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A systems Approach To Human Factors Engineering Today

Lino Luisa, Kanogawa Eiko, Sonobe Tsuneo, Morooka Kozi
Tokai University, Shonan Campus, Department of Management Engineering,

Risks and Hospitals

The accountability of hospitals,
physicians, and nurses has changed
drastically in the past decade. This is
due largely to the increased number of
successfully litigated claims and the
increased dollar amounts awarded in
the settlements; and to the legislative
and judicial decisions that have put
responsibility for patient safety on
health care providers, both individuals
and 1nstitutions.

The costs of legal liability are a
function of two variables: the frequency
of initiating successful claims and the
amount (severity) of damages collected
in successful claims. Both the fre-
quency and the severity of medical
claims have soared in the last two dec-

ades.

Extrapolated from a study made
in New York, Paul Weiler concludes
that every year in the whole USA there
are more than 150.000 fatalities and
30.000 serious disabilities precipitated
by medical treatment. But in a further
study Weiler concludes for every 8
potentially valid claims only 1 claim
was actually filled, and Weiler esti-
mated that of these claims only one in
two, would eventually result in money
to the plaintiff.

Medical accidents can happen at
any phase of the medical care. During
the last 80 years, the courts have passed
about 1000 decisions on medical law
suits in Japan. In 828 civil cases, 44%
were found liable. In criminal cases,



about 85% were found guilty. During
the last 16 years, 89 medical law suits
have been brought to high courts.
(Nihon Univ. J. Med. 29, 51-55, 1987)

A nisk free health setting is impos-
sible. Systematic action to reduce risks,
however is not only possible but essen-
tial.

Medical care is hazardous enter-
prise, the injuries inflicted on patients
are real and painful, and careful analy-
sis and design is required before we
tackle the network of health , legal and
insurance institutions that have evolved
to address these problems.

Hospital risk management is the
hospital parallel to product liability pre-
vention in industry.

Risk management in Hospitals
has an altogether different connotation
today than it had in the 60’s. It was then
touted by business and industry as the
venture approach to new business, to
taking a chance in the unknown. The
risk management was an entrepreneur
who purposefully formed small new
companies to develop new products
that could create new sales and more
profit dollars.

Risk management is a planned
program of loss prevention and liability
control. Its purpose is to identify,
analyse and evaluate risks, followed by
aplan forreducing the frequency and
severity of accidents and injuries. Risk
management is a continuous daily
program of detection, education and
intervention. It must be a hospital-wide
program with board of directors’
approval and input from medicine,
nursing, ergonomics and other

professional departments.

Risk Management Program

A risk management program
includes the following activities:

1-identifying potential risks for
accident injury, or financial loss 2-
reviewing present institution wide
monitoring systems, 3-analysing the
frequency, severity, and causes of
general categories and specific types
of incidents causing injury or adverse
outcomes to patients, 4-reviewing
and appraising safety and risks
aspects of patient care procedures
and new programs, S-monitoring
laws and codes related to patient
safety, consent, and new programs,
6-eliminating or reducing risks as
much as possible, 7-reviewing work
of other committees to determine
potential liability and recommend
prevention or corrective action, 8-
identifying needs for patient, family,
and personnel education, 9-evaluat-
ing the results of a risk management
program, 10-providing reports to the
administration.

Goal of risk management- The
goal of risk management is to have a
program that will identify and correct
deficient patterns of care, thereby
preventing malpractice suits. Some

liability insurers require that a risk
management program be in place
before insuring. In its high-visibility
context , a risk management program
1s designed to reduce system and
personnel failures. According to the
National Association of Insurance
Commissioners closed claims study,
85% of all loss dollars paid by insur-



ance companies are for claims origi-
_ nating in hospital settings .

Risk management activities
should include internal audits of
hospital procedures and educational
activities, internal audits of facilities
as well as their interactions and
liability, ergonomic audits, effective
claims management by investigating
and managing claims, an effective
patient representation program, and
an effective insurance management.

