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Abstract: This study explores the role of community-led governance in innovation adoption by drawing
determinants of RFID waste pricing system adoption. The Ministry of Environment of the Republic
of Korea adopted an individual-incentive based RFID waste pricing system for apartment complexes
in 2013 in an effort to reduce food waste. After invention and wide usage during World War Two,
RFID has received lots of intention especially in public policy field. This innovative system using RFID
machines and RFID tag-embedded cards showed effectiveness in waste reduction. Residents of each
apartment complex decide whether and when to adopt the RFID system. Based on innovation diffusion
theory, we would like to draw which determinant factors most affect RFID pricing system adoption.
Although innovation diffusion is dependent on community level, many previous studies surveyed
individuals and asked them about organizational adoption. We use non-perceptional data representing
the characteristics of the level of apartment complex. This study, relying on ecological variables collected
from 2018 apartment complexes across 25 autonomous districts located in Seoul City, explores significant
factors related to the process of the RFID adoption. According to the empirical results, there were two
important determinants: how much information the government provided, and how the apartment
complex residents have opportunity to gather opinion and decide the RFID pricing system adoption.
We emphasize the importance of community-led governance in adopting an innovative environmental
system and how community-led governance contributes to sustainable innovation adoption.
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1. Introduction

This study attempts to identify the relevant determinants of the adoption of the RFID (radio
frequency identification) household waste-charging system in 2081 apartment complexes located in
Seoul City. More specifically, we researched the adoption behavior of each apartment complex from
January 2013 to October 2015 and ran a logistic regression analysis and survival analysis. We set
the apartment complex as the unit of analysis for several reasons. Firstly, in Korea, the central and
local government have handed over the authority of deciding whether to adopt RFID to the local
residents of the apartment complexes; the residents have the right to choose how and when to adopt
the RFID technology. Secondly, as Choi and Chang [1] pointed out, the apartment complex is the
most popular regional community in the modern society. The definition of community, “a social
organization that shares an emotional bond of common goals and values based on a certain region as a
physical space”, [2] and organization, “a group of people working together to pursue a goal”, suggests
to us the potential of using the apartment complex as the unit of organization.

Sustainability 2018, 10, 3125; doi:10.3390/su10093125 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0001-7724-8520
http://dx.doi.org/10.3390/su10093125
http://www.mdpi.com/journal/sustainability
http://www.mdpi.com/2071-1050/10/9/3125?type=check_update&version=3


Sustainability 2018, 10, 3125 2 of 23

Previous studies focused mainly on analyzing the effect of the adoption of new technology on
the individual limiting the ability to capture the influence of regional-level characteristics beyond
individual variables. Previous research on individual-based innovation diffusion has limitations to
effectively reveal ecological factors of community-based innovation beyond the effects of individual
factors. By focusing on the adoption behavior of residents of apartment complexes, we can identify
some theoretical and practical implications about how community governance and government
campaigns can diffuse new technology to apartment complexes

Firstly, we attempt to rectify the individual-based limitation by setting the apartment complex as
the unit of analysis. As described above, although the organization, such as the apartment complex
used in this study, is the unit of policy in decision-making, previous studies set the individual as the
unit of analysis. For example, previous studies used the technology–organization–environment (TOE)
theory introduced by Tornatzky and Klein [3], in which analyzing the organizational behavior is the
main purpose of surveying individuals to collect data. In this study, we revise the TOE model, and
use the apartment complex as the unit of analysis to capture the community characteristics, including
governance factors and the interaction between community and government.

Secondly, by identifying the apartment complex as a “community organization“, and using it as an
analytical unit, it is possible to clarify the factors of technology adoption in the organizational unit and to
suggest appropriate policy suggestions. As Morgan [4] pointed out, the organization is an “independent,
living organism” that self-judges and survives through its interaction with the environment. Therefore,
each organization makes decisions based on their external environment and resources [5], and therefore,
organizational decision-making should be studied from an organizational point of view. As Kim [6]
noted, however, if the organization, which is an actual decision-maker about policy adoption, cannot be
the unit of analysis, it is impossible to explain why the behavior that is observed differs from the general
expectations in policy adoption and implementation. As Billings and Wroten [7] stressed, because there
is common method bias in the survey data, the correlation between two variables appears larger than
its actual value. In addition, because previous studies asked survey respondents only for a conceptual
definition of each variable, such as technology compatibility or organizational readiness, there is a lack
of an operational definition that is necessary for the scholars who implement the hard data.

Lastly, we focus on the role of the government and community-led governance in the provision of
information and innovation adoption. Previous studies based on the TOE theory failed to shed light
on the role of the government, because most analyzed the behavior of the individuals who work for
the market. Instead, they focused more on community governance and the role of the government. By
analyzing the behavior of the apartment complex residents and local government officials simultaneously,
we can suggest an impact of community governance on policy adoption and implementation. Especially,
we would like to stress how community governance can play an important role in innovation adoption.
We also add the variable of the total amount of information provided by the government, in order to
understand the implications of the government’s role in the diffusion of innovative technology.

The structure of this paper is as follows. Firstly, we introduce a RFID-based food waste system in
Seoul in the research background part, and also briefly explain the innovation adoption theory. In the
research design section, we will explain the process of our study, show interview results, and introduce
how we constructed the operational definition of variables and measured them based on the interview.
The empirical result of the survival analysis will be shown in the empirical analysis part. In the
conclusion section, we summarize the empirical results and explain the theoretical and practical
implications of our study. Lastly, we mention the limitations of our study.

2. Literature Review

2.1. Research Background

After the passage of the 2013 “Prohibition of Waste Emission” law in the Republic of Korea,
reducing food waste became increasingly important. The Korean government estimated that the annual
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food waste disposal in 2012 cost the country about 18 trillion Korean Won, corresponding to about
1.6 billion U.S. dollars. Before the 2013 food waste reform act, the Korean Ministry of Environment
introduced policy reforms to reduce waste, including the Waste Deposit Refund System (1991), the Act
on the Promotion of Saving and Recycling of Resources (1992), the Extended Producer Responsibility
initiatives (2003), and the Mandatory Food Waste Separation Act (2005). The recent transformation of
the food waste system is based on the incentive mechanism of pay-as-you-throw (PAYT), meaning that
the less food waste that householders, restaurants, and other business firms generate, the less they pay.

