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ABSTRACT 

In this paper, three constructs are initialized in 

conventional Structural Equation model (SEM) to 

minimize large-scale extensive pre-deployed model 

simulations in wireless networks while observing 

subscribers’ behavior to an active network. These 

constructs are directly connected to subscriber’s 

sense of judgement on active and adopting next-

generation networks. Our model is developed using 

SEM and estimated using Partial least square (PLS) 

to establish one Partial Least Square-Structural 

Equation Model (PLS-SEM) to overcome collinearity 

problem of SEM approximations. Model is validated 

on 4G network data sets, which are captured from 

rural and urban areas of Kano. Performance of the 

models was verified using Cronbach’s Alpha, rho_A, 

composite reliability and average variance extracted 

(AVE) to confirm reliability and validity. The 

Cronbach’s alpha, rho_A, composite reliability, and 

validity achieved threshold point of 0.7, 0.7, 0.7 and 

0.5, respectively. The formulated hypothesis is 

significantly established with coefficient of 

determination (R2) of 94.4% and 96.5% for 

dependent variable Behavioral Intention (BI) and 

Facilitating Conditions (FC). 

Keywords: Next Generation Networks, Network 

adoption, UTAUT model, PLS-SEM, Statistical 

Model, 4G Network. 

1. INTRODUCTION 

Ever-increasing demand for wireless communications 

pave ways to multimedia services, internet of things, 

robotic applications etc., [1] and it widens broadband 

access proliferation from one generation to another as 

illustrated in Figure 1. This proliferation rise active 

4G internet subscribers to more than 8 billion [2] & 

[3]. The 4G network is globally deployed to resolve 

hindrance by its preceding 3G network’s instability, 

restricted mobility, and bandwidth shortage [4], [5]. 

Success of next generation wireless networks depend 

on 4G subscribers’ contentment and affordability to 

cater their multimedia communication demands etc. 

Therefore, it is demonstrated that 4G network is 

critical digital mobile communication infrastructure 

to determine future survival of internet of things (IoT) 

[6], smart technology, and progressing 5G network, 

thus pose a need to analyze factors that hinders 4G 

network survival. However, challenges that defeats 

survival of 4G network among others are perceived 

subscriber behaviors. Subscribers spend time and 

money to explore possibility of adopting or rejecting 

new wireless networks. Network rejection is a 

fundamental and burdensome problem in deploying 

new wireless networks, which cost network carriers a 

large-scale extensive model simulations of network 

parameters (observational variables) [7]. These 

models are normally built to understand customers 

attitude before deployment of new network. However, 

the models need careful observation, because of 

uncertainty due to observation variables are modeled 

mathematically. However, observational uncertainty 

occur due to structural uncertainty and uncertainty 

from observing modeling parameters [8]-[9]. 

Therefore, previous studies address large-scale 

simulation problems using numerical statistical 

simulations from real data within environment of 

deployment and display promising result to 

accurately map inputs and outputs of real 

phenomenon according to Structural Equation Model 

(SEM) to understand subscriber’s behavior on real 

applications [10],[11], [12], [13] and [14]. However, 

these models were restricted to some regions and 

were not tested on the data set of our case study areas. 
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In this paper, we propose constructs from 4G 

wireless network data set in SEM and estimated 

using Partial least square (PLS-SEM) model to 

analyze subscribers attitude towards existing and 

next-generation wireless networks and to overcome 

collinearity problem of SEM approximations. 

SEM is one kind of numerical statistical model 

having set of equations with concomitant 

assumptions for system analysis, where parameters of 

systems are realized according to statistical 

observation [12]. SEM is flexible to variable that 

serves as endogenous variable in one model and as 

well functions as an exogenous variable in another 

model. Therefore, variables that are not measured 

directly are included in SEM models, though are 

added indirectly through its effects or observable 

causes. SEM is constructed using different computer 

packages and is applied widely in many fields such 

as in engineering, science, sociology, biostatistics, etc 

[15]. However, exists numerous statistical 

approaches to approximate SEM model such as 

weighted least square, diagonally weighted least 

square, maximum likelihood [13] etc. however 

approximation using the mentioned approaches need 

large normally distributed data samples [16]. To 

overcome these drawbacks, researchers come up with 

partial least square (PLS) technique. 

Figure 1. Proliferation of Wireless Mobile Communications across Generations.

Partial Least Square (PLS) is a machine 

learning-based approach that maps correlation among 

set of observations with latent variables. It has 

several advantages in multilinear regression of being 

optimal and efficient. PLS with SEM is integrated as 

one model (PLS-SEM), and adopted in theory 

development to analyze chosen constructs to a 

defined target [17]. The major advantages of using 

PLS approach over the existing SEM approximation, 

it set minor boundaries on the calibrated scales, 

residual distribution, and sample size which are 

suitable for our research. It could help in analyzing 

chosen hindrance variables to acceptance of the 

existing 4G network and would further manifest to 

catastrophic technology repudiation (attitudes of 

rejecting adopted network) in the fourth-coming 

beyond 5G network [18]. Furthermore, new networks 

rejection problem raised several research questions 

regarding the reasons why network subscribers 

decide to or not adopt 4G or new networks? and what 

factors that influence such decisions? The models 

that try to address these issues are classified as: 

statistical regression-based methods, and multi-

criteria decision making. However, methods that 

applied linear regression model did not utilized 

independent variables effectively, as formulated in 

equation (1), thus sensitive to co-linearity. Multiple 

regression model computed beta value not directly 

from test as formulated in equation (2), it is error-

prone technique in case of negative beta. Multi-

criteria decision lack dimensionality due to cause and 

effect relationships among technology adoption 

factors [14]. Multicriteria decision has rank flip-flop 

issues and require considerable precise input [19], . 

SEM issues would be overcome using Unified 

Theory of Acceptance and Use of Technology 

(UTAUT) model is preferred. 

