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Consumers acceptance model of IoT products

ABSTRACT

In recent years, the concept of IoT is a topic. Everyone also has heard the word "IoT"
anywhere. 10T is a concept that things are connected to the Internet. The IoT market is
growing, and among them IoT products for consumers are increasing the most. Previous
studies have stated that IoT products can provide new value to consumers. However, it
1s unclear how these values are accepted by consumers. Our objective is to reveal the
consumer's purchasing attitude of IoT products based on consumer behavior theory and
diffusion of innovations. We follow three steps: (1) review previous studies; (2) qualitative
data analysis; (3) quantitative data analysis—large-scale consumer questionnaire to
verify hypotheses.

As a result, the factors affecting consumer’s purchasing attitudes of IoT products were
clarified. This result has become a useful proposition for companies already selling IoT
products and companies trying to develop IoT products. This study is the frontier of IoT
studies.

Keyword: IoT products, diffusion of innovations, consumer attitude

T798words



TABLE OF CONTENTS

1T.BACKGROUND ...ttt ettt ettt e eb e e sttt e st eseaaeeea 5
I VA o ¥ N A 1= T e Y S SUPE 5
1-2. Expansion IoT market ..o 5
1-3. Categorizing previous studies: IoT ..o, 6
)R o o) o) 13’ s WO P PRSPPI 9
RS T 0 o) 171 A < PSSR 11

2. THEORETICAL BACKGROUND .....oociiiiiiiiiiiiieiiiccieecec e 13
2-1. Consumer behavior theory ..........ueiiviiiiiiiiiieiei e 14
2-2. Diffusion of INNOVALIONS...c..uviiiiiiiiiiiiiiiiceieceec e 19

3. HYPOTHESES FORMATION .....cooiitiiiiiitenteeteeeteeeteeee et 22
371 F1eld WOTK .eeeeiiiiieiiiiiieee e e 22

3-1-1. Voice of consumers: Group interview with consumers ........ccccceeeeeeennnneee. 23
3-1-2. Voice of practitioners: Interview with companies ......c..ccccceevvvveeeeennnenn. 26

3-2. Hypotheses Development ...ttt eeeeee e 29
4. METHDOLOGY ...ttt ettt sttt ettt s e s 34



4-1. Procedure and SampPling ......cocceeeriiiiiiiiiieeeieeeiieeeteeete et 34

42, QUESTIONIIAIIE .. eeevveteeeeeeeeeeeiieretteeeeseeaaanneeeaeeeeeassaaassnreeeeeesessssannssnaeaeesssessnnssssees 35
473 RESUIL ceeiiiiiiiie e 37
B.DISCUSSTON ...ttt ettt ettt sebbe e sbteesbeeessaeeeas 40
6. CONCLUSION ...ttt ettt ettt sttt e s e s 44



1.BACKGROUND

1-1. What is IoT?

Recently, you often hear the word IoT in the news and articles. IoT is the Internet of

Things, and when literally translated it means to convert things into the Internet.

According to the Ministry of Internal Affairs and Communications (2016), because

everything is connected to the Internet, areas intervened by people is substituted.

Additionally, functions with high added value which we could not realize before will be

provided. Also, the concepts of IoT is that all objects such as cars, home appliances, robots,

agricultural machine, facilities and so on are connected to the Internet and they

exchange information, progress of data conversion of products and automation based

thereon progresses, creating new added value is there. Specifically, from previous studies

and cases, it is said that there are mainly five points as IoT made new (Visualization of

data - Voice operation - Remote operation - Notification - Update function).

1-2. Expansion IoT market

The growth of the IoT market has three main reasons. First, a policy "Industrie 4.0"

tackling the advancement of the manufacturing industry in Germany. Second, the vision

of "Industrial Internet" centered on GE. Third, innovation and the descend of sensor



price due to the popularization of smartphones. On June 2, 2016, the Japanese

government decided the Cabinet on "Japan Reconstruction Strategy 2016" and set out

its approach to IoT as an important measure. In 2025, McKinsey & Company anticipates

the economic effects of $11.1 trillion on IoT.

The domestic IoT market is also in growth stage. According to the Ministry of Economy,

Trade and Industry (2016), the economic effects of IoT is expected to be about 13 trillion

yen. In addition, many companies including domestic and foreign companies such as IDC

and Cisco are anticipating the potential of IoT. Gartner (2015) anticipates the number

will increase to 250 billion pieces by 2020. Ultimately, it is said that most existing things

will become connected to the Internet. Among them, IoT products for consumers account

for about half of the total (130 billion pieces).

1-3. Categorizing previous studies: IoT

We reviewed previous studies on IoT to understand the current situation, and

categorized it into three types.

(1)Technical type: This is mainly the study of building and security technologies of IoT

platforms. It is necessary for developers and network managers to cooperate to cope with

unauthorized access and large-scale cyber attacks (Inoue, 2017). In order to maintain



and improve products and services, it is necessary to analyze information in the cloud

using sensing technology. (Koizumi, 2016).

(2) Case studies on BtoB: This is a study on introducing success cases of the

manufacturing industry and conversions of business models. In the manufacturing

industry, it is possible to provide solution services related to effective specification

methods. Optimize inventory management through supply chain. Forecasting

appropriate timing of repair and replacement of products (Tokumasu,2017). Also,

Matsumoto (2016) says that it will be possible get to know when and what each

movement the factory facilities and products are connected to the Internet. It also states

that you can learn how users are using their products.

By introducing IoT, it is possible to embed human experience and intuition into the

company process. As a result, drastic improvement of productivity. Thereby making it

possible to create added value (Morikawa,2016).

