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Abstract. There is a large aging population in China, not only because the old
population base is huge, but also the growth rate is relatively fast there. Health
care policy has become a way to improve the aging life. Fitness will effectively
improve the physical condition of the older adults, but there is a big problem for
them in terms of fitness awareness. Therefore, there is a big gap in the design of
the fitness products for older adults. This research is about how to persuade the
older adults to be willing to exercise by the product design. The motivation and
ability of older adults’ fitness are weighted with FAHP method. According to
the PSD model, the product is decomposed into different semantic information
elements and the weight of the elements will be the guidance in the product
design.
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1 Introduction

There is a huge demand for intelligent fitness products in the Aging society. China is the
world’s aging population, not only the old population base is huge, but also the growth
rate is relatively fast. At the end of 2015, China’s population of 60 years old and above is
221 million 820 thousand people, accounting for 16.15%, of which the population of 65
years old and above is 143 million 740 thousand people, accounting for 10.47% [1].

Fitness will effectively improve the physical condition of the older adults, but there
are some big problems in the physical fitness awareness and fitness condition for them.
(1) The exercise environment is not suitable for the older adults doing outdoor sports
because of the air pollution, long fog and haze, etc. Lacking of exercise place is another
problem for the elder’s fitness. (2) For older people with relatively weak physical
functioning, the impact of the weather and other external conditions on the body should
be considered. For example, climatic characteristics of winter are low temperature and
the dry air. The older adults exercise in such weather conditions can easily lead to colds
and respiratory diseases. (3) Lack of awareness of movement. Exercise is not only for
lose weight, but more important for the health of the body. For the older adults with
normal BMI and body fat composition, exercise can change the structure of muscle and
fat, improve the corresponding health indicators, and improve the function of all
aspects of the body.
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Exercise can enhance physical fitness, improve the body state, but on the contrary,
it is a wear process for the knee joint. Old people can’t exercise too much. The special
guidance is needed. Professional guidance and monitoring can help to prevent sports
injuries [2].

Therefore, there is a big gap in the fitness product design for the older adults. The
challenge of this research is how to design fitness product with persuade design
(PSD) model to persuade the older adults to be willing to exercise. According to the
PSD model, the product is decomposed into different semantic information elements.
The weight of the factors which is got by the fuzzy analytic hierarchy process (FAHP)
method is the guidance in the design progress.

2 Persuasive Design Model

2.1 Fogg’s Model

The model of persuasive tech is a tool to describe the user’s behavior change, which is
studied in the Persuasive Technology Lab of Stanford University. According to BJ
Fogg’s article, there are three important events in the model: motivation, ability and
triggers. A trigger is something that tells people to perform a behavior now. In fact, for
behaviors where people are already above the activation threshold – meaning they have
sufficient motivation and ability – a trigger is all that’s required (Fig. 1). Triggers are
divided into three types: sparks, facilitators, and signals. A spark is a trigger that
motivates behavior. A facilitator makes behavior easier. And a signal is to indicate or
remind the user [3].

This model constructs the individual
ability based on the persuade design
framework. It is a model with the most
extensive impact to design. The advan-
tage of the model is that it puts forward
the correlation of motivation and capa-
bility of the persuasion design, pointing
out the decomposition levels of each
factor. The disadvantage of the model is
that it is a qualitative analyze model of
ability and motivation, so that it is diffi-
cult to provide direct guidance to design
and strategies.

2.2 Persuasive Systems by Oinas-Kukkonen and Harjumaa

In the Persuasive Systems by Oinas-Kukkonen and Harjumaa, there are four design
classification for persuasion design, the Primary Task support, the dialogue support, the
System Credibility Support and the social support. Each category is divided into a
number of design strategies. According to this system model, the intelligent products

Fig. 1. Fogg’s model
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can be divided into the 28 criterias (Fig. 2) [4]. Each criteria can be weighted based on
the system hierarchy.

It is characterized by persuading users by computers, and it focuses on design of user
interface graphics (GUI) and digital products. The model is mainly used to guide the
interface design of network, but it is rarely used to guide the design of intelligent products.

