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Abstract

:

The advent of 5G has created an expectation for the provision of a much better user experience (UX) for utilising video streaming services. However, apart from quality, there are many other factors believed to influence users’ experiences of video streaming services in the era of 5G. The question then arises: what will determine the UX of streaming video services in the 5G era? This study aimed to discover what factors would influence 5G UX by using a conceptual framework involving measures of users’ predictive judgements of 5G combined with users’ measurements of current 4G UX, considering that there is no specific standard for measuring UX. Our case study is Indonesia, the world’s fourth-largest market, so the predictions may later become a reference for the priorities of implementing 5G technology. Our conceptual framework utilised the structural equation model (SEM) approach, based on the primary data of a 254-respondent sample of the Indonesian market. The questionnaire assessed 10 factors of user experience, ranging from service attractiveness to economic-related aspects. The results imply that the current user’s experience of 4G has an effect with a significance value of 0.42 to their later experience when accessing 5G video services. It means that many users will continue to use 4G for video streaming and still need tangible evidence of 5G. Among the 10 factors, a satisfaction value of 0.72 in 4G technology and perspicuity of 0.81 in 5G are the highest correlations. These factors are the most influential for video service experience.
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1. Introduction


Since the advent of 4G technology, video streaming has become one of the most popular services available. This service includes popular platforms such as YouTube, Netflix, and even Zoom (the multimedia video conference tool). Video streaming has been accessed by 77% of internet users, and of that percentage, around 55% enjoy video streaming via mobile or mobile services [1]. When we relate this fact to 5G, we understand that 5G should bring an advancement to video streaming and therefore bring a significant impact to the market. The video quality of 5G is believed to be much better. However, apart from quality, there are many other factors believed to determine successful user adoption of such services. This is why measuring user experience (UX) is so important. UX is defined as things that refer to the feelings experienced by users when interacting with products, applications, systems, or services [2]. Interactivity, product feel, and the ability to serve and achieve goals, in this case, in the form of video streaming on 5G technology, are some of the main experiences that define user experiences [3].



The presence of new 5G technology raises the question of what will determine the UX of video streaming services during the era of 5G. This paper tries to answer this question by focusing on the case of Indonesia. The country is essential to this discussion as it is the world’s fourth-largest market and is typified by a large and diverse market [4,5,6]. Indonesia has around 111.43 million video streaming users among its 202.6 million internet users.



To answer the research question, we developed a framework that identifies UX video streaming measurement of 5G based on users’ predictive judgements combined with users’ measurements of current UX of 4G.



Although ISO 9241-210:2010 has provided a standard for measuring the usability of a feature or technology by its users, there is no specific standard for measuring UX yet [7,8,9]. In contrast, UX itself looks at the overall interaction of the user with a feature or technology [10]. Therefore, in this study, a UX measurement approach was carried out through a user survey of streaming video features on 4G technology, which was then linked to predictions of feature usage on 5G technology. The survey was conducted on a sample of the Indonesian market. The questionnaire respondents are streaming video users with 4G technology because there is no user experience with 5G technology commercially. This condition is a challenge in this research because it is necessary to create a statistical analysis model that can describe the predictive experience of 5G technology users through the results of a UX survey on 4G technology.



Using this framework, we built a structural equation model (SEM), to link both UX valuations of 4G and predictions of 5G. We defined 10 factors that define the UX of video streaming, ranging from the attractiveness of the service to economic-related issues. The SEM that allows the simultaneous testing shows the level of relationship or correlation values of the 10 factors. This structural model is an approach to provide a numerical value and not only shows the correlation value between technologies but also shows the influence of the factors that make up UX on each technology.



Why is it significant to assess the UX of 5G video streaming? We highlighted in [11] that UX, together with quality of service (QoS), is an important factor for forming a complete quality of experience (QoE) analysis. Understanding the UX of a technology means understanding users’ perceptions, which builds an understanding of how users’ value their experience regarding the technology being adopted. To win the competitive market in the 5G era, any service operators should ensure the fulfilment of QoE as this metric likely reflects users’ satisfaction when accessing a technology.



The contribution of our research is that it can be used as a reference for any service operator who launches video streaming services during the 5G era. It also indicates which factors take priority for being addressed to win in the competitive market.