It can be demonstrated in previous works that 

books conventional SEM using UTAUT models such 

as [20] [21], [22], [23], [24], [25], [26], [27], and [28] 

suitability and superiority of adopting UTAUT latent 

variables with their new developed variables to learn 

online and offline mobile technology acceptance. 

However, conventional SEMs involve multiple series 

of statistical tests before modeling, and need 

2

International Journal of Digital Information and Wireless Communications (IJDIWC) 12(1): 1-14
The Society of Digital Information and Wireless Communications, 2022 ISSN: 2225-658X (Online); ISSN 2412-6551 (Print)



 

covariance-based SEM for normality, as exist non-

normal to most of the end-user behavioral research 

dataset. Recently, extended Diffusion theory to 

mobile telecommunications technologies (MTTs), to 

understand social complex structure on Iran telecom 

industries is adopted in [29]. Ref [17], [30], [31], [32], 

[33], [16], [34], [35], [22], [36] [37], [31] designed a 

framework to utilized UTAUT constructs in an 

unnatural/natural environments using PLS-SEM, in 

which the papers output promising results and 

indicate that PLS-SEM serve as valuable tool in 

predicting users’ behavior of existing and 

approaching new wireless technology. 

SEM Approaches for 4G network adoption: 

Ref [4] extracted variables in web-based 

questionnaire and statistically analyzed using SEM 

with maximum likelihood approximation. This 

finding confirms that UTAUT model is promising for 

subscribers’ pattern to 4G network adoption. 

According to authors perceived usefulness facilitate 

subscribers’ intention towards 4G network, whereas 

uncertainty negatively influence transaction costs. 

Their method is sensitive to large normally 

distributed data samples. Ref [14] identified key 

critical success factors to facilitate 4G networks 

adoption in Iran using fuzzy DEMATEL model.  In 

ref [38] evaluates general SEM model using 

perceived utility of a new technology and perceived 

utility of a new service to track subscribers’ 

perception and intention to adopt new technology, 

though this approach reported significant results of 

adopting latent variables, however SEM 

approximation using maximum likelihood is sensitive 

to normally distributed data, which give lot of 

statistical tests. Perceived cost is a strong indicator of 

subscribers’ behavioral intention to adopt new 

technology, as evaluated using PLS-SEM approach 

in [39]. PLS-SEM approach is initialize in our 

research to overcome drawbacks of SEM 

approximation with maximum likelihood as 

motivated in [4], [38], PLS-SEM has superiority of 

being flexible to distributional assumptions and can 

deals with sophisticated forecasting attributes [17]. 

PLS is unbound by normality assumption. The 

prediction of PLS as compared to conventional SEM 

approximation can handle prediction error very well. 

It takes into account complex statistical analysis and 

cross-relationships among multiple variables [39]. 

The UTAUT general model adopted by the existing 

methods comprised of performance expectancy (PE), 

effort expectancy (EE), facilitating conditions (FC), 

social influence (SI), behavioral intention (BI), and 

usage behavior (BU) and four moderating variables: 

age, gender, experience, and voluntariness usage [32]. 

In this our approach, we initialized transmission 

speed and PE as independent variables into BI as 

constructs to UTAUT model. The second model is 

made by initializing uncertainty and transaction cost 

[4] as independent variables into FC as constructs to 

UTAUT model. The constructs give more confidence 

about the subscriber has upon network carriers. These 

constructs are directly connected to subscriber’s 

sense of judgement to existing and new wireless 

networks. Our models treated moderating variables 

independently, to have full representation of 

subscribers on new network adoption and their 

behavior pattern. For more details of UTAUT model 

refer to [40]. 

 

1.1 Motivations for the PLS-SEM 

Our model is observationally validated to 4G 

networks around urban and rural areas of Kano state, 

Nigeria. Nigeria is situated along central and western 

parts of Africa, with largest human population in 

Africa approximately 200 million, largest economy 

in African continent, peak natural gas reserves and 

has one of youngest populations on earth [41], these 

factors make it avenue to harness potentials of 4G 

and next-generation wireless network. As reported by 

the international telecommunication union (ITU) that 

“an increase of 10% in mobile broadband penetration 

yields an increase in 2% in GDP” [42]-[43]. 

According to United Nations Conference on Trade 

and Development (UNCTAD); “Nigeria’s e-

commerce spending is projected to increase to $75 

billion by 2025 and these platforms could be created 

through support for service infrastructure pillar as 

key role in this projection” [43]. However, motivated 

by government’s approval to launches first 4G long 

term evolution (LTE) networks since, February 25, 

2016 [44] and the benefits of adopting new fourth-

coming wireless networks, it is very crucial to 

evaluate the network current state-of-the-art and to 

insight subscribers behavior to adoption of fourth-

coming technology in the Nigerian context. 4G 

cellular networks are present active network in 

Nigeria. Peculiar characters of 4G mobile carriers in 

Nigeria and effect of conspicuous internet data 

consumption, as reported by subscribers in Table 1, 

lead problems towards acceptance of 4G wireless 

cellular network [45]. Attraction towards fast 

approaching of 5G wireless network services [18] 

could be fulfilled from existing network, but this 
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effort is facing rejection from masses due to inability 

to maintain efficient 4G wireless network as shown 

in Table 1 and Figure 2. The Nigerian 

Communication Commission (NCC) introduce many 

policies in the year 2021 to meet subscriber’s 

satisfaction. It claims that out of 3019 registered 

complaints, 2995 were adequately attended which 

shows great success than that of 2020 [46]. As 

reported in [46], the active mobile internet 

subscriptions to be put in more than 40 million in 

conventional networks as illustrated in Figure 3, but 

unfortunately half of these populations are not active 

on emerging 4G network, and out of this population 

few number of subscribers continue to use 4G 

network once adopted. To entice this segment of 

subscribers, mobile carriers enunciate benefits of 4G 

network, features, price, and affordability of the 4G-

enabled handsets. However, both rejection behavior 

factors and new network adoption are affected by not 

only facilitating condition, behavioral intention, but 

also dictated by uncertainty, and transmission speed 

and other factors associated with services and 

physical devices needed to accept the 4G network. 