2.3 DWI Model

At the persuasive conference, Dan Lockton et al. defined the concept of “design from the
perspective of intent” (DWI) as “the change of design intent or the change of some user
behavior” (Lockton, Harrison and Stanton 2008; Lockton, Harrison, Holley and Stanton
2009; Lockton 2013) [5] DWI method is generally applied to the model of user behavior,
and its influence is determined by two modes: “Inspiration” and “Prescription”. In the
inspiration mode, the designer combines six different lenses (lens) from a wide range of
target behaviors, representing the principles that can be used to influence behavior
through design. In the prescription pattern, the designer has summed up a series of
expression patterns of behaviors. Lens are methods for organizing design model which
share understanding of how to influence the way of user’s thinking and related behaviors.

The six lenses are: (1) Architectural Lens (2) Error-proofing Lens (3) Persuasive Lens
(4) Visual Lens (5) Cognitive Lens (6) Security Lens. These lenses are a very specific
way to help stimulate a variety of design patterns when the designer is to use these lenses
to obtain a viable solution (Lockton 2013). The six lens are applied in different fields that
range from interface design to product design and environmental design. It is used to help
designers have more concept designs. The disadvantage is that although the model
provides many guiding lenses, but it lacks of detailed and feasible evaluation method in
the specific product design, and lacks of weight of each lens in the design.

2.4 Review Summary of PSD Models

In the intelligent product development, the composition of the product is more com-
plex. Combined with the above models, the comprehensive PSD model will help to
provide guidance for the selection of product design strategy.

Fig. 2. Persuasive Systems by Oinas-Kukkonen and Harjumaa
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3 AHP (Analytic Hierarchy Process) and FAHP (Fuzzy
Analytic Hierarchy Process)

3.1 AHP and FAHP

The Analytic Hierarchy Process (AHP) is proposed by the Professor T.L. Saaty (1980).
He used the AHP when he studied the “emergency plan” for the U.S. Defense
Department in 1971. In 1977 he issued a “Modeling of Unstructured Decision Prob-
lems—Analytic Hierarchy Process” on the International Conference on mathematical
modeling; then AHP has been applied in many fields of decision-making problem,
while the same time AHP theory has also been developed [6]. Fuzzy analytic hierarchy
process (FAHP) can be used to deal with fuzzy decision-making problems. A fuzzy
concept was added to the analytic hierarchy process by Grann (1980) first [7].

3.2 Steps of Fuzzy Analytic Hierarchy Process

The basic idea of Fuzzy AHP is based on the nature of multiple objective evaluation
and overall goal. The problem itself is decomposed to the hierarchy structure. There-
fore, in the use of FAHP decision-making, the progress can be broadly divided into the
following four steps.

(1) To analyze the problem and determine the causal relationship between the various
factors in the system, to establish a multilevel hierarchical structure model for the
various elements of the decision-making problems.

(2) The elements of the same level are pairwise compared with the criterion of above
element. According to the evaluation criteria, the relative importance of the degree
is determined, and the fuzzy judgment matrix is established finally.

(3) The relative importance of each factor is determined by certain calculation.
(4) Through the calculation of the comprehensive importance degree, all alternatives

are ranked in order to provide the scientific basis for decision making.

3.3 The Mathematical Model of FAHP

The establishment of fuzzy complementary judgment matrix. In the fuzzy analytic
hierarchy process (FAHP), the fuzzy judgment matrix is obtained by the quantitative
pairwise comparison A ¼ ðaijÞn�n, when the factors are with the factors as follows:

(1) aii ¼ 0:5; i ¼ 1; 2; � � � ; n;
(2) aij þ aji ¼ 1; i; j ¼ 1; 2; � � � ; n;

The judgment matrix is called fuzzy complementary judgment matrix. In order to
give a quantitative description of the relative importance of criterion for any two
compared schemes, quantity scale is usually given by the method of 0.1–0.9 scale, as
shown in Table 1.
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aii = 0.5 means the factors are as important as themselves; if aij 2 0:1; 0:5½ Þ, means
factor xj is more important than xi; if aij 2 0:5; 0:9½ �, means factor xi is more important
than xj.

Based on the above numerical scaling factors, a1, a2, …, an pairwise comparison
fuzzy complementary judgment matrix is obtained.

A =

a11 a12 � � � a1n
a21 a22 � � � a2n
� � � � � � � � � � � �
an1 an2 � � � am

2
664

3
775 ð1Þ

Weight formula of fuzzy complementary judgment matrix. A general formula is
deduced for solving the fuzzy complementary judgment matrix. The formula for
solving the weight of fuzzy complementary judgment matrix is as follows:

Wi ¼
Pn

j¼1 aij þ n
2 � 1

nðn� 1Þ ð2Þ

Consistency checking method of fuzzy complementary judgment matrix. If the
weight value obtained by formula (2) is reasonable, the consistency test should be
carried out. When the offset consistency is too large, it is proved that the calculation
result of the weight vector is not reliable. The principle of consistency of fuzzy
judgment matrix is derived to test the consistency principle.

