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Abstract 
Internet of Things (IoT) is a new emerging technology, investment on which is expected to reach more 
than three thousand billions dollars in 2020. The literature focus on the technical aspects of the IoT 
services and less attention on the behavioral studies that clarify the perception of customers about the 
adoption and usage of the IoT services. Consequently, the purpose of this paper is to develop a 
conceptual model of the adoption of IoT services. The model is built based on the theory of Technology 
Acceptance Model (TAM), the Unified Theory of Acceptance and Use of Technology (UTAUT) and 
supplemented by a critical review of nine related articles. The outcome of this paper is a conceptual 
framework that links the ease of use and usefulness in TAM with social influence of UTAUT and other 
factors such as cost, trust, IT knowledge, and security and privacy for the IoT services. 
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Introduction 
The Internet of Things (IoT) is a new paradigm which has been mentioned for the first time 
by Ashton in 1999 (Gao & Bai, 2014) [16]. It is defined as the networking of physical objects 
through the use of embedded sensors, actuators, and other devices that can collect or transmit 
information about the objects (McKinsey, 2014). It consists of three levels that include the 
hardware in the first level followed by the infrastructure in the second level and the third 
level is the application and services level (Gu & Liu, 2013; Gómez et al., 2013) [18, 17].  
Previous studies have mostly focused on the technical issues of using IoT. Such as, 
architectural elements (Gubbi et al., 2013) [19], attribute-based signature (Su et al., 2014) [33], 
and wireless sensor network (Turkanović, Brumen & Hölbl, 2014) [35]. However, less 
attention has been paid to users of IoT and their perceptions about the technology. In 
addition, previous studies use the Technology Acceptance Model (TAM) to assess the users’ 
perception about the adoption (Gao & Bai, 2014) [16]. Nevertheless, the unified theory of 
acceptance and use of technology (UTAUT) is proven to be more powerful and able to 
explain the variation in the acceptance of technology better than TAM and any other 
theoretical model and it is not deployed effectively in the literature (Alharbi, 2014; Chang et 
al. 2015; Mathur & Dhulla, 2014) [5, 8, 27].  
The literature in the technical aspects of IoT outnumber the behavioral and attitudinal 
aspects. Few studies have examined the acceptance of IoT by consumers (e.g. Gao & Bai, 
2014) [16]. Since the IoTs industry are growing rapidly and estimated to reach $3,010 billion 
by 2020 with $1,534 billion for consumer segment (Gartner, 2015) [15], there is a potential 
need to establish frameworks that strengthen consumers’ perception about the technology. 
Consequently, the purpose of this paper is to develop a conceptual framework for the 
adoption of IoT services by consumers.  
The next section reviews and analyzes the literature on IoT services. In the third section we 
present the proposed conceptual framework. The fourth section details out the framework 
components and Section 5 concludes the paper.  
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2. Literature Review 
2.1 IoT Technology 
Cisco defined IoT as the smart links of objects to the 
Internet that enables an exchange of available data and 
brings users information in a more secure way (Cisco, 2015) 

[9]. Other definitions have focused on the functionality of the 
IoT and widened the stakeholders to include governments, 
companies, individuals, and societies. In this study, the IoT 
is simply defined as a mechanism for automating devices 
that are used by consumers. The IoT describes objects that 
are able to communicate via the internet (Uckelmann et al., 
2011) [36]. Many areas use the technology such as home 
automation, mobile payment, warehouse management, 
healthcare and the private domains (Ding, 2013) [13]. The 
IoT technology provides efficiencies across many industries 
and their benefits to consumers are substantial (Uckelmann 
et al., 2011) [36]. For example, users may benefit from the 
IoT technologies used in smart fridges that autonomously 
monitor the consumption of food and beverages and re-order 
goods (Sundmaeker et al., 2010) [34]. In this context, the IoT 
technologies affect consumers’ behavior on several aspects 
of their daily life (Li & Wang, 2013) [26].  
Current studies have examined the technical issues of 
implementing the IoT technology (Shang et al., 2012) [32]. 
For example, researchers identified the security and privacy 
issues as the major challenges for consumer acceptance of 
the IoT technology’s user-oriented IoT applications 
(Medaglia & Serbanati, 2010) [30]. Uckelmann et al. (2011) 
[36] systematically discussed the architecture of IoT. Guinard 
et al. (2011) [20] described the IoT’s best practices. Previous 
studies focused on the design and usage of IoT technologies 
from the organization’s or industry’s point of view (Schlick 
et al., 2013) [31], while little attention has been devoted to 
understanding the acceptance of the IoT technology from 
the perspective of individual consumers (Li & Wang, 2013) 
[26]. Furthermore, research have yet to investigate the 
impacts of technology characteristics, social context and 
individual user characteristics on consumer acceptance of 
the technology. Given the high practical relevance and 
dearth of prior empirical work, this research aims to develop 
a framework of factors determining consumers’ acceptance 
of the IoT technology. 
 