However, these trending issues cannot be 

underestimated, as it critically affecting subscribers, 

government’s digital economy plan and digital ICT 

proliferation in the country. As we know, this is the 

first research in Nigeria that scientifically analyze 

subscribers’ behavior map to adoption of new 

wireless network, according to theoretical framework 

of Theory of Reasoned Action (TRA), Theory of 

Planned Behavior (TPB), Technology Acceptance 

Model (TAM), Motivational Model (MM), 

Innovation Diffusion Theory (IDT), Model of PC 

Utilization (MPCU), Social Cognitive Theory (SCT), 

and the hybrid models [40], [47], [20], [39], [45]. In 

recent years, these eight models were built together 

as a single Unified Theory of Acceptance and Use of 

Technology (UTAUT) model [40] to achieve notable 

advantages over existing individual models.  

 

Figure 2: a. Active new 4G LTE network subscribers b. 

Active conventional 2G/3G networks subscribers [46]. 

 

 

Table 1. Complaints Received by NCC during the lockdown period on the peculiar character and Veblen effect of 

mobile carriers in the country [48]. 

Data Billing SIM 

Registration 

Credit 

Depletion 

VAS Line 

Barred 

Poor 

Network 

Fraud Total 

58 3 2 5 3 2 2 1 76 

 

 

Figure 3: Data and Voice Mobile Broadband Penetrations across the country [46]
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1.2 Problem Formulations 

We first formulate concept of SEM approximation using linear regression and finally formulate partial least 

square approximations. For simple linear regression, where b and a are endogenous and exogenous variables, 

respectively. 𝜆 is regression coefficient. ∈ denotes the error term, then. 

 

𝑏 = 𝜆𝑎+∈                            (1) 

 

if (𝑏) = 𝐸(𝑎) = 0 , taking into consideration the regression assumptions and multiplying the equation by 𝑎, then 

 

𝑎𝑏 = 𝜆𝑎2 + 𝑎 ∈,               (2) 

 

where 𝐸(𝑎𝑏) =  𝜆𝐸(𝑎2) + 𝐸(𝑎 ∈) 

 

𝐶𝑜𝑣(𝑎, 𝑏) =  𝜆𝑉𝑎𝑟(𝑎2) + 𝐶𝑜𝑣(𝑎 ∈)       (3) 

 

𝜌𝑎𝑏 = 𝜆𝜌𝑎
2 + 0,                            (4) 

𝐶𝑜𝑣(𝑎 ∈) = 0, if a and ∈ are independent. 

Therefore,  𝜆 =
𝜌𝑎𝑏

𝜌𝑎
2                (5) 

 

 

Figure 4. Our Proposed Model with Constructs estimation 

 

However, a general multiple regression equation is 

formulated as follows, 

𝑏 = 𝜆𝑜 + 𝜆1𝑎1 + 𝜆2𝑎2 + ⋯ + 𝜆𝑛𝑎𝑛 +∈𝑖       (6) 

 

Assuming ∈𝑖  to be independent and identically 

distributed normally (iid) and multiplying both the 

equations by 𝑥1 and 𝑥2. 

 

          𝜌𝑥1𝑦 = 𝜆1𝜌𝑥1
2 + 𝜆2𝜌𝑥1𝑥2 + 0    (7) 
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          𝜌𝑥2𝑦 = 𝜆1𝜌𝑥1𝑥2 + 𝜆2𝜌𝑥2
2 + 0    (8) 

 

Familiar steps of substituting sample estimators can 

be used to obtain the coefficients of the models. 

 

The Assumption of collinearity must be sustained for 

the estimation equation to have a Uniqueness 

property. 

Estimation using Matrix. 

Given the equation. 

 

𝐵(𝑛×1) = 𝐴(𝑛×𝑘+1)𝜆(𝑘+1×1) +∈(𝑛×1)              (9)

 

∈ ~𝑖𝑖𝑑 (0,1) 

 

Equivalently, ordinary least square (OLS) estimator 

is formulated as 

 

             𝑏𝑂𝐿𝑆 = (𝑋′𝑋)−1𝑋′Y            (10) 

 

As in accordance, we can formulate our SEM model 

using. 

 

𝐵𝐼𝑖 = 𝜆10 + 𝜆11𝑃𝐸𝑖 + 𝜆12𝑈𝑇𝑖 + 𝛼𝐹𝐶𝑖 + 𝜖𝐵𝐼𝑖     (11) 

 

Where 

𝑃𝐸𝑖 ,  𝑈𝑇𝑖 ,  𝑇𝐶𝑖  and 𝑇𝑆𝑖  are Explanatory 

variables, 𝐹𝐶𝑖  and 𝐵𝐼𝑖  are response variables, λ's is  

structural coefficients of an Explanatory on response 

variables, variable 𝛼  is structural coefficients of 

response variables on variable response and 𝜖𝐵𝐼𝑖 and 

𝜖𝐹𝐶𝑖  are error terms. 

 

𝐹𝐶𝑖 = 𝜆20 + 𝜆21𝑇𝐶𝑖 + 𝜆22𝑇𝑆𝑖 + 𝜖𝐹𝐶𝑖          (12) 

 

And these can be re-written as  

 

𝐵𝐼 = 𝜆11𝑃𝐸 + 𝜆12𝑈𝑇 + 𝛼𝐹𝐶 + 𝜖𝐵𝐼             (13) 

 

𝐹𝐶 = 𝜆21𝑇𝐶 + 𝜆22𝑇𝑆 + 𝜖𝐹𝐶                          (14) 

 

However, PLS-SEM equations (11)-(14) can 

be approximated using equation (15), with 𝑄𝑚𝑛 , 𝜎𝑙𝑚, 

𝜌𝑙𝑚𝑛, and 𝜖𝑚𝑛 , respectively, denotes scores of latent 

variable which can be updated by the weighted sum 

of the variables on the right, updated weights, 

indicators, and error terms, respectively. 

