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Abstract. Interpretive structural modelling (ISM) is a well-established meth-
odology for identifying relationships among specific items, which define a
problem or an issue. The natural caring is born with human beings; besides
caring persons the natural environment is also important. In this research,
Interpretive structural modeling (ISM) is used to make decision for design
direction of rescuing injury in landslide disaster, recognized the main target to
solve ease of use and independent problems (level 1) and the main problem are
reliability issues (level 2), the safe issue (Level 3), the security issue (level 4) for
the proposed stretcher. Finally, the design direction is concluded, new stretcher
structure was proposed to be independent and confident for conveying, and
collecting the scenario for ATV drag rescue stretcher.

Keywords: Caring design � Design direction � ISM � Make decision

1 Background

It is generally felt that individuals or groups encounter difficulties in dealing with
complex issues or systems. The complexity of the issues or systems is due to the
presence of a large number of elements and interactions among these elements. Owing
to fact of the junction of the plate has a new significant structural movement; it
becomes a mountainous region with steep terrains from outcropping strata generally
young and fragile lithology, structural complexity, and rock crushing (Fig. 1). Due to
the plate’s movements, it leaves natural disasters, such as: earthquakes, typhoons,
floods, and surface deformation. The natural landslides disaster has become a major
accident to mountainous residents. It leads one to consider suitable facilities to convey
patient, especially the emergency patient has to transport to hospital when landslides
cause injuries to people in mountainous area. Who will care these issues for preventing
the disaster to cause an accident death? ATV (All-terrain vehicle) can be a motorized
vehicle for natural disaster in short time preparation.

Human beings are born with a natural feeling of caring, it is called “natural caring”
[1] that is, others can naturally emit emotion, which is derived from the parents care for
their children born of love, and to take care of incapacitated baby, the baby’s feelings
and learning will be issued smile. Her care ethics in the statement of contents of the
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object, the more focus on the carers need to be open-minded expression of emotion “are
carers” (cared for), and will involve carers between the two need to give full attention
to put in, in order to establish such a good relationship. The design issue can have a
chance to purpose some ideas for rescuing.

Noddings [2] proposed caring for people, offered to care for themselves as the
starting of the six levels of care: (1) yourself, (2) intimate and familiar persons, (3) the
strangers and distant persons, (4) the plants, animals and the natural environment,
(5) artificial world, (6) care concept. In this research, the stranger and natural envi-
ronment will be discussed to find a solution for preventing in the main purpose is for
achieving result of caring design; it needs to make a design direction decision for
proposing ideas. Design is conceiving and planning, and presents a creative action with
a target.

2 Literature

ISM is an interactive learning process. In this technique, a set of different directly and
indirectly related elements are structured into a comprehensive systematic model [4, 5].
This methodology is used to evolve mutual relationships among information barriers.
The information KM (Knowledge management) barriers have been classified, based
on their driving power and dependence power. The objective behind this classification
is to analyze the driving power and dependence power of these barriers [6]. People
usually judge based on their intuition and experiences when they study complex,
divisive issues, conducting problem analysis and assessments. Interpretive structural
modeling (ISM) is used for ideal planning, which is an effective method because all
elements can be processed with a simple matrix [7–9], is a well-established method-
ology for identifying relationships among specific items, which define a problem or an
issue [10]. It is also a well-established methodology for identifying relationships among
specific items, which defines a problem or an issue [11], and a suitable modeling
technique for analyzing the influence of one variable on other variables [10], often

Fig. 1. Mudslide disaster point [3]
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using to provide fundamental understanding of complex situations, and putting together
a course of action for solving a problem. Its mathematical foundations of the meth-
odology can be found in various reference works [12].

The ISM can be used to help groups of people in structuring their collective
knowledge [13]; and its systematic application of graph theory in a way that is theo-
retical, conceptual, and computational leverage is exploited to efficiently construct a
directed level graph for referencing [13, 14]. Some design planning [15, 16], and
productivity issues [17] have provided the adequate ground to begin with ISM research
to induct a solution. Owing to this method, it can supply a direction from complex and
unconfirmed information.

3 Methodology

Warfield [8] developed this methodology that uses systematic application of some
elementary notions of graph theory and Boolean algebra in such a way that when
implemented in a man machine interactive mode, theoretical, conceptual and compu-
tational leverage is exploited to construct directed graph (a representation of the
hierarchical structure of the system). It was to construct hierarchical interaction graph
of the system and area detail of the main problem and the main target to propose design
thinking by ISM. (1) VOA (Value of analysis): It can the original design proposal can
be divided into 7 different categories from iNPD (integrated New product design) [18]:
emotion, human factors engineering, aesthetics, product image, influence, core tech-
nology and quality. They are magnified for explanation into 22 issues to search pos-
sible conditions for design, (2) finding the fuzzy front: Integrating higher value of VOA
from Interpretive structural modeling (ISM) defines problem to be an issue as design
guideline. (3) Proposing innovative caring design direction: planning from fuzzy front
to present scenario to present picture of LEF (Life style, Ergonomics, Feature) for
describing the design solution.

