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A B S T R A C T   

This study aims to examine the factors involved in the technological acceptance of e-commerce 
among young university students. The research is focused on the articulation between the 
Technology Acceptance Model (TAM) and the Theory of Planned Behavior (TPB) by collecting 
secondary data and conducting a survey with 376 young university students, validated by using 
structural equations (SEM). The predominant factors and variables involved in the adoption of e- 
commerce by young university students in Medellín were identified. The results show that the 
attitude towards usage has a positive effect on usage intention because people consider a website 
to be useful and trust builds regarding usage intention, which will enable to make the transaction 
in an easier and safer way. In conclusion, perceived usefulness comes before attitude towards 
usage, and thus the main direct antecedent of the intention to use e-commerce is established.   

1. Introduction 

The advancement and development of the Internet has significantly changed the relationship with technology usage and the 
shopping habits of individuals that interact with online environments, compared to those traditionally used by consumers who pur-
chase their products in brick and mortar stores [1,2]. Hence, the Internet clearly exerts control on the behavior of people who shop, sell 
and make transactions as well as consumers’ decision making [3]. During the previous decades, people have tried different alternatives 
to purchase or shop for products. The possibility of online shopping came with the development of the Internet. Besides, online 
shopping is embraced by consumers because they can purchase products around the world without the need to go to a traditional store 
[4]. This results in a new way to commercialize goods and ser vices called electronic commerce or e-commerce. Although there are 
several definitions reported in the literature, e-commerce might be understood as any business activity that transforms internal and 
external relationships to create value and exploit market opportunities influenced by the new rules of online economics and enables the 
incorporation of all types of transactions of information, products, services and payments through electronic networks. It also 
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integrates solutions to any type of Internet trans action, defined as the use of digital communication networks to facilitate the purchase 
or sale of any product or service [2,5–7]. 

In this context, identifying the factors that have an impact on the usage of e-commerce among users and the way the consumer 
behaves in the online environment is essential to strengthen the development and application of strategic marketing arbitrage that is 
efficient to commercialize goods and services through e-commerce. Therefore, the theories that detail the process of innovation 
adoption are an interesting research path to know why users buy online [8,9] among them, the Technology Acceptance Model (TAM) 
[9,10] and the Theory of Planned Behavior TPB [11] stand out. These models have been widely developed by research on Information 
and Communications Technology (ICT) and enable to forecast their usage. A literature review revealed that the works on technology 
acceptance by Refs. [2,10,12,13] are the most relevant. 

In Colombia, authors such as Dakduk et al. (2017) have combined models like the TPB, the Theory of Reasoned Action (TRA), and 
the TAM to investigate the factors that influence consumers’ intention to shop online. Likewise, in his study, Sánchez-Torres (2019) 
examined the effects of the digital divide on the technological factors that affect e-commerce adoption. Despite this, there is no 
research that particularly analyzes the factors involved in e-commerce acceptance, mainly among young university students. This 
study, thus, aims to fill in such research gap by proposing a framework that combines the TAM and the TPB. 

More specifically, the objective of this research is to examine the factors involved in e-commerce usage by young university stu-
dents aged 18 24 by articulating the Technology Acceptance Model [9,10] and the Theory of Planned Behavior (TPB) [11]. A sample of 
376 young university students was used to conduct the research. This study used an exploratory, descriptive and conclusive technique 
by means of secondary data collection. This document presents several contributions. First, research work often studies the intentions 
but not the behavior [14,15]. However, intentions do not always translate into behavior. Second, although the TAM, in its original 
form, is regarded as an outdated model, its extension to other domains based on behavioral theories like the TPB enables a deeper 
understanding of technology adoption in, for instance, the field of e-commerce [16]. As a result, the meta-analysis of the factors that 
affect e-commerce adoption by Chen et al. (2012) is only focused on developed countries. Finally, as in the last case, a different 
meta-analytic review of mobile banking did not include any study conducted in Latin America [17,18]. It is thus evident that the 
predicting power of the Acceptance Model has been widely assessed. Likewise, this model is of the essence when research is conducted 
in the Latin American sociopolitical and sociocultural context because some authors suggest different results and influence of variables 
depending on the cultural context [19,20]. 

This study contributes to the discussion on e-commerce adoption by shedding light on the intentions behind using e-commerce as a 
channel to acquire any kind of product or service and providing guidance on important topics for company directors who work with or 
are considering offering products through e-commerce. More specifically, this article shows the way college students use e-commerce, 
for instance, to shop online from a wide range of options in multiple categories, such as food, travel, airplane tickets, and 
entertainment. 

Developing countries have had a hard time strengthening their economies using online shopping because they have experienced 
financial crises due to the devaluation of their currencies. For these reasons, this paper examines college students’ intention to use e- 
commerce, its ease of use, and their actual purchase intentions. The global economy has improved year after year, and an increasing 
number of individuals want to start an online business. Technology has helped countless entrepreneurs thanks to social networks. In 
Latin America, these technologies show great potential but also weaknesses in this region, such as the lack of internet access in lo-
cations far from cities and the limited availability of internet enabled devices. These conditions hinder electronic commerce from 
becoming the most common shopping method in Latin America. Consequently, national governments in that part of the world should 
pay more attention to their emerging markets because, due to a lack of social investment, they can be economically stuck or become 
less attractive to the global market. 

In this study, the criteria for the selection of participants include aspects such as socioeconomic status, internet access, devices’ ease 
of use, capabilities of the available architecture for internet use, and complexity of students’ behavioral intentions. Moreover, the 
analysis focuses on young individuals enrolled in public higher education institutions. According to estimates, most internet users in 
Colombia are young people between the ages of 12 and 24 (84.1%), followed by adults between the ages of 24 and 54 (76.3%), which 
suggests that the country’s adult population is definitely embracing technology [21]. This high percentage of young people who are 
increasingly using and adopting technology supports this study’s choice of individuals between the ages of 18 and 24. Given the 
exploratory nature of this research—whose goal is to examine the relationships between variables in a setting where the manifest 
variables have already been identified through the gathering of secondary data—a sample size of 376 individuals is considered 
acceptable. Additionally, the results of the questionnaire administered to the young university students revealed gender differences. 