Table 1 shows the overall trend of food waste generation in Seoul and the whole country of the
Republic of Korea. Every day, Seoul generated about 2837 tons of food waste in 2012 and 609 tons
in 2013. More specifically, just after adopting the reform of food waste disposal in 2013, the amount
of food waste disposal decreased significantly, by approximately −4.24% in the whole country and
−8.04% in Seoul (see Table 1). However, the amount of food waste disposal increased again in 2014
and 2015. Comparing the amount of the food waste disposal in the whole country in 2015 and 2016,
an increasing rate of the amount of food waste disposal in Seoul is relatively lower than that that of the
whole country. It appears that Seoul has been doing more to reduce food waste since the reform of
food waste management.

Table 1. Food waste generation (unit: ton per day).

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Nation 12,025 12,406 12,042 11,581 11,429 11,498 11,010 11,737 13,326 13,542
Change - 3.17% −2.93% −3.83% −1.31% 0.60% −4.24% 6.60% 13.54% 1.62%

Seoul 2833 2980 2907 2890 2764 2837 2609 2797 2967 2881
Change - 5.19% −2.45% −0.58% −4.36% 2.64% −8.04% 7.21% 6.08% −2.90%

Source: Authors recalculated the data from the Korean Statistical Information Service (KOSIS) [8].

The Ministry of Environment and the local governments in the Republic of Korea delegated
authority to the residents of apartment complexes for food waste disposal management in 2013, so the
local residents can decide themselves whether to adopt the innovative RFID system. The 2013 reform of
food waste disposal enforces all of the Seoul citizens to choose one of three types of food waste disposal
methods, the RFID based food waste disposal method, chip method, and garbage bag (see Table 2).
There are variations in choosing them, depending on the single dwelling unit and multi-family housing,
and the further apartment complexes also choose one of these three disposal methods. All of the
households in single dwelling unit areas still use food waste bags (see Table 3).

Table 2. Current system of food waste disposal in the Republic of Korea.

Type RFID Weight Method Chip (Container) Garbage Bag

Recognition of
individual discarder Electronic card Not applicable Not applicable

Measuring unit Weight Volume size Volume size

Imposition of fees By household By household or
apartment complex By household

Payment of fees Deferred payment Prepaid payment Prepaid payment

Containers RFID weighing system A standard container
with identification chip

Standard bags
(1,2,3,5,10, and 20 `)

Source: own.

This study focuses on what factors are related to the adoption of the RFID food waste disposal in
the apartment complexes of Seoul. To reduce food waste, the Korean Ministry of the Environment
invested nearly three billion U.S. Dollars into an RFID household-based waste-charging system,
with one primary difference from other unit-based waste-pricing systems; in this one, each household
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was issued an RFID-embedded card encoded with the household’s information When the household
members touch the card to the RFID machine installed in the apartment complex, the machine
recognizes the member and gauges the total amount of food waste they have produced. It then
displays the total cost of the day’s waste. Figure 1 shows the picture of RFID food waste disposal bins
in an apartment complex of Seoul. At the end of the month, the local government collects the data
of each household’s waste, and charges and bills them. The local residents, therefore, pay a waste
charge proportional to the amount of waste they have produced. In 2017, about 137 local governments
introduced the RFID type of food waste management and about 3,550,000 householders used the RFID
food waste disposal system (see Table 4).

Table 3. Type of food waste disposal method after the 2013 food waste reform in Seoul.

Housing Container District of Seoul (“Gu“)

Single dwelling unit
(detached housing)

Before 2013 Bags

Dobong, Dongdaemun, Dongjak, Eunpyeong,
Gangbuk, Gangdong, Geumcheon, Guro,
Gwanak, Gwangjin, Jongno, Jungu, Jungnang,
Mapo, Seodaemun, Seongbuk, Seongdong,
and Yongsan

After 2013
Bags Gangnam, Gangseo, Seocho, Yangcheon,

and Yeongdeungpo

Food waste
containers Nowon and Songpa

Multi-family housing
(after 2013)

Household

Bags Gangnam, Gangseo, Jongno,
Seocho, Yangcheon

RFID container
(whole area) Geumcheon, and Yeongdeungpo

RFID container
(partial area) Gangseo, Songpa, and Yongsan

Complex

RFID truck system) Dobong, Guro, and Mapo

Containers
(chips and stickers)

Dongdaemun, Dongjak, Eunpyeong, Gangbuk,
Gangdong, Gwanak, Gwangjin, Jongno, Jungu,
Jungnang, Nowon, Seodaemun, Seongbuk,
Seongdong, and Yongsan

Source: own.
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Figure 1. Radio frequency identification (RFID) machine (source: own).

The successful adoption of the RFID-household based waste-charging system depends on the
local residents. First, the local government advertises the effectiveness of the innovative RFID system
through public hearings and its web page. Then, the local residents in each apartment complex decide,
by consensus, whether to adopt the system, and send a representative of the apartment complex to



Sustainability 2018, 10, 3125 5 of 23

the local government. We show how many apartment complexes adopted RFID system by date in
Appendix A.

Table 4. Diffusion process of RFID based food waste method in the Republic of Korea.

Diffusion process Pilot
Project1

Pilot
Project2 2015 2016 2017 Total

(2010–2011) (2012–2014)

Local government 18 85 16 10 8 137

Households
(thousands) 170 1940 470 520 1450 3550

RFID-food
waste equipment 2307 32,618 10,160 11,071 10,545 66,701

Source: Korea Environment Corporation’s website. Retrieved 18 July 2018, from https://www.keco.or.kr/en/core/
waste_rfid/contentsid/1984/index.do [9]. Copyright © 2017 K-eco. Reprinted with permission.

