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Abstract

A good work environment is important for the individual, for industry and for society. The work
environment research has, predominantly, targeted identification of problems and the measurement
of the size of these problems.

Innovations to reduce the incidence of musculoskeletal disorder, MSD, have been introduced in
different branches of industry, but with limited success.

Few of the ergonomic innovations developed for the building and construction industry have reached
a sufficient level of adoption. Ergonomic innovations in the health care sector are of an incremental
character and seem to have similar problems of adoption as the ones in the building and
construction industry.

Three examples of ergonomic innovation are examined in the thesis:

a glue spreader for floor layers
a four wheel walker with a lifting device
a sonographer’s scanning support device

The studies show that an ergonomic innovation is not adopted for prevention of occupational injury
unless the innovation also has other relative advantages apart from the ergonomic ones. For the
group who already has sustained an injury, it is enough that the ergonomic problems are solved,
while the other, symptom free group, requires other advantages in order to adopt the innovation;
increased production economy seems to be the most prominent potential advantage.

Keywords: Ergonomics, musculoskeletal disorders, ergonomic innovation, adoption, four wheel
walker, lifting device, sonographer support, floor laying.



2

Sammanfattning

En god arbetsmiljö är viktigt för individen, för näringslivet och för samhället. Den
arbetsmiljöforskning som hittills bedrivits har främst varit inriktad på att identifiera problem och
mäta storleken av dessa.

Innovationer för att minska förekomsten av belastningsbesvär, MSD, har införts i olika branscher,
men med begränsad framgång.

Få av de ergonomiska innovationer som utvecklats för byggbranschen har nått en tillräcklig nivå av
adoption. Ergonomiska innovationer inom hälso och sjukvården är av en inkrementell karaktär och
verkar ha liknande problem med adoption som de i byggbranschen.

Tre exempel på ergonomisk innovationer har undersökts i avhandlingen:

• en limspridare för golvläggare
• en rullator försedd med en lyftanordning
• en robot som hjälpmedel vid ultraljudsundersökningar

Studierna visar att en ergonomisk innovation inte används i förebyggande syfte om inte innovationen
även har andra relativa fördelar förutom de ergonomiska. För den grupp som redan har en skada, är
det tillräckligt att de ergonomiska problemen löses, medan symtom fria, kräver andra fördelar för att
adoptera innovationen. En förbättra produktionsekonomi tycks vara den mest framträdande relativa
fördelen för adoption.

Sökord: Ergonomi, muskuloskeletala besvär, ergonomisk innovation, adoption, rullator, ultraljuds
robot, golvläggning .
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1 Introduction

In order to understand why it is so hard to make people, companies and organizations adopt and use
ergonomic innovations for injury prevention, this thesis seeks to investigate the factors governing
adoption. This means that the answers to questions have been sought within a large number of
theoretical areas related to innovation, adoption, management, motivational psychology, health
behavior and ergonomics.

From this complex and diverse theoretical environment, references have been picked to find support
for the hypotheses of the thesis, which implies that the different theoretical subject areas have been
far from exhaustively covered.

1.1 Problem statement
A good work environment is important for the individual, for industry and for society. The work
environment research has, predominantly, targeted identification of problems and the measurement
of the size of these problems.

A large US study of occupational injury and illness from 1997 concluded that the total national cost of
musculoskeletal disorders was at the same level as the cost of all cancer treatment in the country [1].

In a 1994 Canadian study of musculoskeletal disorders, all direct treatment costs for hospital care,
drugs, research and indirect costs like foregone productivity due to disability and premature
mortality were estimated to represent 3.4% of the Canadian GNP [2].

According to the European Survey on Working Conditions (ESWC) undertaken in 2010, 24.7% of
European workers complain of back ache, 22.8% of muscular pains, 45.5% report working in painful
or tiring positions while 35% are required to handle heavy loads in their work [3].

The European workforce also suffer considerable lower limbs problems; men in the building and
construction industry are the most affected by knee problems, while women in the retail sector and
in health care report more problems in hips, legs and feet [3].

The Swedish National Workers’ Compensation Insurance in 2011 recorded 15 000 new cases of long
term disability (in excess of 3 months) due to musculoskeletal disease. The cases were equally
distributed between industrial occupations and social and health care [4].

Innovations to reduce the incidence of musculoskeletal disorder, MSD, have been introduced in
different branches of industry, but with limited success.

The construction industry is the one sector that is over represented compared to other industries in
terms of work environment problems, and in particular job related MSD injuries. Sweden is one of
the first countries to attempt to develop new aids and change working methods with a view to
reducing and preventing MSD injuries (Byggergonomilaboratoriet, KTH 1978 – 1985). Although
numerous ergonomic product innovations have been developed and offered on the market, only a
few have had any major impact [5].

The innovations generated by the construction industry are incremental in nature rather than radical.
This is a consequence of the way in which the industry is organized. The construction industry has a
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complex organization [6] and is largely project based. This leads to short term thinking and sub
optimization [7], which inhibit technical advances and innovations [8]. The time constraints and
budgets associated with individual projects do not allow for the accommodation of larger and more
radical developmental initiatives.

The truly large scale projects such as, for example, the Ericsson Globe or the Öresund Project are
able to accommodate more pervasive research and development. In such projects, the companies
involved are “forced” to find new solutions and materials to meet the customer’s requirements. This
entails the involvement of academia, research institutions and companies in the production process.
In these cases, the construction company acts primarily as the party ordering the new technology,
and the research and development that is done occurs outside the company.

According to Bengt Larsson [9], this means that the building company is more an adopter and user of
new technology rather than a developer. However, it must be noted that the industry and individual
companies have worked to improve and organise the process of developing project based
production methods. Quality circles and other types of development groups have been organised at
construction sites with the primary purpose of solving production problems, creating work aids and
other production enhancing solutions. Incremental innovations in the construction industry are often
intended to improve the work environment, reduce job related stresses, and/or improve working
postures.

Very few of the ergonomic innovations developed for the building and construction industry have
reached a sufficient level of adoption and they therefore disappear from the market after a short
period of time. Ergonomic innovations in the health care sector are also of an incremental character
and seem to have similar problems of adoption as the ones experienced in the building and
construction industry.

The level of adoption in the introduction of a mechanical patient lifting device in the hospital setting
[10] was low. The reasons for this were, primarily, that the staff experienced that using the device
required more time and that it was not available when it was needed.