The above facts explain why young university students were selected as the sample. As has been seen, research on e-commerce 
growth is not linked to studies that help understand the factors that support this growth and e-commerce usage by individuals. Hence, 
the need to implement technology acceptance models tailored to the sociocultural and economic contexts of emerging economies [22]. 

The article is divided into five sections: a) theoretical framework, which expands the content and concepts of diffusion of in-
novations, e-commerce definition, and acceptance models; b) methodological design of the research; c) analysis, results and validation 
of the measurement scales; d) discussion; and e) conclusions, limitations and future work. 

2. Literature review and research hypotheses 

The dynamics of technology and the acceptance of new technology present valuable features for predicting usage and user 
satisfaction. The need to diffuse technology and its impact on people have enabled the construction of theories and models that seek to 
explain the way users and technology interact. For this reason, technology acceptance models enable to describe the behavior of using 
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or not technology. Adoption has been defined as the process whereby individual adopters go from awareness to complete acceptance of 
a new product, process or idea [23,24]. The decision to adopt innovations is different from other types of decision making because of 
the relative novelty of innovations and the greater uncertainty associated with this type of decision. 

There are models and theories that study the behaviors and factors involved in technology adoption, the most used are the 
Technology Acceptance Model (TAM) and the Theory of Planned Behavior (TPB). Particularly, the TAM has been widely used in 
different contexts, such as the adoption of several types of technology, the analysis of markets in the United States, Europe and Asia, as 
well as web systems and electronic commerce, among others [6,25,26]. Those theories will be explained later; but before that, it is 
important to define the meaningful contribution made by Rogers in 1962 with the Diffusion of Innovation Theory (DOI). 

2.1. The diffusion of innovation and innovativeness 

The Diffusion of Innovation Theory, proposed by Rogers in 1962, is the process that explains that an innovation is communicated 
through certain channels over time among the members of a social system [23,24]. Rogers defined five categories of individuals with 
different degrees of propensity to innovate: Innovators, Early Adopters, Early Majority, Late Majority and Laggards. Other authors 
have written about the basis proposed by Rogers. They further develop and discuss their own definition of the features of the eval-
uation of the technological qualities of innovation [27]. Likewise, different authors include external and internal factors of the or-
ganization [28], such as [29] propose the diffusion of service innovation, and the research conducted by[30] does so in the 
manufacturing sector. Finally, [31] proposes a change of method in innovation studies that enables to evaluate the different stages of 
an innovation process. 

[32] define orientation towards innovation as the relative desire of an individual to try a new product or the intention to adopt it. 
According to [33], the orientation towards innovation involves the perception of novelty, which is subjective; therefore, what is new to 
an individual constitutes an innovation. The research conducted by [33] found that, regarding shopping for clothes, such orientation is 
an important predictor of online shopping, since people buy the garments more because they perceive the innovativeness in the 
e-commerce channel than because the items themselves are innovative. The following hypotheses are therefore proposed. 

Hypothesis 3. Perceived usefulness has an influence on perceived safety. 

Hypothesis.5. Perceived safety has an influence on perceived trust. 

Hypothesis.7. Innovativeness has an influence on usage intention. 

Hypothesis.8. Perceived trust has an influence on perceived ease of use. 

2.2. Theories of Planned Behavior 

The Theory of Planned Behavior (TPB) is a product of the Theory of Reasoned Action [11], to overcome the limitations of the latter 
in situations of unconscious or involuntary behavior beyond the individual’s control [34–36]. The TPB led to the incorporation of the 
control of perceived behavior. This approach considers human action to be caused by three types of considerations: a) behavior 
beliefs—probable consequences of behavior; b) regulatory beliefs—related to others’ regulatory expectations); and c) controlled 
beliefs—presence of facts that may facilitate or hinder the development of the behavior. Such considerations are decisive to decide on 
how to change the behavior of the individual [34,36]. Finally, the Theory of Planned Behavior has been used to model the acceptance 
behavior of different types of technology, virtual environments and systems [23,24,37,38], which efficiently demonstrates the pre-
diction of the intention to adopt e-commerce [4]. 

Indeed, a study conducted at Isfahan University in Iran—Analysis of the Effective Factors on Online Purchase Intention through 
Theory of Planned Behavior—found support for all the relationships between the variables proposed by the TPB, as well as the social 
influence of friends over subjective and perceived credibility norms regarding the attitude towards e-commerce [39]. As a conse-
quence, a study was conducted in an emerging Latin American economy, Bogotá. It was titled Customer Behavior in Electronic 
Commerce: A Bayesian Approach and confirms that the intention to shop online is more greatly determined by the attitudes towards 
electronic commerce than the perceived ease of use and the subjective norm related to online shopping [4]. 

Concerning the latter, research carried out with users in Medellín (Colombia) found that the adoption behavior of e-commerce users 
confirms that the subjective norm and the perceived control are decisive factors for usage intention in the acceptance of a technology 
such as e-commerce [6]. Finally, the article “The Impact of Opinion Leadership on Purchases through Social Networking Websites” 
shows that social norms and behavioral control are significantly associated with an increase in the purchase intention through the 
e-commerce channel if the perception of an opinion leader is positive [38]. The following hypotheses are therefore proposed. 

Hypothesis.6. Innovativeness has an influence on attitude towards use. 

Hypothesis.10. Perceived control has an influence on usage intention. 

Hypothesis.11. Subjective norm has an influence on usage intention. 