From these previous studies, we found that the manufacturing industry that introduced

10T can provide value to business customers. In addition, we understood that it solved

social problems such as solving the labor shortage, reducing construction costs and labor

costs, and improving efficiency.

(3)Case studies on BtoC: This is a study on IoT products for consumers. However, it is



only to mention the outlook. IoT products not only provide novel functionalities, but also

may strengthen relationships with consumers (Herbert Dawid, Reinhold Decker et al

2016). According to White Paper on Information and Communication (2016), IoT

products can create new value to consumers. In particular, it is possible to stimulate the

potential demand of consumers. According to Ogiwara (2016), specifically, mentioned

that IoT products bring consumers life convenience and quality, reduce time, effort and

costs.

However, Morikawa (2016) said that the current IoT products are in the phase of

exploration. Moreover, Shimizu (2017) mentions that consumers will not replace

themselves with IoT products unless 'true value' is provided. That is to grasp what

consumers expect from IoT products in everyday life in order to spread in earnest. And

it 1s also an issue to provide products and services that can appreciate true value.

According to, Shibata (2017) also mentioned that even with excellent innovation, it alone

does not immediately lead to the creation of customer value. Technology creates customer

value and stimulates demand must go beyond the bottleneck.

From these facts, it was found that there is a potential possibility of providing added

value to consumers, but it is not clear whether it is true or not. Hence, after

understanding the behavior of consumers, companies need to grasp the value that they



are seeking.

We discovered that for largest part of studies done on BtoB field. The reason is that the

BtoB field is bringing new value to business customers extremely. For example, GE

deploys sensors in its jet engines, turbines. By analyzing data in real time, GE saves

time and money associated with preventive maintenance. Specifically, it provides

customers with values such as forecasting engine trouble in advance, avoiding loss of

profits of airlines due to flight cancellation, optimizing flight plans, improving fuel

efficiency. From this fact, customer value in the BtoB field is clear.

However, in the BtoC field, most of the previous studies are limited to the suggestion of

possibility on consumer IoT products. Therefore, there is no empirical study which

reveals what functions the consumers feel value for IoT products. We have seen case

studies and previous studies, but it is unclear whether it really provides value to

consumers.

1-4. Problem

As we mentioned in section 1-2, the IoT market is expanding and the number of things

connecting to the Internet is also increasing. However, there are no products which is

explosively popular like a smartphone. Even more problematic, there are few empirical



previous studies on consumer IoT products (Search by the National Diet Library search

engine "IoT product" "IoT consumer" and search a total of 34). Also, although our

consumer life is premised on purchasing, why we will purchase IoT products, their

purchasing attitudes have not been studied.

In addition, the definition of "IoT product" is not clarification at present. Concretely, we

will describe the previous studies below. While some definitions for IoT Products exist,

it is not possible to find an agreed upon, generally accepted, and well recognized

definition of IoT Products in the literature (Garbajosa, 2014). IoT products may be

perceived to be a radical change in the concept of the original product (Ram, 1987) due

to three main characteristics: intelligence, ubiquity and autonomy (Heppelmann et al,

2014). Hoffman et al. (2015, p. 14) define IoT products as products that ‘interact and

communicate with themselves and each other — and with humans — on an ongoing basis

by sending and receiving data through the Internet that is stored and organised in a

database’. Hsu et al. (2016, p. 516) suggest the following definition: IoT products have:

(1) ‘sensors’ that collect data about the environment; (2) ‘actuators’ that activate an action

and are controlled by some other entity and (3) ‘network connectivity’ that can take

several forms, including WiFi, Bluetooth or RFID. IoT products are new products

equipped with technical options that differentiate them from other existing products

10



(Zied, M. et al, 2016).

Based on previous studies we discussed above, we defined the IoT products excluding

smartphones that consumers use. For example, smart watch and smart speaker, smart

consumer electronics.

1-5. Objective

The previous studies have fully discussed, the merits of the company side such as much of

data collection, however, study from consumer side who buys and uses [oT products has not

been discussed enough. Therefore, we focus on that revealing factors how loT products are

accepted by consumers from the perspective of consumer behavior theory and diffusion of

nnovations.

The flow of our study is summarized in figure 1 below. Our study is characterized by

both quantitative and qualitative survey.
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Figure 1: Our study flow

Our study’s objective

To reveal that how are IoT products accepted by consumers.

Stepl
Finding research
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<
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RQ: How are IoT products accepted by consumers?
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(8 companies)
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Questionnaire survey to consumers
(Sample size: 450)

Source: authors
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2. THEORETICAL BACKGROUND

In this study used consumer behavior theory and diffusion of innovations. First, our

study objective is to elucidate how consumers accept IoT products. The definition of

consumer behavior is a various of activities including decision making when consumers

acquire, consume and dispose of products. Moreover, Consumers make decisions in

various situations. Decision-making is to pick something from many choices (Aoki et al,

2014). However, consumers don't have information on innovative products, they also

become complicated in decision making. Consumers may not adopt products if they

become complicated.

According to Rogers (2007), stated consumer product adoption and purchase decisions

are important for the success of innovative products. Nonetheless, study that conforms

to the IoT product theoretically has not been done in the past. Therefore, using these two

theories, we need to verify whether the IoT product is acceptable for consumers. The

reason is that even though the innovative product provide extensive benefits and

improved functionalities, researchers have found that consumers often convey less than

enthusiastic response to a number of new products (Gold et al, 1981). Moreover, IoT

products are new products equipped with technical options that differentiate them from

other existing products. (Zied, M. et al, 2016). Considering this, consumers perceived
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these products as technological innovation and may resist it. Therefore, it can be said

that the innovative products are a great need for study from the consumer point of view.