ISM methodology suggests the use of the expert opinions based on various man-
agement techniques such as brain storming, nominal group technique, etc. in devel-
oping the contextual relationship among the variables [19, 20]. The principal of ISM as
below: One simple way to do that in this case is to assign weights wi for the ith element
according to its relative position in individual hierarchy. By summing over the indi-
viduals, a collective score wij can be assigned to each element, constructed the matrix
[A] to present the related relationship of each element (formula 1, 2).

A½ � ¼
Xnj

j¼1
wij ð1Þ

A½ � ¼
w11 � � � wi1

..

. . .
. ..

.

w1j � � � wij

2

64

3

75 ð2Þ

Malone [14] showed that a matrix is termed the adjacency matrix of D, and is
constructed by setting aij ¼ 1, wherever there is an arc in D directed from element si to
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element sj, and by setting aij ¼ 0, elsewhere. The Element sj is said to be reachable
from element si if a path can be traced on D from si to sj. By convention, an element si
is said to be reachable from itself by a path of length 0. The reachability matrix M of a
digraph is defined as a binary matrix in which the entries mij are 1 if element sj is
reachable from element si; otherwise mij ¼ 0. It can be shown that the reachability
matrix can be obtained operationally from the adjacency matrix by adding the identity
matrix and then raising the result matrix to successive powers until no new entries are
obtained.

That is:

½M� ¼ ð½A� þ ½I�Þn ð3Þ

Where n is determined such that

ð½A� þ ½I�Þn�1\ð½A� þ ½I�Þn ¼ ð½A� þ ½I�Þnþ1 ð4Þ

4 Result

4.1 Selected VOA

VOA is surveyed by questionnaire, derived from 7 different categories: emotion,
human factors engineering, aesthetics, product image, influence, core technology and
quality which has 22 original items (Table 1) from iNPD. This surveyed result is
selected 9 items: reliability, ease of use, sense of independence, security, safe, location,
power, confident and durability as center of Table 2.

4.2 Finding the Fuzzy Front

The fuzzy front can be constructed a matrix from Table 2 (right) which the original
matrix is checked for all items to find out each pair relation. The ‘1’ and ‘0’ mean to
describe ‘Yes’ or ‘No’ relation between items of row and column which decisions were
decided by assessed persons are three rescue experts, they discussed together to decide
their relations and follows majority decision.

(1) Constructs a correlation matrix: to conduct logical operations and analyze the
resulting hierarchical structures of the most important VOA from iNPD process. To
compare the relationships of a directional correlation matrix [A] (Fig. 1) is formed
using the relationship (aij) between one element and another.

(2) Generating a reachability matrix: the reachability matrix [R] (Fig. 2) is deducted
from the incidence matrix [A] if a Boolean n-multiple product of [A] + [I] uniquely
converges to R for all integers n > n0, where n0 is an appropriate positive integer, [I] is
a Boolean unity matrix, and + is an addition in the Boolean sense [8]. Matrix
[R] represents all direct and indirect linkages between components. Relation transitivity
is a basic assumption in ISM, representing the reachability matrix [R] derived from
matrix [A], in which an entry rij = 1 if component j is reachable by i, although the path
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length may be one or more. ‘Reachability’ in graph theory is the ability to move from
one vertex in a directed graph to some other vertices (formula 4). This is sufficient to
find the connected components in the graph.

(3) Generate a rearranged matrix: cluster elements that affect one another in the
output matrix of the reachability matrix. Rearranged matrix and retrieval of clusters
Step by step of ISM (Fig. 3) reveals that hierarchical interaction graph of the system
has four clusters, namely, {2, 3, 6, 8}, {1, 7, 9}, {5}, and {4} the clustered components
are integrated and treated as a single entity.

(4) Illustrate the hierarchical relationships of elements: the hierarchy graph is then
obtained by identifying a set of components in matrix [R] (Fig. 2) that cannot reach or
be reached by other components outside the set itself. Hierarchical interaction graph of
the system: the oriented links then connect the nodes from source to sink, based on the
incidence matrix. In this step, the elements’ hierarchical relationships are illustrated

Table 1. Issues in product value opportunities analysis [18]

Category Item Description

Emotion Courage Rescuers can be inspired when using.
Independence
security

Rescuers can operate independently and the equipment
has the versatility on other tasks.

Rescuers can feel safe.
Sensibility The equipment can make rescuers feel confident

himself.
Confident Easy using equipment increases rescuers’ confident.
Power Rescuers can handle situations by using equipment.

Human factors
engineering

Comfortable Feel comfortable and no pressure when using rescuing
equipment.

Safe It’s safe to use and won’t danger users.
Usability Simple and easy to use.

Aesthetics Sight The equipment is good looking.
Sense of touch Feels smooth with no discomfort.
Auditory
sense

Equipment doesn’t make noises.

Nose The material has no peculiar smell.
Sense of taste Is not harmful or uncomfortable to mouth.

Image Time Able to meet the time or frequency when local disaster
happens.