Hypothesis.12. Perceived control has an influence on perceived ease of use. 
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2.3. Technology acceptance model 

The Technology Acceptance Model (TAM) is an adaptation of the Theory of Reasoned Action focused on the usage behavior of new 
technologies [10]. This theory pays special attention to the analysis of the effect of external factors on beliefs, attitudes and intentions 
[9]. The Technology Acceptance Model was developed to provide a valid measurement scale that predicted technology usage 
acceptance [9] by users [24,40]. This model considers the attitude towards technology usage as a direct antecedent of the intention to 
use it, in addition to constructs of perceived ease of use and perceived usefulness as preceding factors [9]. 

The latter is defined as the subjective probability that, in the future, the users perceive that their performance in the organization 
improves by using a specific system [9]. It presents the degree to which individuals believe that using a determined system will 
contribute to improve their professional performance [41]. If individuals perceive that the system is beneficial to carry out their tasks, 
whether in terms of performance improvement or efficiency increase, they will be more inclined to accept it, even overcoming the 
natural tendency to resist changes. Perceived ease of use refers to the degree to which a future user expects the usage of a specific 
system to be effortless [9]. The influence of perceived ease of use might be understood as the degree to which a user considers the tool 
easy to use while carrying out a process. This demonstrates the efficacy of the TAM to predict the intention to adopt e-commerce. In 
that sense, a meta-analysis applied to study contexts such as Internet use, electronic commerce and other technology systems found 
that the in fluence of perceived usefulness on behavioral intention is strong and significantly predicts the latter. 

Besides, a research study that analyzed the factors that influence a live customer service chat in Kuwait revealed that aspects such as 
ease of use and attitude have a significant influence on the intention of customers to use the service, and thus the technology [42]. In 
this regard, a meta-analysis applied to the acceptation of mobile banking technology identified the best predictors of the intention to 
use such services: (i) attitude, (ii) initial trust, (iii) perceived risk, and (iv) performance expectation. In terms of usage of mobile 
banking, under the same assumptions, the best predictors are (i) intention and (ii) performance expectation, which positively and 
significantly influenced the attitude towards technology acceptance [17,18]. 

Additionally, among other studies about online shopping, a meta-analysis established relationships between the influential factors 
of personality traits, perceived risk and technology acceptance in connection with online shopping intention, which was positively 
influenced [43]. In addition, a study about the mobile telephony market (m commerce) revealed that: (1) Perceived ease of use, 
perceived enjoyment, convenience, perceived prestige and promotion have a significant and positive impact on attitude. (2) Brand 
loyalty has a significant and positive impact on consumer’s attitude, intention, perceived ease of use, perceived enjoyment, conve-
nience and perceived prestige. (3) Habits have a moderating effect on the relationship between attitude and usage intention [44,45]. 

Understanding the adoption of electronic commerce in different cultural contexts enables to show the benefits of the TAM in 
research into cultures, such as the United States, Canada and Pakistan. The researchers developed an expanded technology acceptance 
model that incorporates trust and perceived behavior control and examined it in environments out of the United States to better 
understand the differences in the adoption of electronic commerce from culture to culture. The proposal is validated for Pakistan and 
Canada, although there are noticeable differences between the two cultures. The importance of ease of use perception, perceived 
usefulness and the con sumers’ intentions to shop online was validated in both cultures. The results highlight the complex relationships 
between ease of use, perceived usefulness and the intention to adopt in each country [46]. As a result, the following hypotheses are 
proposed. 

Hypothesis.1. Perceived ease of use has an influence on perceived usefulness. 

Hypothesis.2. Perceived ease of use has an influence on attitude towards usage. 

Hypothesis.4. Perceived usefulness has an influence on attitude towards usage. 

Hypothesis.9. Attitude towards usage has an influence on usage intention. 

2.4. Electronic commerce: technology acceptance factors 

Electronic commerce, or e-commerce, is the purchase, sale or exchange of products and/or services through networks such as 
Internet, where transactions are electronically made or facilitated on different handheld devices such as smartphones, tablets and 
personal computers, among others [2,6,26,45]. One of its features is that it enables the incorporation of information, products, services 
or payments through electronic networks by integrating solutions with any type of Internet transaction [47,48]. Furthermore, the 
impact of online purchases in e-commerce is significantly mediated by digital financial education [49,50]. 

E-commerce, in times of COVID 19, benefited, since many consumers migrated to this new ecosystem to acquire their goods and 
services without having contact with the outside [51,52]. There are more and more inclusive tools and alternatives for digital con-
sumers, interaction with e-commerce may continue to increase in the coming years [53]. However, it will be essential that countries 
adopt policies that facilitate this growth [54,55]. 

Therefore, the scientific community has made an effort to explain, based on all the available literature, users’ behavior when they 
make a purchase via e-commerce. This impulse has led to great academic contributions, which is confirmed by the combinations of 
different models and theories, such as the Theory of Reasoned Action (TRA) [11] the Technology Acceptance Model (TAM) [9,10], the 
Theory of Planned Behavior (TPB) [34,36], the Decomposed Theory of Planned Behavior (DTBP) [56] and the Diffusion of Innovation 
Model (DOI) [23], among other variables that enable to predict online purchase intention. Some studies related to the combination of 
TAM, TPB and other variables are listed below. Following, Table I dis plays some of the studies related to the combination of TAM, TPB, 
and other variables: 
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Thus, it can be noted that e-commerce adoption is an important aspect in scientific literature. Besides, different parameters are 
established depending on the sociocultural and political contexts. Once again, it was confirmed that the models that enable a highly 
accurate prediction of technology acceptance are the DOI, TAM, TRA and TPB. 

Based on relevant literature and theories, this study integrates and expands TAM and TPB, as well as additional variables that were 
used in the research conducted by Tavera and Londoño, (2014). They studied the decisive factors for technology acceptance behavior 
of electronic commerce users by integrating the TAM and TPB models with security, trust and innovativeness variables. 