The Seoul municipal government decided to adopt the RFID household-based waste-charge
system in January 2013, and to give the apartment complexes the authority to decide when to
adopt it. From January 2013 to October 2015, when our research concluded, 520 apartment
complexes of 2081 complexes adopted the RFID system; the others did not begin implementing
RFID (see Table 8). As some apartment complexes did not adopt the RFID innovation until the research
ended, the right-sided censoring occurred as shown in Figure 2. We ran several survival analysis
models, where RFID adoption is recognized as a “failure,” using right-censored data
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2.2. Determinants of Innovation Adoption

2.2.1. Technology Factors

Cost is one of the most important factors when considering technology adoption. As Fenn and
Raskino [10] pointed out, as the IT field becomes more sophisticated, the cost of technology adoption
increases. In order to introduce new innovative technologies, it is necessary not only to provide
machines and equipment, but also to change the lifestyles themselves. Konsynski and Smith [11] also
stressed that the cost of training and educating users is included in the cost of adoption. If the adoption
costs are too high, the organizations are more likely to become cautious about adopting the technology
because of the burden of the excessive costs on organization management [12]. Therefore, it can be
suggested that the higher the cost of technology adoption, the more likely it will be that the innovation
will not be introduced. On the other hand, the recent rapid development of technology makes huge
cost savings possible [13], and organizations are beginning to evolve a more long-term perspective on
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calculating the costs and benefits of adopting innovative technology. Naturally, one view is that the
adoption costs to technology adoption are decreasing in importance.

Another variable related to technological factors is the technological compatibility; how compatible
innovative technology is with existing technology. Some scholars understand compatibility as a level of
standardization [6]. Technological compatibility does not only mean hardware compatibility, however.
According to Schultz and Slevin [14], the term also includes software. In other words, some scholars
understand compatibility as how compatible innovative technology is with existing institutions or
systems. Lai et al. [15] defined compatibility as “whether the newly adopted technology is compatible
with current value and experience of organization”, and Brown and Russell [16] stressed the importance
of examining how innovative technology corresponds to the organization’s existing visions and goals.
Moore [17] and Fenn and Raskino [10], however, pointed out that as innovative technology in the
21st century usually revolutionizes the whole process of work, it is possible that whether the existing
system and vision are compatible may not influence whether the technology is adopted. Bradford and
Florin [18] stressed the importance of the decisions of top managers rather than compatibility.

2.2.2. Organization Factors: Community Governance

Larger organizations are more likely to adopt technology easily. According to previous researchers,
such as Wen et al. [19], larger organizations can more easily grasp information about the technology’s
usefulness and potential, and are more likely to have enough material and human resources to adopt
and operate the innovation technology [20]. In addition, larger organizations have a greater ability to
overcome the risks that may arise in the event of technology failure. As the size of the organization
increases, however, the decision-making process become more complicated, requiring more time to
achieve consensus [21].

The more financially ready the organization is, the more likely it is to adopt innovative technology.
Financial readiness can not only provide a solid basis on which to establish the infrastructure needed for
the adoption of the technology, but it can also bear the risk of failing to adopt it. In addition, financially
ready organizations can generally acquire information and make decisions relatively quickly, thanks
to their secure and solid networks both inside and outside of the organization. A wealthy company is
not more likely to be adopt innovations aggressively, as seen in the cases of large corporations being
reluctant to invest in new technology.

Lastly, we can consider the internal readiness of the organization, whether the organization’s
internal systems and infrastructure can support the adoption of innovative technology. Many scholars
have emphasized the importance of the organization’s “internal readiness”. Kinsella [22] defines
“internal readiness” as a positive consensus and willingness within the organization; the better the
consensus, the easier it will be to introduce technology. Steensma [23] also pointed out that how the
organization’s members deal with the organization’s work skills can be an important measure of its
internal readiness. Therefore, we can expect that the adoption of technology is more likely to occur in
an organization with solid, concrete internal readiness.

2.2.3. Environment Factors: Government Campaign as External Gravity

External actors are another important variable in technology adoption. We can understand
this effect from an isomorphic perspective [12]. When one firm successfully adopts an innovative
technology, other firms tend to follow suit [19], a behavior that can be interpreted as isomorphic.
In addition, the desire to occupy the market faster than the external competitors may promote the
adoption of technology, especially if other organizations in similar fields are starting to adopt innovative
technology [24]. In other words, when innovative technologies are first introduced to the market,
companies often decide to adopt this technology according to the behavior of external entities [25]. In the
case of technologies like RFID used for food waste, however, the government strongly encourages the
adoption of RFID from the earliest stages. Through a public hearing and website of the self-governing
district, the government has provided information about the effectiveness of this innovative technology.
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According to Thompson et al. [26], the government can change the behaviors of individuals and
organizations by providing information, just as they achieve policy goals through financial incentives.
In addition, in the view of Moore [17] and Fenn and Raskino [10], experts and media with expertise in
technology actually provide technology adapters with the most important information on technology
adoption and diffusion. In this study, we expect that technology adoption might increase as the
government provides more information on the technology provided to technology adopters.

2.2.4. Limitations of Previous Studies

The need for this study, which draws from previous literature, is as follows. Since Rogers’
pioneering innovation research about technology adoption, there have been various attempts to identify
the tendency and determinants of technology adoption. The previous literature is based on survey data,
however. Among the several limitations of survey data, the most serious problem is the common method
bias [27]. As Billings and Wroten [7] pointed out, if we measure several variables using the same method,
the correlation between two variables turns out to be larger than the actual correlation. This suggests
that the analysis bias is likely to occur if the empirical analysis is conducted using the survey data.
Another problem with the survey analysis method is that the respondent may misunderstand or
understand the question, but may not express his or her opinion frankly or honestly [28].

