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The application of internet of things (IoT) has reached all fields and industries with variation among 

countries. One of the industries that received less attention is the agriculture. This research intended to 

identify the factors that affect the intention to use IoT (IUIoT) among farmers in developing countries 

such as Iraq. Based on technology acceptance model (TAM) and theory of planned behavior (TPB), this 

study proposed that perceived usefulness (PU), perceived complexity (PC), subjective norms (SN), 

reliability (RE) and cost saving (CS) will affect the IUIoT. Perceived value (PV) is proposed as a 

mediator while land size is proposed as a moderator. The data of this study was collected from 223 

farmers in Iraq using purposive sampling. The analysis of Smart PLS showed that the effect of PU, PC, 

RE, SN, and CS on IUIoT are significant. PV mediated fully the effect of PC and partially the effect of 

other variables on IUIoT. Land size did not moderate the effect of PV on IUIoT. Decision makers are 

recommended to ease the process of using the IoT and to enlighten farmers about the benefits of using 

the IoT.  

 

Povzetek: Narejena je študija, kako internet vpliva na kmetijstvo v Iraku. 

 

1 Introduction  

The increase in the population has intensified the need 

for using technology to speed the process of 

production while maintaining the quality of supply. In 

agriculture industry, the use of Internet of things (IoT) 

is promising. IoT can help in monitoring the field and 

ensuring the accuracy in dealing with plants. IoT will 

have a major impact on agriculture. Drones for farm 

surveillance, drip irrigation, and more are being 

developed [1], [2]. IoT has been used in several 

sectors such as smart homes or educations [3], [4] 

medical usage [5], small and medium enterprises 

(SMEs) [6], [7] and higher education. The usage of 

IoT in agriculture sector is limited [8], [9].  

Nevertheless, researchers recently showed 

interest in this field after the outbreak of COVID19 

and the global instable supply of food [10]. 

Researchers are working to develop solutions and 

product that help in developing the agriculture using 

IoT-based application. One of the increasingly used 

application is the integration between machine 

learning [11] [12] and IoT based application to enable 

machine to machine decision making and enhance the 

monitoring of field in agriculture industries [13]–[15]. 

In addition, several applications were developed for 

the usage in agriculture, and these include the 

management systems, and the monitoring systems 

using IoT applications. In addition, the control 

systems, and unmanned machinery were developed for 

the usage in agriculture. Wi-Fi, LoRaWAN, mobile 

communication, ZigBee, and Bluetooth were all  

 

employed in IoT-based agriculture, as were other 

wireless communication technologies often found in 

agriculture [16]. All these applications helps the 

industry of agriculture and breeding [17].  

When it comes to the usage of IoT based on 

countries, there is a gap between developed and 

developing countries [18]. The usage of IoT and its 

application is dominated by the developed countries. 

In particular, studies of IoT agriculture has been 

conducted in developed and emerging economies [9] 

while the usage of these IoT application in developing 

countries such as Iraq is still in its infancy stage. Iraq 

is an oil producing country in which the agriculture is 

the second important sector after oil. Based on a report 

of the United Nations (UN) in 2021, approximately 

22% (9.5 million ha) of Iraq is suitable for agriculture 

production. However, only 5 million ha are being 

used. Agriculture contributes by 5% to the gross 

domestic product (GDP) of Iraq and employs almost 

20% of the workforce [19].  

It is believed that by using the technology such 

as IoT, the productivity of the sector will increase. 

However, in Iraq, and everywhere else, the adoption 

rate of the IoT is still limited. IoT adoption rate 

decreased from 18% in 2018 to 8.2% in 2020 [20]. 

Researchers indicated that there are several theories 
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that can predict the adoption of IoT. The most widely 

used one is the technology acceptance model (TAM) 

by [21] who referred to the importance of the ease of 

use (PEOU) as well as the usefulness (PU) of the 

technology. In addition, theories such as the theory of 

planned behaviour highlighted the role of subjective 

norms (SN) [22]. Both TAM and TPB allow users to 

add additional contextual variables. In this study, the 

perceived value (PV) of the IoT, cost saving, 

reliability of the services is critical for forming the 

decision to use the technology. Consequently, this 

research intended to identify the factors that affect the 

intention to use IoT (IUIoT) among farmers in Iraq. 