Indeed, a combination of the Technology Acceptance Model and the Theory of Planned Behavior can explain the adoption of e- 
commerce in the proposed theoretical model. In the latter, perceived trust is the main direct antecedent of the intention to use e- 
commerce. Additionally, as said combination covers more factors that influence the decision to adopt e-commerce, it can produce a 
novel explanation of the reasons why this technology is used. 

The study was conducted with users who lived in the urban area of Medellín, Colombia. The model they proposed was applied to 
young university students aged 18 24 in Medellín to explain the factors that play a role in their intention to purchase online. The 
hypothesis model is summarized in Fig. 1. 

For the TAM analysis, it should be kept in mind that perceived usefulness and perceived ease of use are two specific determinants of 
user behavior that this model postulates, giving both significant weight in consumers’ acceptance and use of a given technology. 
Although they are factors that influence individuals’ usage intention, the impact of external factors on these two determinants is also 
crucial to understand how users perceive a technological innovation. This is why the proposed methodology considers not only the 
theoretical underpinnings of the TAM but also those of the TPB, according to which individuals’ intention to engage in a particular 
behavior depends on their attitude, subjective norms, and perceived control. 

3. Materials and methods 

This section presents the method adopted for the research, which was exploratory, transversal, probabilistic and conclusive. It was 
exploratory because its objective was to examine the relationships between variables in a situation whose manifest variables had 
already been identified by the collection of secondary data. It was transversal because the data collection was carried out at a point in 
time and with one single observation. It was probabilistic because statistical techniques were used for estimation. The ethics committee 
is CE CIES with approval code (ACTA13072021). Additionally, informed consent was obtained from all participants prior to 
completing the survey. 

This study was divided into three stages: (1) literature review, (2) building the conceptual model, and (3) testing the explanatory 

Fig. 1. Research hypothesis model. Green line indicates the TAM model, the brown line indicates the TPB model, and the orange line indicates 
additional variables included. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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power of the conceptual model. The entire process is described below.  

a) Literature review: The authors searched research databases to find documents about the Technology Acceptance Model, the Theory 
of Planned Behavior, and e-commerce. As a result, all the important articles about the topic analyzed here were read, classified, and 
compiled. Then, the authors examined the constructs involved in the adoption and intention to use e-commerce, which was the 
basis to determine the factors and variables related to the TAM, the TPB, and e-commerce. The acceptance of e-commerce and 
technology as a channel to conduct online transactions is conditioned by intrinsic, extrinsic, and cultural factors. Therefore, the 
future intention to use this technology is directly determined by the consumer’s attitude toward electronic commerce, the 
normative influence of third parties, and the control or mastery of this behavior. Such intention is also indirectly determined by a 
set of behavioral beliefs, norms, control, trust, and risk perceived in the purchase. In addition, culture influences the repurchase 
behavior because it represents a set of shared values that can inform consumer responses. 

b) Building the conceptual model: At this stage, a conceptual model was created to explain the phenomenon under study using re-
lationships between different factors that were identified in the literature. After said model was defined using elements and re-
lationships to be measured, the authors selected a methodology for the analysis, listed the variables or relevant constructs to be 
examined in this study, and identified the existing relationships between the constructs in the theoretical model. As a result of this 
process, a questionnaire was prepared to validate the conceptual model and measure the relationships between constructs that have 
been established in the literature. Table 1 details the items in that questionnaire and the constructs in the model. 

Based on the considerations above, non-probability sampling was used. This was because not all the elements in the sample could 
have a probability greater than zero of being selected, due to the research objectives of this study. At this stage, Cronbach’s alpha [57] 
was used to corroborate the degree of reliability of the measurements of each one of the constructs in the models employed here. 

Cronbach’s alpha can be defined as the proportion of the total variance of a scale that can be attributed to the latent variable [58], 
as cited in Ref. [59]. Likewise, the composite reliability index, an indicator proposed by [60], can be used to analyze the influence of 
different constructs interrelated in a measurement scale on the reliability of said scale. It is interpreted similarly to Cronbach’s Alpha, 
and its construction considers the influence of those interrelations. According to [61], Cronbach’s alpha estimates the lower limit of the 
reliability coefficient. 

Afterward, the interdependence between all the factors in the TAM and the TPB was evaluated considering the types of constructs 
established based on the literature review. In agreement with the reasoning so far in this study, Structural Equation Modeling (SEM) 
was applied to determine the degree to which a set of items measured latent variables. 

Subsequently, the constructs were classified by type to establish the subpopulations whose acceptance of e-commerce is better 
explained by the factors in the model. This step was taken to detect explanatory differences between constructs in each model and 
between models. Therefore, Confirmatory Factor Analysis (CFA) was implemented in Statistical Product and Service Solutions (SPSS). 
SPSS was used here because it is one of the most widely known statistical analysis software platforms, can work with large databases, 

Table 1 
Items in the questionnaire and constructs in the conceptual model.  