Another problem is related to operationalizing the variable. As described above, most studies
that deal with the determinants of innovative technology adoption used survey data rather than hard
data. These previous studies did not define the variables specifically, but rather asked only that the
respondents understood the conceptual meaning of the variable. Variables such as “compatibility”
and “internal readiness of organization” operate according to a conceptual definition of the variable,
through which doing empirical analysis is hardly impossible if the researcher has hard data. Table 5
below shows the survey questionnaire that previous literature has used for study. As can be seen in
the table, previous literature did not care focus on how to operationalize variables.

Table 5. Questionnaires of previous studies.

Factor Dimension Questionnaire Study

Technology
factors

Technological
readiness

Are you familiar with RFID technology?
Lin and Ho [29],

Do you have enough information about RFID technology?

Technology
compatibility

Is the RFID technology compatible with your current system? Ramamurthy et al. [30],
Grandon and Pearson

[31], and Venkatesh and
Davis [32]

Is RFID technology practical for your field?

Is RFID technology compatible with the current vision, virtue,
and strategy of your organization?

Cost

Is the operation expensive?

Wymer and Regan [33],
and Iacovou et al. [34]

Is education and training expensive?

Is the cost of maintaining the technology high?

Organization
factors

Top manager
support

Is there enough support from the top managers?

Caldeira and Ward [35]Do you think the top managers consider RFID adoption as an
important issue?

Size of the
organization Do you think your organization is large enough to adopt RFID? Lee et al. [36]

Internal
readiness Is there solid internal readiness for RFID adoption? Kinsella [22]

Financial
readiness Is the financial readiness of your organization very high? Dosi [37],

and Iacovou et al. [34]

External
factors

External
pressure

Are most similar organizations adopting RFID technology?
Wymer and Regan [33]

Are competitors applying RFID success models?

Government
support

Does the government provide incentives for RFID adoption? Xu et al. [38], Lee [39],
McKnight et al. [40], and

Gefen et al. [41]
Does the government provide enough information about RFID?

Do you think the current level of government support is enough?

Source: own.
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Furthermore, Rogers and recent innovation research group who studied the adoption of
innovative technology did not focus on the role of the government [42]. Davis [43] also regarded
the adopters as rational-economic figures, so the usefulness and appropriateness of technology
would be the most important factors in their adoption decision. In the late 2000s, scholars like
Ramanathan et al. [30] began to explore the role of the government, especially with regard to Asian
countries. They added supporting data and the quantity of information provided by the government in
the empirical model, but it remains difficult to find literature whose model contains a government-effect
variable. Also, as Sear and Baba [44] pointed out, with the rapid globalization of the 21st century
and the lowering of barriers to mutual exchange between countries and companies, the adoption of
innovative technology should be understood as multi-level. In other words, useful research requires
multi-level analysis, which considers not only the characteristics of the organization itself, but also the
pressures from its industry, the willingness of the government, and even the flow of the global market.

There are some limitations of the technology-adoption tendency model drawn from previous
literature. Gartner’s model has already been widely used in the business field, and its explanatory
power has been acknowledged [45], but there is still a lack of verification and demonstration of it
from an academic point of view [46]. Scholars such as Jarvenpaa and Makinen [46] pointed out the
lack of attempts to build theoretical foundation of the hype cycle model. Steinert and Leifer [47] also
stressed the weakness of the hype-cycle model, especially its vague definitions of the vertical and
horizontal axis. As described above, the vertical axis of the hype curve represents expectations and
visibility, according to Gartner’s original publication [10]. Its definition has differed from scholar to
scholar, however. For example, in Ruef and Markard’s [48] analysis, the vertical axis represents media
attention, while Jun [45] suggested that the maturity of technology, consumer adoption, and maturity
of institutional infrastructure can also be represented on the vertical axis of the hype curve. In this
study, we set ‘maturity of technological and institutional infrastructure’ as the vertical axis, which can
be a radical factor in making concrete the theoretical validity of the hype-curve model.

In addition, previous studies that dealt with the hype curve mainly considered the behavior or
tastes of the consumers—the demand-side stakeholders—although the stakeholders at each stage of the
innovation may be either supply- or demand-side types [46]. As McPherson and Bacow [49] pointed
out, it is necessary to scrutinize both supply- and demand-side stakeholders of the hype curve, in order
to evaluate the effectiveness of the hype curve from a macro point of view. In the case introduced
by McPherson and Bacow [49] about the adoption of technology in online education at universities,
the demand-side stakeholders (professors) did not prefer online education programs to the traditional
way of teaching, despite their remarkable convenience, because innovative online teaching could not
guarantee teacher–student interaction or the security of lecture content. Van Lente et al. [50] also
stressed the need for multidimensional thinking, because innovative technology usually faces the
challenges of a complex interplay of specific, functional, and generic expectations [51]. In addition,
as in this case of RFID household-based waste-charging system adoption the local government played
both the roles of both demand- and supply-side stakeholders simultaneously, it is necessary to consider
the needs of both types of actor. In this study, we focus on the role of the local government in
technology adoption.

3. Research Design

3.1. Research Process

We conducted research for this study in four stages. As shown in Figure 3, before running an
empirical model, we reviewed previous literature about innovation adoption and decided to use
the technology–community–governance–government campaign (TCG) model. As described above,
however, previous research has mainly used the conceptual definition to measure sub-factors or the
TOE model. We first checked the conceptual definition of each variable and developed an operational
definition for each one. To form an operational definition from a conceptual definition, we applied
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the implications of our interviews with officers of the local government, management staff of the
apartment complexes, and local residents. Based on the interview results, we suggested an operational
definition of each variable (see Table 6). Lastly, we collected hard data from various resources, such as
the Ministry of Environment, Seoul City; food waste pick-up services; and the Korean Appraisal Board
to run empirical models including the survival analysis.
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Table 6. Research method process.

Literature review . Review relevant literature in innovation adoption and revised TOE model

Research frame . Exploring relevant factors of community governance and government role
. Introducing TCG model (technology, community governance, and government)

Research method
. Using interviews from the management office of apartment complexes and
local government officials
. Using community level variables from the Ministry of Environment

Empirical analysis . OLS and survival analyses

Source: own.