Specifically, consumer hesitate to innovation is reaction towards an innovation, either

because it creates potential changes from a satisfactory status quo or because it is in

conflict with their belief structure (Ram et al, 1989). Zaltman et al. (1977) defined this

as “any conduct that serves to maintain the status quo in the face of pressure to alter

the status quo”. In other words, Consumers are less likely to recognize problems in

situations where existing products are very convenient. That is, the consumer meets the

needs. This "problem recognition" can be replaced by the initial stage of the purchasing

decision-making process in the consumer behavior theory. In order for consumers to

accept innovative products, this "problem recognition" should be considered firstly.

Hence, these two theories (diffusion of innovations, consumer behavior theory) are

suitable for verifying whether IoT products are acceptable to consumers. At the same

time, we need to use these theories.

2-1. Consumer behavior theory

To elucidate our study objective that how consumers accepts IoT products, we reviewed

about purchasing decision-making process and attitude among consumer behavior

theory.
14



We focused on purchasing decisions on consumer behavior theory, because Aoki (2014)

mentions that the "purchasing decision-making process" is repeatedly performed by

consumers in many product categories. Furthermore, within such repetitive rational

decision making, consumers can accumulate relevant information and reduce the

complexity in purchasing situations.

The decision-making process considers consumer's decision as "problem solving". In

other words, consumer decision making is guided by goals and is considered a process of

solving problems (Peter et al, 2002). The process has five stages which are: (1) problem

recognition; (2) information gathering; (3) choosing from alternatives; (4) selecting or

purchasing from alternatives; (5) revaluation after purchasing (Aoki et al, 2014). The

purchasing process begins with need recognition. Having recognized a need, consumers

searches for information about products that might satisfy the need. Having gathered

information, consumers will then evaluate the alternatives, and make a purchase

decision. Following purchase will be some form of post-purchase feeling / behavior, when

the decision is assessed (Kotler, 1997). The consumer purchase is actually response to a

problem. Consumer Decision Making pertains to making decisions regarding product

and service offerings. While decision making is defined as the selection of an alternative

to solve a problem, the time and effort required to complete the process varies across

15



purchasing situations (Ram, 2014). It is essential that the selection process be

understood. Engle et al. In relation to the new product development process, the “need

recognition” and pre-purchase alternative evaluation stages are crucial. Within these

stages, the consumer formulates a desire for a new product and selects from among

alternatives. Products innovations are one source of stimulating “need recognition”

(Engle et al, 1995). The consumer decision-making process as problem solving begins

with consumers noticing their problems and needs. Such problem cognition occurs when

a difference between the state in which it is placed and the ideal state or some desire is

recognized. Consumers decide to buy their own problems by judging whether their

products can be solved or not, so it is important as a first step in the decision-making

process to notice that their needs are present ( Blackwell et al, 2001 ).

From these literature of consumer behavior theory, We focused on "problem recognition"

in the first stage. Consumers do not purchase products unless they can solve consumer

problems. In other words, we thought that we should make products in consideration of

"problem recognition" at the initial stage.

There are two kinds of problem recognition. It is "needs" and "opportunity" Bruner,

Gordon C. and Richard J. Pamazal (1988), (1)An opportunity occurs when an individual

perceives that his or her desired state is rising while the actual state remains relatively
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stable. During problem recognition, the ideal state is unrealized or unattained. (If it were

realized, it would, by definition, be the actual state of affairs). Therefore, a rising desired

state represents consumers’ perceptions that they may improve their current states of

affairs by realizing something better. (2)In contrast, needs occur when consumers’ actual

states decline while their desired states remain relatively constant. Prior to the need

occurring, a consumer’s desired and actual states would be fairly close together,

indicating that no problem existed at that moment. The process begins when a consumer

recognizes that he or she faces a problem that a purchase might solve. A consumer

problem simply refers to the “difference between a consumer’s desired state of affairs

and their. A consumer problem simply refers to the “difference between a consumer’s

desired state of affairs actual state of affairs” (Bruner, Gordon C. and Richard dJ.

Pamazal ,1988) .

That is, the difference between the actual state and the desired state is related to the

magnitude of recognition of the problem for the existing product by the consumer. From

the above, when innovative products are adopted by consumers, it is very important to

focus on "problem recognition" of this process. Therefore, we asked the subjects about

"problem recognition" for existing products in a group interview of 3-1-3.

As mentioned above, it is the final goal that consumers purchase products. However, in
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this study, we elucidate consumer purchasing attitudes toward IoT products. The reason

1s that in IoT products, attitudes up to purchasing behavior are not clarified.

Consumer with strong favorable attitude toward existing products will resist innovative

products and will continue using their existing products until they fail to function (Wang

et al., 2008). It has been found that consumers who are not satisfied with the existing

products are more likely to adopt change and go for new products, on the other hand,

consumers who are satisfied with the existing products will keep up using the same

(Karjaluoto et al, 2002). Moriguchi and Takemura (2012) mentions that attitude is an

evaluation for various things. That is, it is a psychological tendency with a degree of

favor or dislikes. Furthermore, attitudes affect purchasing behavior. Also, Kato (2002)

mentions that purchasing behavior begins by having a purchasing intention, and the

attitude that directly affects purchasing intention is the regulating factor of purchasing

behavior. According to Aoki (2014), attitude is a preparatory behavior for action to

various things. It also states that buying behavior can be explained and predicted by

attitude.