The study examines the mediating role of PV and the 

moderating role of land size among the variables. The 

next sections elaborate on the prior literature as well 

as the method along with the results, discussion of the 

findings, implication and conclusion.  

2 Literature review  

2.1 IoT in Agriculture  

According to the UN Food and Agriculture 

Organization, by 2050, the world would need to 

increase the production of food by 70% and this is 

because the high increase in population, dwindling 

agricultural areas, and the depletion of scarce natural 

resources [23]. As a result of decreasing yields in 

various main crops and decreasing supplies of natural 

resources such as fresh water and arable land, the 

situation has become worse. Farmers are also 

concerned about a changing composition of the 

agricultural workforce. As a result, agricultural labor 

has decreased in the vast majority of nations [24]. In 

response to a shrinking agricultural workforce, 

farmers have begun implementing internet connection 

solutions into their daily operations in an effort to 

minimize the amount of human labor required. 

By assuring excellent yields, profitability, and 

environmental preservation, IoT technologies aim to 

assist farmers narrow the supply-demand gap [25]. 

Precision agriculture uses IoT to enhance yields while 

lowering costs [26]. Agriculture's IoT includes 

specialized equipment, wireless connections, software, 

and IT services. More than 75 million IoT devices in 

agriculture are expected to be installed by 2020, with 

yearly adoption expanding at a rate of 20 percent [27]. 

As a result of this, it is predicted that the worldwide 

smart agriculture industry would quadruple in size by 

2025 [28]. 

An IoT-enabled smart farming system helps to 

decrease waste, increase productivity in the fields and 

farm vehicles, and optimize the use of resources like 

water, energy, and fertilizer by analyzing data from 

sensors on the farm [29]–[31]. Smart farming 

solutions for IoT use sensors to keep tabs on the 

agricultural field (light, humidity, temperature, 

moisture in the soil, crop health, etc.) and automate 

watering [32]. Farmers can keep tabs on their fields 

from anywhere at any time. Additionally, they may 

choose between manual and automatic solutions for 

taking the appropriate steps depending on this 

information. As a result, farmers may use sensors to 

activate irrigation when soil moisture levels fall [33], 

[34].  

An important part of the smart farming method is 

data gathered by sensors and control systems as well 

as robots and autonomous vehicles along with 

automated hardware and variable rate technologies. 

Motion sensors and button cameras as well as 

wearable gadgets are also included [26], [27]. For a 

wide range of agricultural applications including crop 

health evaluation, irrigation management, crop 

monitoring, crop spraying, planting, and soil and field 

analysis ground- and air-based drones are being 

deployed [30], [31]. Geofencing for livestock and 

livestock tracking the location, well-being, and health 

of cattle may be tracked through wireless IoT apps. In 

addition to lowering labor expenses, this data aids in 

the prevention of disease transmission [32], [33]. 

An IoT-enabled smart greenhouse monitors and 

regulates the environment automatically, eliminating 

the need for human involvement. Artificial networks 

employ sensor data from the farm to anticipate the 

crop's production rate. A wide range of variables, such 

as soil type and moisture content, are included in this 

data set. Farmers may get precise soil data through a 

dashboard, or a mobile app developed specifically for 

their needs [29], [30], [33]. Therefore, IoT in 

agriculture is a promising field and it has implication 

for the food security of nations. However, few of the 

prior literature examine the determinant of adopting 

the IoT in agriculture and in particular in developing 

countries such as Iraq.  

 

2.2 Theoretical framework of IoT 

adoption  

IoT is a new technology that has developed largely 

during the last two decades that aims to enhance the 

quality of living for all individuals. The technology is 

based on the connectivity of everything to anything at 

any time and facilitate the interaction among devices 

[35]. IoT is new pattern in the wireless communication 

between machines and things [36]. TAM model is one 

of the theoretical adoption theories that is being used 

widely to explain the adoption of IoT. TAM proposed 

that ease of use or perceived complexity (PC) is 

critical for the adoption along with the perception of 

usefulness which is similar to other terms such as 

relative advantage and performance expectancy [37]. 