3.2. Data Collection

Many previous studies dealing with innovation adoption used individual-level survey data to
determine the factors of innovation. However, using individual-level surveys can cause not only
individual fallacies, but also common method bias, because of the inherent limitations of survey
data. To solve these problems, we set the apartment complex as the unit of analysis measured
by non-cognitive variables. In addition, we operationalized the variables based on the results of
interviews with local government officers, apartment complex managers, and apartment complex
residents (see Appendix B), and analyzed the effect of various ecological variables related to the
characteristics of the apartment complex collected from various statistical resources of public agencies
in the Republic of Korea.

The collection of data took about three months, from July to October 2015. Information about
the unit of analysis of this study, an apartment complex, was obtained primarily from the local
governments, such as the Seoul Metropolitan government and Gu government. We then cross-checked
this information with the data collected from the central government, the Ministry of Land, Transport,
and Maritime Affairs. In order to measure the length of time taken to adopt the RFID household-based
waste-charging system, we asked the Gu and Seoul City governments to provide information about
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each apartment complex’s current method of food waste pollution and the exact date of RFID adoption,
if the apartment complex was using the RFID method by 1 October 2015. We set this data, which
included information about RFID adoption, as the dependent variable of our logistics regression
analysis and pooled the ordinary least square (OLS) method. For the survival analysis, we also used
the time of length to adopt the RFID procedure as a dependent variable, measured by various interval
periods after the initial implementation of the RFID based food waste-charging system across the
apartment complexes.

The independent variables are divided into three categories. Firstly, we categorized the
independent variables based on the TCG model and used the information from the interviews to
operationalize the variables, because previous studies had mainly focused on survey data, where
respondents were asked direct questions and the hard data had not yet been operationalized.
Information about the first variable was included in the technological factor category, and ‘waste charge’
came from the Gu and Seoul Metropolitan governments through the Open Government System [52–54].
The data related to the method of heating and the total number of apartment complex office managers
were obtained from the ‘k-apt’ website run by the Ministry of Land, Transport, and Maritime Affairs.
The total number of households in the apartment complexes and the average apartment complex price
were taken from the website of the Korea Appraisal Board. Lastly, to gauge the degree of government
support, we searched the websites of each of the 25 Gu and Seoul Metropolitan City government using
the keyword ‘RFID’.

3.3. Analytical Frame

The analytical framework we used for this study is represented in Figure 3. There are three
main types of independent variable, namely, the technological factor, community governance,
and government campaign. The category of the technological factor includes the cost of technology
adoption and the similarities between the innovation technology and the current or former technologies.
The category of the governance factor related to the management characteristics of the apartment
complex, including the self-management committee and size of management office. Lastly, the category
of the government campaign factor includes how much information the government provides to
their people.

3.4. Variable Measurement

Table 7 shows how to measure dependent and independent variables in Figure 3. This study is an
exploratory study investigating the factors that determine the adoption of the RFID household-based
waste-charging system in apartment complexes. To identify these factors, we set up ‘difference between
waste charging fee’ and ‘whether to use individual heating system’ as technological factors. According
to Zailani et al. [55], the cost of innovative technology adoption is one of the most important factors
determining the adoption of innovation. The higher the cost of adoption, the more delayed its adoption.
In previous studies, the cost of technology adoption was defined as the cost required to purchase
the new machine or equipment [56]. On the other hand, in the case of adopting the RFID system in
apartment complexes (the unit of analysis of this study), purchasing an RFID machine is free, thanks
to a subsidy from Seoul Metropolitan City, who also pays the electricity fee [57]. In the case of the
RFID method, however, the food waste charge is higher than the existing waste-charge method. So, we
considered the difference between the RFID waste charge and the charge for the current method as the
cost of innovation adoption.
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Table 7. Variable measurement.

Variable Name Description Definition Source

Dependent
variable

RFID adoption Whether RFID was adopted in the
apartment complex as of 1 October 2015

Adopted = 1,
Not adopted = 0

Seoul City government

Survive_length Time taken to adopt RFID technology
(unit: day) Numerical

Independent
variable

Charge_difference Difference between RFID waste fee and the
waste fee of the former method Numerical Gu government

Heating_individual Method of heating
Individual
heating = 1
Central heating = 0

k-apt system
(central government)

N_household Number of households in each
apartment complex Numerical Gu government

Apt_price Apartment price Numerical Korean Appraisal Board

Committee Existence of community-led
management committee

Committee exist
= 1, not exist = 0 k-apt system (Ministry

of Land, Infrastructure
and Transport))Manager Number of managers working in the

apartment complex management office Numerical

Gov_info
Total number of bulletin board messages
about RFID method uploaded to the Gu
government webpage as of 1 October 2015

Numerical Gu government

Source: own

Next, we tried to operationalize our hypothesis regarding technological compatibility. According
to Wang et al. [58], technological compatibility indicates whether or not newly adopted innovations are
compatible with existing technology and systems. This means not only physical compatibility, but also
regarding how the characteristics of the innovative technology fit the organization’s existing value and
systems. Korean apartment complexes are, for the most part, heated using either the individual heating
method or the central heating method. Of these methods, the central heating method is similar to the
method of calculating the amount of food waste that was used before the adoption of the RFID method.
The total heating expenses in the complex is calculated, and residents pay by 1/n, where n is the total
cost. On the other hand, in the individual heating system, the residents pay exactly their proportion to
the total amount of their usage. Therefore, the individual heating system and RFID household-based
waste-charging system have many similarities. As a result, it is expected that the apartment complexes
that have been selected and that use individual heating will be more active in adopting the RFID
method. This was confirmed through an interview with the head of the Apartment Management
Office [59]. Therefore, we measure technology compatibility as whether or not the apartment complex
uses individual heating.