Item Construct 

I like the idea of online shopping. Attitude 
Making online purchases/transactions is a good idea. 
Buying on web pages is a good idea. 
The websites where purchases/transactions can be made are trustworthy. Perceived trust 
I trust websites to protect my security. 
The websites where purchases/transactions can be made seem to keep their promises and fulfil their commitments. 
Using the internet to make purchases/transactions saves time. Perceived control 
I have the intention to make online purchases/transactions. 
I have the resources, knowledge, and skills to use the internet to buy a product. 
Mi interaction with the internet when I make purchases/transactions is clear and understandable. Perceived ease of use 
Learning how to use the internet to make purchases/transactions is easy for me. 
It would be easy for me to acquire the skill to make online purchases/transactions. 
I like to take risks. Innovation or innovativeness 
I like to try new ways to do things. 
Usually, I’m one of the first people to try out a new product or service. 
I would like to purchase products and/or services online. Usage intention 
I would recommend others to make purchases/transactions online. 
I have the intention to make purchases/transactions online. 
The people who influence my behavior think I should make purchases/transactions online. Subjective norm 
I shop online if people close to me recommends it. 
It concerns me that e-commerce sites collect too much information about me. Perceived security 
I feel safe when I make transactions on websites. 
I think e-commerce suppliers implement the necessary security measures to protect consumers. 
I think e-commerce is useful. Perceived usefulness 
Using the internet to make purchases/transactions saves time. 
Using the internet enables me to make purchases/transactions in a more efficient way than in person. 
I think e-commerce saves money.  
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and has a simple interface for most types of analyses according to the selected methodology. 
The results obtained from the sample defined in the previous stage were analyzed in a process divided into four steps: (1) The data 

were collected and formatted for SPSS. (2) Incomplete or invalid data were discarded. (3) Irrelevant or erroneous data were filtered out 
using statistical software. These data were studied to observe their influence on the results obtained. And (4) the reliability of the data 
was analyzed; the convergent and discriminant validities of the proposed theoretical model were calculated; and the factors in the 
model were compared and validated. These steps resulted in a conceptual model that articulates the TAM and the TPB based on the 
predominant factors in e-commerce usage.  

c) Testing the explanatory power of the proposed conceptual model: The results of the proposed conceptual model were reported, 
analyzed, and discussed considering the supported and rejected factors, as well as possible explanations for the phenomena that 
were investigated. This stage included a description of the implications of this study, its limitations, and significant consequences 
for future research. Finally, this stage showed the explanatory power of the constructs in the TAM and the TPB applied to e- 
commerce usage by college students. 

3.1. Participants and measurements 

A total of 376 questionnaires were answered and collected between November 2021 and May 2022. All the questionnaires were 
answered by enrolled university students. To determine the sample size in a study that uses factor analysis and structural equations, 
[62]recommend having at least ten observations per indicator (observable variable). Since 376 answered questionnaires were 
collected and there were 27 items (observable variables), the sample size was adequate for this analysis. 

The target population was 376 young university students aged 18–24 at three higher education institutions in Medellín who were 
interviewed face-to-face. The sample was composed of 38.03% women and 61.96% men. Additionally, the results of the administered 
questionnaire revealed gender differences. The invitation to take part in the questionnaire contained information about the main 
purpose of the study, the voluntary nature of the participation and the confidentiality of the provided information. 

During that time, the questionnaire proposed 27 questions in the form of sentences adapted from the TAM and TPB, as well as other 
variables of electronic commerce adoption. All the questions were rated based on the degree of agreement or disagreement of the 
respondents by means of Likert scales: 1. “Strongly disagree”, 2. “Disagree”, 3. “Neutral”, 4. “Agree” and 5. “Strongly agree”. A pilot 
test was conducted by administering 15 random questionnaires to young university students to make sure that the instrument was 
understood by the target population and adjustments were made based on the collected observations. 

The study population included 12,436 young university students between the ages of 18 and 24 from different public higher ed-
ucation institutions in Medellín (Colombia). A margin of error of 5% (how closely the results of the survey reflect the opinion of the 
general population) and a confidence level of 95% (how confident the authors can be that the chosen population will select a response 

Table 2 
Initial convergent validation of standardized factor loadings.  

Construct Item Standardized factor loadings Average of standardized factor loadings 

Attitude AE1 0.883 0.858 
AE2 0.841 
AE3 0.851 

Perceived trust PTE1 0.807 0.801 
PTE2 0.790 
PTE3 0.806 

Perceived control PCE1 0.683 0.815 
PCE2 0.880 
PCE3 0.883 

Perceived ease of use PEUE1 0.791 0.808 
PEUE2 0.829 
PEUE3 0.804 

Innovativeness INE1 0.794 0.742 
INE2 0.791 
INE3 0.642 

Usage intention UIE1 0.899 0.878 
UIE2 0.866 
UIE3 0.870 

Subjective norm SN1 0.839 0.839 
SN2 0.839 

Perceived security PSE1 0.481 0.712 
PSE2 0.800 
PSE3 0.856 

Perceived usefulness PUE1 0.682 0.751 
PUE2 0.753 
PUE3 0.771 
PUE4 0.798  
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within a given range) were used for the analysis. In this case, the estimated sample size was 376 individuals. For such calculation, the 
following formula was employed: 

z2×p(1− p)
e2

1 +
(

z2×p(1− p)
e2N

) (1) 

Equation (1) Sample size.where N denotes the population size; e, the margin of error (in decimals); and z, the z-score, which is the 
number of standard deviations that a given value is away from the mean. 

4. Results 

The results were statistically analyzed to validate the measurement scales by means of a confirmatory factor analysis. The factor 
loadings of each construct in the model were evaluated. Subsequently, the convergent validation of the KMO and Bartlett’s sphericity 
test was measured. After that, the discriminant validity of the measurement model was calculated. Meanwhile, the reliability of the 
measurement model was identified; for that purpose, the Cronbach’s alpha was measured. Therefore, the correlation levels between 
variables were measured and a discriminant validity was established for them. Likewise, the study compared the hypotheses to detect 
the factors, relations and conditions under which the phenomenon of e-commerce acceptance occurs. 

4.1. Analysis, results and validation of measurement scales 

The validity test of the measurement scales in this study was carried out by means of a confirmatory factor analysis (CFA) supported 
by SPSS statistical software [63,64] states that, in order to evaluate the validity and reliability above 0.5 is considered to be evidence of 
trustworthiness [65,66]; values exceeding 0.6 are considered to be evidence of low prob ability of error occurrence [67]. This research 
confirmed that the convergence of the model was appropriate for all the indicators, since most of the standardized factor loadings 
exceeded 0.6, following the recommendations by Bagozzi and Yi, (1988). Besides, the average obtained from the indicator loadings of 
each factor was above 0.7 for all the factors [66], which is an indicator of convergent validity (Table 2). 