2.2 Technology Acceptance Model (TAM) 
A number of theoretical models have been proposed to 
facilitate the understanding of factors influencing the 
acceptance of information technologies (Davis 1989; 
Venkatesh and Davis 2000) [11, 37]. Among these studies, 
TAM is one of the most influential in explaining 
information technology adoption behavior. The key purpose 
of TAM is to provide a basis for discovering the impact of 
external variables on internal beliefs, attitudes, and 
intentions (Marchewka et al., 2007) [28]. Figure 2.1 shows 
the conceptual model of TAM.  
 

 
 

Fig 1: Technology Acceptance Model (Davis, 1989) [11] 

TAM assumes that beliefs about usefulness and ease of use 
are always the primary determinants of information 
technologies adoption in organizations. According to TAM, 
these two determinants serve as the basis for attitudes 
toward using a particular system, which in turn determines 
the intention to use, and then generates the actual usage 
behavior. Perceived usefulness is defined as the extent to 
which a person believes that using a system would enhance 
his or her job performance. Whereas, perceived ease of use 
refers to the extent to which a person believes that using a 
system would be free of mental efforts (Davis 1989) [11].  
TAM has been widely used by researchers to examine the 
acceptance of new technology. For example, many studies 
have incorporated the model in electronic government, 
electronic learning, mobile learning, and cloud computing 
studies. This paper utilizes the key variables of TAM such 
as the usefulness and the ease of use because they are 
essential for the adoption of new technology.  
 
2.3 Unified Theory of Acceptance and Use of Technology 
(UTAUT)  
User acceptance research covers one of the most important 
issues in information system (IS) management. Many 
competing models have been proposed to understand 
various IT acceptance behavior: the TAM, the theory of 
reasoned action (TRA), the theory of planned behavior 
(TPB), and the diffusion of innovation (DOI) among others 
(Venkatesh et al., 2003) [38]. A comprehensive model is 
needed to aid in understanding user acceptance of a new 
technology.  
Venkatesh et al. (2003) [38] proposed the UTAUT model to 
integrate the findings of previous studies on the acceptance 
of new technology. The UTAUT includes four critical 
antecedents (performance expectancy, effort expectancy, 
social influence, and facilitating conditions) which affect 
both behavioral intention and actual behavior. Gender, age, 
experience, and voluntariness have been found to moderate 
the above relationships (Venkatesh et al., 2003) [38]. These 
relationships are also confirmed by Weerakkody, El-
Haddadeh, Al-Sobhi, Shareef, and Dwivedi (2013) [39] in the 
context of electronic government, or electronic learning 
(Wang et al., 2009) [45], cloud computing (Lian, 2015) [43], 
and electronic commerce. Figure 2 shows the conceptual 
model of UTAUT.  
 

 
 

Fig 2: Unified Theory of Acceptance and Use of Technology 
(Venkatesh et al., 2003) [38] 

 
The key variables of UTAUT is developed based on the 
similarities with other variables from other theories and 
models. For example, performance expectancy is considered 
similar to perceived usefulness in TAM. Table 1 shows the 
core variables of UTAUT.  
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Table 1: The Core Variables of UTAUT (Venkatesh et al., 2003) [38] 
 

Variables Sources 
Performance 
expectancy 

Perceived usefulness, extrinsic motivation, 
job-fit, relative advantage. 

Effort expectancy Perceived easy to use; Complexity. 
Social influence Subjective norm, social factors; Image. 

Facilitating 
Conditions 

Perceived behavioral control, Facilitating 
conditions; Compatibility. 

 
Venkatesh et al. (2003) [38] combined the previous models of 
technology adoption to come up with UTAUT which is 
design specifically to investigate users’ acceptance of a new 
technology and it has explanatory power higher than 
previous models such as TAM. Thus, the UTAUT model is 
suitable for understanding the acceptance of IoT services. 
 