Organizational factors such as community governance in apartment complexes are as follows.
Firstly, the size of the organization represents its physical size. In this study, it is defined as the total
number of households in the apartment complex [60]. The financial readiness of the organization is
closely related to how large its risk management capacity is. In our interview with local government
officers, we can gain insight into the price of the apartment complex and its RFID adoption [61].
Therefore, we conclude that we can measure the average price of the apartment complex in order to
operationalize the financial readiness of the organization.

More specifically, community governance consists of ‘self-committee’ and ‘the total number of
managers working in the apartment complex management office.’ The committee variable represents
whether the apartment complex chooses self-management or commission management in terms of
apartment management. The committee is regarded as the resident representative meetings at the
apartment complexes.

As described above, the decision to introduce new RFID technology is made through public
hearings and the resident meetings of apartment complexes. Therefore, it is expected that the adoption
of RFID technology will be decided more actively in a complex whose residents organize the committee
system and committee [62]. The management general variable is related to the internal readiness
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of the organization. Asif [63] emphasized that the internal readiness of the organization should be
sufficient in order to ensure a smooth introduction of the innovation. In this study, it was confirmed
through interviews that the number of management personnel is influential on the adoption of RFID.
As can be seen from the interviews, the management of the RFID system in the apartment complex
is conducted mainly by the apartment complex management office [64]. For this reason, the Gu
government can reject applications for RFID adoption by apartment complexes whose management
offices are too small.

Lastly, external gravity as environment factor in innovation diffuse is operationalized as
‘information provided from the government.’ The variable of the government information provision
represents how much information is provided regarding the RFID system, namely the total number of
documents retrieved by searching with the keyword ‘RFID’ on the website of each Gu government
division. It was confirmed through interviews that the number of articles on the Gu government’s
website is important [65].

4. Empirical Analysis

4.1. Descriptive Statistics

4.1.1. Dependent variable

The descriptive statistics of the dependent variable are described in Table 8, below. As can be
seen, of the 2081 apartment complexes located in Seoul City, 1561 apartment complexes have not
implemented the RFID household-based waste-charging system as of 1 October 2015. The other
520 apartment complexes have adopted it.

Table 8. Descriptive statistics of RFID adoption.

RFID Frequency Percent Cumulative

Not adopted 1561 75.01 75.01
Adopted 520 24.99 100

Total 2081 100

The RFID adoption by date is shown in Figure 4 and Appendix A. Among the 520 apartment
complexes currently implementing the RFID system, most adopted the innovation within the first
year. This result can be verified through the graph shown in Figure 5. Both the hazard graph and
the histogram show a hype curve, in which most of the adoption occurred in the early stages of the
technology-adoption process. After this early stage, the adoption trend has a slower period that
several scholars have called a “chasm”. The adoption tendency initiates a second hype curve after the
chasm, which can be seen in Figure 4. From January to July 2013, more than 100 of the 520 apartment
complexes began to implement the innovation. After July 2013, the RFID system was steadily adopted,
as seen from the cumulative graph, although the tendency of adoption decreased.

When we draw the frequency graph of the RFID-adopted and non-adopted apartment complexes
to examine the tendency of the two groups, the number of non-adopted apartment complexes decreased
as more and more began to implement the innovation, as shown in Figure 6, below. The red dotted
line represents the decreased tendency of the non-adopted apartment complexes from January 2013
to October 2015. In opposition to this, the blue line, which represents the tendency of RFID-adopted
apartment complexes, shows an increase.
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We also drew graphs of the cumulative survival function and cumulative hazard function. As seen
in Figure 6, the cumulative hazard function increases the longer the analysis continues. In the survival
analysis, the hazard function represents a function of the probability that the object of interest will
survive beyond a given time [66]. The hazard function and survival function are two sides of a coin.
The calculated failure rate for smaller intervals of time results in the hazard function. In Figure 6,
the cumulative hazard function, which describes the probability of an apartment complex that has
adopted the RFID system, increases with time. On the other hand, the cumulative survival function
decreases with time, as shown in Figure 7.
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4.1.2. Independent variables

The descriptive statistics of the independent continuous variables are represented in Table 9,
below. Among seven independent variables, five are continuous variables. Firstly, the difference in
the waste charge between the RFID method and the current system is 40.44 as its mean and 8.08 as
its standard deviation. The maximum value of the waste charge difference is 68 and the minimum
value is 19. Apartment complexes in Seoul City contain 618.23 households on average. The biggest
apartment complex contains 6864 households. The mean price of an apartment complex was 1698 as
the number of observation, due to limitations in the data collection. The mean apartment price was
1851.30. The environmental factor ‘government information’ variable has 27.77 as a mean and 29.16 as
a standard deviation. Some Gu local government divisions did not upload any reports about RFID on
their websites, while one local government division had uploaded 126 reports by 1 October 2015.

Table 9. Descriptive statistics of continuous variable.

Variables Sample Size Mean Standard Deviation Minimum Maximum

Charge_difference 2081 40.44 8.08 19 68
N_household 2081 618.23 651.57 40 6864

Apt_price 1698 1851.30 12,133.18 248 14,200
Gov_info 2081 27.77 29.16 0 126
Manager 2081 15.88 116.92 0 2944

Two categorical variables are included in the empirical model (see Table 10). The first categorical
variable represents whether the apartment complex had adopted the individual heating system.
Among 2081 apartment complexes, 1374 had implemented the individual heating system as of
October 2015. The rest use the central heating system, in which the apartment complex office controls
the heating system on the residents’ behalf. The second categorical variable is the committee variable.
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We can identify the management method of apartment complexes through this variable; 277 apartment
complexes have adopted the committee system and their own management committee manages the
apartment complex, while 1804 contracted a management firm to manage their residential area.

Table 10. Descriptive statistics of categorical variable.