This paper is further structured as follows: Section 2 discusses the demographics of Indonesian video streaming users, the development of 5G technology in Indonesia, and the concept of UX elements as part of QoE of 5G technology; Section 3 describes methods for data collection and data processing models with the proposed model approach; Section 4 discusses the results of data processing, implications, and implementation priorities based on modelling; the last part in Section 5 is the conclusion.




2. Underlying Studies and Theories


2.1. 5G in Indonesia


According to the ITU-RM.0283-02 recommendation from the International Telecommunication Union (ITU), the speed of 5G technology is around 20 Gbps and the latency is only 1 ms. Besides the technical side, 5G technology demands increased affordability and transformation of the user experience that provides innovation and solutions [12,13]. The launch of 5G technology to be used commercially has been starting in several countries since 2019. For example, commercial launches in several countries have taken place, including in South Korea in 2019 and Turkey in 2020 [14,15].



In Indonesia, 5G was only launched officially by a cellular operator in May 2021 [16]; however, 5G technology has been tested in Indonesia since 2018. The height of this was during the 2018 Asian Games, when two major cellular operators in Indonesia provided the public with the opportunity to participate in testing the advantages of 5G technology [17,18]. In May 2021, the commercial use of new 5G technology began through two major operators in Indonesia, although it was technically still superimposed on the infrastructure of 4G technology. Conditions that are still early mean that data on the existence of 5G technology customers in Indonesia cannot be obtained; in other words, the service is available but does not have commercial customers [19]. For the development of 5G infrastructure, Indonesia is considering placing 5G on the radio spectrum frequency, including using the mid-band of the 3.5 GHz and 2.3 GHz spectrum because it can cover a wide geographical area and provide a more efficient platform to serve urban and suburban areas [5]. The frequency of 3.5 GHz is currently used by satellite communications, but this is planned to be shifted to another frequency to support 5G communications.



Regarding the number and distribution of mobile video streaming users in Indonesia, in January 2021, statistical data indicated that Indonesia has a population of 275 million, of which around 40.52% or 111.43 million are mobile video streaming users [20]. In terms of demographics, about 60% of Indonesia’s population resides on the island of Java, followed by 20% on the island of Sumatera, 7% on the island of Sulawesi, 6% on the island of Kalimantan, 4% on the islands of Nusa Tenggara, and 3% on the islands of Maluku and Papua [5]. Urban areas are home to 57% of Indonesia’s population, while 43% of the population lives in rural areas.




2.2. User Experience and QoE on 5G Technology


The perspective of QoE can be formulated by combining QoS and UX. Combining factors of UX as part of QoE together with QoS is further discussed in [11]. Although the QoS factor from the technical side is still considered vital, alone, it is not enough to show the satisfaction value of service users. QoS factors such as delay, jitter, loss, error, speed, and good bandwidth do not necessarily result in a high QoE value because there are additional satisfaction factors associated with users that are very subjective, diverse, and unpredictable [4,21], and these also affect UX. Moreover, QoE is not limited to the technology itself but is embedded and becomes active during the interaction between the user and the technology [5].



If we look at Figure 1, it can be seen that QoE is formed from two aspects: QoS and UX. The QoS factors are related to the technical factors of a technology, such as delay, jitter, loss, error, speed, bandwidth, etc. Meanwhile, the UX factors are related to users’ perspectives, such as the basic factors mentioned in [22], which mainly include attractiveness (overall impression: do users like or dislike the product?), perspicuity (is it easy to recognize and learn how to use the product?), efficiency (can users complete their tasks without extra effort?), dependency (does the user frequently use the product?), stimulation (is it exciting and motivating to use the product?), and novelty (is the product innovative and creative? Does the product interest users?).



These six basic UX factors can also be further developed by looking at UX as a “human factor”—that is, an element of subjectivity. Related to our case of video streaming for 5G, we further elaborate these six basic factors into 10 factors to be assessed in this research, as discussed in Section 3.




2.3. Structural Equation Modelling


The concept model used in this study is the structural equation model (SEM). SEM is a set of statistical techniques that allow the simultaneous testing of a relatively complex set of relationships. In addition, the SEM method can also identify the dimensions of a concept and simultaneously measure the effects of the relationship of each factor for which dimensions are identified [23,24,25].



This SEM analysis supports a low sample size in anticipation of a low number of respondents as a result of surveys being related to a new technology that has not yet seen its full implementation. The virtue of SEM is that the construction of the model can be estimated, and the correlation values can be measured along with measuring the validity of the model and the variables in it simultaneously.