In order to reduce the incidence of MSD in the building and construction industry, a study of the
introduction of a ”hydraulic ladder lift that aided with loading and unloading of ladders off van roofs”
was undertaken [11]. This innovation also met with different obstacles to adoption, mainly that the
investment was considered too high in relation to the positive ergonomic advantages.

In a comprehensive survey of 848 fresh market vegetable farmers [12], where the introduction of a
number of different ergonomic innovations were evaluated after the products having been available
in the market for three years, showed a low level of adoption. Of five ergonomic innovations under
scrutiny, four had reached an adoption level of 2.4 – 13.4 %. The obstacles to adoption varied
between cost/profitability and knowledge of, and possibility to test, the innovation.

Nursing staff have a documented high risk of MSD and occupational injury [13]. As with building and
construction workers, the loads and risks for nursing staff are associated with heavy manual
handling, particularly in the manual transfer of patients. Engkvist et al studied the ergonomics of
patient handling over a period of ten years (1994 – 2003) and concluded that neither the methods
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for the manual handling of patients, nor the level of occupational injury risk had changed to any
noticeable degree [14].

A few reviews, aimed at clarifying the effects of ergonomic innovations on workload, have been
conducted [15],[16]. The Authors have tried to assess which measures have been effective and what
the degree of effectiveness the measures have had. Their conclusions are that education and
information alone have very small long term adoption effects; a combination of the mechanical
device with information/education will have a larger impact.

Towards the end of the 1970ies, a Construction Ergonomics Laboratory (Byggergonomilaboratoriet,
BEL) was started at the initiative of the labor market parties and the Swedish Building and
Construction Research Council, and located at the Royal Institute of Technology KTH. The aim of the
Laboratory was, based on the work environment priorities of the industry partners, to initiate and
conduct R&D projects aimed at creating a better work environment and to reduce MSD in the
building and construction industry.

In order to overcome the obstacles preventing the change of work practices and the aversion
towards new methods, the work at the Laboratory, in addition to change and development projects,
also included methods for describing the effects of workload on building and construction
productivity.

The problem solving method developed was called ”System Groups” [17], which implied that the
problem identification, the problem solution and the solution development was conducted in a
structured manner, together with the relevant occupational groups, companies, manufacturers and
industrial parties in a seminar format.

To describe and explain how work postures and workloads influence work time, a measurement
technique called Ergo Index was developed [18]. The Ergo Index model enables comparisons
between different working methods for fulfilling a task from both ergonomic and economical points
of view. The total time to complete a working task consists of the operation time plus the pause time
that is required after the work to recover from fatigue. The model calculates the pause time based
on physical load and operation time.

Descriptions of work tasks with the help of different expressed ”load levels” are hard to understand
and their long term consequences are not evident to those exposed. To describe and express load
levels in terms of production figures would increase the opportunities for investment and the uptake
of ergonomic innovations.

In summary, the effects of different information measures and the participation of exposed users in
the innovation process have been studied. The significance of the effects of production technology
and physical accessibility has also been studied, but we have not found any studies of other
production related effects related to successful adoption of ergonomic innovations. On the whole,
the studies are few and industry specific or general conclusions on the adoption of ergonomic
innovations cannot be drawn.
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1.2 Theoretical framework
The definition of Ergonomics as formulated by the International Ergonomics Association (2003) has
been worded:

”..the scientific discipline concerned with the understanding of the interactions among humans and
other elements of a system, and the profession that applies theory, principles, data and methods to
design in order to optimize human wellbeing and overall system performance”.

Ergonomics can be divided into three subtypes; physical, cognitive and organizational ergonomics
[19]. All ergonomics is focused on the understanding of the interaction between humans and
systems. The main focus of the present study is physical ergonomics.

The definitions of three different types of innovations—incremental, radical and fundamental—are
commonly accepted. These terms are defined by Roussel, Saad, Erickson in “Third Generation R&D” s
54 [20]:

Incremental: Normal, smart utilisation of existing scientific and technical knowledge in a new way,
characterised by low risk and modest profitability.

Radical: Creation of knowledge that is new to the company (and presumably the world) for a
particular business goal, characterised by higher risk and high profitability.

Fundamental: Creation of knowledge that is new to the company (and presumably the world) in
order to broaden and deepen the company’s understanding of a scientific or technical
field, characterised by high risk and uncertain application in the company’s operations.

In order for an innovation to be successful, it should fulfil the following five criteria according to
Rogers [21]:

1 Relative advantage

…the degree to which an innovation is perceived as better than the idea it supersedes.
The degree of relative advantage may be measured in economic terms, but social
prestige factors, convenience, and satisfaction are also important factors. It does not
matter so much whether an innovation has a great deal of “objective” advantage.
What does matter is whether an individual perceives the innovation as advantageous.
The greater the perceived relative advantage of an innovation, the more rapid its rate
of adoption will be.

2 Compatibility

…the degree to which an innovation is perceived as being consistent with the existing
values, past experiences, and needs of potential adopters. An idea that is incompatible
with the values and norms of a social system will not be adopted as rapidly as an
innovation that is compatible. The adoption of an incompatible innovation often
requires the prior adoption of a new system, which is a relatively slow process.
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3 Complexity

…the degree to which an innovation is perceived as difficult to understand and use.
Some innovations are readily comprehended by most members of a social system;
others are more complicated and are adopted more slowly. New ideas that are simpler
to understand are adopted more rapidly than innovations that require the adopter to
develop new skills and understandings.

4 Trialability

…the degree to which an innovation may be experimented with on a limited basis. New
ideas that can be tried on the installment plan will generally be adopted more quickly
than innovations that are not divisible. An innovation that is trialable represents less
uncertainty to the individual who is considering it for adoption, as it is possible to learn
by doing.

5 Observability

…the degree to which the results of an innovation are visible to others. The easier it is
for individuals to see the results of an innovation, the more likely they are to adopt.
Such visibility stimulates peer discussion of a new idea, as the friends and neighbors of
an adopter often request innovation evaluation information about it.

1.2.1 The adoption process – innovation diffusion
Adoption is an individual process where a person undergoes a series of stages, from first hearing
about an innovation until finally adopting it.

The diffusion process is a number of phenomena that describes how an innovation spreads among
consumers.

Adoption, the decision to introduce, completely or in parts, an evidence based practice is a complex
process [22]. It is particularly challenging to modify practical work routines when the decision makers
of the organization don’t feel that the changes are necessary [23].

