 3.68) with regard to whether robot technology creates insecurity among caregivers. To
some degree this calls into question the general understanding of innovative types as risk-takers.
This result shows that those in the HR type in the Danish health-care sector are more attentive
toward othersʼ needs and wants than otherwise could be expected of a group inclined to trade
off technical quality of the technology for new features [19].
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Table 6. Major challenges perceived in connection with living technology.
Typology (n=)
Low readiness

Total

Care receiver resistance

13% (4)

9% (15)

10% (19)

Personnel resistance

16% (5)

10% (17)

11% (22)

7% (2)

5% (9)

6% (11)

Cultural habits

13% (4)

10% (16)

10% (20)

Knowledge base

32% (10)

44% (73)

42% (83)

Insecurity

13% (4)

11% (19)

12% (23)

7% (2)

16% (26)

14% (28)

Service level

19% (6)

13% (21)

14% (27)

Effectiveness*

52% (16)

17% (29)

23% (45)

Implementation

16% (5)

11% (19)

12% (24)

Economy

26% (8)

31% (51)

30% (59)

Management**

10% (3)

0.3% (1)

Participation

Human contacts

Ethics
Legal issues
Time resources
Other

2% (4)

3% (1)

6% (10)

6% (11)

—

2% (3)

2% (3)

13% (4)

8% (14)

9% (18)

—

9% (15)

8% (15)

Note: Item labels are challenging hurdles that need to be surmounted when introducing robotics into health care (see
Section 3.2 for an account of developing categories of major challenges).
*m2 = 17.462, p < 0.000.
**m2 = 10.887, p < 0.001.

3.6 Major Challenges for Robotics
Sources of resistance to robotics are revealed by the challenges they are perceived to present.
Research has found that such resistance is not much related to the technique in itself, but rather due
to general uncertainty about change per se [6]. Our studies support this, as can be seen in Table 6,
which presents a list of major challenges as perceived by the respondents. Appendix 2 elaborates
each entry in more detail, with examples of statements from the respondents. In descending order
the most important challenges are associated with: knowledge (42%), economics (30%), effectiveness (23%), human contact (14%), and service (14%).
For the HR type, the most important challenge associated with robot technology is effectiveness.
An entire 52% of this type falls into this category, which suggests a concern for quality and more
measurable aspects of robot technology. This is followed by the need for knowledge (32%) and the
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4 Discussion
It is generally believed that living technology, such as in various kinds of robotics for the health-care
sector, may improve living conditions as well as stimulate the growth of technology as a way to cut
overhead costs in a stagnant economy. The increasing interest in robotics calls for a study of peopleʼs
readiness for adopting new technology.
This article has focused on the Danish health-care sectorʼs potential for adopting robot technology,
by undertaking a comparative analysis of groups of high readiness and low readiness. A comparative
study of readiness is believed to be the best way to support change agents (national, regional, and local)
with information on how to help the implementation and use of robot technology in the sector. Ensuring
this connection between health-care actors and technical developers for the sector is an essential part
of the marketing function, but also, when viewed in a broader societal perspective, hopefully will provide
a better understanding of challenges and motivational factors that may lower costs and improve care.
Although a general positive attitude toward robotics exists in the market, there are some discrepancies
in perceptions between the HR and LR types, as revealed in this study.
The results of the analysis show that there exist a number of differences between the two types,
which relate to behavior, attitude, and the importance of possible barriers. The first difference relates
to the composition of types. It turns out that there are significantly more persons aged over 50 years
in the group of high readiness than in the group of low readiness, despite the fact that in general the
readiness types are biased in the opposite directions, namely, younger workers are more innovative than
older workers. This suggests that a myth may exist concerning youth involvement in new technology.
Table 7 presents the main differences between the two types, which form a gap that arguably
needs to be closed, if the interest in robotics is going to be spread rapidly and widely in the Danish
health-care sector.

Table 7. Characteristics of types.
HR type

LR type

Older persons with involvement in management
who are involved in decisions concerning living
technology in the organization. They are mainly
concerned with user and personnel safety,
documentation, and autonomy; and less concerned
with insecurity. The major challenges for adoption
of living technology are associated with efficiency,
economy, knowledge, and service.