2.4 Critical Review  
Researchers have attempted to identify the factors that affect 
the acceptance of IoT by customers. For example, Gao and 
Bai (2014) [16] investigated the factors that affect the 
acceptance of IoT in China. Mainly, their study used the 
factors of TAM such as perceived ease of use and perceived 
usefulness along with other factors such as trust, social 
influence, perceived enjoyment, and perceived behavioral 
control. A total of 368 respondents have participated in the 
study. The results indicate that perceived usefulness, 
perceived ease of use, social influence, perceived enjoyment 
and perceived behavioral control have significant effect on 
behavioral intention to use the IoT. Acquity Group, (2014) 

[1] investigated the concerns of customers to adopt the IoT. 
A total of 2000 customers in US have been surveyed. The 
findings showed that awareness of the technology, 
usefulness, price (cost), security, privacy are the main 
concerns of the customers. 
Since the IoT concept is still new, researchers attempted to 
conduct qualitative studies to identify the factors that affect 
the intention to use the new technology. For example, 
Kowatsch and Maass (2012) [24] investigated the intention to 
use IoT service in Spain. The study interviewed 31 experts 
in IoT to validate a conceptual model that include perceived 
IoT privacy, expected usefulness, trust in IoT services, 
personal interest in IoT. The findings show that the 
intentions to use IoT services are influenced by perceived 
privacy risks and personal interest, legislation, data security, 
and transparency of information use. In a similar approach, 
Coughlan et al. (2012) [10] conducted an exploratory study 
on the adoption of IoT. The study collected data using the 
mix approach. Quantitative and qualitative data were 
collected from 35 respondents. The findings show that the 
most important factors are usefulness, ease of use, privacy, 
knowledge and awareness of the technology. Another 
exploratory studies by Alolayan (2014) [6] in UK attempted 
to discover the adoption of one kind of IoT which is a smart 
fridge. The findings were based on interviews with 35 
students. The findings indicate that there are social factors 
such as cost, technology anxiety, and social influence. 
Technical factor includes perceived usefulness, and 
perceived ease of use.  
Other studies attempted to review and integrate the literature 
to find the factors that affect the acceptance of IoT services. 
For instance, the literature review of Evans (2015) [14] found 
that the barriers for effective adoption of IoT are slow 
technology adoption rate, issues with interoperability, the 
collection and impactful use of big data, a lack of 

regulations and privacy concerns, messaging design, 
consumer perception, and finally, cost of implementation. 
Another study by Abu et al. (2015) [46] in Malaysia 
discovered the factors that affect the adoption of technology. 
The result is a conceptual model that include the factors of 
ease of use, usefulness, and the attitude toward the 
technology.  
Due to the fact that the studies in IoT adoption are still 
limited, other studies in similar field, such as the adoption of 
technologies in general, are investigated. For example, Kin 
and Shin (2015) [23] investigated the intention to use smart 
watches in Taiwan. Data was collected from 363 students. 
The findings show that the affective quality and relative 
advantage of smart watches are found to be associated with 
perceived usefulness, while the sense of mobility and 
availability induced by smart watches led to a greater 
perceived ease of the technology’s use. The results also 
indicate that the device’s subcultural appeal and cost are 
notable antecedents of user attitude (AT) and intention to 
use, respectively. Similarly, a study by Han and Windsor 
(2014) [21] in US attempted to find the intention to adopt 
third party application. The study used a questionnaire and 
269 students were the respondents of the study. The findings 
indicate that users’ technology awareness and trust in 
security apps have significant effects on adoption intention. 
In addition, trust plays a moderator role in the security apps. 
To simplify the presentation of the factors that have been 
extracted from the previous studies, Table 2 provides a 
summary of the factors and their frequencies. Frequencies 
refer to the times that the variables have been used in the 
nine reviewed studies.  
 

Table 2: Frequency of the Factors 
 

Model/theories Variables Frequency 
TAM Perceived usefulness 7 
TAM Perceived ease of use 5 

TAM/TPB Attitude 2 
Literature Trust 4 
UTAUT Social influence 2 

Literature Perceived enjoyment 1 
TPB Perceived behavioral control 1 

Literature Privacy risk 1 
Literature Privacy concern 4 
Literature Personal Interest 1
Literature Awareness 3 
Literature Price 1 
Literature Security 1 
Literature Knowledge 1 
Literature Cost 3
Literature Technology anxiety 1 
Literature Threat awareness 1 
Literature Interoperability 1 

Literature Collection and impactful use of 
big data 1 

Literature Regulation 1 
Literature Messaging design 1 
Literature Consumer perception 1 
Literature Affective quality 1 

DOI Relative advantage 1
DOI Availability 1 

Literature Mobility 1 
Literature Subcultural appeal 1 

 
Table 2 shows the factors that have been extracted from nine 
studies that are related to the IoT. The merging of models 
and theories is one of the approaches to develop a new 



 

~ 364 ~ 

International Journal of Applied Research 
 

framework such Venkatesh et al. (2003) [38]. The following 
section presents the conceptual framework of this study.  
 