 

𝑄𝑚𝑛 = ∑ 𝜎𝑙𝑚𝜌𝑙𝑚𝑛 + 𝜖𝑚𝑛𝑙𝑚      (15) 

 

Formulated hypothesis is tested theoretically 

and numerically to hypothesized relationship, using 

structured questionnaire adopted to legitimate 

network subscribers at various locations in urban and 

rural areas of Kano State-Nigeria. Equations (11)-(14) 

better explains our constructed model. Moderating 

variables were statistically analyzed independently to 

indicates idiosyncrasy contribution to 4G and next 

generation network. 

 

2. MATERIALS AND METHODS 

In this section, we present experimental 

validation of PLS-SEM according to UTAUT 

concept. We declare research hypothesis (Section 

2.1). We describe data preprocessing (Section 2.2); 

confirmatory, reliability analysis, validity analysis, 

Cronbach’s alpha, average variance extracted (AVE), 

and composite reliability. and finally present data 

training phase (Section 2.3). The flow chart of the 

proposed concept is shown in Figure 4. 

2.1 Research Hypothesis Declaration 

 

This research study will be built based on the 

following declared hypothesis. 

H1: Behavioral Intention has no positive relationship 

with Facilitating Conditions. 
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H2: Transmission Speed has no positive relationship 

with Facilitating Conditions. 

H3: Performance Expectancy has no positive 

relationship with Behavioral Intention. 

2.2 Data Preprocessing 

The dataset in our research is collected by 

administering comprehensive questionnaire 

according the UTAUT model to four wireless 

network carriers (I, J, K and L networks) as described 

in Table 2. The legitimate names of these networks 

remain confidential for security and research reasons.  

The answers to questionnaire were first encoded from 

1-6. The extracted dataset is categorized into six 

latent variables: (1) Transmission speed (TS) which 

is obtained through three structured factors. TS 

includes data speed experience from both uplink and 

downlink rate, (2) Performance expectancy (PE) is 

curated through six structured factors, (3) 

Uncertainty (UT) which is obtained through four 

structured factors, (4) Transaction cost (TC) which is 

obtained through four structured factors, (5) 

Behavioral Intention (BI) is which obtained through 

three structured factors, and (6) facilitating condition 

(FC) is curated through three structured factors. We 

obtained the control variables through four 

demographic constructs. Dataset is not expected to 

appear perfectly. Data preprocessing involve cleaning 

data from any threats, missing values, outliers, and 

human errors.  We subject dataset to undergone 

missing check, and missing values were replaced 

manually by the mode of the answers (though, 

SmartPLS takes care of the missing values, but there 

were replaced for future consumptions). However, 

duplication values were checked and removed to 

avoid distorted result. We further conduct the 

following tests. 

2.2.1 Confirmatory factor analysis (CFA) is carried 

out to calibrate measured model in terms of reliability, 

internal consistency and calibrate observed variables 

[17]. CR is used as more representative to internal 

consistency, as it memorize the standardized loadings 

of the observed variables [17] 

2.2.2 Reliability Analysis: It is defined as the extent 

to which a subscriber trusts calibrated results, which 

includes constancy and consistency, the suggested 

target is 0.7. For the purpose of this paper, we 

evaluated Cronbach’s alpha coefficient [21]. The 

value of this metric is 0.81 which demonstrated high 

reliability and enable further analysis. 

 

2.2.3 Validity Analysis: This is defined as the extent 

to which the calibrated results reflect the actual 

calibrated target and achieve the required decision 

[21], the suggested target is 0.7. For this paper, we 

evaluated Extracted Average Variance value (AVE). 

However, Cronbach’s alpha and composite reliability 

(CR) are used to assess internal ability of the 

measurands. Whereas average variance extracted 

(AVE) is used to demonstrates convergent validity 

[22]. 

 

Table 2. Constructs Items 

S/No. Constructs Measurement 

1. Transmission Speed 

1. I could use the network and it accessory as internet router and modem if I 

could get knowledge of the 4G network. 

2. How faster are your service provider? 

3. Which smartphone brand you are using. 

2. Performance Expectancy 

1. Using the 4G network is useful in my career/work. 

2. If I would use the 4G network, can enable me to achieve work performance. 

3. It would uplift my exposure to the digital world. 

4. Using 4G network would solve my present internet service failure. 

5. Using the 4G network would save my traditional internet service 

subscriptions cost efficiently. 

6. If I would use the 4G network, would speed up my internet services. 

3. Uncertainty 

1. I believe it would be dangerous to trust the carriers. 

2. I am afraid to obtain the 4G resources, I would not have the 4G network 

connection on my location. 

3. I would not trust the carriers. 

4. I would trust the carriers. 

4. Transaction Cost 
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1. I could buy the phone and subscribe to the network if an affordable price is 

tag. 

2. I am afraid to obtain the 4G resources, I could not have skill/expertise to 

operate the phone. 

3. I believe that using the 4G network would consume much data than the 3G 

network 

4. There is restriction and compatibility issues with my 3G network terminal. 

5. Behavioral Intention 

1. I could use the network and its terminal if it becomes accessible and 

obtainable (practicable). 

2. I decide to use the network, since I had access it.  

3. I intended to use 4G network frequently 

6. Facilitating Conditions 

1. The 4G network and its resources are practically realizable. 

2. I have the 4G network-enabled phone. 

3. Support services/customer care could be available for complaints and 

grievances. 