Based on the concept of the SEM model, it is necessary to have latent variables in order to see the value of their influence on factors that become the measurements for each of these latent variables.




2.4. Previous Studies


Much research related to measurement and efforts to obtain a good QoE has been previously carried out. In [25], a survey related to QoE on good internet Wi-Fi was conducted to measure the level of customer loyalty using SEM analysis. However, this study has not demonstrated user predictions and is limited to specific subjectivity and preferences. In [26,27,28,29], various methods were carried out to measure QoE in video streaming services, starting with measuring data bitrates and creating special measuring tools for traffic, theoretical approaches, and data retrieval through testbed applications in Europe related to video streaming performance parameters. These approaches indeed show several results to assess QoE, which still leads to improvements for existing networks and does not refer to predictions on 5G technology. In [30], modelling with a neural network was used as a predictive model for QoE video streaming. In [31,32], various ways to obtain predictions of good QoE results were presented through various observations, including data management, network settings, and applications related to video streaming services. However, both studies used computer network media that were already available and not on cellular networks and did not include user preferences. Besides [25], there are [33,34,35] studies that also use survey methods for data collection and SEM in their analysis. These three studies also attempted to approach predictions and find the value of user satisfaction. The scope of these studies was loyalty from the emotional attachment of mobile gaming users and strategies for mobile banking users.



Table 1 summarises the four previous studies that utilize the SEM method, and presents their scopes which distinguish them from our research.



There are fundamental differences between this study and the other studies. The first difference is the research focus on predictions about 5G video streaming in Indonesia. Second, this research focuses specifically on UX as an element of QoE. Third, while there is a correlation approach as in [23,24,25], this study has a simpler construction for the novelty. Finally, in this study, novelty is used as a reference in the implementation of 5G technology in Indonesia, especially to identify the priorities that need to be considered from the UX side regarding the transition of video streaming users from 4G to 5G technology and its factors.





3. Methods


3.1. Conceptual Framework


We propose a conceptual framework based on the SEM approach. SEM is used to obtain the correlation value or influence from the direct experience of streaming video users. This correlation value is used to assume factors that organizers or regulators must prioritize to obtain a UX picture that meets user desires in 5G implementation in Indonesia, especially for video streaming features. The SEM approach can be seen in Figure 2. What needs to be emphasized from this concept is that 5G UX measurement is based on user predictive judgments combined with user measurements on current 4G UX. The predictive assessment was carried out because, as mentioned, even though it already exists in Indonesia, to be precise, it has just been launched, but 5G services do not yet have commercial customers/users, especially for the use of video streaming. There are, therefore, two variables, namely the “4G UX measurement” and the “5G UX measurement”, and each is measured with ten factors. The ten factors include the six basic factors of UX, to which four additional factors have been added.



The correlation value of the ten factors on the UX 4G factor is denoted by α, and the 5G UX factor by β. The overall correlation value or influence between UX 4G and UX 5G is denoted by γ. Figure 2 symbolises the correlation of the overall user experience of the 4G network with the predictions for the user experience of the 5G network.




3.2. The 10 Factors


The determination of which factors to use to obtain data in this study was a matter of user experience relevance on video streaming features. Basically, there are six factors of UX, namely attractiveness, convenience, efficiency, dependability, stimulation, and novelty [22]. Even though there are only six UX factors, this is not a closed set, and it is possible to add other factors, considering the human factor and the subjective element of UX itself. In this study, four other factors were added, namely satisfaction, price, social aspects, and economic aspects. Both the 4G UX measurements and predictions about 5G UX will refer to these 10 factors. An explanation of the meaning of the correlation of the 10 factors in Figure 2 is given below.



3.2.1. Factor #1: Attractiveness


This factor shows the attractiveness that the video streaming feature gives to its users. This is related to the UX that makes users interested in watching streaming videos via mobile networks.



α1 represents the correlation obtained from the measurement of how attracted the user is to watching streaming videos over the 4G network, while β1 symbolizes the correlation obtained from the predicted influence of the attractiveness of streaming videos using the new 5G network.




3.2.2. Factor #2: Perspicuity


Perspicuity, or ease, is a factor that describes the level of ease for users in accessing and controlling video streaming features on their mobile devices.



In this factor, α2 represents the correlation of how easy it is for users to watch videos through devices on a 4G network, while β2 symbolizes the correlation of convenience that prospective users of streaming videos expect when using the new 5G.