In agriculture context, [9] in the US examined the 

adoption of IoT using the TAM model. The findings 
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showed that trust affects positively the PV and 

negatively the perceived risk. PV affected positively 

and perceived risk affected negatively the IoT 

adoption. Along with TAM, the TPB is also deployed 

by researchers. [38] used TPB to explain the adoption 

of smart device. SN was a critical factor for smart 

device usage. Additional contextual factors are related 

to the cost saving [7], reliability [39],  and size [9]. In 

this paper, the TAM and TPB are deployed to explain 

the IUIoT by farmers.  

 

2.3 Conceptual Framework and 
Hypotheses Development  

The framework of this study is developed based on 

TAM and TPB. PU from TAM and PC which is 

similar to PEOU [37] are proposed to affect the 

IUIoT. SN from TPB is anticipated to have a positive 

impact on IUIoT. In addition, reliability and cost 

saving are predicted to have a significant effect on 

IUIoT. The PV is predicted to mediate the impact of 

PU, PC, SN, and reliability on IUIoT. Land size is 

placed in this research as a moderating variable 

between PV and IUIoT. Figure 1 shows the conceptual 

framework. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual Framework 

 

2.3.1 PU and IUIoT  

PU is one of the variables of TAM and it is considered 

as important predictor of the technology adoption. 

Several studies in the literature indicated that there is a 

positive link between PU and IUIoT. For instance, PU 

affected positively the IUIoT in smart home in China 

[40]. PU also affected the attitude toward using IoT in 

smart transport system [41], PV of IoT in Taiwan [42], 

behavioural IUIoT in Library [42]. In this study, 

farmers who perceived IoT to be useful will tend to 

use the IoT in agriculture. Accordingly, the following 

is proposed;  

H1: PU impacts positively the IUIoT 

2.3.2 PC and IUIoT 

PC is used in diffusion of innovation theory (DOI) by 

[43]. It is similar to other terms such as effort 

expectancy, and PEOU [37]. PC is among the 

variables that impact the IoT usage in Malaysia [44]. 

It was also found to have a significant effect on 

resistance to use smart device in France  [45]. In this 

study, farmers who perceive the IoT to be complex 

and difficult to be used, they will tend to not use the 

IoT. Thus, it is proposed that PC of IoT will positively 

impact the IUIoT.  

H2: PC affects negatively the IUIoT.  

 

2.3.3 SN and IUIoT  

The subjective norm is one of the variables of TPB 

and it is about the influence that exert by others on an 

individual to use a technology such as IoT. SN was 

examined in the context of IoT. For example, [46] 

found that SN affected positively the IUIoT smart 

connected devices in New Zealand. Other terms that is 

similar to SN such as social influence  [37] were 

found to have a significant positive effect on IUIoT 

smart home [47], intention to adopt IoT [48]. In this 

study, the effect of others who are using or intent to 

use the IoT will have a positive impact on the decision 

of farmers to use the IoT. Accordingly, this study 

proposed the following.  

H3: SN impacts positively the IUIoT.  

 

 

 

 

 

 

 

 

 

 

2.3.4 Reliability and IUIoT  

The reliability of IoT is critical for using the 

technology. Few studies examine the effect of 

reliability of the IUIoT. Reliability of the IoT services 

affected the intention of consumers in Saudi Arabia 

[39]. Reliability also affected positively the IUIoT 

cloud among SMEs in India [7]. In this study, 

reliability of the IoT will have a positive impact on the 

IUIoT among farmers. In this study, the following is 

proposed: 

H4: Reliability of IoT services affects positively 

the IUIoT.  
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 Perceived Usefulness  

 Perceived Complexity  
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2.3.5 Cost saving and IUIoT  

The cost saving is critical in all business and 

agriculture is no exception. The effective management 

of IoT using machine to machine communication 

which enables the machine learning will help in 

reducing the cost of agriculture [13], [49]. Cost saving 

was examined in limited number of studies. For 

instance, [7] among SMEs in India found that cost 

saving is one of the critical factors for adopting IoT 

cloud. [50] in Iraq found that cost in significant 

predictors of doctors’ use of IoT. On the other hand, 

[51] found that perceived cost is insignificant factor 

for using IoT among Italian logistic companies. In this 

study, the cost saving and in particular in the context 

of developing countries such as Iraq is critical for 

farmers to have strong IUIoT. Thus, the following is 

proposed:  

 

H5: Cost saving affects positively the intention to 

use IoT.  