7. Control Variables 

1. Age 

2. Gender 

3. Education 

4. Mobile Operator Used 

 

 

2.3 Data Training 

The research train six (6) latent variables (TS, 

PE, UT, TC, BI, and FC), as illustrates in Table 2. 

The latent variables were built in Equations (5) 

through (6). The training is performed using 

SmartPLS software package. The package houses 

different statistical tools that comprises of linear 

model, factor loadings, path analysis and multiple 

regression [49]. BI and FC were considered as 

dependent or exogenous variables, these were 

initialized from equations (11) through (14). As 

stated earlier, model training is established using 

PLS-SEM approximation. The variables were 

carefully and adequately chosen to avoid falling into 

over-fitting and under-fitting of the model as 

described in Section 2.1. 

3.0 RESULTS AND DISCUSSION 

In this section we present both qualitative 

and quantitative evaluations of experimental results.   

3.1 Demographic Characteristics Analysis 

According to the observed data, 77% of the 

respondents are male and 23% are female. This 

shows that majority of the respondent aged between 

the range of 18-25yrs. The respondents are majority J 

network subscribers with 69%, seconded by K 

network having 19.5%. Therefore, Figure 5 depicted 

distributions of data according to the population of 

our respondents. Table 3 indicate the respondents’ 

population. 

 

 

Figure 5. Distributions of the respondents’ population. 

 

These can simply say that most of the respondents 

are male University students at the age range of 18-

25 years and are using MTN network. 

Table 3. Demographic Characteristics Analysis 

   Frequency Percentage 

(%) 

GENDER Male 87 77.0 

Female 26 23.0 

Total  100.0 

AGE 18-25yrs 54 47.8 

26-35yrs 45 42.5. 

36-45yrs 9 5.3 

46-above yrs 5 4.4 

GENDER AGE

EDUCATION LEVEL MOBILE OPERATOR USED

NCE STUDENTS

SSCE and below

I

J

K

L

Female

male

18-25yrs

26-35yrs

36-45yrs

46-45yrs

BSC Graduate

BSC STUDENTS

NCE Graduate

Category

Pie chart of Demographic Characteristics
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Total 113 100.0 

MOBILE 

CARRIER 

USED 

I 10 8.8 

J 78 69.0 

K 22 19.5 

L 3 2.7 

Total 113 100.0 

EDUCATION 

  

  

  

  

SSCE and 

below 

7 6.2 

NCE students 19 16.8 

BSC students 49 43.4 

NCE 

graduate 

16  14.2  

BSC graduate 22 19.5 

 Total  113 100.0 

 

3.2 Verification of the Models using 

Reliability and Validity 

Our model found PE, UT, and TC to have great 

impact to behavioral intention and on the other side; 

BI and FC were found to influence the use of new 

wireless networks. 

According to table 4, the reliability of the 

constructs which measures the consistency and 

stability of the constructs is assessed using 

Cronbach’s Alpha with a threshold point of 0.7. it 

indicates all the values are above threshold point. 

Figure 6 contains inner and outer loadings and 

coefficients of determination of the constructs

. 

 

Figure 6: PLS Algorithms of the Constructs 
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Table 4. Factor Loadings

S/N CONSTRUCTS ITEMS Factor 

Loadings 

Cronbach's 

Alpha 

rho_A Composite 

Reliability 

Average Variance 

Extracted (AVE) 

1 BEHAVIORAL 

INTENTION 

BI1 0.863 0.940 0.943 0.941 0.842 

BI2 0.938 

 

  

 

  

BI3 0.950         

2 FACILITATING 

CONDITION 

FC1 0.910 0.965 0.967 0.965 0.903 

FC2 0.989 

 

  

 

  

FC3 0.950         

3 PERFORMANCE 

EXPECTANCY 

PE1 0.934 0.942 0.944 0.942 0.731 

PE2 0.881 

 

  

 

  

PE3 0.848 

 

  

 

  

PE4 0.860 

 

  

 

  

PE5 0.796 

 

  

 

  

PE6 0.803         

4 TRANSACTION 

COST 

TC1 0.724 0.908 0.921 0.914 0.727 

TC2 0.875 

 

  

 

  

TC3 0.935 

 

  

 

  

TC4 0.862         

5 TRANSMISSION 

SPEED 

TS1 0.983 0.973 0.975 0.973 0.924 

TS2 0.917 

 

  

 

  

TS3 0.982         

6 UNCERTAINTY UT1 0.961 0.972 0.976 0.973 0.900 

UT2 0.850 

 

  

 

  

UT3 1.005 

 

  

 

  

UT4 0.971         

 

Table 4 indicates that, outcomes of convergent and 

discriminant validity is attained when the factor 

loadings factor is above 0.7, as it ranges from 0.724 

for transmission cost (TC1) to 0.989 for facilitating 

condition (FC2). The convergent and discriminant 

validity can be assessed using Average variance 

extracted (AVE), rho_A and composite reliability 

with a threshold point of 0.5, 0.7 and 0.7, 

respectively. 
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3.3 Model Significance 

Considering Table 5. Performance 

Expectancy (PE) and Uncertainty (UT) indicate 

statistical significance to Behavioral Intention (BI) 

having a P-Value of 0.000 while transmission speed 

(TS) has significant relationship with facilitating 

Conditions (FC) having a P-Value of 0.000. Figure 7 

contains P-values for the inner and outer model. The 

transaction cost has weak relationship with 

facilitating conditions.

 

Table 5. Significance of Variables 

  COEFFICIENTS 

STANDARD 

ERROR T Values P Values 

BI -> FC 0.018 0.082 0.214 0.831 

PE -> BI 1.949 0.56 3.479 0.001 

TC -> FC -0.253 0.289 0.876 0.381 

TS -> FC 1.228 0.249 4.935 0.000 

UT -> BI -1.176 0.578 2.035 0.042 

 

 

 

 

Figure 7. PLS Bootstrapping of the Constructs 

 

3.4 Model Fitness 

With a 94.4% as R2 (coefficient of determination) for 

dependent variable BI and 96.5% as R2 for dependent 

variable FC, it means 94.4% and 96.5% of the 

variation is explained by the models, respectively. 