Variables Category Frequency Percent

Heating_individual
Individual heating 1374 66.03

Central heating 707 33.97

Committee
Committee 277 13.31

Commission
management 1804 86.69

4.2. Empirical Analysis

Before running the survival analysis, such as the Cox regression, we first ran a logistic analysis
and pooled OLS in this section, in order to have robustness (see Table 11). In our logistic analysis
and pooled OLS analysis, the dependent variable is a dummy variable that indicates whether the
apartment complex had adopted the RFID method as of 1 October 2015. In Model 1 and Model 2, below,
the government-provided information is strongly significant. The government-provided information
is significant in two models, which means that the support from the external environment, such as
government, is critical in technology adoption, supporting the results of previous research. In addition,
as RFID adoption is the result of government-led policy and strategy, it can be anticipated that the
government’s role in providing information about RFID and persuading citizens to support innovative
technology is very important.

Table 11. Results of logit and OLS analyses.

Independent Variables Model 1: Logit Analysis Model 2: Pooled OLS
Odds Ratio Coefficient

Charge_difference 1.069
(0.009)

0.010
(0.001)

Heating_individual 0.981
(0.154)

0.029
(0.022)

N_household 1.000 ***
(0.0001)

0.0001
(0.0001)

Apt_price 0.997 ***
(0.0004)

−3.56 × 10−7

(8.15 × 10−7)

Committee 1.235 ***
(0.230)

0.008
(0.028)

Manager 0.999
(0.0005)

−0.0004
(0.0007)

Gov_info 1.036 ***
(0.002)

0.006
(0.0003)

Intercept 0.036 ***
(0.169)

−0.350 ***
(0.054)

Note: numbers in parentheses are standard errors. (* p <0.10, ** p < 0.01, *** p < 0.05).

The sign of the apartment-price variable is positive, so it can interpreted that the higher the
apartment price, the higher the possibility of RFID adoption. This result is similar to previous
literature, where the financial readiness of the organization was important in technology adoption.

The result of survival analysis is shown in Table 12 below. First of all, as described above,
since our research ended before all of the 2,081 apartment complexes in Seoul had finished RFID
adoption, we have right-censored data. In the survival analysis with censored data, we have used a
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combination of failure dummy and the time spent for adoption. In this data, failure means whether an
apartment complex adopted RFID innovation, and time spent means the time spent in RFID adoption
by apartment complexes that had finished their implementation by the time our research concluded.
Several specific methodologies can be used when doing a survival analysis, but in the first stage,
we can divide the methodology into two categories, the non-parametric model and the parametric
model. The Cox proportional hazard model, represented in the third column, is one of the best-known
non-parametric survival analysis models. The parametric models are differentiated according to which
distribution the researcher used for the analysis. In this study, we adopted the exponential distribution
model (Model 1) and the Weibull distribution model (Model 2). By running all three non-parametric
and parametric models, we expect to gain the robustness of the empirical result.

Table 12. Results of the survival analysis.

Variable
Model 1: Exponential
Distribution Model

Model 2: Weibull
Distribution Model

Model 3: Cox Proportional
Hazard Model

Hazard Ratio Hazard Ratio Hazard Ratio

Charge_difference 1.604 ***
(0.009)

1.604 ***
(0.009)

1.064 ***
(0.009)

Heating_individual 1.113
(0.144)

1.124
(0.145)

1.124
(0.145)

N_household 1.000 ***
(0.0001)

1.000 ***
(0.0001)

1.000 ***
(0.0001)

Apt_price 0.998 ***
(0.0001)

0.998 ***
(0.0001)

0.998 ***
(0.0001)

Manager 1.000
(0.0001)

1.000
(0.0001)

1.000
(0.0001)

Committee 1.460 ***
(0.228)

1.482 ***
(0.232)

1.482 ***
(0.232)

Gov_info 1.031 ***
(0.002)

1.032 ***
(0.002)

1.032 ***
(0.002)

Intercept 0.0001
(0.0001)

0.0001
(0.0002)

0.0001
(0.0001)

Number of observation 1683 1683 1683
Log Likelihood −938.47 −922 −2292.13
LR Chi_squared 432.54 455.99 469.27

Note: numbers in parentheses are standard errors (* p < 0.10, ** p < 0.01, *** p < 0.05).

When we initially interpreted the results of the first model, the models based on exponential
distribution, waste-charge difference, apartment price, total number of households, committee,
and online information provided by the government are significant. Specifically, the bigger the
difference between the waste charge of the RFID-based method and the existing method, the more
likely a complex is to adopt the RFID system actively. This result does not support the empirical results
of previous studies.

As previous research stated, innovative technology is more likely to be adopted when the cost
of technology adoption is low. In the case of the apartment price, number of households, committee,
and government-provided information variables, the results are similar to those of previous studies.
Specifically, in terms of apartment complex price, in apartment complexes with a higher mean price,
RFID technology is adopted more aggressively. This is because an organization with strong financial
readiness is more likely to be able to deal with risks that can occur during the adoption process.
The next variable is the total number of households in the apartment complex. As can be confirmed
from interviews, larger apartment complexes are more likely to adopt the RFID method because they
are more capable of managing all of the issues related to RFID adoption, like complaints from local
residents or lost cards. The next significant variable is the committee variable. This result implies
that an apartment complex that uses the self-management method and has a management committee
composed of residents of the apartment complex is more likely to adopt the RFID method. As can be
heard from interviews with apartment complex management officers, as whether to adopt the RFID
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method is a decision made by local residents, there is a higher possibility of implementing the RFID
method if there is already a public space for exchanging opinions, such as a community committee [67].
Lastly, the information about RFID provided from the Gu government turns out to be significant in the
adoption of RFID system. The more the Gu government is supportive, the higher the possibility of
RFID adoption.

5. Discussion and Conclusions

In this study, we analyze the effect of the characteristics of apartment complexes on RFID
household-based waste-charging system. The Ministry of Environment and local governments in the
Republic of Korea delegate authority to the residents of apartment complexes, so the local residents
can decide themselves whether to adopt the innovative RFID system. Previous studies, however, used
individual-level survey data to determine the factors of innovation adoption. Using individual-level
surveys may cause not only individual fallacies, but also common method bias, due to the inherent
limitations of survey data. To avoid these problems, we set the apartment complex as the unit of
analysis. In addition, we operationalized variables based on the results of interviews with local
government officers, apartment complex managers, and apartment complex residents, and analyzed
the effect of variables related to the characteristics of the apartment complex, using hard data collected
from various resources.