Adoption at the individual level is limited by the individual’s knowledge of, and ability to assess
and/or choose a suitable innovation to solve the specific problem [24]. The potential of the individual
to adopt an innovation is also limited by organizational factors like hierarchy, culture, and attitudes.
Irrespective of whether at an organizational or individual level, the adoptions can be classified
according to the following levels [21]: Innovators, Early adopters, Early Majority, Late Majority and
Laggards.

Figure 1. Adopter categorization.(Rogers 2003 [21])
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Models of the adoption process always include a moment when the potential User assesses the
innovation in order to decide how well the innovation can fulfil an experienced need or solve a
perceived problem [25]. The assessment can be done in different ways, but if the need or the
problem is existing and well known, the assessment includes a comparison between the innovation
and the existing way in which the need is satisfied or the problem solved.

It can be taken for granted that the potential User of a new product will assess it in relation to how,
and to what degree, it will influence the system of use, i.e. the work process. The influence of the
product on the process of work represents the system dependency of the product.

The relation between the User and the social system will affect the User’s ability to exert his or her
influence over the adoption process. The less dependent the User is, the more independent the
adoption process and vice versa.

Hammarkvist [25] concludes that the more system dependent the innovation (as a component in a
larger system), and the more system dependent the User (others making the decisions), the more
difficult it is to get the innovation adopted.

1.2.2 Rate of adoption
The rate of adoption is defined as the relative speed in which members of a social system adopt an
innovation. Rate is usually measured by the length of time required for a certain percentage of the
members of a social system to adopt an innovation [21].

Within the rate of adoption, there is a point at which an innovation reaches critical mass. This is a
point in time within the adoption curve that the number of individual adopters ensures that
continued adoption is self sustaining. However, literature on innovation indicates that there is a
slowdown in the innovation diffusion process after a rapid takeoff [26], [27].

The slowdown, also known as tipping point, chasm or saddle, occurs between early adopters and
early majority. That means that there is a chasm between early and main market. Moore [26]
suggests that the market for innovations is initially represented just by early adopters and that the
main market develops in a second stage of diffusion.

Figure 2. Innovation diffusion curve. (after Moore 1991 [26])
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2. How serious people think that the occurrence of the disease would be.
3. How beneficial people believe certain actions would be in reducing their susceptibility to, or

severity o,f the condition in the light of any barriers to taking action.

A complementary theory construct has been termed “self efficacy”. This theory postulates that
health behavior is determined by outcome expectations and efficacy expectations. Outcome
expectations consist of the beliefs about whether or not a given behavior will lead to given
outcomes. Efficacy expectations, or self efficacy, consist of beliefs about how capable one is of
performing a specific behavior in particular situations that leads to the outcome in question [34].

In a study by Robert Kelly [35], findings were that health beliefs and self efficacy were clearly related
to motivation for change in most lifestyle areas. The study suggests that the predictive value of
motivation alone is strongest in “simple” behaviors like seat belt use. For other behaviors, “complex”
ones like dealing with stress, motivation must probably be accompanied by an effective method for
change before change will occur.

Theorizing about health behavior change should not be reduced to the motivation phase only, while
omitting the subsequent action phase that is more decisive for behavior change [36]. Most social
cognitive theories assume that an individual’s intention to change is the best direct predictor of
actual change. But people often do not behave in accordance with their intentions. This discrepancy
between intention and behavior is due to several reasons. For example, unforeseen barriers could
emerge, or people might give in to temptations. Therefore, intention needs to be supplemented by
other, more proximal factors that might compromise or facilitate the translation of intentions into
action. The study by Schwarzer [36] aimed to test The Health Action Process Approach (HAPA) to
examine the applicability and its universality across different health behaviors. HAPA suggests a
distinction between (a) a pre intentional motivation process that leads to a behavioral intention, and
(b) a post intentional volition processes that lead to the actual health behavior.

Fig 4. Generic diagram of the Health Action Process Approach. (Schwarzer 2008 [36])

It has been shown in the study that the model is in line with data from various cultures and diverse
samples. In all of their studied cases, evidence suggested that the approach was successful. The main
addition of the HAPA to previous models lies in the inclusion of two volitional factors: volitional self
efficacy (either maintenance or recovery self efficacy) and strategic planning (either action or coping
planning). The purpose of these additions was to overcome the gap between intention and behavior.
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Most studies on health behavior change concern severe medical risks like cancer or coronary
problems. Even confronted with such severe risks, people are reluctant to proceed from the
intention to change behavior to actually changing it [37], [38], [39].

To change one’s method of working in order to prevent MSD due to work related hazardous
exposure might be an even bigger challenge.

2 Scope of the study

This study is an attempt to shed some more light on the variables that seem to govern the adoption
process of incremental ergonomic product innovation in the health care system and in the building
and construction industry. Understanding the interplay between innovation and adoption requires
defining the relevant terms and their significance in the respective industries. The term “innovation”
is used in many different contexts, and interpretations of its meaning consequently vary.

The hypothesis of the study is that an ergonomic innovation, aimed at eliminating a hazardous
exposure related to an increased risk of MSD among care workers and construction workers, will not
be adopted by the User for prevention purposes solely based on its ergonomic properties, but will
require the inclusion of properties which make the production process more profitable.

The results of the study could be used in the design and marketing of incremental ergonomic
innovations in the workplace.

3 Methods andmaterial

3.1 Product innovations and studies
The three innovations listed below have been chosen since they were developed in relation to a
stated MSD problem within the occupational groups involved. The innovations fulfil the relative
advantage of reducing or eliminating the ergonomic workload. Would this relative advantage be
enough to result in a preventative adoption of the innovation?

(I) A considerable ergonomic problem among floor layers in the building construction
industry is the spreading of glue over the floor before putting on the carpet. A
retrospective study of the adoption of a product innovation, a glue spreader developed
with the help of floor layers in the 1980ies, was undertaken (study 1).

(II) One of the heaviest work tasks in health and aged care is to help people up from the
floor after a fall. We have studied how old people (+75 years of age) prefer to get up
from the floor (study 2). Based on this, a lifting device to support people getting up from
lying to standing, was developed (study 3). Following this, the lifting device was tested
and evaluated by care staff, who deployed it in their daily work (study 4).