This is to say that variations are adequately explained. 

Also, the SRMR (Root Mean Square Residuals) is 

calculated to be less than 0.08, which shows a good 

model-fit. 

 

3.5 Comparison of Results to Some existing works 

Our proposed method outperforms some of 

the existing methods in the literature, Table 6 refers. 

Table 6.  Results Comparison with some existing methods, 

the Bolded one is the best result. 

Method Construct 

name 

Value 

of R
2
 

Interpretation 

Hassan et al [39] Behavioral 

Intention 

0.355 Moderate 

Lin et al. [4] Behavioral 

Intention 

0.865 Strong 

Our approach Behavioral 

Intention 

0.944 Strong 

 

4.0 Conclusions 

Increase rate in adoption of existing 4G and 

next-generation wireless network, is associated with 

three key constructs: TS, PE, TC, and uncertainty. It 

is investigated that PE remains a key to determine 

subscribers’ behavioral attitude. While an effective 

TS to entice subscribers in adopting 4G networks and 

next-generation network is significant. Our study 

expected TC as hindrance factor towards adoption of 

4G network, however contradicted with assumption 

[4]. In general, the proposed models fully represented 

subscribers’ repudiation technology pattern and 

fulfill our research assumptions. However still 

accessing 4G network service is location dependent 
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in the study areas. In terms of policy making, making 

4G network in Nigeria to obtain reliable service rate, 

could leads to high visibility to urban, rural, and sub-

rural areas. It would facilitate subscribers to switch 

uncertainty and embrace any future networks. 

Therefore, reliable 4G network service enables IoT 

opportunities and provide enabling environment to 

fast-approaching 5G network to Nigeria.  

However, failure to address mentioned 

factors, may lead to lack the technological 

integrability of 5G and next generation network, 

thereby losing IoT opportunities, revenue, and unable 

to accommodate all the existing network subscribers. 

These could not only affect network carriers but the 

government’s national digital economy policy and 

strategy plan. The approach opens road to 

understanding of 5G and next-generation wireless 

networks adoption because of numerous benefits and 

flexibility. Our model could serve as evaluation 

metrics to subscribers’ trajectory and network 

carriers in solving trending issues of new wireless 

networks adoption. Hopefully, the result of this study 

could contribute to the literature of the UTAUT 

model in the context of developing countries. 

Acknowledgement 

This is to acknowledge the support by 

Tertiary Education Trust Fund (TET Fund). 

REFERENCES 

[1] G. GSM and A. Sunusi Bala, “Performance 

analysis of GSM networks in Kano metropolis of 

Nigeria,” Am. J. Eng. Res., vol. 7, no. 5, pp. 69–79, 

2018, [Online]. Available: 

https://www.researchgate.net/profile/Abdullahi-

Sunusi-

2/publication/325131258_Performance_Analysis_

of_GSM_Networks_in_Kano_Metropolis_of_Nige

ria/links/5afa088caca272e730299996/Performance

-Analysis-of-GSM-Networks-in-Kano-Metropolis-

of-Nigeria.pdf. 

[2] GSMA, “Mobile Internet Connectivity 2019 

Global Factsheet,” 2019. [Online]. Available: 

www.mobileconnectivityindex.com. 

[3] T. Kazema and B. Mgawe, “Performance 

Assessment of 5G Wireless Access for 

Development in Sub-urban Center of Lake-Zone 

Region ; the Case of Mwanza Tanzania,” Int. J. 

Digit. Inf. Wirel. Commun., vol. 10, no. 4, pp. 51–

57, 2020. 

[4] S. C. Lin, S. W. Lin, P. S. Chen, and Y. K. Liu, 

“Adoption of 4G wireless services under 

consideration of technology and economic 

perspectives,” Int. J. Mob. Commun., vol. 13, no. 1, 

pp. 71–91, 2015, doi: 10.1504/IJMC.2015.065891. 

[5] G. GSM, A. Sunusi Bala, and B. Zakariyya 

Abdullahi, “Forecasting of Traffic Load for 3G 

Networks using Conventional Technique,” Int. J. 

New Comput. Archit. Their Appl., vol. 8, no. 4, pp. 

206–213, 2018. 

[6] M. S. Gharajeh, “Big Data Analytics for 

Connected Intelligence with the Internet of Things,” 

in Big Data Analytics: Tools and Technology for 

Effective Planning, 1st ed., Boca Raton, New York: 

Taylor & Francis, 2018, pp. 10–27. 

[7] A. Sunusi Bala and G. Muhammad Sani, 

“Forecasting of HOSR for Different Mobile 

Carriers in Kano Using Conventional and 

Intelligent Techniques,” Int. J. New Comput. 

Archit. their Appl., vol. 9, no. 1, pp. 1–10, 2019, 

doi: 10.17781/p002599. 

[8] A. Di Bucchianico, L. Iapichino, N. Litvak, F. van 

der Meulen, and R. Wehrens, “Mathematics for 

Big Data,” in The Best Writing on Mathematics 

2019, no. November, Norwegian: NAW, 2019, pp. 

282–286. 

[9] H. Zhu, T. Liu, and E. Zhou, “Risk quantification 

in stochastic simulation under input uncertainty,” 

ACM Trans. Model. Comput. Simul., vol. 30, no. 1, 

2020, doi: 10.1145/3329117. 

[10] G. Galadanci, S. B. Abdullahi, and A. U. Usman, 

“Modeling the Traffic Load of Selected Key 

Parameters for GSM Networks in Nigeria,” Int. J. 