From the above, these definitions as equal to purchasing attitude. And consumers

accepting IoT products and positive attitudes regard equal. Namely, to elucidate that

consumer’s attitude of IoT products, which is our final goals.
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2-2. Diffusion of innovations

In this section, we reviewed the notion of diffusion of innovations, because IoT products

1s innovative things that are new to the market. We focused on Relative advantage,

Compatibility, Complexity, Trialability in this theory. Diffusion of innovations is a theory

that seeks to explain how, why, and at what rate new ideas and technology spread.

Previous studies indicates that these five qualities are the most important

characteristics of innovations in explaining the rate of adoption. As Rogers (2007) work

represents a compilation of the majority of the previous diffusion of innovations study,

this model could be helpful in studying any type of innovation.

The theory of adoption and diffusion of innovations is a useful systemic framework to

describe either adoption or non-adoption of new technology (Jason MacVaugh, 2010).

Rogers (2007) identifies important characteristics of innovations as perceived by

individuals. In other words, this theory is suitable for clarifying how IoT products can be

accepted by consumers. And, diffusion of innovations refers to the spread of abstract

ideas and concepts, technical information, and actual practices within a social system

(Steven Kelly, 2012).

From these above, spreading means not only being adopted by a particular consumer

individual but also spreading throughout society as a whole. As mentioned at the
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beginning, there are five requirements for the product to become popular.

Rogers (2007) identifies important characteristics of innovations as perceived by

individuals. These are important as they are constructed as to the way in which potential

adopters may view the innovation. The characteristics, which forms the basis for what

is regarded as perceived attributes theory, (1) Relative advantage: the degree in which

an advantage is perceived as better than the idea it supersedes. (2) Compatibility: the

degree to which an innovation 1s perceived as being consistent with the existing values,

past experiences and needs of potential adopters. (3) Complexity: the degree to which

an innovation is perceived as difficult to understand and use. (4) Trialability: is the

degree to which an innovation may be experimented with on a limited basis. (5)

Observability: the degree to which the results of an innovation are viable to others. The

easier it is for individuals to see the results of an innovation, the more likely they are

to adopt it.

From these above, Innovations that are perceived by individuals as having greater

relative advantage, compatibility, trialability, and observability and less complexity will

be adopted more rapidly than other innovations. Additionally, Rogers (2007) found

relative advantage to be an important factor in determining adoption of innovations,

affecting consumers™ resistance negatively. Agarwal and Prasad (1997) found relative

20



advantage as the dominant factor that predicts consumers® intention to adopt or hesitate

innovation. In general, perceived relative advantage of an innovation is positively related

to its rate of adoption (Rogers, 2007), and negatively related to consumers' resistance

(Dunphy et al, 1995). Moreover, relative advantage is positively related to compatibility

and negatively related to complexity (Holak et al, 1990) as compatible product can be

utilized effectively and may increase its relative advantage, but relative advantage may

decrease if the new product is complex and consumers are unable to utilize it effectively

(W. Robert, 1998).

From these, literature, five elements are necessary for dissemination. Furthermore, it

was found that these two factors (Relative advantage, Compatibility) are more

indispensable. These elements would be helpful in formulating questions for potential

adopters in better understanding what factors make adoption possible or desirable (Cyril

Kesten , 2003) . This is necessary to propose which factor of extension is appropriate in

IoT products.

As mentioned above, these theories did not discuss IoT products. Based on this theory,

we considered how IoT products are adopted by consumers. Therefore, group interviews

were conducted exploratory. Next, we interviewed companies based on the results.
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3. HYPOTHESES FORMATION

In this section, we conducted fieldwork to analyze the present condition at first.

Concretely, as a qualitative survey, we conducted group interview with consumers and

interview with companies based on previous studies, consumer behavior theory and

diffusion of innovations. Second, we constructed six hypotheses based our data. Finally,

as a quantitative data analysis, we conducted large-scale consumer questionnaire to

prove hypotheses. And, the factors affecting consumer purchasing attitudes of IoT

products.

3-1. Field work

In this section, as a qualitative survey, we conducted group interview with consumers

and interview with companies. First, there are two main objectives of group interview

with consumers. The first objectives are as follows. In the previous studies, there was no

survey hearing to consumers' opinions to IoT products, so we had to investigate

themselves about consumer purchasing attitude of IoT products. The second purpose is

to develop question items in a large-scale consumer questionnaire. IoT products are not

yet in the diffusion stage. In addition, innovative products that consumers have not seen

ever, such as IoT products, do not know what kind of questions are most suitable even if

22



we try to question consumers. Therefore, it is necessary to reflect consumer's real

opinions in group interview with consumers. The purpose of the interview with

companies is to hear to current practices and issues on the practical side. Specifically,

enquire the companies whether they understand the current situation that existing IoT

products are not enough hit, and whether they feel that it is a problem. These qualitative

surveys are indispensable for our hypotheses constructing.

Selection of a population in this study was done in three steps:(1) Using Google's search

engine, the keywords “IoT product”, “IoT consumer”, “IoT btoc” and “IoT cases” (143

companies); (2) Japanese companies which sells IoT products in their countries (63

companies); (3) Company that sells products from more than two companies from the

same product category, because it can be regarded as a prospective product. Based on

these criterions, finally, we set 26 companies as a population.

3-1-1. Voice of consumers: Group interview with consumers

In this section, we conducted the group interview with consumers to hear the

purchasing attitude of IoT products. Group interview with consumers are different from

quantitative questionnaires and include an element of discussion. The advantages of the

group interview are:(1) to gather comprehensive data through the group interactions:(2)

23



to cause a chain reaction by discussing with other people:(3) to gather frank opinions by

a comfortable atmosphere of the group. From these factors, we can know the idea that

people have potential. Therefore, a group interview with consumers is appropriate in

exploring investigations and the early stage of a study (Sharon Vaughn et al,1999).