3.2.3. Factor #3: Efficiency


Efficiency is a factor related to how fast the smoothness (uninterruptedness and buffering conditions) of streaming video broadcasts through the mobile device used is enjoyed by the user.



The efficiency factor is denoted by α3 as the correlation of the smoothness level when watching streaming videos via mobile devices on a 4G network, and the smoothness prediction of watching streaming videos on devices with 5G mobile networks is denoted by β3.




3.2.4. Factor #4: Dependability


The fourth factor is dependability, or how often video streaming on mobile devices is used as a medium to find information or entertainment.



α4 represents the correlation of this dependability factor through the measurement of the frequency with which users watch streaming videos over the 4G network, while β4 represents the predicted correlation of the frequency of watching streaming videos over the 5G network.




3.2.5. Factor #5: Stimulation


Stimulation is a factor that measures desire for the addition of new features or even new devices for video streaming with mobile networks as part of the user experience.



The correlation in this factor is denoted by α5 and indicates the effect of the stimulus of adding new features to video streaming over the 4G network. β5 symbolizes the predicted effect of a stimulus in the form of replacing an old device with a new one to watch streaming videos on the 5G network.




3.2.6. Factor #6: Novelty


Novelty measures the amount of novelty provided by video streaming features to users. The novelty factor that is meant here is an increase in watching or using video streaming features on the mobile network.



The correlation measurement of the effect of increasing technology, or novelty, from 4G networks compared to previous technologies for video streaming is denoted by α6, while the prediction of the effect of increasing to 5G technology compared to current technology for video streaming is denoted by β6.




3.2.7. Factor #7: Satisfaction


Satisfaction is a factor related to UX, both technically and in terms of the content accessed through using video streaming as a medium of information and entertainment on mobile devices.



The satisfaction factor is symbolized by α7 and is the result of measuring the level of satisfaction of users both on technical aspects and on their streaming video content via mobile devices on a 4G network. β7 is a prediction of the level of UX related to both the technical side and content of streaming videos on devices with 5G mobile networks.




3.2.8. Factor #8: Price


The eighth factor, price, shows the correlation of users’ willingness to pay the price of a new technology that will increase UX when watching streaming videos.



α8 symbolizes the correlation effect of the measurement of users’ willingness to pay the price of new features to watch streaming videos over the 4G network, while β8 symbolizes the predicted correlation of the influence of users’ willingness to pay for new technology when using 5G technology to watch streaming videos.




3.2.9. Factor #9: Social


The social factor is a measure of social estrangement due to focusing on video streaming. This factor represents the common occurrence of users of mobile devices being so focused on their device and its features that they do not care about their surroundings, causing distance or estrangement from their environment.



The correlation of the effect on this factor is denoted by α9 and is a measure of the social estrangement of users of video streaming features over the 4G network. β9 symbolizes the prediction of the influence of social estrangement when watching streaming videos on the 5G network.




3.2.10. Factor #10: Economy


The economic factor as part of the user experience is the influence of video streaming as a medium for promotion, online shopping or other independent economic activities that can be carried out via a mobile device.



The correlation measurement of the influence of economic aspects through mobile video streaming with the 4G network is denoted by α10, while the prediction of the influence of economic aspects through using mobile video streaming with 5G technology is denoted by β10.





3.3. Hypothesis and Survey


The correlation values obtained become the interpretation of the final results of this study. The correlation values reflect the influence between the variables regarding UX 4G and UX 5G, denoted by γ, and the influence of the 10 factors denoted by α and β. The hypotheses of this study are:



Hypotheses 0 (H0).

There is no influence between the variables of UX 4G and UX 5G and the related 10 factors.





Hypotheses 1 (H1).

There is an influence between the variables of UX 4G and UX 5G and the related 10 factors.





A survey method in the form of a questionnaire was carried out directly with users for the purpose of data collection. This questionnaire was also made based on the User Experience Questionnaire method [22]. The respondents to the questionnaire are users of video streaming with 4G technology since there has not been any user experience with 5G technology commercially. This condition poses a challenge in this study to create a statistical analysis model that can describe the effect of UX on 5G technology through the results of UX surveys on 4G technology.



We conducted a survey on the Indonesian market in the form of a questionnaire for respondents. The main questions were arranged on a seven-point Likert scale. The seven-point Likert scale is also known as the Hedonic scale [36,37]. The Hedonic scale is generally used to fill out surveys related to consumer goods. The assumption is that video streaming on 4G technology has become a daily product and that this will also happen to 5G technology in the future. In order to ensure the validity of the questionnaire responses, the target number of respondents was five to ten times the number of main questions [38].