Digit. Inf. Wirel. Commun., vol. 9, no. 1, pp. 22–

32, 2019, doi: DOI: 10.17781/P002550. 

[11] G. U. L. Agha and K. Palmskog, “A Survey of 

Statistical Model Checking,” ACM Trans. Model. 

Comput. Simul., vol. 28, no. 1, pp. 1–39, 2018. 

[12] P. Tarka, “An overview of structural equation 

modeling: its beginnings, historical development, 

usefulness and controversies in the social sciences,” 

Qual. Quant., vol. 52, no. 2018, pp. 313–354, 

2017, doi: 10.1007/s11135-017-0469-8. 

[13] C. Zhang and N. Chen, “Statistical analysis of 

simulation output from parallel computing,” ACM 

Trans. Model. Comput. Simul., vol. 28, no. 3, 2018, 

doi: 10.1145/3186327. 

[14] H. Sabzian, H. Gharib, S. Mostafa, S. Hashemi, 

and A. Maleki, “A strategic framework for 

identifying the critical factors of 4G technology 

diffusion in I.R. Iran - A Fuzzy DEMATEL 

approach,” arXiv:1807.03542, no. September 2014, 

2018, [Online]. Available: 

http://arxiv.org/abs/1807.03542. 

[15] J. Fox and S. Weisberg, “Structural Equation 

Modeling in R with the sem Package: An 

Appendix to An R Companion to Applied 

Regression,” in An R Companion to Applied 

Regression, Second Edi., Thousand Oaks, CA: 

12

International Journal of Digital Information and Wireless Communications (IJDIWC) 12(1): 1-14
The Society of Digital Information and Wireless Communications, 2022 ISSN: 2225-658X (Online); ISSN 2412-6551 (Print)



 

Sage, 2012. 

[16] D. W. Jacob and I. Darmawan, “Extending the 

UTAUT Model to Understand the Citizens’ 

Acceptance and Use of Electronic Government in 

Developing Country: A Structural Equation 

Modeling Approach,” Atl. Highlights Eng. AHE, 

vol. 2, no. 1, pp. 92–96, 2019, doi: 

10.2991/icoiese-18.2019.17. 

[17] K. Gbongli, Y. Xu, and K. M. Amedjonekou, 

“Extended technology acceptance model to predict 

mobile-based money acceptance and sustainability: 

A multi-analytical structural equation modeling 

and neural network approach,” Sustainability, vol. 

11, no. 13, pp. 1–33, 2019, doi: 

10.3390/su11133639. 

[18] S. Forge and K. Vu, “Forming a 5G strategy for 

developing countries: A note for policy makers,” 

Telecomm. Policy, vol. 44, no. 7, p. 101975, 2020, 

doi: 10.1016/j.telpol.2020.101975. 

[19] M. S. Gharajeh, “Biological Big Data Analytics,” 

in Advances in Computers, 1st ed., vol. 109, 

Elsevier Inc., 2018, pp. 321–355. 

[20] S. N. Attuquayefio, “Using the UTAUT model to 

analyze students ’ ICT adoption,” vol. 10, no. 3, pp. 

75–86, 2014. 

[21] L. Wang and X. Dai, “Exploring factors affecting 

the adoption of mobile payment at physical stores,” 

Int. J. Mob. Commun., vol. 18, no. 1, pp. 67–82, 

2020, doi: 10.1504/ijmc.2020.104420. 

[22] W. C. Chen, C. W. Chen, and W. K. Chen, 

“Drivers of mobile payment acceptance in China: 

An empirical investigation,” Information, vol. 10, 

no. 12, pp. 1–20, 2019, doi: 10.3390/info10120384. 

[23] C. Hewitt, T. Amanatidis, I. Politis, and A. Sarkar, 

“Assessing public perception of self-driving cars: 

The autonomous vehicle acceptance model,” in 

International Conference on Intelligent User 

Interfaces, Proceedings IUI, 2019, pp. 518–529, 

doi: 10.1145/3301275.3302268. 

[24] S. A. Raza, N. Shah, and M. Ali, “Acceptance of 

mobile banking in Islamic banks : evidence from 

modified UTAUT model,” J. Islam. Mark., vol. 10, 

no. 1, pp. 357–376, 2018, doi: 10.1108/JIMA-04-

2017-0038. 

[25] N. Puspitasari, M. B. Firdaus, C. A. Haris, and H. 

J. Setyadi, “An application of the UTAUT model 

for analysis of adoption of integrated license 

service information system,” Procedia Comput. 

Sci., vol. 161, no. 2019, pp. 57–65, 2019, doi: 

10.1016/j.procs.2019.11.099. 

[26] K. Gbongli, Y. Xu, K. M. Amedjonekou, and L. 

Kovács, “Evaluation and classification of mobile 

financial services sustainability using structural 

equation modeling and multiple criteria decision-

making methods,” Sustainability, vol. 12, no. 4, pp. 

1–34, 2020, doi: 10.3390/su12041288. 

[27] U. Tandon, “Predictors of online shopping in 

India : an empirical investigation,” J. Mark. Anal., 

vol. 1, no. 2020, 2020, doi: 10.1057/s41270-020-

00084-6. 

[28] S. Rahi, M. Mustafa, O. Mansour, M. Alghizzawi, 

and F. M. Alnaser, “Integration of UTAUT model 

in internet banking adoption context: The 

mediating role of performance expectancy and 

effort expectancy,” J. Res. Interact. Mark., vol. 13, 

no. 3, pp. 411–435, 2019, doi: 10.1108/JRIM-02-

2018-0032. 

[29] H. Sabzian, M. A. Shafia, M. Ghazanfari, and A. B. 

Naeini, “Modeling the adoption and diffusion of 

mobile telecommunications technologies in Iran: 

A computational approach based on agent-based 

modeling and social network theory,” 

Sustainability, vol. 12, no. 7, pp. 1–36, 2020, doi: 

10.3390/su12072904. 