The target was 18-22 years old, because they are digital native who is familiar with the

internet by nature and most IoT products are in collaboration with smartphones. The

number of samples is 17. We divided into 3 to 4 people and conducted five times for 90

minutes. The main question contents are (1) Are you dissatisfied with the current

products?: (2) How do you feel about the functions of IoT products?

Details of a group interview with consumers are shown in figure 2.
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ith consumers

A group interview wi

Figure 2

Group Interviewl Group Interview2 Group Interview3 Group Interview4 Group Interview5

Date Aug. 16th, 2017 Aug.17th, 2017 Aug. 17th, 2017 Aug.18th, 2017 Aug. 18th, 2017
Time 2:00pm~3:30pm 11:00am~12:30pm 2:00pm~3:30pm 11:00am~12:30pm 2:00pm~3:30pm
2students
Occupation  4students 3students 3students loffice woker 4students
It 1s convenient,
Things like money like but it does not
Visuallization It is does not feel air conditioning Even if it is convenient necessary 1in everyday There is no need
of data S0 Necessary. may be good. It s not inconvenient  life. for a function.
It 1s convenient to be
able to check the
It 1s convenient but It i convenient message on the spot,
Notification ~ don't if only necessary but it may not be seen
fonction know when to use it. notification comes. much. Smart phone 18 enough.
It 18 very convenient to
be
able to find out if you It is convenient to stay
Voice It is convenient when put it in your mind when inside the house, but It is very good to use at
operation can't use both hands It is very convenient.  you think. it's public. home.
It 1s convenient because It 1s good because it
Remote It is convenient but ~ Air conditioning is nice, It s very convenient I forget to turn off the does the troublesome
operation insecure about safety  but others are scary.  for troublesome work.  air conditioner often.  thing.
It is good because one It 1s very convenient as It is good if the
Update thing can be used for It is better not to It seems to regret when 1t doesn't need tobe  functionality is
function a long time. replace 1t. the former is better. ~ replaced. improved.

Source: authors
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In the relaxing atmosphere, subjects were able to discuss a topic deeply, so we got the

qualitative data. We revealed the following. Consumers said that it was convenient for

the function of IoT products, however, they do not desire to purchase them. There are

three reasons for this reason. (1)Interviewees felt IoT products are too complicated to

understand it’s value and usage. (2) Interviewees hesitated to purchase them because

IoT products differ greatly from conventional product usage. (3) Interviewees want to

try out before purchasing IoT products. This is because since they don’t have any

information about the product to assess. Through the group interview with consumers,

we found that the consumer isn’t to evaluate the function itself of IoT products until

there. We interview to ask what the companies think about this result.

3-1-2. Voice of practitioners: Interview with companies

The consumers evaluate of IoT products were revealed from 3-1-1. Hence, we found that

consumers do not feel dissatisfaction in the current state and they feel the IoT products

are convenient, but they are not thinking about purchasing from the group interview.

How do companies think that consumer’s attitude be formed by IoT products? It lacks

the reliability by secondary data, so we conducted the interview with companies.
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th compani

The interview wi

Figure 3

compay's
o namefvariahl Time and Dt itervienee Consept of _mmmm%m for T — Product 8@_&% Product 85@95
¢ smart products making smart products (Company’s side) | (Company’s side)
- _ hands free. From now on, A
CASIO | Sep. 20,2017 Communication control Wearable device to , . L Recognize that
1 _ . Toadapt to the current, | (by voicerecogmition | themaimbodyis | . . .
Co.Ltd | 3:00pm~4:30pm dept. replace smartphone, _ . 1t can fit society.
mainly.) simple,
Sep.19, 2017 Executive Vice Offering a new Products that everyone . . .
) FOke 2:30pm~£00pm President experience thinks interesting Tomake feaser | - By operation Fanifa
MITSUBIS N . L G o
Qct. 3, 2017 Cooking equipment Reliable, safe and comfortable| ~ To make existing | Provide solutions suited . Recognize that 1t can
3| ELECTRIC | . . _ o Fasy operation. .
G Lid £:00pm~3:30pm technology dept. products, home appliances easy to use. | to each individual. fit society.
mg.. 13,01 Representative Divector | Living without seeing the b oa.e, ibeale g Eam e .. . :
4| NAINTne, | 12:00am~ communicate even during | (by voice recognition | Seeking stage. Seeking stage.
. and CEO screen, _
12:30pm husy commute to school, mainly.)
. NESTLE Sep. 2017 Marketing / To make 1t easier and smarter Tomake i easir nd . : .
5| JAPAN . . ) smarter Taste cafe foeling athomg  Seeking stage. Seeking stage
mail Marketing service department | for consumers to enjoy coffe :
Coitd for consumers to enjov coffee,
SHARP | Sep.15,2017 Innovation planning . . | Provide solutions suited . :
b Gl | E3ome3im - Cuddle up to consumers.(ALoT) o make appliances attractive, e Seeking stage. | it to the current,
Sep.13, 2017 Diretr msg&&go& Solve 0 develop business can live a more _ . :
7| SMEDIO Inc.| ., . Service L _ Alittle complicated | Seeking stage
2:00pm~3:30pm _ _ consumer problems mn new field comfortable life
Business Planning Dept
_ L hands free,
mggwﬁi Sep. 8, 2017 Product planning People communicate with Tobili sl by o . B i ek
JAPANInc, | 1:00pm~2:30pm | technical Support Expert | - each other on the device. UG P jﬁwwwovma L] S opetaton PELITG Sagt

: authors

Source
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Findings are : (1)They are developing IoT products without considering consumer

problem recognition at the initial stage of the purchasing process. Specifically,

MITSUBIS ELECTRIC and SHARP said that “We want to make appliances more

attractive”. NAIN and TELEPATHY JAPAN said that “We want to make consumer

communication better”

From this fact, each company wants to find a value of plus a for consumer's daily life

through IoT products. (2) They think that product complexity is low. Specifically, it is

trying to minimize the design of product buttons and so on. NAIN and MITSUBISHI

ELECTRIC said “Employees also use IoT products on a daily basis, they do not feel

complicated” (3)They think that IoT products of compatibility is high. Specifically,

CASIO and SHARP said “There is no problem for consumers to use IoT products. Because

consumers not hesitate to digital equipment by the spreads of smartphones”.