Table 3 presents the KMO measurement [66,68,69,70]. The coefficients of each factor meet the criteria. The p value should be 
below the critical levels (0.05 or 0.01) because, if the critical level p > 0.05, the null hypothesis of sphericity cannot be rejected. As a 
consequence, the factorial model might not be appropriate to explain the data. This indicates that it is possible to employ the data 
reduction technique—that is, to obtain the mini mum number of factors Kaiser, —that enable to shed light on the factors that are in 
volved in the acceptance and usage processes of electronic commerce among young university students. 

4.2. Discriminant validity 

The discriminant validity is one of the typical criteria to evaluate the measurement scales of latent factors in social sciences. It 
enables to measure the theoretical difference between different factors. At this stage, for the measurements to be valid, those in the 
same construct should be highly correlated to each other (convergent validity), more than to the measurements proposed for a different 
factor (discriminant validity) [71,72]. 

In this research, the discriminant validity analysis was conducted by confirming that the confidence interval in the estimation of the 
correlation between each pair of factors did not contain the value 1 [73]; therefore, it can be stated that there is discriminant validity. 
Table 4 demonstrates that all the cases satisfy such criterion. 

Afterward, the reliability of the measurement model was identified. For that purpose, the Cronbach’s alpha [71] was calculated, 
because this procedure measures the reliability of the internal consistency of a scale. In other words, it evaluates the magnitude to 
which the items in an instrument are correlated [71,74]. The reliability measurement by means of the Cronbach’s alpha revealed that 
the items (in a Likert scale or also possibly dichotomous items) measure the same construct and are highly correlated to each other 
[74]. Consequently, the following values are recommended to evaluate the Cronbach’s alpha coefficients: alpha coefficient >0.9 
means excellent; >0.8, good; >0.7, acceptable; >0.6, questionable; >0.5, poor; and <0.5, unacceptable. However, a reliability value of 
0.6 or 0.5 might be enough at the early stages of the research [75]. 

Table 3 
Convergent validation of the KMO and Bartlett’s sphericity test.  

Factor KMO value Bartlett value Meets the criteria 

Attitude 0.710 0.00 Yes 
Perceived trust 0.680 0.00 Yes 
Perceived control 0.622 0.00 Yes 
Perceived ease of use 0.682 0.00 Yes 
Innovativeness 0.608 0.00 Yes 
Usage intention 0.725 0.00 Yes 
Subjective norm 0.500 0.00 Yes 
Perceived security 0.526 0.00 Yes 
Perceived usefulness 0.738 0.00 Yes  
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As can be observed in Table 5, the measurement instrument seems to have a complying reliability of the internal consistency of the 
measurement scale. According to Ref. [71], reliability is deemed acceptable when Cronbach’s alpha values exceed 0.7. This proves that 
all the factors employed in this model achieve adequate reliability values, with Cronbach’s alpha values above 0.7. Additionally, 
composite reliability is a measurement of the internal balance of the constructs [67] as a result, values exceeding 0.5 would confirm 
internal consistency. Therefore, all the Cronbach’s alphas are above the recommended values. 

The results of the confirmatory analysis reveal the existence of an appropriate factorial model for analyzing the acceptance and 
usage of e-commerce by the university population in Medellín. Besides, the presence of convergent and discriminant validity in the 
instrument—as well as acceptable trustworthiness—confirms that the instrument evaluates fundamental variables that directly or 
indirectly influence the adoption and use of electronic commerce in Medellín. 

4.3. Results analysis and hypothesis testing 

Structural Equation Modeling (SEM) was used to determine the extent to which a set of items measured latent variables. In Table 6, 
the lowest mean is 2.78; and the highest, 3.5. This indicates that there is a more pronounced inclination toward 5, i.e., “Strongly 
agree.” In turn, the standard deviation in Table 6 oscillates around a value of 1. 

To determine the sample size in a study that uses factor analysis and structural equations, Bartlett et al. (2001) recommend having 
at least ten observations per indicator (observable variable). Since 376 answered questionnaires were collected and there were 27 
items (observable variables), the sample size was adequate for this analysis. SEM can be used to determine the extent to which a set of 
items measures latent variables (i.e., the measurement model) and the relationships between those variables (i.e., the structural 
model). Unlike traditional regression models, SEM includes a measure of error of the latent variables because it is unrealistic to assume 
errorless measurements when said variables are involved. 

Three of the indices of the initial model (which included nine constructs in total) did not meet the thresholds that are used to 
determine goodness of fit, as shown in Table 7. As a result, the initial model was modified by including correlations between the 
residuals of the following items: PCE2 and PCE3; PSE1 and PUE1; PCE2 and UIE2; PUE4 and PSE3; and AE1 and PCE1. In addition, the 
PTE construct was discarded along with all the hypotheses where it was included (see Table 7). 

Table 8 details the goodness of fit of the modified model. There was a substantial improvement in its fit because this time only one 
of the indices (i.e., the RMSEA) did not meet the threshold. Therefore, the next step in this study was testing the hypotheses in the 
model. 

Table 9 presents the results of the hypothesis testing, indicating which hypotheses were supported by the data. Two out of the three 

Table 4 
Discriminatory validity of the measurement model.   