2.3.6 PV as a mediator  

PV is a comparison between the paid value and the 

received value. In other term, farmer compared the 

value that they received with the value that they pay 

for having the services. [52] in US found that 

variables of TAM such as PU and PEOU affected the 

PV of IoT. [42] found that PU affected the PV which 

in turn affected the adoption of IoT. Few studies 

examined the mediating role of PV. For instance, [9] 

in US deployed PV as a mediator between trust and 

IUIoT in agriculture. The findings showed that PV 

mediated the effect of trust on IUIoT. In UK, PV 

mediated the effect of PU on IUIoT  [53]. In this 

research, the PV is proposed as a mediating variable 

between PU, PC, SN, and reliability on IUIoT. Thus, 

the following is proposed.  

 

H6: PV positively mediate the impact of PU on 

IUIoT.  

H7: PV positively mediate the impact of PC on 

IUIoT. 

H8: PV positively mediate the impact of SN on 

IUIoT. 

H9: PV positively mediate the impact of on IUIoT. 

2.3.7 Land Size as a Moderator  

Land size is measured by the HA that each farmer 

owns. Most of studies on moderating role of size were 

conducted in corporate governance studies [54]. In 

technology adoption, few deployed this variable. For 

instance, firm size as a variable was deployed in the 

study of  [9] in US in adopting IoT in agriculture and 

it was found that size is critical for the adoption. Firm 

size was found to affect the adoption of IoT in Italy 

[51]. Size moderated the effect of technology usage on 

technology effectiveness [55]. However, in the context 

of Iraq, the farmers are the owners of the land. Thus, 

farmers with large land size will benefit from the 

economic scale and tend to use the IoT and vice versa. 

In this study, land size is expected to moderate the 

effect of PV on IUIoT.  

 

H10: land size moderates the effect of PV on 

IUIoT.  

3 Research Methodology  

In conducting a research, the researchers have to 

determine the population, sampling, and instrument of 

data collection [56]. A questionnaire is used to gather 

data for this quantitative research. This research 

focuses on farmers in Iraq. Purposive sampling is used 

since there is no database or association of Iraqi 

farmers. Farmers with a bachelor's degree are selected 

for this research. Accordingly, farmers with less than a 

high school education were not included. A 

questionnaire is used to gather the data. The factors 

were taken from a variety of sources that have 

researched the adoption of IoT and other technologies. 

The measurement of PU (5 items) and IUIoT (3 items) 

were adopted from [21], [57], measurement of PC (4 

items) adopted from [43], measurement of reliability 

(4 items) was adopted from [7] and measurement of 

SN (5 items) was adopted from [22], measurement of 

PV was adopted from [58]. Experts in Arabic and 

English translated the measurement using back-to-

back translation and independently validated the 

measurement. A pilot study was conducted on 30 

farmers to assess the reliability and all the 

measurement were found reliable with Cronbach’s 

Alpha (CA) greater than 0.70 as recommended by 

[59]. Data was collected using online questionnaire. A 

total of 238 questionnaires were collected. Seven were 

removed because they are empty making the valid 

responses accounts to 231. The data is analyzed using 

SPSS and Smart PLS.  

4 Findings  

This part of the research elaborates on the data 

examination, background of the participants, and 

analysis of measurement and structural model.  

4.1 Data examination  

A number of analyses, including missing values, 

outliers, normality, and multicollinearity, were 

scrutinized in the data set under consideration. The 

missing value analysis was conducted using frequency 

analysis. No missing value were found due to the use 

of “required function” in online questionnaire. 

However, eight answers were deleted due to outliers’ 

existence. This makes the valid responses 223. The 
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data is distributed normally because the curve shows a 

bell-shaped and the values of the skewness (SK) and 

kurtosis (KU) are less than one (1). There is no 

problem with multicollinearity since VIF (variation 

inflation factors) are less than 5 and tolerance is more 

than 0.20 as shown in Table 1.  