Figure 3 is an example of the questionnaire asking respondents about Factor #7: Satisfaction.



After meeting the validation and reliability requirements, the questionnaire was distributed to a wide range of respondents, who were users of video streaming on 4G in Indonesia. The results of the responses were processed with an SEM analysis made with a construction model. This survey was conducted over a period of two months, in January and February 2021. The distribution of the questionnaire was carried out via a generated link from the Google Form where the questionnaire was made. The link was repeatedly distributed through social media so that it could reach a broad range of potential respondents. The convenience of using the Google Form meant that the results of the questionnaires submitted by respondents were automatically recorded by Google Forms so that the results could be downloaded and processed.



After running the survey for two months, valid results were obtained from respondents throughout Indonesia with 254 samples. The number of respondents exceeded the minimum limit of 100 to 200 respondents for 20 questions, five to ten times the number of questions [38]. Following the material and research objectives, all respondents were video streaming users. The ages of the largest percentage of respondents, 43%, ranged from 31 to 45; this was followed by respondents aged 21–30 years at 34.7%. Males provided the most responses at 53.3%. In terms of employment status, respondents from the private sector made up the majority of respondents (47.9%), while for the level of education, respondents with an undergraduate degree made up the highest percentage of respondents (58.3%).




3.4. Processing and Interpretation of the Results


Through data processing with SEM, the construction of the concept model and the factors were checked first. Examination of the construction of this model is called the Goodness of Fit Index (GFI). The GFI value is guided by the range from 0 to 1, where the higher the value obtained, the better the suitability of the model construction. In addition to the GFI value, the results of the SEM processing analysis for the two variables with a total of 20 factors also require a minimum validity value of 0.32 and a reliability value above 0.6 [39].



The results of the SEM processing obtained a GFI value of 0.75 from the range 0–1. The validity value of the factor was between 0.52 and 0.85, which means all factors were valid. Meanwhile, the reliability value obtained was 0.86, which means this value was above the required 0.6. From these results, the construction of this model is considered to meet the requirements for use in measurement and analysis [40,41].



The correlation values in this model are denoted by α, β, and γ, where α1–α10 is the correlation between the measurement of video streaming user experience on the 4G network (UX 4G) with its 10 factors, β1–β10 is the correlation between the predicted user experiences of streaming videos on the 5G network (UX 5G) with its 10 factors, and γ is the correlation between UX 4G variables and UX 5G variables related to user experience in streaming video.



The α and β values in SEM are mathematically obtained with the following basic equations [38]:


α = λnq ξ + δ



(1)




and


β = λmp µ + ε



(2)




where α is the correlation value of the exogenous 4G indicator to its factors, λnq is an exogenous manifest indicator, ξ is an exogenous variable, and δ is an exogenous error factor. Meanwhile, β is the correlation value of the endogenous 5G indicator to its factors, λmp is an endogenous manifest indicator, µ is an endogenous variable, and ε is an endogenous error factor.





4. Analysis


4.1. The Results


With the results of 254 respondents which exceeded the minimum number of respondents and the results of the SEM analysis, Table 2 shows the results of correlation values α, β, and γ that affect the UX of 4G as variable to the UX of 5G, as well as the correlation values between the variables and their factors.



The correlation values listed in Table 2 are then visualized through the comparison chart in Figure 4 below.



From the comparison chart in Figure 4, the high and low correlation values for each factor in each technology were clear, both for existing 4G and predictions for 5G. The factors with the highest correlation in each technology were given an asterisk.



When we compare the results with previous studies in [25,33,34,35], it is clear that the results have reflected more factors of user experience. Concerning 5G video streaming, the additional factors that we proposed may provide a more comprehensive understanding of what will influence the prospective 5G market in a country.



The analysis of each factor is presented in the following subsection.



4.1.1. Correlation Value Analysis of α and β


Factor #1: Attractiveness


The significance value of the influence given by attraction to 4G is α1 = 0.61, while β1 = 0.47 is the significance value for 5G. In this case, the video streaming feature with 4G technology still provides a higher appeal compared to using 5G technology that is still a prediction. It can also be assumed that users are satisfied with video streaming on 4G and have not felt the need for newer technology.