(III) To further investigate if the degree of adoption changes with an increased system
dependency, a more radical ergonomic innovation – a remote controlled cardiac
ultrasound robot was studied (study 5).
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The table below summarizes the studies undertaken and their respective purposes.

Table 1. Overview of all studies

Innovation (I) Innovation (II) Innovation (III)
Time period 1990 – 2012 2010 – 2013 2005 – 2014
Design Field study Laboratory Laboratory Field study Field study
Objectives Degree of

adoption
Quality
Work speed
Ergonomics

Problem
identification
Ergonomics

Development
Evaluation

Evaluation
Adoption
Ergonomics

Adoption
Quality
Work speed
Ergonomics

No. of participants 50 20 20 10 9
Type of participants Companies Senior

citizens
Senior
citizens

Care
workers

Hospitals

Publications (year) Study 1 (2013) Study 2
(2013)

Study 3
(2013)

Study 4
(2013)

Study 5 (2014)

3.2 Study 1
The aim of the study was to describe which different production effects govern the choice of
adopting an innovation that solves an ergonomic problem.

We decided to study the attitudes among floor layers in Sweden today with regard to the use of this
tool twenty years after its introduction. We did this by mailing a questionnaire to a representative
selection of floor laying companies in Sweden. This was also a way to implicitly study the
management support for this method. The selection was done together with the Swedish Flooring 
Trade Association. Out of a total of 278 companies in Sweden, 50 were selected for the study and 44
answered the questionnaire, Table 1. They were divided into three different categories: small
companies with 1 3 employees, medium sized companies with 4 20 employees, and finally bigger
companies with more than 20 employees. This was done to see if there are any differences between
companies of different sizes.

The effects studied, after the introduction of the innovation, was perceived ergonomic load, quality
of work conducted, production time and degree of adoption.

Table 2. The participating companies

Category* Frequency Missing Valid answers 

Small (1-3) 8 2 6

Medium (4-20) 35 2 33 

Large (>20) 7 2 5

n 50 6 44 

* Number of employees in the company

If the selected company did not answer the questionnaire within two weeks, we sent a reminder. If
there was still no answer, the company was regarded as a dropout and a missing answer.
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3.3 Study 2 & 3
Studies 2 and 3 were conducted in order to find out if the inclusion of people involved in a problem
area and participating in the solution of the problem will facilitate adoption.

The studies aimed to help solving one considerable problem in an ageing population prone to falling
over and not being able to get up again. The first study (Study 2) identified the critical phase in the
process of getting up from lying to standing. This was needed in order to provide a solution to the
problem and initiate the development and testing of a solution (Study 3).

The aim was to develop a prototype, based on an inclusive design methodology developed at
Cambridge University [41] and then testing the prototype to verify the approach. A panel of 20 users
subsequently tested the prototype. These tests were observed and filmed.

Inclusive design implies that a product or service is developed in response to an expressed need.
Translation of a need into a solution that fulfils the need requires a reliable design method. There are
many ways to describe this process, but a recognised method is ”The waterfall model” [41]. It
consists of four main steps:

Step 1 Discover: Systematically examine the need in order to ascertain that the development’s
challenge actually fulfils the needs of all parties involved. This leads to a first output, an
understanding of the real need.
Step 2 Translate: Processing and understanding the need yields a defined and complete description
of the challenge of the development. This leads to a second output, a specification of requirements.
Step 3 – Concept creation: Generation of preliminary ideas that are evaluated based on the specified
requirements lead to the final output, the concept proposal.
Step 4 Development: A detailed development and design of the final product, ready for
implementation and manufacturing leads to the final output, the solution.

This is complemented by evaluation after each step in the process.

In Study 2, the two first steps were carried out in ”the waterfall model”, which resulted in a
specification of requirements for an assistive device,which would make it possible for a person to be
helped back to a standing position from a kneeling position.

Study 3 comprises the third step in ”the waterfall model” of the inclusive design process, the concept
creation and evaluation.

3.3.1 Participants
Twenty participants were recruited from a panel of older people who had declared their interest in
taking part in experiments with new technology for better lives for older people. We mailed them a
letter inviting them to participate in this special study. The criteria were that they were positive
towards participating, that they had no symptoms of heart disease, and that they were over 75 years
old. Ethical approval was given by the local ethical research committee in Stockholm, (Dnr
2011/1590 31/5). All participants took part voluntarily, were informed of the experiments’ content
ahead of time, and signed an agreement to participate.
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3.3.2 Observation study – test scenario
In study 2 we analysed how older people prefer to get up off the floor. Participants were helped to lie
on their backs on the floor. When they were ready we asked them to rise from the floor in any way
they preferred.

In study 3, the test of the concept (the lifting walker), one person helped each participant, placing
the walker in front of the participant so that he/she could crawl up and lie over the elevation seat.
The assisting person then pushed the button to raise the seat. The seat was elevated to a position
where the participant’s legs were vertical, making it possible to raise the upper body to an upright
standing position.

3.3.3 Data collection
The whole process was video filmed. One camera was used, and it was placed in a static position
from which the people were visible during the whole test. Participants’ experiences of rising from the
floor and being lifted with the elevation seat were registered with the VIDAR ergonomic assessment
system. VIDAR is an analytical program that was developed and used to analyse a person’s
experience of discomfort and pain during an activity [42]. VIDAR makes it possible to evaluate pain or
discomfort in specific parts of the body, and in relation to certain tasks on the basis of its
synchronisation with the video film of the task. In VIDAR it is also possible to complement the
registration with personal comments in free text. The video is imported into the VIDAR. In
cooperation with the participant, critical stages during the rise and the lift were selected, and the
participant evaluated how he/she experienced each stage with the help of the VIDAR system.
Participants were asked to describe if they experienced any pain, and whether there was any stage
that was more difficult or more of a strain than others, or if they had any other comments about the
rising or the lifting process. Finally the participants were asked to answer questions about their
opinions on the use of traditional walkers as compared to a walker equipped with an elevation seat,
and what the advantages were.

3.4 Study 4
The purpose of this study was to evaluate how an assistive device, the lifting walker (Innovation (II)),
will operate and be adopted by health care staff, who is confronted daily with the task of assisting
people who have fallen. Are there other characteristics to the device or the organisation, which
govern adoption?

The study was conducted with nursing staff in a nursing home to find out how a walker equipped
with a lifting beam could facilitate the work.