3. The Conceptual Framework  
When Venkatesh et al. (2003) [38] developed the UTAUT, 
they considered the similarities between the factors (see 
Table 1). In a similar approach, this research considers the 
similarity between the factors found from the previous 
research. Thus, based on the previous research including the 
understanding of the words and functions as well as the 
definitions of the variables, and the conceptualization of the 
TAM and UTAUT, the conceptual framework of this study 
is constructed as shown in Figure 3. The framework consists 
of seven independent variables that are extracted from the 
literature and the supporting theories. The seven 
independent variables are expected to affect the behavioral 
intention which in turn is expected to affect the use behavior 
of the IoT services.  
 

   

Fig 3: The Proposed Conceptual Framework 
 
3.1 Behavioral Intention and use Behavior  
The ultimate dependent variable of this study is the use 
behavior and it is defined as the individual's positive or 
negative feeling about performing the target behavior. For 
example, using a system is a behavior (Venkatesh et al. 
2003) [38]. Behavioral intention is defined as the degree to 
which a person has formulated conscious plans to perform 
or not to perform some specified future behavior (Venkatesh 
et al. 2003) [38]. Venkatesh et al. (2003) [38] pointed out that 
behavioral intention and user behavior are variables that 
predict the adoption of a new technology. Earlier theorist 
such as Ajzen (1991) [2] who developed the theory of 
planned behavior, believed that behavioral intention is a 
motivational factor for the adoption of a new technology. 
For example, Ajzen (1991) [2] highlighted that if a customer 
perceives a new technology services to be useful, his 
behavior intention is affected toward using the technology. 
This intention is translated into actual usage of the 
technology which becomes a pattern. TAM by Davis et al. 
(1989) [11] proposed that the behavioral intention to use 
affect the actual system use. Consequently, the first 
hypothesis of this study is:  
 
H1: There is a significant positive effect of behavioral 
intention on the use behavior of IoT services.  
 
3.2 Usefulness and Behavioral Intention  
Venkatesh et al. (2003) [38] pointed out that perceived 
usefulness in TAM is similar to performance expectancy in 
UTAUT and relative advantage in diffusion of innovation. 
Benefits and advantages that are gained from the technology 
could enhance the perceived usefulness of customers 
(Venkatesh et al. 2003) [38]. In the context of IoT, perceived 
usefulness suggests that individuals will find IoT services 

useful because it enables them to enhance his or her overall 
performance in everyday situations (Kowatsch & Maass, 
2012) [24]. Acquity Group (2014) [1].  found that one of the 
most important factors for the adoption of IoT services in 
US is the usefulness of the technology. Similarly, Coughlan 
et al. (2012) [10] suggested that perceived usefulness is a 
significant predictor of the intention to use IoT services in 
UK. Therefore, it is hypothesized:  
 
H2: There is a significant positive effect of perceived 
usefulness on the behavioral intention to use IoT services.  
 
3.3 Ease of Use and Behavioral Intention 
Gao and Bai (2014) [16] pointed out that perceived ease of 
use has significant effect on the behavioral intention to use 
IoT services in China. Similar findings were derived by 
Yong Wee et al. (2011) [42] who investigated the adoption of 
technology among students. The findings show that ease of 
use is one of the factors that affect the behavioral intention 
of student. Abu et al. (2015) [46] in their literature review 
found that ease of use is one of the most important factor for 
the adoption. Thus, based on the above discussion, it is 
expected in this study that the effect of perceived ease of use 
on behavioral intention is significant. Accordingly, the 
following is hypothesized:  
 
H3: There is a significant positive effect of perceived 
usefulness on the behavioral intention to use IoT. 
 
3.4 Social Influence and Behavioral Intention 
Social influence is defined by Venkatesh et al. (2003) [38] as 
a person’s perception that is important for others believe 
that he should use a new technology. Gao and Bai (2014) [16] 
investigated the effect of social influence on the adoption of 
IoT services. The findings showed that social influence has 
significant effect on the behavioral intention to adopt IoT 
services. Alolayan (2014) [6] pointed out that one of the most 
important factors for the adoption of smart fridge in UK is 
the social influence. Thus, it is hypothesized:  
 
H4: There is a significant positive effect of social influence 
on the behavioral intention to use IoT.  
 