The risk management process
consists of: 1-identification of pure
risks, 2-analysis of risks for possible
loss frequency and security, 3-devel-
opment of risk control and risk fi-
nancing techniques, 4-implementa-
tion techniques, S5-maintenance of
program for effectiveness and modifi-
cation as needed.

High risks in hospitals fall into
five categories:

a) medication errors,
b)complications from diagnostic or
treatment procedures, c)falls,
d)patient or family dissatisfacion with
care, e) refusal of treatment or to sign
consent for treatment

According to Poteet, the major-
ity of successful suits against nurses
fall into nine categories: 1-medication
errors, 2-assisting in the surgical suit,
3-falls, 4-burns, 5-electric shocks, 6-
injuries due to false equipment, 7-
nosocomial infection, 8-mistaken
identity, 9-misinterpretation of signs
and symptoms.

Insurance management by the
risk manager: effective insurance
management is accomplished by the

risk manager who maintains the pro-
gram for effectiveness and modifies it
as necessary. This includes review of
areas of risk on a schedulled basis and
design of preventive measures. It in-
cludes identification of hazards that
cannot be eliminated because the posi-
tive therapeutic outcomes far outweight
the possible negative ones.

Accidents.-Why do accidents
happen? Can we call negligence for
example to a misunderstanding of col-
ours?

The reason why accidents happen
are several, they usually happen when
various unfavourable conditions get

* together. In today's hospital the situa-

tion is different than it was years ago.
The situation is so different, thatitis no
more like a service, but it started be-
longing to the service industry. This is
happening because of several factors,
namely because the number of patients
have increased, and the percentage of
seriously ill patients, as well as pa-
tients needing complex services have
grown.

Besides as medicine keeps its
development, the interaction between
health care providers from different
specialities will increase, as well as the
number of sub-specialities, or new spe-
cialities will probably increase too.
And with it, today's communication
problems will only be aggravated.

Also new technologies are being
developed, and the skills needed to
manipulate older devices will probably
become obsolete with the introduction
of new devices.

The number of persons of differ-



ent areas , like clinical engineers, for
example, is increasing too, and this
makes the system even more compli-
cated and complex.

The risk of working in the health
care, as well as its exigences are mak-
ing some health care professions, like
nurses, a less attractive profession, and
today hospitals are confronted with lack
of personnel, and this situation makes
the actual situation even worse.

There are several ways to avoid
accidents. From the starting point that
medical, nursing, and technical staff
are humans, the chance of an error
occurring is a reality. We cannot ex-
pect, or take as granted that they are
infallible. That is not the reality. For
risk control in hospitals the starting
point must be the opposite one, that 1s
also the reality. Humans make errors.
So what has to be found is a system that
allows the control and reduction of
human errors. There exists already a
big number of research into the human
error factor and how to avoid it. Soitis
time to apply such knowledge to avoid
accidents.

Indeed unlike the typical corpo-
rate defendant in a law suit, a doctor
feels a distinctively emotional as well
as financial trauma during tort litiga-
tion. A patient to whom a doctor has
been giving personal care and treat-
ment is publicly challenging the doc-
tors professional competence and repu-
tation because something has gone
wrong.

But even though tort suits do in-
flict considerable harm on doctors ,
medical injuries inflict much greater

harm on patients. Indeed far more pa-
tientsinjuries-even negligently inflicted
patient injuries - occur everyday in
USA hospitals than ever find their way
into USA’s legal system.

An approach is a way of going
about tackling a problem.

The systems approach is an ap-
proach to a problem which takes a
broad view, which tries to take all
aspects into account , which concen-
trates on interaction between the dif-
Jerent parts of the problem. (Ckeckland/
pP8s).