Through the company interviews, we found that each company are developing and

improving IoT products based on consumer feedbacks from a long-term perspective. This

is because the factors that IoT products are acceptable to consumers are unclear.

According to Kotler (1967), marketing is a social and administrative process that

individuals and groups satisfy their needs and wants through creation and exchange of

products and values. Alderson (1981) also mentioned that regardless of how useful the
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product is, what is essential is marketing efforts.

Based on the above, companies should make IoT products that meet the needs of

consumers, not to a way that IoT products selling by trial and error. .

3-2. Hypotheses Development

In this section, we constructed six hypotheses based on the findings from our data.

In this study, purchasing attitude was set as a dependent variable and six independent

variables were set.
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Figure 4: Conceptual framework for consumer acceptance of IoT products
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H1 to 3 were constructed from the beneficial functions of IoT products, which we have

discovered in literature review and our interview with companies. H4 to 6 were

constructed from group interview with consumers and the based diffusion of innovations.

First, we constructed the following three hypotheses (H1 to 3) to measure purchasing

attitude of new values (Visualization of data - Voice operation - Remote operation -

Notification function - Update function) by IoT which is said from previous studies and

cases, interview with companies.

H1: "Notification function" positively related to consumer’s purchasing attitude.

H2: "Voice operation function" positively related to consumer’s purchasing attitude.

H3: “Update function” positively related to consumer’s purchasing attitude.

There are five values and functions according to previous studies, case of studies and

interview with companies, but we eliminated the remote operation and the visualization

of data. The reason is that the former function was not featured on the products we

targeted, and the latter function’s merit belongs on the company side, according to the

Interviews with companies.
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Next, we developed three hypotheses (H4 to 6) to measure purchasing attitude by

factors which is extracted from diffusion theory and group interview with consumers.

The reason for constructing three hypotheses is the evaluation on the beneficial functions

of IoT products was low from group interview with consumers. In other words,

Interviewees did not feel much value. And, the functions and values of IoT products

which is said from previous studies and companies, which is not enough relative

advantage. So, we thought that adding something factors to the existing IoT products

would have a positive impact on consumer attitudes.

From the diffusion of innovations, it is better for the complexity to be lower. Also, from

the results of the group interview with consumers, it seems that the complexity is higher.

The reason is the usage of IoT products seemed to be difficult and they can’t master it

because too many functions.

From the above considerations, we developed H4.

H4: "Less Complexity" positively related to consumer’s purchasing attitude.

From the diffusion of innovations, it is better to have high compatibility. Also, the result

of group interview with consumers, most consumers tended to hesitate on functions of

32



IoT products.

For example, about voice operation, interviewees have never had a custom of

manipulating by voice in public. That is, the compatibility is considered low at present.

It should not differ significantly from existing products.

Also, relative advantage and compatibility are important factors for speeding up

diffusion from diffusion of innovations.

From the above considerations, we developed H5.

H5: “High of Compatibility" positively related to consumer’s purchasing attitude.

From the diffusion of innovations, it is better to have high trialability.

Also, from the results of the group interview with consumers, there was a tendency that

they want to try because IoT products seems to be complicated and difficult to

understand it’s benefits. We thought that it is necessary to raise the trialability because

there are only few places where provide opportunities for consumers to try IoT products

at present. From the above considerations, we constructed H6.

H6: "High of Trialability" positively related to consumer’s purchasing attitude.

The reason for excluding the observability is because it is an element of the diffusion
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result from diffusion of innovations.

4. METHDOLOGY

In this section, we conduct consumer questionnaire. This study is conducted extensively,

because we need quantified data for verifying the hypotheses.

4-1. Procedure and Sampling

We conducted the questionnaire survey of consumers to verify the hypotheses obtained

from the previous studies and field work. The target of the questionnaire survey was

Japanese who fulfill two criterions. First was people who have smartphone. The reason

is that Tuda (2015) mentions smartphones are an important hub to use every IoT product.

Second was 18 years old to 29 years old. Including up to 29 years old in the survey.

Because smartphones are the most owned in their 20's(94.1%). It was revealed that

young people (18 years old to 29 years) accounted for the overwhelming majority

(Ministry of Public Management,2014). The questionnaire was administrated both

offline (paper copy) and online (using google-forms). The first one, our questionnaire was

spread among our acquaintances, and we requested them to distribute its URL to their

acquaintances by online social networks (Facebook, Twitter, LINE, ...). The second one,
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http://ejje.weblio.jp/content/verifying

we directly distributed questionnaire to students in the university and got responses

from them. It was conducted during the period from October 16, 2017 to October 24, 2017.

As a result, we collected a total of 508 answers and the number of valid responses was

450. Among them,198(44%)were female and 252(56%) were male. In terms of age,

63(14%)respondents were in the 18-19 age group, 333(74%)respondents were in the 20-

24 age group, and 54(12%)respondents were in the 25-29 age group. However, we have

some concerns about our samples: 74 percent of the respondents were 20 to 24 years old.