Table 1. Quantity scale and the explain

Scaling Definition Explain

0.5 Equally
important

Comparison of
two elements

Equally important

0.6 Slightly
important

Comparison of
two elements

One element is more important than the other

0.7 Obviously
important

Comparison of
two elements

One element is more important than the other

0.8 Much more
important

Comparison of
two elements

One element is more important than the other

0.9 Extremely
important

Comparison of
two elements

One element is more important than the other

0.1, 0.2, 0.3, 0.4 Anti comparison If judgment of rii is obtained by comparing of
element ai and element aj, the judgment obtained by
comparing element ai and aj is to be rji = 1 − rij
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Define 1: Set matrix A ¼ ðaijÞn�n and B ¼ ðbijÞn�n are both fuzzy judgment matrix, call

IðA;BÞ ¼ 1
n2

Xn
j¼1

Xn
i¼1

aij þ bij � 1 ð3Þ

is compatibility criteria for A and B.
Define 2: Set W ¼ ðW1;W2; � � � ;WnÞT is the weight vector of fuzzy judgment

matrix A,
Pn
i¼1

Wi ¼ 1;Wi � 0ði ¼ 1; 2; � � � ; nÞ, It is said n order matrix:

ð4Þ

In order to judge the characteristic matrix of matrix A, the decision maker’s attitude
is A. When the consistency criteria is IðA;WÞ�A, the judgment matrix is considered
satisfied. The smaller the A indicates that the higher the consistency of the fuzzy
judgment matrix is for the decision maker. A = 0.1 is better.

For the actual problem, the same factor set X pairwise comparison judgment matrix

AK ¼ ðaðkÞij Þn�nðk ¼ 1; 2; � � � ;mÞ is usually given by a number of experts (set
k ¼ 1; 2; � � � ;m).

They are all fuzzy complementary judgment matrices, and the set of weights can be

obtained W ðkÞ ¼ ðwðkÞ
1 ;wðkÞ

2 ; � � � ;wðkÞ
n Þðk ¼ 1; 2; � � � ;mÞ.

In order to test the consistency of fuzzy complementary judgment matrix, the
following two aspects should be done:

(1) Checking the consistency of m judgment matrix Ak: IðAk;W ðkÞÞ �A;
k ¼ 1; 2; � � � ;m

(2) Test satisfactory compatibility between judgment matrices: IðAk;AlÞ�A; k 6¼
l; k; l ¼ 1; 2; � � � ;m can test that if the fuzzy complementary judgment matrix
Akðk ¼ 1; 2; � � � ;mÞ is acceptable, their comprehensive judgment matrix is also
acceptable. Weight vector expression:

W ¼ ðW1;W2; � � � ;WnÞ ð5Þ

Formula (5):

Wi ¼ 1
n

X
k¼1

W ðkÞ
i ði ¼ 1; 2; � � � ; nÞ2

As long as (1) and (2) are fulfilled simultaneously, it is reasonable and reliable to
treat the mean value of m weight sets as the weight distribution vector of factor set X.
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4 Case Studies

4.1 Analysis of the Older Adult’s Fitness Behavior Model Based
on FAHP and Fogg’s Model

Methods: First, questionnaire survey of Older Adults Fitness Motivations and Needs
was done in this study, and data on their demands of fitness products was collected,
then the criteria of Fogg’s persuasion design model (motivation, ability and trigger) is
studied with FAHP method. The user behavior and the importance weight of fitness
were investigated, and the main factors were found to motivate the old adult’s fitness
behavior. Then the workshop was held to make focus group discussion on the weights
of factors one by one, which is proposed to improve the product.

In the end, the existing products are discussed by the brainstorming. Combined
with the Oinas-Kukkonen & Harjumaa system framework and DWI, the new PSD
model is made for the older adults’ product design. Then the criteria of product and the
weight of hierarchy criteria are got by fuzzy analytic hierarchy process. This persuasive
design model can be used to design relative products for the older adults’ fitness
products.

4.2 The Results of Data Analysis

Combined with the user research and Delphi method, the fitness motivation - ability
hierarchy model of older adults (Fig. 3) is got, and the FAHP was carried out by seven
experts.