Our Approach-Considering the
Hospital "facilities", we can consider
as part of them, 1- service providers, 2-
devices, 3-patients, 4-the way they are
interrelated. We may consider the hos-
pital, as a system, composed of several
subsystems, whose components are the
1-Health Care Providers, 2-Devices, 3-
Facilities, 4- Patient, 5-Health Care
Institution System, 6-Environment.
(figl)

Problems of space don't permit us
to give a detailed description of our
approach. Our approach is a systemic
approach to the hospital reality
considering the control, hierarchical
and emergent properties of systems.
The interrelationships between the
different components of the health care
system, how they affect and constrain
each other, in a real time situation are
considered. A systems approach to this
kind of problems has the advantage of
considering the whole in which the
situation occurs. We consider the
human component in its totality, and
we propose a new approach to product



development, facilities and systems
design when humans are part of the
system.

In fig.1 we try to illustrate the
emergent properties of the system as
well as the existing hierarchy. We try
to show how different it is to add the
parts together or to have them
interrelating as a system with a certain
aim. Next we will illustrate the
communication channels and control
(the information flows) existing in the
system. (fig 2)

We can say that in present society
the control exists in both ways even
though the chance lower levels have of
controlling upper levels gets weaker as
it becomes further apart in hierarchi-
cal terms.

Failures of the system-The cause
of facility failures can be addressed
using our systems model. Causes are
related to the components and sub-
components of the model as they
existed at the time of an accident. The
failure of a facility can be connected to
the failure in one or more of the
subsystems that constitute the system,
that will then result from the failure of
one of its sub-components or
subsystems.

We are interested in finding out
the difference between human factors
engineering system errors and health
care provider errors. We think that
until now some of the health care
providererrors should be human factors
engineering errors instead. The health
care provider errors should be reduced
to premeditated errors, judgement,
decision and performance errors. The

inexistence of standards and the
deficiency in devices, facilities and
work organization design should not
be attributed to the user but to the
design itself. In such a severe society
the health care provider has the right to
work in the possible error free
environment. Technology and
knowledge is available and not to use it
should be considered management or
government negligence.

A good Human factors
engineering design can prevent lots of
health care providers or patient failures,
or aggressions to the system. Once the
incident has occurred and has been
analysed using the systems approach,
a correction in the appropriate
subcomponent(s) should prevent future
occurrences. But much more important
than this fact, is what should be called
the reliability of a facility. That is the
facility by its conception, structure and
human factors engineering has to
defend, protect itself against failures.

A Definition and Scope for
"User Error" - Administration deter-
mines the entry level qualifications of
device operators and how much mon-
ies will be spent for continuing educa-
tion as well as for retraining of all the
institution's health care providers. In
addition it determines the quality of
the maintenance programs and the en-
try level qualifications and continuing
education of the maintainors. As well
as the entry level and quality of de-
vices, as well as the quality of facilities
design, with all its components includ-
ing the Human Factors Engineering
quality of each facility and of the insti-



tution as a whole.

Administration has an indirect
control over almost all components of
the system, the external environment is
the most difficult to control, as it influ-
ences all the components of the system,
namely patient education, devices level
of technology, health care providers
social attitude and basic education,
before they arrive to the institution, but
the institution can do something at least
at its personnel level. Then it can also
influentiated the environment by its
posture in the health institutions
"world". The other factors over which
administration has a certain level of
control are the selection of devices,
namely their parts/circuit design and
also their human factors engineering
level, the facilities design level (parts/
circuit design and also their human
factors engineering), as well as the
health care providers work schedule
and distribution.

With this more than trying to
define whatis health care providererror,
while using a facility, first there's a
need to improve hospitals systems
design, and that can be done with the
help of Human Factors Engineering.
This way errors resulting from
exhaustion and other uncontrollable
factors can be avoided and human lives
saved.

By using our model it is possible
to design an improved facility system,
as well as identifying potential hazards
and facility failures.

As far as possible health care
providers errors should be reduced to
technical errors as well as premeditated

errors, or just inoffensive accidents.
When this kind situation can be
achieved then the most important part
of the work will be done.