The research was conducted at a home for people with Parkinson's disease. The reason for the
choice of an accommodation for Parkinson's disease is that the residents with this disease often fall,
which would result in a qualified evaluation. The study focused on how the care staff perceives the
use of the walker fitted with a lifting beam. The staff was asked to complete a “fall report”
supplemented with a description of how the assistance was carried out and how they experienced
the stress on their own body during the task.

In connection with each fall, a report was written about when, where and how the fall occurred. This
report also includes the research person's age and general functional status. Assisting care staff has
been filling in a form about their experience. The persons listed as research persons are those who
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have fallen during the time when the study was conducted, and the method and helping aid as well
as the staff who assisted in the rising was noted. As a background, records of how falls normally was
handled were evaluated.

3.5 Study 5
The purpose of the study was to evaluate how a more radical ergonomic innovation, a remote
controlled ultrasound robot for cardiac examinations, Medirob, has been adopted. The Medirob is a
more system dependent innovation and requires the acceptance of both the individual sonographer
and the health care organisation in order to be adopted. Since MSD is a common problem among
sonographers, you would think that the adoption of this ergonomic solution would be substantial,
particularly among those with problems and also for prevention purposes.

The study was conducted by interviews with department heads and heads of clinics, responsible for
the procurement of the equipment.

The aim was to find out which aspects decided whether the equipment was adopted/bought or not.
The interviews were conducted with heads, who had bought the equipment, heads who had tried
but not bought the equipment, and with heads who had not yet tried the equipment.

The studies have been conducted in Sweden where the Medirob been available on the market since
2006.
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4 Results

The results below are some of the results from each study that affect the hypothesis of this thesis.
For a complete account of the studies, see the respective Appendix.

4.1 Study 1 – Glue Spreader
The purpose of the initial project was to work with floor layers to promote the development of floor
laying work through both methodological solutions and training/information in order to reduce, first
and foremost, stress related injuries and MSD within the occupational group. The change in the work
was intended to provide solutions that were better for the individual floor layer and, from a
production economy standpoint, for the company and society. In accordance with theories
concerning early adopters and change agents [43] [44], those involved in developing the product
included floor layers with extensive professional experience. This effort was carried out via
development seminars in so called “System groups”, The use of system groups in product
development, [17]. This approach made it possible to conduct tests and make improvements during
the course of the development process.

The project resulted in a simple accessory for glue spreading. An articulated mounting and an
extension shaft made it possible to do gluing work standing up, using the same working pattern as
when kneeling.

 
Figure 6. Glue Spreader Dx 96 1 

The first steps in the adoption process—information, minor testing and, to some degree, purchase—
were carried out in a comprehensive manner in the project described in: “The floor layer project:
from kneeling to standing” [45].

Information about the product and working method was disseminated extensively via the Swedish
Flooring Trade Association. A training programme was developed to inform new floor layers in
training about the working method and the product, and of the importance of working in an
ergonomically correct manner.
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Evaluation according to Rogers
Table 3. Evaluation of the glue spreader

Negative change No change Positive change
Relative advantage X
Compatibility X
Complexity X
Trialability X
Observability X

Relative advantage:
From the ergonomic point of view it is easy to see that the task of gluing standing up, instead of
crawling on your knees, represents a clear advantage. Since neither the quality of work performed
nor the production time is affected, the relative advantage is strengthened.

Compatibility:
The flooring companies are well aware of the MSD problems, mainly to the knees, and a large
proportion of the work force experience these problems. This means that the solution fulfils the
requirement of compatibility.

Complexity:
To understand and use the product is self evident; the work is performed with the same material and
equipment as before, with the addition of an extended handle for the task to be performed standing
up.

Trialability:
The solution has been generally available and is easy to try out, even at restricted surfaces.

Observability:
The solution was well known among flooring companies and most companies also had tried the
product.

System dependency
Table 4. The glue spreader system dependency

Substantial dependency Limited dependency
The innovation X
The end user X

The solution fulfils the five aspects of potential adoption. The solution is system independent to the
end user, it does not influence other aspects of the floor laying work. In this case, the end user, the
floor layer, is both user and decision maker, since the investment cost is negligible.

4.1.1 Degree of adoption
The innovation has not passed the tipping point [26]. In this case, the solution has not been adopted
by the majority of floor layers in spite of the problems related to MSD in the occupation. The solution
is used to a limited degree and predominantly among those, who suffer knee injury problems.
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4.2 Study 2, 3 – Lifting walker
Studies have shown that one third of all persons over 65 years who live at home fall at least once a
year [49] 20% these need medical attention [50 52]. Of the people who fall and do not injure
themselves seriously, 50 95% cannot get up by themselves [53]. To remain lying on the floor because
one cannot raise oneself can have serious consequences. Studies have shown that people have lain
on the floor for an hour or more before they received help [54]. Even though one does not live
alone, a partner is not always able to help. That person may also have fears about the partner falling.
This may be the case especially when the person falls often.

The techniques that have been developed for lifting people who have fallen have so far been focused
on reducing strain on the caregivers, who must help the fall victims back up again. This has led to the
development of lifting devices that are adapted to the environment where they are mostly used –
hospitals and care facilities [55], [56], [57].

The various techniques that have been developed are meant to help people up from the floor with
different degrees of assistance from caregivers/hospital staff, and include mobile lifts, inflatable
lifting devices and even ceiling mounted lifts. All of these devices are based on the patient not
helping.

Development of a lifting device that can help people raise themselves entirely on their own, or with
minimal assistance, would be a revolutionary step for the individual as compared with the lifting
devices in use today, which require extensive assistance from home helpers or others. It could
provide a potential for people to stay in their homes longer.

4.2.1 Step 1 & 2 – Discover & Translate
In the study we analyzed how older people prefer to rise from laying on the floor, and in which
stages they can gain the most benefit from an assistive device for lifting.

Figure 8. The ways of getting up. Each arrow represents the number of participants
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4.2.3 Prototype
The prototype was built on the basis of the most commonly marketed walker in Sweden, the Ono.
The elevating construction consists of a seat that runs along the vertical supports for the walker’s
handles. An electric motor, a battery and a control panel have been integrated into the elevation
seat. A positive drive belt has been mounted along the vertical supports for the handles. In this way
the elevation seat can run along the entire length of the support.

Figure 11. Elevating construction

The construction of the elevation seat is lightweight and copes with loads up to 125 kg. It is designed
to conform to various kinds of physical constitutions.