Factor #2: Perspicuity


Perspicuity is the level of ease for users in dealing with a device or technology. The significance of this measure of convenience gives the greatest value to 5G technology compared to 4G, namely β2 = 0.81 compared to α2 = 0.6, which is the largest significance of all factors for UX 5G. This can be interpreted as meaning that users have a high expectation that with newer technology the level of convenience will be greatly increased. However, the 4G technology used today also provided a result greater than 50%, which means it has provided high convenience for users.




Factor #3: Efficiency


The same as for perspicuity, the significance value for efficiency in 5G of β3 = 0.76 is greater than that of 4G at α3 = 0.66. Efficiency in the UX assessment of video streaming is judged by the smooth running of the video broadcast so that there are no buffering conditions or interrupted broadcasts. In this regard, user expectations for the efficiency of 5G technology look quite large.




Factor #4: Dependability


The benefits of doing activities on a mobile basis have increased as technology has advanced; there were also pandemic conditions when the survey data were taken, leading to a large significance value for 5G technology in this factor: β4 = 0.75. In contrast, the significance of 4G technology for the dependability value is α4 = 0.51. The difference is clear, similar to the levels of convenience and efficiency; this shows that users have high expectations to be increasingly able to use mobile video streaming as a daily activity.




Factor #5: Stimulation


This stimulus-related assessment measures how a new feature or device changes users’ enjoyment of streaming videos. From the survey results, the stimulus significance value for 4G technology is α5 = 0.43 and is β5 = 0.64 for 5G technology. Through this value, it appears that stimulus is in the form of a new device with new technology, in this case, the 5G technology that provides a change in experience rather than an increase in features.




Factor #6: Novelty


A new thing, especially a new technology, will of course have an influence, whatever its form. This is also true of a technology that is applied to run video streaming. However, it appears that the novelty of proven 4G technology can still provide a significant value with a measure of α6 = 0.5, while as a new technology that is highly anticipated, 5G provides a higher significance value of β6 = 0.62.




Factor #7: Satisfaction


A user of a feature, especially a feature related to information and entertainment such as video streaming, experiences a value of satisfaction with the features used, either in terms of the technology or the content contained in the features. Video streaming with 4G technology currently has a significance value of α7 = 0.72 compared to the value of β7 = 0.67 that is a prediction of satisfaction with 5G technology. This is a logical outcome because 4G technology that has proven its ability will appear superior to technology that has not proved itself.




Factor #8: Price


Price-related factors describe the willingness of users to pay more for a technology when there is a novelty about it. The effect of price on 4G technology gives a significance value of α8 = 0.27, while the value for 5G is β8 = 0.5. This shows that users in Indonesia are more willing to pay for a new technology that is more favourable and influential than the technology that they currently enjoy.




Factor #9: Social


The possibility of a social estrangement factor due to focusing on a feature provided by a technology is an assessment of social aspects due to video streaming. The significance values of α9 = 0.16 in 4G technology and β9 = 0.23 in 5G technology illustrate that, according to video streaming users, social estrangement due to a technology is possible. However, it does not have a big impact as the significance value is still below a quarter of the scale.




Factor #10: Economy


In addition to satisfaction, price, and social aspects, an additional factor to assess for the significance of its effect on video streaming UX with 4G and 5G technology is the economic aspect. The economic aspect here includes the influence of video streaming as a medium for promotion, online shopping, and other independent economic activities. The significance values of α10 = 0.47 for 4G and β10 = 0.52 for 5G indicate that there is a fairly optimistic economic potential, especially when using newer technologies.





4.1.2. γ Correlation Analysis


The correlation value γ at the end of Table 2 shows the significance of the influence of the 4G UX variable on the 5G UX variable related to video streaming. Through the SEM results, a significance value of γ = 0.42 was obtained. This value shows that from the measurement of user experience, the UX video streaming on 4G technology has an effect of 0.42 on UX expectations of using video streaming with 5G technology. This means that users are still confident in watching streaming videos with proven 4G technology, even though there is a desire and hope for a new technology for video streaming, namely 5G.





4.2. Testing Results on Hypothesis


In addition to the correlation value that is the result of SEM processing, it is necessary to test the established hypotheses. Testing the hypotheses is performed by testing the CR value (t-value) and the p-value with the level of significance [38]. The test is carried out by testing whether the C.R (t-value) value is greater than 1.96, which is the critical z value at the 95% confidence level. The conditions for comparing the C.R (t-value) values are as follows:




	
If C.R > 1.96, then H0 is rejected and H1 is accepted.