Location Fit local rescuing demand.
Influence Society Adaptable equipment to fit various environments and

situations
Environment Do not have any harmful influence to environment.

Core
technology

Reliability Product can use for a long time stable without fault.
Availability The core tech must meet the product’s function and be

easily accessible when needed
Quality Craft Product must have high quality.

Durability Product must achieve the high durability.
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according to the rearranged matrix, providing decision makers with the procedures and
hierarchical structures to use in the deconstruction of a problem.

Conclusion of Figs. 2 and 3 show that the main target is level one ({2, 3, 6, 8})
‘ease of use’, ‘sense of independence’, ‘location’, ‘confident’, the main problems are
the level two ({1,7,9}): ‘reliability’, ‘power’, ‘durability’ and level 3 ({5}): ‘safe’, and
the level four ({4}): ‘security’ (left of Table 2). Figure 6 shows D + R and D –

R element distribution graph that the rescue stretcher must achieve confident for patient
and driver, solving the problem of safety (level 2) and the usability (level 3) (Fig. 4).

(5) Draw the D + R and D – R element distribution graph: based upon the
reachability matrix [R], the user must add up the scores of the elements in each row to
generate D and the elements in each column to generate R. After this, calculate the
values of D + R and D – R to generate a reachability matrix determinant and then

Table 2. Original matrix for ISM from VOA

level

                          No.            
description of no.

1 2 3 4 5 6 7 8 9

2 reliability 1 1 0 1 0 0 0 0 0 1
1 ease of use 2 0 1 1 0 0 0 0 1 0
1 sense of inde-

pendence
3 0 1 1 0 0 1 0 1 0

4 security 4 1 0 0 1 1 0 1 1 0
3 safe 5 0 0 1 0 1 0 1 1 0
1 location 6 0 1 1 0 0 1 0 0 0
2 power 7 0 1 1 0 0 0 1 1 0
1 confident 8 0 0 1 0 0 0 0 1 0
2 durability 9 1 0 0 0 0 0 1 1 1

Fig. 2. Original incidence matrix [A]
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demonstrate D + R and D – R on a binary scale to interpret both the problem and the
target areas. This system can also be employed to analyze independent elements
according to their hierarchical relationships. After the element level has been deter-
mined, draw the D + R and D – R element distribution graph to find out the main
problem and main target (Fig. 5).

To ensure a stretcher mechanism is designed to sit on ATV for landslide disaster. It
should comply with the principle of operation as simple and easy, be suitable to operate
independently and confidently, and it needs reliability and power to confirm structure,
and will keep the injury be safe, does not happen the risk.

4.3 Proposing Innovative Caring Design Direction

The planning of fuzzy front to present scenario is from picture of LEF (Life style,
Ergonomics, Feature). The injury often caused death from mountain accident (Fig. 6), it
needs to transport to hospital. The usability and reliable security are essential elements

Fig. 3. Reachability matrix [R]

Fig. 4. Rearranged matrix and retrieval of clusters step by step of ISM
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of rescue stretcher. Stretcher can be for an ATV is mainly used to retrieve an injured
patient in harsh terrain during hurricane on broken pavement.

Fig. 5. Hierarchical interaction graph of the system

Fig. 6. D + R and D – R element distribution graph
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For ease of use and sense of independence, the outdoor rescue vacuum mattress
stretcher could be the most reasonable and scientific design (Fig. 7). The vacuum
immobilization stretcher have produced by very skilled engineers and used the best
quality cold resistance PVC material. Team members must be training to do everything
from assist injured hikers to douse brush fires burning far off roadways (Fig. 8). All of
this is carried in an enclosed trailer that’s a part of the department’s heavy rescue
operation (Fig. 9). When there’s an emergency that occurs at a location accessible only
by an ATV, the response team can be rolling in minutes (Fig. 10).

Fig. 7. Landslide in quake-hit Lushan [21]

Fig. 8. Outdoor rescue vacuum mattress stretcher [22]

Fig. 9. Rescue stretcher for ATV in off road [23]
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5 Conclusion

Landslides are a main secondary fatalities source of earthquakes. Especially in hilly
rain forest areas or in the middle of a monsoon season, landslides can be disastrous. For
the caring natural environment, it needs to some equipment for preparing landside. The
complex structure of Taiwan geology, rock crushing which its geology is still active,
causing very often nature disasters: earthquakes, typhoons, floods, surface deformation
and subsidence. In this study, we focused on decisions making to recognize research
target and design to be a product to construct an ISM process to decrease black-box
design thinking.

The ATV has shown to be a more suitable vehicle for rescuing. Then, it must be
with a stretcher to vehicle injury, to conclude nine important issues for searching
design direction, security is main problem then the safe, the main target is level one:
‘ease of use’, ‘sense of independence’, ‘location’, ‘confident’, it can be noted that this
stretcher is required to easily use and need a location to rescue urgent patients. It can be
proposed a good solution for natural disaster for emergent injury patient or seriously ill
patients when the general truck or helicopter cannot transport emergency. The ATV
drag rescue stretcher becomes easy and flexible.

http://www.ncbi.nlm.nih.gov.
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