3.5 Cost and Behavioral Intention  
Cost is defined as the monetary value that customers pay for 
the service providers. Cost especially when related to 
individuals are one of the significant factors for making a 
decision. Many researchers in the IoT service adoption have 
found that cost is a significant factor. For example, Kin and 
Shin (2015) [23] found that the cost has a significant effect on 
the adoption of IoT services in Taiwan. Similarly, the result 
of the survey conducted by Acquity Group (2014) [1].  in US 
has found that one of the most effective concern of 
customers when thinking about adopting IoT services is the 
cost. Therefore, it is hypothesized:  
 
H5: There is a significant negative effect of cost on the 
behavioral intention to use IoT.  
 
3.6 IT Knowledge and behavioral Intention  
IT knowledge is defined as the ability of customers to deal 
with the Internet and its applications, including the IoT 
services (Acquity Group, 2014) [1]. For customer to adopt a 
new technology, they must be aware of the technology being 
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used and how it can be used and utilized effectively and this 
reduces their anxiety (Dimitrova & Chen, 2006) [12]. Han et 
al. (2014) [21] investigated the adoption of third party apps. 
A total of 269 students in US were involved. The findings 
showed that the technology awareness is one of the most 
important factor for the adoption. A study conducted in 
Jordan to investigate the intention to adopt electronic 
government services has found that there are issues related 
to the computer literacy and it plays a major role in the 
adoption of the technology by Jordanian (Khasawneh et al., 
2011) [22]. Thus, it is hypothesized:  
 
H6: There is a significant positive effect of IT knowledge 
on the behavioral intention to use IoT.  
 
3.7 Trust and Behavioral Intention  
Trust is defined as the one’s perceptions regarding the 
integrity and ability of the agency providing the service 
(McKnight et al. 2002) [44]. Many researchers have criticized 
UTAUT and TAM and urge the future studies to include the 
variable trust (Alghamdi & Beloff, 2014, Wu, 2011) [4, 40]. 
Gao and Bai (2014) [16] found that trust in the IoT services is 
a significant factor that affects the behavioral intention to 
adopt the services. In addition, trust also is an important 
factor for the adoption of IoT services in Spain by 
(Kowatsch & Maass, 2012) [24]. Similarly, the study of Han 
and Windsor (2014) [21] pointed out that trust in the 
operation system and in the apps is essential for the adoption 
of third party apps. Thus, the following is hypothesized:  
 
H7: There is a significant positive effect of trust on the 
behavioral intention to use IoT  
 
3.8 Security and Privacy, and Behavioral Intention 
Security is defined as the extent to which a person believes 
that using a particular application will be risk free (Xu et al., 
2003) [41]. While privacy is defined as the potential loss of 
control over personal information (Akturan & Tezcan, 2012) 
[3]. Privacy and security are major concerns of customer 
when adopting a new technology and it has significant 
influence on the adoption of technology (Lee, 2009) [25]. In 
order to increase the adoption and usage level of 
information systems and applications, users need to feel safe 
when interacting with such systems (Alghamdi & Beloff, 
2014) [4]. Transaction security is critical for users when 
making online activities. (Berdykhanova, Dehghantanha & 
Hariraj, 2010) [7]. Lack of security and privacy are among 
the issues that prevent customers from adopting the IoT 
services in US (Acquity Group, 2014) [1]. In addition, 
Kowatsch and Maass (2012) [24] pointed out that security 
and privacy are among the factors that affect the intention 
and the willingness to provide personal information for IoT 
services. Coughlan et al. (2012) [10] in UK found that privacy 
and security are important factors for the adoption of IoT in 
the country. Accordingly, the following is hypothesized:  
 
H8: There is a significant positive effects of security and 
privacy on the behavioral intention to use IoT. 
 
4. Conclusion, Limitation and Future Work  
The purpose of this paper is to develop a conceptual model 
of the adoption of IoT services. A review of the literature 
showed that research in this field are still in their infancy 
and there is a need for more research. Based on the theory of 

TAM and UTAUT and a critical review of nine articles, a 
new conceptual framework for the adoption of IoT services 
is proposed. The study contributes to the literature by 
providing a new conceptual model and filling the gap of 
incorporating trust and IT knowledge as well as security and 
privacy into a framework.  
The conceptual framework is built based on nine studies 
because these are the only related articles that we identified. 
In addition, the study deployed other related studies due to 
the fact that few studies have been conducted in this field. 
Thus, as a way forward, this study will empirically test the 
conceptual framework by collecting data using a 
questionnaire. The future research is recommended to 
conduct more empirical studies in this field. They are 
recommended to test the conceptual framework in different 
developed and developing countries so that the results can 
be compared between researchers.  
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