	
If C.R ≤ 1.96, then H0 is accepted and H1 is rejected.








By looking at the correlation results shown in Table 2, it can be seen that the overall t-value is above or greater than 1.96. This means that, from the results of this study, H0 is rejected and H1 is accepted. The 4G UX variables have a positive influence on 5G UX, and each variable has a positive influence on the factors with different levels of significance. This confirms the results of the analysis on each factor in the discussion in Section 4.2.




4.3. Analysis of Correlation Results and Implementation Priorities


The correlation values generated from processing the SEM construction model show the level of significance of the influence between variables and also between variables and factors that can be used to assign priority levels for the implementation of 5G. From the results of the SEM processing, it can be seen that although the level of curiosity and desire for video streaming with smartphones on a 5G network is quite high, experience with 4G networks still provides an influence value for later using 5G networks. The influence value of γ = 0.42 on a scale of 0–1, even though it is lower than 50%, shows that there are still quite a lot of users who will stick to 4G for video streaming and still need real evidence for 5G as they do not have personal experience with the new technology.



In the relationship between variables and their factors, for 4G UX, the highest influence value obtained, α7 = 0.72, was for satisfaction in using video streaming on the 4G network. The influence of the social aspects of estrangement on 4G gives the smallest correlation, namely α9 = 0.16. These two examples of correlation values should be considered, especially by 4G network providers. As the satisfaction of enjoying streaming videos seems to be sufficient for user satisfaction at more than 50% on a scale of 0–1, there is a question of whether it needs to be improved or only sufficiently maintained, while the effect of social estrangement on the 4G network probably does need further attention or can be ignored, as it is not a significantly negative influence.



For the 5G network, the effect with the largest correlation is the desire to test ease and convenience on new devices and networks, which is measured at β2 = 0.81. This shows user enthusiasm for the existence of a new material to compare to previous technologies and can be considered a priority for 5G network providers.





5. Conclusions


This paper has shown what factors affect UX related to video streaming for 5G implementation in the Indonesian market. Through measurements of video streaming users’ experiences with 4G technology and predictions for using 5G technology processed with SEM, we have provided a reference for the application of 5G technology. Among the 10 UX factors for each technology, the largest correlation values obtained were the satisfaction factor for 4G of 0.72 and the perspicuity or convenience factor for 5G of 0.81. The lowest correlation value observed, which has little effect even though it is still present, is the social aspect measured on both on 4G and 5G, with values of 0.16 and 0.23, respectively. Overall, the effect of UX of video streaming with 4G technology has an effect of 0.42 on user-experience predictions for 5G technology. This shows that the user experience in video streaming using 4G technology still has an impact because it has proven its worth, even though there are high expectations for user experience with the new 5G technology. Through this research, in the future, it can be a reference for operators as a strategy with which to win the market and policymakers or regulators to achieve the government’s mission. Although this study took up the case in Indonesia, in the future, it is also hoped that it can be an example for application in other countries, especially for the implementation of 5G technology. Sustainability is an analytical approach to determine the system, based on the influencing factors of the results of this study.
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Figure 1. Elements of UX and QoE. 
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Figure 2. Conceptual model. 
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Figure 3. Sample questions on a questionnaire to measure 4G UX and 5G UX expectations. 
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Figure 4. Comparison chart of correlation values for UX video streaming in Indonesia. 
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Table 1. Summary of the most relevant previous studies.
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Study

	
Method

	
Scopes






	
Reyes-Menendez, A.; et al. [25]

	
Structural equation model (SEM)

	
The study measures café customer loyalty based on the Wi-Fi feature available in Spain. However, the SEM method is used only to analyse a factor of user satisfaction and predictions with complex constructions have not been discussed.




	
K. Gbongli, et al. [33]

	
The study aims to obtain predictions of Bangladesh’s 5G mobile financial services. The SEM method is used to analyse the five main factors of user experience, i.e., perspicuity, efficiency, dependability, stimulation, and novelty.




	
J. S. Lim; et al. [34]

	
The study measures users’ loyalty to a computer game across South Korea. It focuses on a factor of emotional attachment.




	
A. G. Khan; et al. [35]

	
This study measures customer satisfaction with 4G mobile banking to sort out and determine strategies for service sustainability. This study is a case of the Togo national market. The analysis focused on five user-experience factors: perspicuity, efficiency, dependability, stimulation, and novelty.
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Table 2. Correlation values for UX video streaming in Indonesia.