AE PTE PCE PEUE INE UIE SNE PSE PUE 

AE …         
PTE [0.463; 

0.629] 
…        

PCE [0.460; 
0.619] 

[0.456; 
0.622] 

…       

PEUE [0.461; 
0.626] 

[0.457; 
0.621] 

[0.533; 
0.670] 

…      

INE [0.236; 
0.435] 

[0.213; 
0.419] 

[0.092; 
0.306] 

[0.171; 
0.374] 

…     

UIE [0.687; 
0.789] 

[0.548; 
0.690] 

[0.552; 
0.695] 

[0.529; 
0.687] 

[0.233; 
0.436] 

…    

SNE [0.356; 
0.529] 

[0.404; 
0.580] 

[0.301; 
0.485] 

[0.299; 
0.488] 

[0.194; 
0.387] 

[0.435; 
0.609] 

…   

PSE [0.417; 
0.584] 

[0.525; 
0.666] 

[0.359; 
0.537] 

[0.369; 
0.546] 

[0.198; 
0.386] 

[0.492; 
0.641] 

[0.331; 
0.514] 

…  

PUE [0.595; 
0.718] 

[0.531; 
0.667] 

[0.433; 
0.595] 

[0.500; 
0.665] 

[0.239; 
0.435] 

[0.575; 
0.702] 

[0.381; 
0.553] 

[0.499; 
0.655] 

…  

Table 5 
Reliability index – Cronbach’s alpha.  

Factor Cronbach’s Alpha 

Attitude 0.904 
Perceived trust 0.848 
Perceived control 0.864 
Perceived ease of use 0.854 
Innovation or innovativeness 0.790 
Usage intention 0.919 
Subjective norm 0.848 
Perceived security 0.755 
Perceived usefulness 0.836  
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Table 6 
Descriptive measurements of each construct.   

Mean Standard deviation 

AE 3.38 1.14 
PTE 2.78 1.05 
PCE 3.4 1.14 
PEUE 3.5 1.13 
INE 3.13 0.91 
UIE 3.33 1.19 
SNE 2.81 1.1 
PSE 2.97 1.04 
PUE 3.33 1.12  

Table 7 
Goodness of fit measurements of the initial model.  

Index Measured value Threshold Source Does it meet the threshold? 

RMSEA 0.069 ≤0.06 [76] No 
χ2/ df 2.8 <3 Yes 
CFI 0.898 >0.9 No 
TLI 0.881 >0.9 No 
SRMR 0.052 <0.08 Yes  

Table 8 
Goodness of fit measurements of the modified model.  

Index Measured value Threshold Source Does it meet the threshold? 

RMSEA 0.071 ≤0.06 [76] No 
χ2/ df 2.68 <3 Yes 
CFI 0.917 >0.9 Yes 
TLI 0.921 >0.9 Yes 
SRMR 0.051 <0.08 Yes  

Table 9 
Hypothesis testing.  

HYPOTHESIS Estimate Std.Err z value P (>|z|) Result 

H1 0.798 0.104 7.654 0 Supported 
H2 0.512 0.358 1.429 0.153 Not supported 
H3 0.499 0.096 5.181 0 Supported 
H4 1.762 0.536 3.284 0.001 Supported 
H5 It did not fit well with Perceived trust. Therefore, it was discarded. 
H6 0.043 0.087 0.497 0.619 Not supported 
H7 0.053 0.071 0.749 0.454 Not supported 
H8 It did not fit well with Perceived trust. Therefore, it was discarded. 
H9 0.697 0.101 6.934 0 Supported 
H10 0.339 0.093 3.655 0 Supported 
H11 0.318 0.11 2.9 0.004 Supported 
H12 1.239 0.134 9.223 0 Supported  

Table 10 
Univariate normality measured using the Kolmogorov–Smirnov test.  

Construct D p value 

AE 0.16469 <2.2e 16 
PTE 0.15122 <2.2e 16 
PCE 0.15166 <2.2e 16 
PEUE 0.17424 <2.2e 16 
INE 0.132 <2.2e 16 
UIE 0.16383 <2.2e 16 
SNE 0.14238 <2.2e 16 
PSE 0.17047 <2.2e 16 
PUE 0.13201 <2.2e 16  
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hypotheses that were not supported included the Innovation construct (H6 and H7). The third hypothesis that was not supported (H2) 
related Perceived ease of use to Attitude towards usage. 

Based on the considerations above, to test for univariate normality, the authors used the Kolmogorov–Smirnov test, in which the 
null hypothesis is that the data follow a normal distribution. In Table 10, the significance calculated in the test (p value) is always 
below 2.2e 16. Therefore, the statistical evidence suggests that the assumption of normality should be rejected. 

Since the constructs did not follow a normal distribution, as shown by the Kolmogorov–Smirnov test, the Diagonally Weighted 
Least Squares (DWLS) method was used as the estimator to fit the structural equation model aided by the sem function in the lavaan 
package in R statistical software. Multiple authors have supported the use of this method for situations of non-normality or when 
ordinal variables are fitted [77] and [78] are just some examples. 

5. Discussion 

The results in this study have several important implications for theory and practice. From a theoretical perspective, the results 
corroborate the findings of other researchers that have studied e-commerce acceptance among young university students in Medellín. 
One of the derivatives of this research showed that the articulation of TAM with TPB can be applied in the context of e-commerce and 
explain the factors involved in e-commerce usage. Besides, as expected, other studies found different factors [4,17,18,79,80]. 
Knowledge about those factors, how they can be measured and how they relate to each other is crucial to develop, implement and 
execute managerial strategies at companies that adopt the electronic commerce channel to sell their products successfully. This is 
because the decision to accept or reject a new technology is ultimately determined by the individual user. Additionally, the research 
conducted by [6] suggests that the subjective norm and perceived control stand out as good predictors of online purchase intention. 

Nonetheless, it is necessary to identify the factors that affect users’ decision to use e-commerce. H11 states that subjective norm 
influences usage intention. The results obtained reveal that the influence of a third party and the perception of a system’s usefulness are 
the main decisive direct factors in the intention to use electronic commerce. Besides, on the contrary, behavior control does not affect 
the success of intention to purchase on the Internet in the future, which has been confirmed by several re searchers, such as [81]. Thus, 
the influence of third parties (relatives, friends or people who influence the media) is revealed; they make the subjective norm a 
predictor of the attitude and usage intention. Indeed, [82] states that the subjective norm is key to the success of Internet businesses 
and a valuable predictor of usage intention, considering that behavior control has a minimum impact on e-commerce acceptance and 
external influence greatly determines the subjective norm. 