The proposed model: There are
ergonomic guidelines and standards
useful for a minimum ergonomic state
of the system. They will work reason-
ably in easy and simple situations. They
are not enough when a good, or high
level human factors engineering is de-
sired or needed, and should not be
considered as good human factors en-
gineering.

First of all we are interested in
finding out what are the main types of
systems involved in our subject, that s,
in this case hospitals. We can choose to
consider, machine design and level of
technology, and the reliability it
possesses. That will determine the level
of performance of the machine as well
as how reliable, and for how long it can
keep on working without failures, then
we have all the supporting systems like
preventive maintenance, prevention of
deterioration, as well as updating, and
supporting systems (energy
breakdowns substitutes, and so on) .
This assures the internal quality of the
machine as such and its safety as an
isolated component. Then we can
consider a hospital important
component of a system, thatis infection
control.

We are interested not in the qual-
ity of the design of machines, or in the
design of the contamination control
systems as isolated components, butin
their interaction with each other and
with other components of the system



that are: health care providers ( as well
as the resulting interaction from their
interaction, or individual action, as well
as interaction with other components
of the system) and also the same type
of interaction with the other compo-
nents of the system, the patients.

Machines and facilities are de-
signed to be used by man (when they
are not full automatized or full
robotized), are made to be used by
man, and to coexist with man.

If there is a possible or desirable
interference of these two components,
then their interaction must be as good
as possible to maximize the perform-
ance of the facility, as well as reduce its
failures rate.

As the machine and facilities are
made by man and its functioning is
completely decided by man, the diffi-
cult unpredictable variable here is the
human, being it a health care provider
or a patient.

Until now ergonomics has been
mainly concerned with visible things,
butin todays technology itis no possible
any more to keep such attitude, so what
has also to be analysed are the inputs
and outputs of machines and
equipment. For example a machine
that transforms electrical energy into
mechanical work also produces usually
heat. The same way that VTR's and
microwaves produce radiation as one
of its outputs. What ergonomics has to
dois to have the outputs of the machine,
not only the performance outputs, but
the outputs of the device with the
environment and analyse the effects
these outputs have on the environment

and the human, and also the results of
the interaction of the outputs from the
various devices, and the interaction
with man. By devices we consider not
only machines butalso, light, wall paint
and so on.

What has to be asked to the tech-
nicians is what are the devices or ma-
terials input and output interactions
with the environment. If this may be
troublesome at first sight is a way of
responsibilizing or consciencializing
the manufacturers on the existence of
such kind of troubles.

Humanity has been for a while
ignoring the existence of outputs that
are not the expected performance
outputs. One of the results of such
approach is the condition of the
environment on earth today, the CO2
layer as well as the Ozone layer.

Even though traditionally divided
into mental, and moving parts Human
itself is a system composed of several
parts influencing each other. So its
state of health will influence its psy-
chomotor behaviour as well as its psy-
chological, mental behaviour and per-
formance.

We will try to consider the human
as asystem as depicted in figs. 3 and 4.

Our work identifies each of these
subsystems, as well as their character-
istics and contributions to the all sys-
tem. But that's written in a specific
paper, and we won't refer them here.

In our ergonomics approach we
consider the Human information
process- Humans interact with the en-
vironment, receiving information from
this environment through its sensitive



organs, and using its motricity to act on
the environment, then we consider to
the control function known as Feed-
back- The reason why this concept is
so important is that it works either as a
confirmer of our construct or as an
advisor, an alarm, making us realize
that there is something that does not
correspond to our model of the truth.
We consider too the State of the Sys-
tem that is mainly determined by indi-
vidual characteristics, sensors quality,
environment influences and others.
Then we consider the Effector sys-
tem-The areas that deal with this study
are biomechanics and kinesiology that
base their knowledge in mechanics.