[30] A. Adepoju and A. Adeniji, “Technology 

Acceptance of E-Banking Services in an Unnatural 

Environment,” SEISENSE J. Manag., vol. 3, no. 3, 

pp. 34–50, 2020, doi: 10.33215/sjom.v3i3.336. 

[31] Y. Liu et al., “Different household livelihood 

strategies and influencing factors in the inner 

Mongolian Grassland,” Sustainability, vol. 12, no. 

3, pp. 1–15, 2020, doi: 10.3390/su12030839. 

[32] S. F. Persada and B. A. Miraja, “Understanding 

the Generation Z Behavior on D- Learning: A 

Unified Theory of Acceptance and Use of 

Technology (UTAUT) Approach,” Int. J. Emerg. 

Technol. Learn., vol. 14, no. 5, pp. 20–33, 2019, 

doi: 10.3991/ijet.v14i05.9612. 

[33] K. Ghorai and P. Ray, “Factors Affecting the 

Acceptance of Mobile Based Multi-Feature 

Service For Smoking Cessation Using UTAUT,” 

EJBI, vol. 15, no. 1, pp. 29–38, 2019. 

[34] P. Y. Chin, N. Evans, C. Z. Liu, and K. K. R. 

Choo, “Understanding Factors Influencing 

Employees’ Consumptive and Contributive Use of 

Enterprise Social Networks,” Inf. Syst. Front., vol. 

1, no. 2019, pp. 1–20, 2019, doi: 10.1007/s10796-

019-09939-5. 

[35] A. Y. Aremu, A. Shahzad, and S. Hassan, “The 

Empirical Evidence of Enterprise Resource 

Planning System Adoption and Implementation on 

Firm’s Performance Among Medium-sized 

Enterprises,” Glob. Bus. Rev., vol. 2019, no. 1, pp. 

1–30, 2019, doi: 10.1177/0972150919849751. 

[36] P. R. Palos-sanchez, M. B. Correia, and J. R. Saura, 

“An empirical examination of adoption of mobile 

applications in Spain and Portugal , based in 

UTAUT,” Int. J. Mob. Commun., vol. 17, no. 5, pp. 

579–603, 2019. 

[37] M. Z. Alam, M. R. Hoque, W. Hu, and Z. Barua, 

13

International Journal of Digital Information and Wireless Communications (IJDIWC) 12(1): 1-14
The Society of Digital Information and Wireless Communications, 2022 ISSN: 2225-658X (Online); ISSN 2412-6551 (Print)



 

“Factors influencing the adoption of mHealth 

services in a developing country: A patient-centric 

study,” Int. J. Inf. Manage., vol. 50, no. 2020, pp. 

128–143, 2020, doi: 

10.1016/j.ijinfomgt.2019.04.016. 

[38] S. Chatterjee, B. R. Chaudhuri, and D. Dutta, 

“Determinants of Adoption of New Technology in 

Telecom Sector: A Structural Equation Modeling 

Approach,” Glob. Bus. Rev., vol. 20, no. 1, pp. 

166–178, 2018, doi: 10.1177/0972150918802534. 

[39] M. U. Hassan, Z. Iqbal, and M. Malik, “Evaluation 

of individuals ’ behaviour patterns towards cellular 

network : an empirical study of Pakistan,” Int. J. 

Bus. Innov. Res., vol. 18, no. 1, pp. 64–86, 2019. 

[40] V. Venkatesh, M. G. Morris, G. B. Davis, and F. 

Davis, “USER ACCEPTANCE OF 

INFORMATION TECHNOLOGY: TOWARD A 

UNIFIED VIEW,” MIS Q., vol. 27, no. 3, pp. 425–

478, 2003. 

[41] FMCDE, “National Digital Economy Policy and 

Strategy (2020-2030 ),” Federal Ministry of 

Communications and Digital Economy, FCT-

Abuja, Nigeria, 2019. 

[42] ITU, “The economic contribution of broadband, 

digitization and ICT regulation: Econometric 

modeling for the Americas,” Geneva, Switzerland, 

2019. 

[43] World Bank Group, “Nigeria Digital Economy 

Diagnostic Report,” Washington, DC, USA, 2019. 

[Online]. Available: www.worldbankgroup.org. 

[44] O. Ubabukoh, “Fourth generation technologies 

defining Nigeria’s Internet space,” PUNCH, Abuja, 

Nigeria, Sep. 27, 2016. 

[45] I. Ogunfuwa, “4G not economically viable in 

Nigeria,” PUNCH, Abuja, Nov. 25, 2018. 

[46] NCC, “2018 SUBSCRIBER / NETWORK DATA 

REPORT,” Maitama, Abuja-Nigeria, 2019. 

[47] M. S. Kang, I. Im, and S. Hong, “The Meaning 

and Measurements of the UTAUT Model : An 

Invariance Analysis,” in Thirty Second 

International Conference on Information Systems, 

2011, pp. 1–17. 

[48] FMCDE, “NCC COMPLAINT MANAGEMENT 

PROCEDURES AND RESOLUTIONS,” 423, 

Aguiyi Ironsi Street, Maitama, Abuja-Nigeria, 

2020. [Online]. Available: http:www.ncc.gov.ng. 

[49] J. F. Hair, M. C. Howard, and C. Nitzl, “Assessing 

measurement model quality in PLS-SEM using 

confirmatory composite analysis,” J. Bus. Res., vol. 

109, no. 2020, pp. 101–110, 2020, doi: 

10.1016/j.jbusres.2019.11.069. 

 

 

 

 

 

 

 

 

14

International Journal of Digital Information and Wireless Communications (IJDIWC) 12(1): 1-14
The Society of Digital Information and Wireless Communications, 2022 ISSN: 2225-658X (Online); ISSN 2412-6551 (Print)