In relation to the key factors in the TAM, the study revealed that H9—attitude towards usage influences usage intention—presents 
the highest level of association and it is a decisive factor in e-commerce adoption. The relationship becomes stronger if people perceive 
the usefulness when they use e-commerce to buy products. In addition, the most significant advantages of this technology were found 
economy, time and avoiding transportation. This is in contrast with other works [83,84]. Another decisive factor is the usage of 
electronic devices, which enables a high level of electronic commerce adoption. This is because mobile devices are an essential 
component to make an electronic purchase and, due to their flexibility, users show a positive attitude towards using e-commerce, 
which directly influences their intention to use it to make their own purchases. Thus, these results are in line with research studies that 
hold that the use of mobile devices facilitates e-commerce usage intention, and it is decisive for the adoption of this technology [85]. 

In times of COVID 19, author Kala’lembang identified in research that three factors could be used to embrace e-commerce, 
including organizational characteristics, environmental characteristics, and leadership characteristics, this to test the benefits and ease 
of use E-commerce, while the study by [86] found that perceived ease of use had a negligible effect on consumers on their intention to 
adopt e-commerce. 

H4 states that perceived usefulness influences “attitude towards usage, and a high positive impact was found because young 
university students perceived e-commerce as useful, particularly to purchase online. However, a certain resistance to use was iden-
tified, especially in those who had no previous experience, because they held some beliefs about the vulnerability of their personal 
information when making purchases on that channel, which does not build trust. Similarly, the literature reveals that perceived 
usefulness and attitude towards usage are adoption predictors, due to the ease of use of online platforms [18,87]. In the case of young 
university students, the perception of ease of use is directly linked to perceived control, which is influenced by usage intention. The 
results of this research lead to conclude that, if the user has control over the online purchase to make transactions, the usage intention 
will be high. Furthermore, if enough knowledge is available before using the Internet, the transaction will be easier. Likewise, control 
should be perceived on the platforms, because usage intention is influenced when users find aids such as live chat or phone numbers to 
contact the suppliers, which builds trust. Besides, other authors have found that control and trust are high incidence predictors that 
determine e-commerce usage intention [88–91]. 

Finally, perceived trust influences usage intention and young university students directly associate perceived trust with usage 
intention, which is a highly positive factor for e-commerce acceptance. Different expressions of the young university students lead to 
conclude that, if the websites give them the feeling of security, they will be able to successfully make transactions on the website. But 
that intention is conditioned by perceived security. Indeed, the latter is related to the personal information individuals provide, which 
is mandatory to make purchases over the Internet. Because of this, the users show a high degree of fear about the individuals or 
companies behind the interface. They think that such people can misuse personal information, which leads to establish that trust is a 
key factor to decide not to shop online. Studies such as [4,92] maintain that perceived trust is a factor with high influence on 
e-commerce usage intention. 
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6. Conclusions 

The main objective of this research was to examine the factors involved in e-commerce technology acceptance among young 
university students by analyzing the articulation of TAM and TPB models. Such models, applied in an independent or integrated way, 
are important theoretical milestones in the study of behavior factors of technology acceptance. This study revealed the factors that 
contribute to explain the adoption of online shopping in the context of an emerging Latin American economy, Colombia. 

The results and scientific literature show that attitude is still the main factor in the prediction of online shopping. The application of 
the research instrument enabled to conclude, based on the results of the variable association analysis, that perceived ease of use and 
perceived trust are the factors that exert a direct influence on attitude towards e-commerce usage. Ease of use has also turned out to be 
a relevant factor because it directly influences perceived usefulness and the attitude towards the usage of these platforms. The 
literature maintains that perceived usefulness results in satisfaction, which makes perceived ease of use and attitude favorable to e- 
commerce usage. 

The level of association between perceived usefulness and perceived ease of use is 0.528. This means that, if the website offers users 
a benefit, they will feel empathy and satisfaction to assimilate the experience in a positive way, and this will later lead them to use the 
Internet portal. Besides, a high degree of association (0.486) was revealed between perceived ease of use and attitude. This indicates 
that, if the technology is simple, people will be more inclined to use the website. Thus, if the user considers the website easy to un-
derstand, no frustration or discouragement will be produced. 

Finally, perceived control refers to the individual’s perception. It was evident that users unmistakably show control over their 
shopping behavior. As a result, when they conduct previous product/service purchase practice and feel they are in control, it becomes a 
purpose to continue using e-commerce technology. The results reveal that perceived control has a direct and positive influence on the 
intention to purchase on the Internet again. 

Importantly, this study has some limitations. Since the estimated sample size is considered acceptable, one must be careful when 
generalizing the results. Thus, in order to generalize the findings to the entire population, future studies in the field should use 
probability sampling. Additionally, the proposed model should include variables influencing perceived risk, which means that further 
research is required to identify additional factors that might explain both consumers’ purchasing behavior and perceived risk. Also, it is 
recommended that future studies employ the Unified Theory of Acceptance and Use of Technology (UTAUT) model, as well as other 
variables to gather more data. The UTAUT model attempts to incorporate the key components of various models and theories and aims 
to explain the adoption and use of technology in organizations, mainly in terms of four constructs: 1) performance expectancy, 2) effort 
expectancy, 3) social influence, and 4) facilitating conditions. The first three constructs are direct determinants of usage intention and 
user behavior, and the fourth one is a direct determinant of user behavior. The impact of these four constructs could be moderated by 
using factors such as gender, age, experience, and voluntary use. 
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