Figure 12. Prototype of the walker with elevating seat

Participants were helped to lie on their backs on the floor. We asked them to raise themselves to a
kneeling position in any way they preferred. One person helped each participant, placing the walker
in front of the participant so that he/she could crawl up and lie over the elevation seat. The assisting
person then pushed the button to raise the seat. The seat was elevated to a position where the
participant’s legs were vertical, making it possible to raise the upper body to an upright standing
position.
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Evaluation according to Rogers
Table 5. Evaluation of the prototype by private citizen group

Negative change No change Positive change
Relative advantage X
Compatibility X
Complexity X
Trialability X
Observability X

Relative advantage:
The solution has the advantage to make it possible to get up from the floor (if not seriously injured)
either on your own or with the help of another person. The solution also combines a complementary
function (lifting aid) with an already existing and utilized device (the walker).

Compatibility:
People using a walker belong to a risk exposed group prone to fall repeatedly. This group also
experiences integrity problems due to having to call for assistance to get up after a fall. The solution
might represent a considerable added value for this group.

Complexity:
The solution is easy to understand and its positive qualities apparent.

Trialability:
The solution is easy to test.

Observability:
Everyone who has seen or read about the solution has clearly understood its positive attributes.

System dependency
Table 6. System dependency according to the private citizen group

Substantial dependency Limited dependency
The innovation X
The end user X

The solution fulfils the five points above for potential adoption. As a private citizen you represent
both an end user and a decision maker. This means that the innovation/solution is not system
dependent. However, the behaviour of the end user will be related to decisions on whether you think
you need a walker or not. To convince older people to use a walker preventatively requires other
relative advantages.

4.2.4 Degree of adoption
The innovation has not passed “tipping point” [26]. In order for this to happen, and for the product
to establish itself on the market, it will have to be included into the health care subsidy scheme.

4.3 Study 4 – The lifting walker at work
The study was conducted with nursing staff in a nursing home in order to examine the conditions for
how a walker equipped with a lifting beam could facilitate the task of assisting patients who have had
a fall.
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The trial was conducted at a home for people with Parkinson's disease. The reason for the choice of
an accommodation for Parkinson's disease is that the residents, due to their disease, often fall, which
would provide a setting for a qualified evaluation. The study focused on how the care staff perceived
the use of the walker fitted with a lifting beam. The staff was asked to complete a “fall report”
supplemented with a description of how the raising was carried out and how they experienced the
stress on their own body during the task.

The background study, where the staff documented how the falls normally were handled, included
the latest 19 falls. The staff did explain how they helped the patients up from the floor and if any
devices were used. The following table describes the normal practices:

Figure 15. The normal way to handle falls

The table shows that in 12 of the falls there where two or more staff members who assisted. In only
one of the 19 falls the patient managed to get up himself. In two of the falls the mobile floor lift was
used. In order to facilitate the lift and get a better grip the gait belt was used in two falls. In four falls
a chair was used to support and supplement the care staff's assistance.

Staff estimated which body parts that were stressed in the task and it included back, arms and
shoulders. The load was estimated to be moderate but with some risk of acute injury.

The walker with the lifting beam was presented and demonstrated at the monthly meeting of staff.
The staff was instructed in how to handle the walker and tested using the walker to get up
themselves. After this introduction the walker was left at the nursing home. The intention was that
the staff would use the walker as much as possible in falls during the next month. A total of 17 falls
were recorded. The table below shows how the staff handled these falls.

Figure 16. Handling of falls when the walker with lifting beam was available.
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The table shows that in three of the cases, the patient has been able to get up him/herself. In two
cases the walker was not available because it was in another department. In the seven falls where
the walker has not been used, two or more of the staff helped the patient up and therefore they did
not consider that any aids were necessary. In one of these falls the patient was so stiff due to their
disease that they had to use the mobile floor lift.

For care staff dealing frequently with people who fall, this assistive device can decrease the risk of
occupational injuries.

Evaluation according to Rogers
Table 7. Evaluation at a nursing home

Negative change No change Positive change
Relative advantage X
Compatibility X
Complexity X
Trialability X
Observability X

Relative advantage:
The lifting of patients from the floor, without assistive devices, exposes staff to high workloads in
awkward postures. The solution implies that health care staff, who frequently assists people getting
up from the floor, will have a reduced risk of MSD.

Compatibility:
The solution could potentially reduce a large work environment problem for the health care staff.

Complexity:
The solution has proven easy to understand and to use. Compared to the lifting devices available, this
solution is simpler to use.

Trialability:
The solution is easy to trial.

Observability:
It is easy to understand how to use the device and to realize its advantages.

System dependency
Table 8. System dependency at the nursing home

Substantial dependency Limited dependency
The innovation X
The end user X

The solution fulfils the five points above for potential adoption. The health care staffs are the end
users, but they are not usually the decision makers and this makes them more system dependent.

4.3.2 Degree of adoption
The innovation has not passed the tipping point [26]. To break through into the market requires
decision makers to prioritize measures directed at MSD and increase the availability of assistive
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4.4.2 Reasons for not adopting the ergonomic innovation Medirob
A total of 9 clinic / department heads were interviewed. 3 who bought the equipment (I), 3 who had
tested the equipment but have chosen not to buy (II) and 3 that have chosen not to test the
equipment (III).

The results of the interviews show that all respondents were aware of the equipment, the Medirob,
and all admitted that they have MSD problems in each department.

The approach to the MSD problems has primarily been job rotation; 8 of 9 state that the
Sonographers only work with ultrasounds examinations either morning or afternoon. However, MSD
problems persist, but on a somewhat reduced level.

The image quality and examination time are important factors in the introduction of new working
practices. Asked how the Medirob affects the quality of the pictures or the task time or how the
respondents answered as follows:

How do you think or know Medirob affects the quality of the pictures?

Table 9. Quality effects

positive no change negative
I 2 1
II 1 2
III 3

How do you think or know Medirob affects the time for an examination?

Table 10. Time for an examination

positive no change negative
I 2 1
II 1 2
III 3

Users of Medirob point out the importance of getting extra time for practicing to handle the
Medirob. After introduction and training, the number of ultrasound examinations per day has to be
reduced during a transitional period.

The departments that bought the Medirob have all acquired the equipment due to one or more of
the sonographers at the department had such severe MSD problems that they frequently was on sick
leave.