Table 2. Correlation values for UX video streaming in Indonesia.





	Factor
	Correlation Value
	CR

(t-Value)





	Attractiveness on UX 4G
	α1 = 0.61
	6.12



	Perspicuity on UX 4G
	α2 = 0.6
	6.08



	Efficiency on UX 4G
	α3 = 0.66
	6.36



	Dependency on UX 4G
	α4 = 0.51
	5.57



	Stimulation on UX 4G
	α5 = 0.43
	5



	Novelty on UX 4G
	α6 = 0.5
	5.51



	Satisfaction on UX 4G
	α7 = 0.72
	6.57



	Price on UX 4G
	α8 = 0.27
	3.53



	Social on UX 4G
	α9 = 0.16
	2.25



	Economy on UX 4G
	α10 = 0.47
	5.46



	Attractiveness on UX 5G
	β1 = 0.47
	6.81



	Perspicuity on UX 5G
	β2 = 0.81
	10.95



	Efficiency on UX 5G
	β3 = 0.76
	10.46



	Dependency on UX 5G
	β4 = 0.75
	10.42



	Stimulation on UX 5G
	β5 = 0.64
	9.1



	Novelty on UX 5G
	β6 = 0.62
	8.83



	Satisfaction on UX 5G
	β7 = 0.67
	9.53



	Price on UX 5G
	β8 = 0.5
	7.18



	Social on UX 5G
	β9 = 0.23
	3.41



	Economy on UX 5G
	β10 = 0.52
	7.57



	UX 4G to 5G UX
	γ = 0.42
	4.53
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
I Attractiveness

I Perspicuity

I Efficiency

I Dependability

I Stimulation

I Novelty

I Satisfaction
I Price

I Social

I Economy

25

O3

Xy

Us

Ug

10

UX Measurement

ux4acG

UX Prediction

> UX5G

B>
B3
Ba
Bs

Attractiveness |

Perspicuity |

Efficiency |

Dependability |

Stimulation |

Novelty |

Satisfaction |

Price |

Social |

Economy |






nav.xhtml


  information-13-00155


  
    		
      information-13-00155
    


  




  





media/file2.png
UX

User
Centred

Usage
Outcomes

Quality of
Experience

User
Perception

Quality of W | I

Services J
Technical W ]

Centred J






media/file5.jpg
Question on Measuring 4G UX
Factor #7: Satisfaction

Question:

How satisfied are you in watching
streaming video via the mobile device
that you are currently using?

Answer choices:
ol. Very disappointed

o2. Disappointed

3. Somexwhat disappointed
o4. Average

05. Fairly satisfied

06. Satisfied

o7. Very satisfied

Question on Predicting 5G UX
Factor #7: Satisfaction

Question:

Approximately how muchis your
expected satisfaction in watching
Streaming video via mobile devices
with 5G technology?

Answer choices:
o1. Expect to be very disappointed
02. Expect to be disappointed

03. Expect to be a bit disappointed
o4, Expect to be average

05. Expect to be quite satisfied

06. Expect to be satisfied

o7. Expect to be very satisfied






media/file3.jpg
Perspicuity

Stimulation

Novelty






media/file1.jpg
Quality of
Services

Technical
Centred





media/file7.jpg
I

PP A e

m existing measurement (on 4G)  m prediction measurement (on 5G)





media/file0.png





media/file8.png
0.60
0.50
0.40
0.30
0.20
0.10 I I
0.00

b& 'p 6" é"\o Q‘ °¢

&
,@ é"' & & PO &

m existing measurement (on 4G) m prediction measurement (on 5G)





media/file6.png
Question on Measuring 4G UX
Factor #7: Satisfaction

Question:

How satisfied are you in watching
streaming video via the mobile device
that you are currently us'mg?

Answer choices:

ol. Very disappointed

02. Disappointed

03. Somewhat disappointed
04. Average

05. Fairly satisfied

06. Satisfied

o7. Very satisfied

Question on Predicting 5G UX
Factor £7: Satisfaction

Question:

Approximately how muchis your
expected satisfaction in watching
streaming video via mobile devices

with 5G technology?

Answer choices:

ol. Expect to be very disappointed
02. Expect to be disappointed

03. Expect to be a bit disappointed
04. Expect to be average

05. Expect to be quite satisfied

06. Expect to be satisfied

o7. Expect to be very satisfied