Younger persons with less involvement
in management and in decisions concerning
living technology. They are less influenced by
trade magazines and management, associate
living technology with good image and reputation
and with education, and perceive major challenges
to involve human contact, finance, and knowledge.
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economy (26%). The main challenge connected to robot technology for the LR type is knowledge
(44%), suggesting a commitment to necessary training and technical knowledge. The second most
important challenge is economic (31%). The main concerns here, as elicited from the respondentsʼ
answers, relate to the possibility of obtaining funding for applying new robotics.
For the statistical differences between the two types, a m2 test reveals that the HR type, more
than the LR type, view efficiency (+35%) and management (+10%) as main challenges. In contrast,
the LR type is more concerned with human contact (+9%) and knowledge (+12%), although the
differences are not statistically significant. All in all, when the two types are compared with respect to
perceived challenges, it appears that the HR type are more concerned with aspects of compliance
with organizational requirements. In contrast, the LR type are more concerned with factors that
involve education and norms of dignity in old age. One explanation for these differences in perceived challenges may be the mental stress of having to change behavior as well as learning to
use living technology, which is a typical barrier for organizational innovation [29].
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4.1 Limitations and Future Studies
Although the intercept method was deliberately chosen for this study because it increases the possibility of collecting data from the sectorʼs high-readiness respondents, who may be difficult to reach
even with a large sample, it must nevertheless be stressed that the method has certain limitations
with respect to generalization and bias that should be corrected in future studies of readiness for
change. Future studies should seek to involve a larger share of skeptics, especially with regard to
service improvements, in order to better balance the data. Also, one should seek to make the selection of respondents more random, so that possibilities of generalization may increase.
In this study the objective was to examine different types in terms of general characteristics
across the entire sector. However, success in adoption is not just related to individual characteristics
or readiness types, but also depends on the context in which the new technology takes place. Therefore, actorsʼ local conditions in each organization play a significant role in adopting living technology.
Such conditions, which cannot be deduced from the results presented here, require a local adaptation of the conclusions that this study suggests. In fact, contextual factors that influence the organizational framework in relation to readiness for change have been found to have great importance
[12]. Future studies within the Danish health-care sector should therefore focus on creating better
understanding of various types of local contexts, how they are composed, and what influence they
have on the change process.
Apart from the importance of the local context for adoption, the technology itself—its types and
properties—may also affect individualsʼ propensity to use it, as suggested by Rogers [23, p. 204],
who writes, “much effort has been spent in studying ‘people’ differences in Innovativeness … but …
relatively little effort has been devoted to analyzing ‘innovation’ differences.” This is noteworthy,
considering the importance that innovation has in adoption. According to Rogers [23, p. 206], between 49% and 87% of the variation in adoption is attributable to characteristics of the innovation.
More specifically, whether a technical developer, an operator, or a manager is responsible for ensuring dissemination of innovations in a health-care organization, attention should be given to how
robotics is perceived by those who are going to use it. Studies should in particular be concentrated
on uncovering meaning associations and on the social strategies that have an influence on opinion
formation [22]. Furthermore, the uncovering of meaning associations is related to a final point,
namely, that local subcultures may influence the implementation process in various ways [24]—not
explicitly, as by agreements between actors, but because of the social control mechanism in organizations, that is, rules of behavior gradually developed on the basis of workersʼ common values
[27]. Such an influence may hamper the adoption of living technology if the technique goes against
the set of common values. The likelihood that workers will accept the new technology will then be
small, regardless of prior interest in living technology. Thus, the way that subcultures make sense of
a living technology as they interpret the purposes and methods of a change becomes of vital
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With the knowledge presented here in a readiness typology, there is now a basis for a more
nuanced approach to the actions that will provide the best effect on the deployment of living technology in the health-care sector. First, it is important to build support and understanding among
individuals in the HR type and use them to advocate the benefits of robot technology among
individuals in the LR type. The personal influence individuals in the HR type have on others because
of their opinion-forming power can be an important factor in promoting new technology. Second,
employee training in using robot technologies is necessary as support for the HR typeʼs efforts in
promoting, for instance, robotics. Living technologies may have difficulty penetrating the sector
unless the LR type learn to use them effectively. Furthermore, change agents should be asking
themselves: How ready is our customer? What communication programs do we have in place,
and how can we react to workersʼ and usersʼ demands? How do we communicate about specific
needs? These questions are fundamental to supporting the adoption of living technology in the
Danish health-care sector. If clear answers to these questions are provided, then the future for living
technologies in all areas of health care looks promising.
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importance [11]. To further understand the readiness for living technology in the Danish healthcare sector, the characteristics of these subcultures should be studied in more detail and from a
sense-making perspective.
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Appendix 1: Variables Included in the Survey
Variables marked with an asterisk are used in this article, because in them a statistically significant
difference exists between readiness types.
A1.1 Background Information
•

Which care field are you employed by/associated with.*

•

Type of relation to health care.*

•

Age.*

•

Sex.