Non users were asked if, hypothetically, the examination time was decreased by 20% per patient,
would that have an effect on the decision to purchase? All of the non users claimed that this would
have a positive impact on the decision.
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How do you think a 20% reduction on the time for examination would affect your decision?

Table 11. Effects of a time reduction

positive no change negative
II 3
III 3

This study has indicated that the intervention, Medirob, might have a major impact on reducing and
preventing MSD problems among Sonographers. Still, there are only a few users and they all have
such severe problems that the intervention helped them to stay in the occupation.

The majority of the heads of clinics/departments said that they did not want to change the way they
work because it takes time to learn how to do things in a new way. A great number said that the
work is not done fast enough with the tool. When asked how much faster the work must be done in
order to change a working method the answer for the majority is “the same speed.” Still, 6 heads
claimed a need for improved productivity.

The results of this study have shown that it is perhaps not maybe enough to solve an ergonomic
problem with an innovation to get it accepted and used. To prevent injuries, the intervention must
also have other qualities, for example, improved productivity.

Evaluation according to Rogers
Table 12. Evaluation of Medirob

Negative change No change Positive change
Relative advantage X
Compatibility X
Complexity X
Trialability X
Observability X

Relative advantage:
The solution reduces the ergonomic load of the sonographer to a minimum. This eliminates the
major hazardous exposure resulting in MSD in this occupational group.

Compatibility:
The solution fulfils all the requirements for a correctly performed ultrasound investigation.

Complexity:
The solution is more complex than the old technology and requires a learning period. After this, the
sonographer experiences an improvement.

Trialability:
The solution is easy to trial and requires no added previous knowledge.

Observability:
It is easy to see the advantages of the solution.
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System dependency
Table 13. The Medirob’s system dependency

Substantial dependency Limited dependency
The innovation X
The end user X

The solution fulfils the five points above for potential adoption by the end user. However, it is
substantially system dependent due to its investment cost. The Sonographers are the end users, but
they are not usually the decision makers (heads of clinics, responsible for the budget) and this makes
them more system dependent.

4.4.3 Degree of adoption
The innovation has not passed the tipping point [26]. This is a typical example of a solution to an
ergonomic problem, where a large proportion of the work force experience some form of MSD, and
the solution has no other advantages than the ergonomic ones, which leads to a limited adoption of
the innovation.
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5 Discussion

Taken together, the studies show that ergonomic innovations have difficulties with reaching a big
market; the investigated innovations are adopted by those who have suffered injury, but not taken
up for prevention. In order for an innovative product to survive and provide a profitable market for
the producer, it must pass the tipping point [26].

This is of particular importance for an ergonomic innovation, since this is often directed towards a
special occupational group, which implies that the potential market is limited.

One explanation to why none of these innovations have passed the tipping point might be depending
on how and by whom the decisions on “relative advantage” are made. This is supported by the
theory of “the saddle” [27] and that exposed occupational groups can be described as a “dual
market”, where the “early adopters” are those who suffer MSD and that those who not yet have
been affected by MSD make up the “main market”.

The relative advantage will depend on whether or not you are injured, or if you represent some form
of interest group (work environment organisation), which might have been involved in initiating the
product development.

To reach a degree of adoption, which passes the tipping point, requires a relative advantage, which
includes other advantages, for instance of production economics. This way, ergonomic products
might be adopted for preventative purposes.

The investigated innovations have, as their main objective, the role of reducing work load and
decrease the risk of MSD. This seems clearly understood by the early adopters; the people who suffer
work related symptoms of MSD and who can see the relative advantage of the innovation. But for
the majority, other relative advantages are required for them to adopt the innovation for
preventative purposes.

In study 1, the main purpose was to investigate if the degree of adoption of a relatively simple
innovation, with no system dependency, has increased if the end user independently could choose to
adopt or discard the solution. The product was presented to the occupational group 25 years ago and
was extensively marketed by the industry partners.

In spite of the extensive industry interventions and the long period of access to the product, the
solution has not become the standard tool for floor layers. The solution is used by those who
experience knee problems and with especially large surfaces, where kneeling work postures become
extensive.

The study indicates that neither work quality nor time required to do the task have deteriorated. The
purpose of the innovation was to seek a reduction in the incidence of work related musculoskeletal
disease in the floor laying industry. In this case, we can conclude that the relative advantage of
reduced muscular load for the occupational group was not enough to produce an adoption for
preventative reasons. The answers to the survey indicate that if the product had reduced the time
spent on the task, i.e. an improved production economy for the floor layer and for the company, the
degree of adoption would probably been considerably higher.
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In an ageing population, certain degenerative problems become quite common. The balance
commonly deteriorates with age and the risk of falling increases substantially. One third of the
population over 65 years of age fall at least once a year [49].

The main part of these falls do not involve severe injury, but they represent a problem for the age
group due to reduced mobility and ability to get up from the floor [50 52]. In studies 2 and 3 we
aimed to solve a problem for the private consumer market and study the adoption pattern for this
innovation.

Study 2 was conducted to identify in which phase problems arise for a person getting up from the
floor after a fall, and, based on this knowledge, seek a solution and develop an assistive device.
The study showed that most people could accomplish moving from lying down to standing on all
four. It was more difficult to get up from kneeling to standing, mainly because of limited leg strength
and problems with balance. An assistive device, to alleviate the getting from kneeling to standing,
would be a useful solution.

In study 3, the lifting walker was developed in cooperation with an ergonomist, a physiotherapist, a
designer, a product developer and a retired person. One primary ambition was to base the
development on an existing assistive device, used by people with a deteriorated sense of balance, i.e.
the walker. There were several reasons for this; the equipment is well known, it is provided and
subsidized by the health care system, and the home environment has limited space, which makes a
multi functional device desirable. The prototype was tested by a group of elderly persons (>75), who
all perceived getting up from the floor to be greatly facilitated. Several were also positive to the fact
that the walker could be used as an adjustable chair.

The solution has received attention in the printed media and there have been many inquiries as to
where you can buy the equipment. People wanting to buy the device have all had a partner or
relative who is prone to fall and cannot get up from the floor. These persons are often left lying on
the floor until help is called; the co habiting person might not have the physical capacity to assist the
fallen person to get up.

To adopt a walker for preventative purposes, whether it is supplied with a lifting beam or not, is
often a problem for an ageing person with early balance deterioration. The perceived relative
advantage of balance control does not always out weigh the negative stigma of apparent old age.