We ran five empirical models in this study, the logistic regression analysis, pooled OLS
analysis, survival analysis. We found several empirical findings on community innovation of food
waste management.

Firstly, the waste-charge difference is strongly significant in all five models and its sign is positive.
The larger the waste-charge difference between the newly adopted RFID system and the current system,
the more likely the apartment complex is to adopt the RFID system. This result does not match the
results of previous studies. As Konsynski and Smith [11] pointed out, the cost of technology adoption
is an important variable. The higher the cost, the less likely an organization is to adopt innovative
technology. From this analysis, however, we can interpret the results as leading to the conclusion that
the higher the cost, the more likely a complex is to adopt the RFID technology. This might be due
to several reasons. As the waste charge is fairly low, it is not a big concern for local residents [68].
In addition, this seems mainly because the local residents who reside in apartment complexes with a
higher level of waste charge might have higher level of interest in fairness. Because the individual
incentive-based RFID system is a relatively fair system in comparison with the former system, it is
possible that the local residents have a positive perspective on the RFID system.

Secondly, the apartment-price variable is strongly significant in all three of the survival analysis
models and its sign is positive, which means that innovative RFID technology is more likely to be
adopted in wealthy districts.

Thirdly, the committee variable is strongly significant in four of the five models. As verified from
interviews with various individuals, because local residents have the authority to decide whether to
adopt the RFID system, it is more likely to be implemented in apartment complexes with management
committee, where consensus and interaction is systematically supported.

Lastly, government-provided information is important in RFID adoption. Previous studies did
not focus much on the role of the government, but we want to stress the importance of the government
in innovation adoption and diffusion.

The implications of this study are as follows. Firstly, unlike previous studies, we set the
apartment complex as the unit of analysis when analyzing innovation adoption at the community
level. By analyzing the adoption determinants at this level, we can identify the characteristics of the
community (the apartment complex) in order to drive innovation adoption. As previous research
usually analyzed adoption determinants from an individual point of view, even though innovation
adoption is determined at the organizational level, it is hard to identify the exact characteristics of the
community. Also, as Kim et al. [69] pointed out, innovation behavior can best be understood when
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an organization or company is the unit of analysis. Secondly, we can confirm the importance of the
community itself in innovation adoption. As we can verify in our empirical results, the committee
variable is important in RFID system adoption. Previous literature mainly focused on the support
of top managers as an important determinant of innovation, rather than focusing on the ordinary
members. As can be seen from result of this study, however, if the members of a community or
organization have a positive point of view and motivation to form a consensus, diffusion of innovation
will be more likely. In addition, in terms of policy diffusion, this result can support the possibility of
democratic policy implementation. In the past, the role of citizens or community members was not very
important in policy diffusion and implementation, especially in developing countries where policy was
largely monopolized by the government, such as Korea. With decentralization and democratization,
however, citizen involvement in policy decision-making is widely sought. As confirmed by this study,
citizens’ activism can stimulate innovative policy adoption. Thirdly, citizens’ activism and social
consensus can stimulate policy innovation [70]. Local governments can also play an important role
by providing information to residents in order to help them to make decisions [71]. Furthermore,
community innovation to adopt new technology like RFID in mega-metropolitan areas would provide
valuable policy stories for various open innovation strategies for future smart cities in an era of the
fourth industrial revolution [72,73].

There are still methodological issues to explore community innovation process. Even though
innovation adoption decisions are usually made at an organizational level, previous studies mainly
used individual-level survey data to identify the determinants of an organization’s technology
adoption. This fact may lead not only to individual fallacies, but also to common method bias.
Because we operationalized a conceptual definition of ecological variables based on interview results
and ran an empirical analysis using hard data from various sources, we can identify the determinants of
RFID system adoption in a more precise way. However, this research still has a limitation to account for
various hidden mechanisms involved in community innovation process. Further multilevel research is
required to explore how community innovation for new technology is associated with micro, meso,
and macro levels of factors across metropolitan cities over time [74,75].
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Appendix A. RFID Adoption by Date

Adoption date Frequency Percent

1 January 2013 18 3.46
1 April 2013 87 16.73
1 June 2013 122 23.46
1 July 2013 13 2.5

1 January 2014 1 0.19
1 April 2014 5 0.96
1 May 2014 22 4.23
1 July 2014 18 3.46

1 September 2014 4 0.77
1 November 2014 25 4.81
1 December 2014 13 2.5

1 January 2015 4 0.77
1 February 2015 3 0.58
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Adoption date Frequency Percent

1 March 2015 32 6.15
1 April 2015 29 5.58
1 May 2015 20 3.85
1 June 2015 12 2.31
1 July 2015 35 6.73

1 August 2015 9 1.73
1 September 2015 36 6.92

1 October 2015 12 2.31

Appendix B. List of Interviewees

Identification Age Gender Occupation Apartment Complex

1 55 Female Head of management office Jinheung
2 58 Male Head of management office Hyundai 1
3 34 Female Staff of management office Kyungnam
4 65 Male Head of management office Hyosung
5 46 Female Resident Woosung 1
6 72 Female Resident Hyundai 2
7 54 Female Resident Woosung 6

8 45 Male
Government official in
Waste and Cleaning
department of Gangnam

-

9 59 Male Head of management office Nature Hill 1
10 68 Male Head of management office Nature Hill 2
11 32 Female Staff of management office Nature Hill 3
12 38 Female Resident Nature Hill 4
13 62 Male Resident Star Hill
14 64 Female Resident Star Hill

15 38 Male
Government official in
Waste and Cleaning
Department of Seocho

-

16 35 Male

Government official in
Waste and Cleaning
Department of
Youngdeungpo

-

17 31 Male
Government official in
Waste and Cleaning
Department of Jongro

-

18 28 Female
Government official in
Waste and Cleaning
Department of Songpa

-
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