There is a gender gap.

4-2. Questionnaire

We enquired about smart watches and smart speakers. These products have three

original functions of IoT. The list is shown in the figure 5. (The contents of the

questionnaire are in the attached documents)

Figure 5: Definition of the question items of the questionnaire

Table of contents six functions of [oT products

Messages such as mail and line are notified by
Notification Item1 sound or vibration. That can be done without

function looking at smart phone.
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Call notification can be confirmed by sound or
[tem?2 vibration. That can be done without looking at
smart phone.
Item3 It can send messages such as mail by talking to it.
Voice operation That can be without to operate a smartphone.
function [tem4 By talking to it is possible to know real time
information such as weather and delay information.
That can be without to operate a smartphone.
Itemb They provide software that the company has
Update modified when a problem occurs.
function [tem6 It can be maintains or improve functionality by
updating software.

Table of contents six situations based

on diffusion of innovations

Item1 It does not change greatly from conventional
High of products. There is no need to remember how to
Compatibility use it.
Item?2 It is not necessary to replace other items according
to the product.
Item3 It is clearly presented what kind of scene it is used.
Less
Complexity Item4 New complicated setting is unnecessary. Easy to set
up.
Item5 There are many opportunities to try before
High of purchasing.
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Trial-able [tem6 Being able to obtain information about the product

in advance by concerning the product.

Source: authors

Three functions were extracted from previous studies, cases and eight practitioners’

interview. First, to verify H1, H2 and H3, we enquired each six items on smart watch

and smart speaker "Do you think that this function is convenient?". Next, to verify H4,

H5 and H6, we constructed six items based on diffusion of innovations. Items 1 to 12 are

shown in Figure 5. We enquired consumers how are evaluate six items. Finally, to verify

all hypotheses, we adopted a theory on purchasing attitude and constructed two

questions. There are “When feeling favor that product, we evaluate the product as good

and motivate to purchase it. (Moriguchi et al, 2012)”. Based on this previous study, we

constructed two questions: “Have you got positive image for this product?”’, “Did you

think that willingness to try this product?”.

Responses to all 28 items were captured on 5-point Likert-type scales (strong

disagreement=1; strong agreement=>5). Moreover, some responses were excluded because

of incomplete questionnaires.

4-3. Result

In this section, we analyzed the questionnaire with using a SEM of Amos. We
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quantitatively analyze a causal relationship that the six independent variables influence

dependent variables. Detail of the results are in the attached document. The following

model-1, model-2 of figure 6 and 7 is analyzed results.

Figure 6: Model-1(Smart watches)
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Figure 7: Model-2(Smart speaker)
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The fitting of the model was seen. Model-1's GFI was 0.741, AGFI was 0.652, RMSEA

was 0.148. Model-2’s GFI was 0.651, AGFI was 0.530, RMSEA was 0.188. Next, Smart

watch’s and smart speaker’s R-Squares, which six explanatory variables give to a

dependent variable were 0.44 and 0.37, respectively. When standardization estimates

were seen, the factor of “notification function” of smart watch and smart speaker gave

0.42, 0.30 respectively influences on purchasing attitude. The factor of “voice operation

function” of smart watch and smart speaker gave 0.21, 0.22 respectively influences on

purchasing attitude. The factor of “update function” of smart watch and smart speaker

39



gave 0.29, 0.01 respectively influence on purchasing attitude. The factor of “compatibility”

of smart watch, smart speaker gave 0.21, 0.13 respectively influences on purchasing

attitude. The factor of “less complexity” of smart watch and smart speaker gave 0.28,

0.44 respectively influences on purchasing attitude. The factor of “trialability” of smart

watch and smart speaker gave 0.11, 0.16 respectively influences on purchasing attitude.

5.DISCUSSION

In this section, H1, H2, H4, H5 and H6 were supported and H3 was not supported. We

discuss about the results of our studies. Firstly, “notification function” was supported.

Especially, smart watch gave stronger influence on the purchasing attitude than other

factors. Horikoshi (2014) mentioned that smartphones are taken out 125 pockets a day

on average and smart watch can confirm notifications with your arms and the ability to

access information is likely to be convenient. From the above, these consumers feel

convenient for confirming notifications of e-mails, message applications, telephones on

smart watch.

Secondly, although “voice operation function” didn’t give a strong influence on

purchasing attitude, this factor was supported. In the group interview with consumers,

it was embarrassing to voice operation function outside, but there is no problem if inside
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the house. However, the difference between the smart watch, which is supposed to be

mainly used outside, and the numerical value of the smart speaker used mainly in the

house, can be received as an error. In other words, it means that the convenience of voice

operation function may have exceeded that of embarrassing negative emotion.

Thirdly, “update function” wasn’t supported. The effect on smart speakers' impact on

purchasing attitude was 0.01 and it is considered to be a range of error and it was

rejected. However, the interviewees of Mitsubishi Electric and SHARP said that products

update can provide benefits to consumers. This means, consumers don’t feel convenient

that values of the IoT products that thinking of companies.

Fourthly, “high of compatibility” was supported. High of compatibility of both products

didn’t give a higher influence on purchasing attitude than less complexity and high of

trialability. However, compatibility mentioned as the most important factor in diffusion

of innovations theory as well as the relative advantage. In other words, compatibility is

not most important factor in IoT products.

Fifth, “less complexity” was supported. In specific, smart speaker gave strong influences

on purchasing attitude than other factors. Complexity was not considered to be more

important than the relative advantage and compatibility in diffusion of innovations.

However, IoT products gave influence on purchasing attitude more less complexity than
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high of compatibility.