•

Education.

A1.2 Innovativeness
•

General attitude to the use of the newest technology.*

•

Degree of experience with the newest technology.*

•

Concern for safety when using the newest technology.

•

Concern for public safety.*

•

Perception of the speed of technical development.

•

You have contributed to the selection of the newest technology.*

A1.3 Information Channel
•

Your source of knowledge concerning the newest technology in health care.*
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A1.4 Discomfort
The newest technology makes heavy demands on the training of workers.

•

The newest technology has improved the working environment.*

•

New technologies create insecurity among the nursing staff.*

•

Management has a more positive attitude toward the newest technology than other staff.

•

Younger employees have a more positive attitude to the newest technology than older
employees.

•

The newest technology has improved services in the organization.

•

The extent to which problems are associated with the selection and introduction of the
newest technology.

•

The newest technology has been an irritation and unpleasant.

A1.5 Ideal Outlook
•

The best care organizations have the newest technology available on the market.

•

The best care organizations are committed to the newest technology and smart design.

•

The best care organizations have a staff that has extensive knowledge of the newest technology.

•

The staff of the best care organizations explains exactly how the newest technology works.*

•

The staff of the best care organizations is never too busy to help with the newest technology.

•

The best care organizations meet individual needs with the newest technology.

•

The effect of the newest technology is well documented among the best care organizations.*

•

The newest technology is very important for the best care organizationsʼ image and reputation.*

•

The best care organizations prioritize the newest technology higher than personal contact
with the user.

A1.6 Future Challenges
•

The three biggest challenges for the application of the newest technology in health care.*

A1.7 General Impressions
•

Increased use of the newest technology will improve care.

•

Increased use of the newest technology will make care more efficient.

•

The introduction of the newest technology has improved your daily life.

•

The newest technology is aligned with user needs and quality of life.

•

The extent to which the newest technology has replaced traditional ways of performing care.

•

The newest technology has affected loyalty among caregivers.

•

There were concerns in advance about the newest technology.

•

The newest technology gives more freedom to the individual care recipient.

•

The newest technology provides the ability to take care of oneself.*

•

The newest technology leads to better documentation.
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Appendix 2: Major Challenges in Connection with Living Technology
Challenges
Care receiver resistance

Examples of respondent statements
“Mindset” among users
That care receivers know how to use living technology
Technical skills on the part of the user

Personnel resistance

Devotion to interpersonal aspects of nursing
Downloaded from http://direct.mit.edu/artl/article-pdf/19/3_4/421/1663941/artl_a_00118.pdf by guest on 13 June 2021

Motivating the staff
Convincing the staff that living technology is safe

Participation

Getting everyone to be dedicated to the process
To have both users and staff committed to implementation
User involvement
Involving care receivers

Cultural habits

Overcoming old habits
Elderly employees tend to do as they have always done
Prejudices among staff and users
Culture and attitudes

Knowledge base

Technical skills of staff
Everyone gets optimal training
To educate caregivers
Optimal use requires knowledge/training

Insecurity

That all become familiar with the technologies
Courage to use
Confidence in technology

Human contacts

Maintain personal contact
Human contact is replaced by technology
Accommodate user needs for human contact, and care
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Appendix 2: (continued)
Challenges
Service level

Examples of respondent statements
That the public wants, needs, and safety are met
Better service for the individual
More quality of life for residents

Effectiveness

Making sure that the technology is actually available and easy to learn to operate

Simple to use
For the benefit of users, staff, security

Implementation

That it is being implemented so that all benefit
Integrating living technology into the nursing sector

Economy

Financial support by the municipality
Convincing the budgetary authorities in the municipality
Price

Management

That politicians know what they want from it

Ethics

Equality
Dignity for all

Legal issues

Laws and regulations in relation to the use of technical devices

Time resources

Taking time for all to learn to use the new technology
Time for implementation
Time for reflection
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To identify areas where it is most appropriate