Aged care staffs in home care and in special accommodations are subjected to high workloads when
they assist people who have fallen. Usually, they act in pairs when performing these tasks; in study 4
this is described as the intention of bringing swift assistance to the person who has fallen and not
wanting to spend the time needed to fetch an assistive device. The study indicates that, in the rare
occasions when only one worker is available, the lifting walker was used.

In this case, the solution is more system dependent since the device has to be easily accessible and
there is an obvious need for training of staff to increase the knowledge about injury risks associated
with manual handling. Our study indicates that the solution, which reduces the injury risk and work
load associated with assisting people to get up from the floor, does not have the relative advantage
needed to be used preventatively. This is mainly due to accessibility and perceived time use.
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The more system dependent the solution, the more difficult is the preventative adoption of the
solution. In study 5, this is quite obvious. The end user experiences a large relative advantage and
adopts the solution, mainly because it solves an ergonomic load problem.

The solution does not extend the time or reduce the quality of the cardiac examination, but the
solution is system dependent, which means that the end user does not decide on the purchase. In
this case, the person responsible for the budget (head of clinic) does not consider the relative
advantage of preventing occupational injury as big enough. The investment cost of the solution does
not motivate the payback of reduced occupational injury risk.

The examples of the adoption of ergonomic innovations for prevention show that these solutions
must have other relative advantages apart from the ergonomic ones.

All three innovations have solved the ergonomic problems that initiated the development, and they
work well for those affected by the problems. The uptake has been limited to those who experience
problems and has not spread to those in similar exposure situations who could prevent future
problems.

The studies show that several factors influence the adoption for prevention, i.e. design and
conservative attitudes, but the most obvious factor of influence is the economy. If the Glue Spreader
(study 1) had shown that the gluing could be done 25 50% faster, this would have boosted adoption
and made a change of work method worthwhile. If a larger number of patients could be handled
during a work session (study 5), this could motivate the investment of the Medirob.

Similar results were shown in a number of studies undertaken by the Byggergonomilaboratoriet KTH
(Bel) during the 80ies & 90ies, when the solutions to ergonomic problems at work were, in
themselves, insufficient motivation for the adoption of new work methods and tools.

One example is an overhead drill stand that was developed to reduce injuries caused by the heavy
load you get when you work with your arms over the head [61]. The overhead drill stand facilitates
the otherwise heavy job of operating chiseling and drilling machines when working on walls and
ceilings. The stand raises and lowers the work machine automatically during the job, and it also
supplies a bit force for drilling holes in ceilings. Production studies have shown that using the stand
reduces the physiological work strain to an acceptable level, and it also enables the work to be done
more efficiently than before.

This product is so simple that anyone can use it without any training. The product has both been
marketed in a traditional way, but also by using notice boards on TV and by mailing users directly as
well as offering free loans of the product. Despite sales of several thousand units, this aid has not
achieved a total breakthrough. The reason for this is that it is considered to be too cumbersome to
take along to a job despite the benefits derived.

Other examples to reduce work done above shoulder height could be to prepare embedded
hardware that enables the fastening en masse of installations in tight spaces such as conduit runs
[62]. In addition to reducing the amount of work performed above shoulder level, this solution also
enables better production economy. In this case the ergonomically improved working method is met
with resistance both because it takes more planning and, more importantly, because of how the
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workers are paid. The fitters and installers are relatively well compensated for doing overhead work
and are not interested in a lower income [63].

One of the most demanding work tasks in the building of new housing is putting up the inside walls
with plasterboards. The traditional plasterboard is 1200 x 2400 mm and weighs around 26 kg, which
makes hard to handle manually. Bel [64] initiated a development project aiming to alleviate the
manual handling and reduce the manual ergonomic load for the construction worker. The project
concluded that the format of the plasterboard needed to be changed in order to create an
acceptable ergonomic work environment for the construction worker. A reduction of the width of
the plaster board from 1200 mm to 900 mm resulted in a reduction of the load of the back of 30% in
the wall building task. However, the break through on the Swedish market for the new format
plasterboard came more than 10 years later, when it could be shown that production economy also
was improved by more than 10% [65].

All of these studies show that the pattern of adoption of ergonomic innovations conforms to the
established models of other innovations and that the adoption curve has a dip (tipping point, saddle)
[26, 27] after the so called early adopters [21]. In relation to ergonomic innovations, the early
adopters are easily identified; it is those who suffer some form of problems related to MSD.

In order to convince people to adopt an ergonomic innovation for preventative purposes, the tool or
technique must be perceived to have other relative advantages.

5.1 Methodological consideration
Existing models of innovation [40, 41] and adoption [21] [26 28] work well to solve problems ,
including ergonomic problems. But to solve occupational manual handling problems requires more
than just solving the problem for those already injured; the task must include preventing future
injury among the occupationally exposed.

This means that the innovation process must include and prioritize other factors beside the
ergonomic. Our studies show that improved production economy would be the primary factor for the
preventative adoption.

The deficiencies in this Thesis relate to the relatively small number of studies undertaken and the
limited number of subjects participating. From this material it might be difficult to draw any general
conclusion about whether the results apply to all branches of industry and all occupational groups.

The focus of the studies has been on the first aspect of Rogers’ – the relative advantage of the
innovation. The innovations studied are all rather similar in relation to Rogers’ other aspects, which
would not have biased the results in any substantial way. We might have erred in judging these four
aspects for the innovations – more studies are needed to confirm our results. Possibly, the Medirob
(study 5) could be judged as not quite compatible with the existing health care system.

This Thesis is primarily aimed at providing advice to those who want to solve ergonomic problems at
work through the development of new methods and products, and want to have these used for the
prevention of occupational injury.

Other ways of reducing workload and preventing occupational injury would be through legislation or
through different types of subsidies. This has not been studied here.
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6 Conclusion

The studies support the hypothesis that an ergonomic innovation is not adopted for prevention of
occupational injury unless the innovation also has other relative advantages apart from the
ergonomic ones. For the group who already has sustained an injury, it is enough that the ergonomic
problems are solved, while the other, symptom free group, requires other advantages in order to
adopt the innovation; increased production economy seems to be the most prominent potential
advantage.

In these studies, the groups who had sustained an injury were too small to keep the innovation in the
market and reach commercial profitability. All the innovations studied were too concentrated on
solving the ergonomic problem in order for them to gain commercial profitability.
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