 

Table 1: Data Examination 
Variable Response Normality  Multicollinearity  

SK KU Tolerance VIF 

PU  223 -.41 -.48 .35 1.89 

PC  223 -.31 -.63 .43 1.73 

SN  223 -.44 -.49 .51 1.32 

Reliability  223 -.51 -.41 .49 1.15 

Cost 

saving  

223 -.63 -.43 .61 1.49 

PV  223 -.39 -.48 .49 1.88 

IUIoT  223 -.76 -.61   

 

4.2 Profile of Respondents  

A total of 223 respondents have participated in this 

study. The respondents are majority males (92%) and 

this could be due to the fact that farming is a male 

dominant industry. The respondents are holders of 

bachelor degree (87%) and this could be also due to 

the purposive selection of educated farmers. the 

respondents are in the age group between 40-50 years 

(53%) with experience of using technology (61%) of 

more than five years. The land size for the majority 

(61%) ranged between 10-30 ha.  

4.3 Measurement Model  

The measurement model (MM) was evaluated based 

on the suggestions of [60]. Factor loading (FL) 

showed that some items have loading less than 0.70 

and they were removed. This includes items from PU 

and SN. The reliabilities (CA and Composite 

reliability (CR)) are larger than the recommended 

value of 0.70. average variance extracted (AVE) is 

larger than 0.50. This leads to a conclusion that the 

convergent validity has been fulfilled in this research. 

In addition, the root square of AVE is greater than the 

cross loading supports the fulfilment of discriminant 

validity as shown in Table 2.  

4.4 Structural Model  

For evaluating the structural model (SM), [52] 

suggested to examine the values of R-square (greater 

than 0.25 is acceptable), Q-square (greater than zero is 

acceptable), F-square (greater than 0.02). In addition, 

the path coefficient should be tested. Figure 2 presents 

a graphical demonstration of the SM.  

 

4.5. Hypotheses Testing  
The hypotheses were tested using the SM of Smart 

PLS. H1 proposed a direct effect between PU and 

IUIoT. Table 3 shows confirmed the hypothesis is 

significant (B=0.10, P<0.05). H1 is supported. The 

effect of PC on IU is positive. Thus, H2 is supported. 

For H3, the effect of SN on IUIoT is positive at 

B=0.12 and P-value less than 0.05. The fourth hypoth-

esis proposed a direct link between reliability and 

IUIoT. H4 is accepted since the p-value is less than 

0.05. for H5, the cost saving affected positively the 

IUIoT. Thus, H5 is supported.  

 

 

Table 2: Result of the Measurement Model 
  CA CR AVE PC CS IUIoT PU PV RE SN 

PC 0.92 0.94 0.80 0.90             

CS 0.91 0.94 0.74 0.28 0.86           

IUIoT 0.93 0.95 0.79 0.45 0.46 0.89         

PU 0.94 0.95 0.84 0.62 0.34 0.46 0.92       

PV 0.92 0.94 0.80 0.26 0.40 0.43 0.35 0.89     

RE 0.90 0.93 0.78 0.35 0.46 0.44 0.38 0.35 0.88   

SN 0.88 0.92 0.74 0.58 0.44 0.47 0.60 0.35 0.38 0.86 

Note: PC: Perceived complexity, CS: cost saving, IUIoT: Intention to use IoT, PU: Perceived usefulness, PV: 

Perceived value, RE: Reliability, SN: Subjective norms. 
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Figure 2: Structural Model

 

The direct and indirect effect were compared to test 

the mediation role of PV. The PV as shown in Table 3 

has a partial mediation role between the variables (PU, 

SN, and reliability) and full mediation role between 

PC and IUIoT. Therefore, H6, H7, H8, and H9 are 

supported. For the moderating effect of land size, the 

moderating is tested using product indicator approach. 

The findings as shown in Table 3 indicated that land 

size did not moderate the effect of PV on IUIoT. Thus, 

H10 is rejected.  

 

 

Table 3 shows the results of assessing the SM. Value 

of R-square is 0.41 indicating that 41% of the varia-

tion in the IUIoT can be explained by the variables. 

The Q-square as shown in Table 3 is larger than zero 

indicating that the independent variable can predict the 

dependent variable. The F-square is larger than 0.02 

for all paths except for the moderator and the effect of 

PC on PV. Moreover, Table 3 shows the hypotheses 

(H), path, path coefficient (B), standard deviation 

(Std.), T-value (T), P-value (P), f-square (f2), Q-square 

(Q2), and R-square (R2).  