The reason for doing biomechan-
ics and kinesiology in product devel-
opment is the fact that the application
of the laws of mechanics contribute to
a greater efficacy in the work of the
user, as well as having an important
preventive effect in the well being and
health of the user. In our approach we
also consider Human factors engi-
neering and learning of tasks as the
type of human factors engineering we
defend, make the human factors engi-
neer the desired specialist to be respon-
sible for the planning of learning tasks,
mainly tasks that involve motor skills
as well as to develop a whole learning
system considering the time dimen-
sion.

A case study-We made an analy-
sis of an accident occurred in Japan in
1992 using our approach. In this acci-
dent a patient died as the result of a
mistake made in the choice of a gas
cylinder. After receiving the order to

bring the Oz cylinder the nurse went to
the O2 cylinder stock room and brought
with her a green cylinder. That had
attached Oz supply devices. Although
the colour of the bottle was green, and
had painted in white characters that it
contained CO2. Nor this nurse, the
anaesthetist, the orthopaedist or any-
one else present one noticed the error,
and COz2 instead of O2 was adminis-
tered to the patient that died later.

As we referred before, we act and
understand the environment based on:
sensations, perceptions, internal
processes, motor action. These are all
under a strong influence of the
environment.

We found out that the design and
standards used are notacceptable. There
are of course economical reasons for
this state of affairs but before
considering this accident the nurse's
fault, it should be considered first, the
government's fault, as it doesn't
establish the necessary standards. First
we will start with an analysis of the
cylinders reliability. Depending on the
use of the bottles the parts for adapting
the cylinders to be used, are applied on
the bottleneck of the cylinder.
Analysing the cylinders bottlenecks,
we verified that they are equal. Even
though Oxygen cylinders and CO2
cylinders are used for different
purposes, and the parts attached for
their purposes are different. With this
brief analysis we concluded that as far
as the parts used for CO2 use and O2 use
are not similar, there is no need for the
bottleneck of these 2 cylinders with
different types of gas, to be equal. And



as such we concluded and proposed to
a medical facilities manufacturer, an
exchange in the bottlenecks of the
cylinders to be used in hospitals. As
this solution could be expensive we
proposed a bottleneck adaptor, that
makes impossible the committment of
a fatal mistake of this kind.

Anyway, in a place like hospitals
amistake in choosing the right cylinder
can be fatal even if the cylinder and
adapted parts are error proof. This is
justified by the possible fatal
consequences of a delay.

What we want to show here is that
human functions fail sometimes: to be
protected and control those errors the

organism developed Feed-Back -

controls. As an example we will make
a brief analysis of the situation
proposing changes in the device
according to the human capabilities of
handling information.

As we referred before, humans
make construct of their world, and the
richest the construct the more refer-
ences on the object and the more
chances of identifying a dissonance.

The choices of gas cylinders in
hospital rely in one and only one sensor:
the vision sensor, either by using
usually different colours, and also by
writing the chemical composition of
the gas contained. If there isadeficiency
occurring in the reading, for example,
the last part of the CO2 formula, is the
same as the O2 from the Oxygen. If the
cylinder is round there's a chance of
misreading, if the formula is written on
the vertical there's the chance that the
C is hidden by something leaving it

only the O2 part. Then there's a chance
of misjudging similar colours, namely
if the lighting conditions are not
adequated.

All the other sensors are just
unused! If there was a sound, smell,
and touch associated with each different
type of cylinder, as well as very
different colours, the Feed-back control
would have most probably worked out.
If not with the nurse probably with the
other intervenients.

By increasing the construct of the
outside world we increase the prob-
ability of effective Feed-back control.

We will now consider the internal
processes. As we referred above several
aspects are determinant on the quality
of the internal processes: they are: -
cognitive (depending of individual
characteristics) -learning (past
experiences, active learning-depending
on education quality and individual
effort)-passive learning (depending on
education quality, society, culture) -
vigilance (low, optimal, high ).