Fig. 3. The fitness motivation - ability hierarchy model of older adults
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The results of weight are calculated. The consistency of each judgment matrix is
<0.1, indicating that the validation is valid.

According to above results, the rank weights that elements in the scheme layer to
the decision goal is in the Table 2. The top three factors of influence to aging users’
will of fitness are as follows: M1 Self will, M4 Happy mood and M2 Evaluation of
others. The top three factors of influence to aging users ability of fitness are as follows:
N1 Interest in fitness, N6 Understand a fitness effect and N5 support for long periods of
Physical exercise.

4.3 The Strategies and Classification of Health Persuasion Model
of the Older Adults

According to the Fogg’s model, the health willingness of the older adults can be
divided into four categories: high willingness-low capacity, to improve product
usability strategies to reduce obstacles mainly by reducing the difficulty in the use of
product. High willingness-high capacity, users has the high ability and high motivation
themselves, so there is no need to improve their behavior by more triggering factors.
Rich experiences of the product should be designed to meet the needs, with more
enjoyable using process. Low willingness - low ability, not only lacking of physical
exercise motivation, but also lacking of the exercise ability, this kind of users are
difficult to be triggered by design. To improve their behavior, easy to use strategy is
suitable, with the intelligent software to provide more incentives. Low willingness -
high ability, this kind of users is characterized by having the basic ability to exercise,
which can complete the fitness behavior independently, but because of lack of moti-
vation, maintaining healthy behavior is difficult for them. The intelligent system should
be used to improve their experience. With the help of the Oinas persuasion system,

Table 2. The ordering weights of the elements in the decision level

Hierarchical structure Weight Uniformity

< 0.1M Fitness motivation 0.6667 0.0940

N Fitness ability 0.3333 0.0914

Alternative Weight Alternative Weight

M1 Self will 0.2117 N1 Interest in fitness 0.1311

M4 Happy mood 0.1367 N6 Understand a fitness effect 0.0634

M2 Evaluation of others 0.1136 N4 Have the right place for exercise 0.0483

M3 The incentive model 0.0873 N5 support for long periods of Physical exercise 0.0519

M6 Reduce chronic disease 0.0842 N3 Have time to participate in fitness 0.0206

M5 Improve body function 0.0331 N3 Willing to spend money on fitness 0.0180
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the interest and social interaction of the product will be added to improve the user’s
awareness and willingness to fitness.

Users with low motivation-low ability will be difficult to trigger. Users with high
willingness-high capacity need little trigger to support them. Users with high
willingness-low ability and low willingness-high capacity are the main objects to
trigger design.

A total of 26 old persons (above 60 years old, 6 males, and 20 females) were
randomly divided into two groups in the workshop. First of all, the ordering of weights
above are shown to them, and brainstorming discussion are held among them, then
their opinions and suggestions of the trigger design are recorded to improve the
motivation and ability of elder’s fitness.

Finally, the existing older adults fitness products are shown to users (including
fitness bicycle and other products), the persuasion design model of aging fitness
products are proposed.

4.4 PSD Strategy Model of Older Adults’ Fitness Product

According to the FAHP, 7 experts are invited to make the matrix evaluation, and
weight coefficients of criteria of the PSD model are calculated. The consistency of each
judgment matrix are <0.1, indicating that the validation is valid (Fig. 4).

Hierarchical structure Weight Ranking Uniformity

< 0.1

A Appearance matrix 0.6870 1 0.0516

B Control interface matrix 0.1265 3 0.0794

C Interaction strategy matrix 0.1865 2 0.0442

Fig. 4. PSD model of older adults’ fitness product
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5 Conclusion

In the intelligent product design for older adults, the PSD strategy according to the
order of weight is: the appearance, the entity interface and the control interface, that
respectively weight is 0.6870, 0.1865 and 0.1265. For the user of high willingness-low
capacity, the usability design strategy is mainly adopted, and the appearance design is
improved; on the user of low willingness-high capacity, the trigger motivation strategy
is mainly adopted, and interactive interface design is focused on to enhance the user’s
interest in fitness.

Based on user research, the corresponding level of persuasion model of intelligent
product is got, and the weight of every criterion is calculated. This evaluation method
will provide design methods and strategies for designing of intelligent health products
in the context of aging society. In the future research, we will analyze the influence
factors of persuasion and satisfaction of using the product for the older adults.
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