Table 3: Result of Structural Model 
H  Path  B Std. T P f2 Q2 R2 

H1 PU -> IUIoT 0.10 0.05 1.97 0.05 0.03 0.32 0.41 

H2 PC -> IUIoT 0.17 0.05 3.39 0.00 0.03   

H3 SN -> IUIoT 0.12 0.05 2.49 0.01 0.04 

H4 Reliability -> IUIoT 0.14 0.04 3.22 0.00 0.04 

H5 Cost Saving -> IUIoT 0.19 0.05 3.83 0.00 0.05 

Mediator 

 PV -> IUIoT 0.19 0.04 4.58 0.00 0.03 0.35 0.43 

H6 PU -> PV -> IUIoT 0.03 0.01 2.48 0.01 0.03 

H7 PC -> PV -> IUIoT -0.01 0.01 0.56 0.58 0.01 

H8 SN -> PV -> IUIoT 0.03 0.01 2.53 0.01 0.04 

H9 Reliability -> PV -> IUIoT 0.04 0.01 3.20 0.00 0.04 

Moderator 

 Land Size -> IUIoT 0.02 0.04 0.62 0.54 0.00 0.39 0.44 

H10 Land size*PV -> IUIoT 0.07 0.04 1.66 0.10 0.01 
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5 Discussion and Implications  

This study was conducted to understand the factors 

that lead to the IUIoT. The study contributed to the 

literature by examining the factor that led to the IUIoT 

in agriculture industry in developing countries. The 

study also contributed to the literature by examining 

the moderating role of land size and the mediating role 

of PV. The findings showed that the PU, PC, SN, and 

reliability as well as the cost saving are critical for the 

IUIoT among farmers in Iraq. These findings indicate 

that decision makers can capitalize on the usefulness 

of IoT as well as its reliability and ease of use to 

enhance the usage of this technology in the agriculture 

industry. The reliability of the services that are 

provided by the IoT and the ability of reducing the 

cost of agriculture are encouraging factors for farmers 

to deploy the technology. These findings are in line 

with the findings of prior literature such as  [40] [41] 

[42] [42]. The mediating role of PV was confirmed 

among the variables and the IUIoT.  

The findings indicate that PV mediated fully the 

effect of PC with IUIoT. PU mediated partial the 

effect of other variables such as PU, reliability, and 

SN on IUIoT. This indicates that high PV might lead 

farmers to deploy the technology despite the notion 

that it might be complex. In addition, PV can explain 

part of the relationship between PU, reliability and SN 

with IUIoT. The moderating role of land size was not 

confirmed in this study. Large land size or small is not 

a matter for the IUIoT by farmer. More benefits and 

ease to use as well as reliable and the cost-effective 

services are the reason for the adoption rather than the 

land size. In other words, farmers with small or large 

land size might have the same IUIoT.  

As shown by prior literature, the importance of 

using IoT in agriculture is increasing and it is 

considered critical for nations to achieve the food 

security [27] [28] [32] [33], [34]. Based on these 

findings, decision makers are recommended to create 

a positive reputation about the usage of IoT among 

farmers. the benefits of the IoT should be highlighted. 

Ministry of agriculture can hold workshops and 

courses to increase the awareness of IoT and its 

implications for farming and agriculture. Field 

experiment about the usage of IoT can be 

administrated to farmers to increase their IUIoT.  

Having knowledge about the cost saving and the 

reliability of IoT will enhance the IUIoT among 

farmers.  

6 Conclusion  

This study was conducted in Iraq. The findings 

showed that PU, PC, SN, cost saving, and reliability 

are critical factors for the IUIoT. In addition, PV 

mediated full the effect of PC and partially the effect 

of PU, SN, and reliability on IUIoT. Land size did not 

moderate the effect of PV on IUIoT. The study 

deployed a purposive sampling technique which might 

reduce the generalization of the findings. The study 

was conducted on farmers in Iraq. As a way forward, 

future studies are recommended to deploy a random 

sampling technique and to examine the factors that 

lead to the usage of IoT in other countries. The future 

work is suggested to include other variables that can 

explain the IUIoT such as the internet speed and the 

local coverage of the internet. Additional variables can 

be the availability of the services. Decision makers are 

recommended to ease the process of IoT for farmers 

and to increase the awareness about the benefits of 

using the IoT so that the farmers can deploy this 

technology to increase the productivity of land and the 

contribution of this sector to the economy and the 

employment.  
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