Active learning is something the
system can act upon, as well as on
passive learning. There's something
the society has a responsibility for, and
that's on the passive learning conditions
it provides. This passive learning can
have deep consequences, and they
should be considered when establishing
standards (see our article" a common
subculture for a globalizing world).
For example, psychologists got to the
conclusion that people associate green
with oxygen. This makes it easier for a
mistake to happen when the green bottle
1s COz2 instead of Oz2.



Besides as we can see in fig. 5 the
colors of cylinders differ from hospital
to hospital inside Japan, and they differ
from country to country making iteasier
the occurrence of misjudgements.

Another factor we need to refer in
this situation is the definition of the
arousal level at the time of the accident.
We know that optimal performance
happens mainly at the considered opti-
mal arousa level . Low arousal levels
are possible for several reasons, tired-
ness is one of them, and sometimes, in
the hospital site there's no other choice;
or intervening with low arousal levels
or not intervening at all. Panic situa-
tions result in lowered levels of per-
formance, as it has been researched by
several researchers.

In our case study we have the
possibility of a too high arousal level
proportioned by the perception of the
danger of losing the patient.

Conclusions

The existence of risk situations in
hospitals is far too high. Those situa-
tions can be dramatically reduced by
applying risk management principles.

The increased number of success-
fully litigated claims and the increased
amounts awarded in the settlement of
cases in the health care setting is pre-
occupying.

In the United States malpractice
premiums surged from just $60 million
dollars in 1960 to more than $7 billion
in 1990. Considered by themselves
these figures and trends appear terrible
alarming; placed in the context of the
overall health care system, they seem

much less so. Although malpractice pre-

miums are initially paid by the insured
doctors and hospitals, these practice ex-
penditures are incorporated into fees
charged to patients who are in turn typi-
cally covered against such charges by
health care insurance. This is resulting
in an heavier and heavier health care
system.

Ergonomics knowledge is of the
utmost importance to control accidents
and malpractice in hospitals.

We developed an approach to the
hospital case. We use ergonomics knowl-
edge based on a soft systems approach.
Traditional approaches are not enough to
tackle such kind of problems, we propose
a new approach namely to the human
error; how toavoiditand how to controlit.
As far as we can conclude from our expe-
rience it has shown to be efficient enough
to avoid some common errors and acci-
dents in the health care setting.

We concluded that our approach is
recommended for use in the health care
system to avoid accidents and errors that
can lead to serious injuries or even to the
death of patients. Even though tort suits
do inflict considerable harm on doctors,
medical injuries inflict much greater
harm on patients, so this is not just a
court problem. Such occurrences should
be avoided not only for the sake of the
patients welfare but also for the sake of
quality health care. The lack of an ap-
proach oriented to tackle this problems,
namely ergonomic based approaches
should be considered management neg-
ligence.
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Pipe or cylinder gas color

Oxygen Nitrous Air Vacuum Nitrogen CO2
Oxyde
High Pressure Gas
Gontrol Law (eylinden) | g ack GRAY | GRay _ GRAY GREEN
pan
Ministry of Health
and Welfare
(common spec.) GREEN BLUE YELLOW | BLACK GRAY
Japan
Ministry of Education | qpeey BLUE YELLOW | BLACK GRAY
(Common Spec.)
Japan
NFPASEF (US.A) GREEN BLUE YELLOW | DARK BLACK GRAY
GRAY
M-22 (UK. WHITE BLUE WHITE/ | YELLOW
HTM-22 (U.K.) A BLACK GRAY
GREEN BLUE
JIST 7201 YELLOW | BLACK GRAY —_
(anesthesia
machine)
BLACK | GREEN | BLACK GRAY
FRANCE WHITE BLUE WITH
WHITE
FRAME
EAST GERM BLUE YELLOW | BLUE GRAY GREEN GRAY
GRAY
ISO-32 WHITE BLUE WHITE/ | YELLOW | BLACK
BLACK
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