Sixth, although high of trialability was supported, this factor didn’t give a strong

influence on purchasing attitude. This factor is importance in diffusion of innovations.

However, we may assume that consumers didn’t understand that useful of these products.

Therefore, it is not the stage to try these products yet.

Finally, we will discuss the fitness of the model. The GFI of two path diagrams was 0.74,

0.65 respectively, which was generally lower than the standard 0.9 that is a good

indicator. On the other hand, even though the GFI is high, there are opinions that it is

not always a good model (Oshio,2014). In addition, when many observation variables are

incorporated in the model, its numerical value does not high (Toyoda,2007). Although

there are such previous studies as mentioned above, we assume that there are three

reasons why model conformity was low. The first reason is that the topics such as this

study have not been enough discussed, so we couldn’t quote the question items from the

previous studies when creating the questionnaire. Therefore, since questions were

created based on cases and qualitative surveys, each variable were explained by only two

questions. As a result, there is a high possibility that question items of the questionnaire

could not fully explain the variables. The second reason is that our question asked

respondents to think deeply. Specifically, the evaluation of purchasing intention of new
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products and services that consumers have not yet experienced is an example. In fact,

the two products we used in the questionnaire have not spread yet. Therefore, it seems

that most consumers responded without using the product. In such a case, it is

sometimes required to conduct face-to-face quantitative surveys in order to increase the

reliability of answers. (Miyao, 2015) However, we have conducted a large-scale Internet

survey to secure a significant number of samples with a confidence level of 5%, so there

1s a possibility that many unreliable answers gathered.

The third reason is that because our study is a new field, there may are variables that

influence purchasing attitude in addition to the six we used. Specifically, there are three

of price, design, and brand. In the context of innovation resistance, the perceived price

is related to the value of the new product. (Ram et al, 1989) Thus, the consumer might

show resistance when the innovation does not offer a strong performance-to-price ratio

and consumers may not adopt an innovation if the price is seen as too high (Rian & Yen,

2013). Next, about designs and brand images. According to Noro et al. (2008), a consumer

makes a selection of products by synthesizing subjective likes and dislikes of the design,

brand image and so forth as well as concrete products specification. In addition, we didn’t

information on the price of the products when creating the questionnaire. Therefore,

there is a possibility that it differs depending on how much price range the consumer
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imagined and answered. From these previous studies, there are possibilities that the

above three variables may influence the purchasing attitude in addition to the six

variables we used. We assume that the above three factors may influenced the low fit of

the models of this study.

6. CONCLUSION

In this study, starting from the problem that it is unclear how the consumer accepts the

value of the IoT product, which is said in the previous studies, we reveal that the factors

affecting consumer purchasing attitudes of IoT products. As a method, we construct six

hypotheses based on a previous study of IoT, an interview with companies, a group

interview with consumers, diffusion of innovations theory, and conducted a quantitative

investigation. We make implications of this study. The first one of academic implication

1s that we can explain purchasing attitude of IoT products by six factors. It is that we

constructed consumer acceptance model of IoT products by six factors. Specifically, in

previous studies, it is suggested that "IoT products can provide new value to consumers",

but there is no empirical study on IoT products. Also, we mentioned consumer behavior

theory and diffusion of innovations, but was not discussed on attitude of IoT products.

Based on this fact, it can be said that the fact that we revealed the purchasing attitude
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of IoT products by six factors has greatly contributed academaically.

In addition, the second one of academic implication is that IoT products are not fully

applicable to diffusion of innovations. Specifically, in diffusion of innovations, relative

advantage and compatibility are said to be the most important factors. However, in IoT

products, we reveal that relative advantage is not happened to be a more important

element than complexity and trialability, that compatibility is also not a more important

factor than complexity and trialability. Moreover, the practical implications are that we

can suggest purchasing attitudes of IoT products to companies that sell products with

trial and error according to our model. We also clarified which factors among the six

influence consumer attitudes by this model. In addition, since the two products we

examined in the questionnaire are products sold by many companies, the practical

contribution is considered to be high. This study will be useful for companies planning

and selling IoT products.

While there are academic contributions and practical contributions, there are also

limitations of this study. The first is that there are only two products conducted by the

questionnaire. It can’t be denied that consumers' purchasing attitudes change due to

differences in products. The second is the questionnaire result of this study was that 20

to 24 years old represent more than 70 percent of all age groups. As purchasing power
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may vary depending on age, purchasing attitudes towards products might also change.

On the other hand, our study is a new field of study called consumer IoT products

Furthermore, it is very likely that the age group that target of our study will come in the

layer of purchasing IoT products in the future. For that reason, it may be meaningful to

clarify the purchasing attitude of IoT products for young people at this stage.
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Accompanying material 2. Analysis results
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HEME BERE RBREMEHE HEER AL
Notification function 1.380 101 13.597  *kk
Voice operation function 973 .087 11.203 ek
Update function .864 .068 12.710 Fopk
Compatibility 460 .058 7.911 Kok
Less complexity 937 .062 8.687 Sk
Trialability 133 .056 13.052  *kx
elb 468 051 9.241 sdeokok
el 279 045 6.213  kk
e2 260 044 5854  ¥kx
el 472 065 7.289  *kx
ed 718 074 9.678 k%
ed 323 042 7.694  Hkx
eb 295 .040 6.411 *okok
el 558 062 9.048 k¥
e8 825 074 11172 kX
ed 811 072 11.269  *kk
el 526 059 8917  *kxk
ell 91 .030 6.355 k%
el2 218 031 7.059  kkk
el3 209 034 6.149 ¥k
el4d 424 042 10.087  *kx

Source: Based on an analysis result of Amos
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